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Oral Abstracts

1
THE MURINE EAR WOUND CARTILAGE SUPERHEALER TRAIT,
MEDIATED BY THE GUT MICROBIOME, IS TRANSGENERATIONALLY
HERITABLE FOLLOWING CECAL TRANSPLANTATION
C. Garman, C.M. Dunn, C. Velasco, J. Martin, J. McNaughton,
M.A. Jeffries. Univ. of Oklahoma, Oklahoma City, OK, USA
Purpose: MRL/MpJ mice are substantially protected from developing post-traumatic osteoarthritis (OA), a trait with strong correlation to the ability to heal ear wounds. We have previously
shown that this ear wound healing trait is partially determined by
the gut microbiome, and that gut microbial transplantation into
non-healer mice can confer the healing phenotype. In this study,
we sought to examine whether the earhole healing phenotype
associated with microbiome transplantation can be transgenerationally inherited.
Methods: Three-week-old C57BL6/J mice were inoculated by oral
gavage with diluted cecal contents from adult male MRL/MpJ

mice, or with vehicle control. Mice were then segregated into
breeding cages, including cages where both parents were transplanted and cages where only one parent was transplanted. Offspring of these breeding pairs (n¼4 for ‘both parents
transplanted’, n¼14 for ‘one parent transplanted’) received a 2mm
earhole punch at 6 weeks of age, and ﬁnal hole size was measured
4 weeks later. Group differences were compared to previous data
on earhole closure from B6 vehicle, MRL vehicle, and primary B6>MRL transplant mice.
Results: First-generation offspring wherein both parents received
microbiome transplantation healed well (mean earhole closure at
4 weeks, mm, 0.65±0.02, p¼8E-6 vs. B6 vehicle control) and were
statistically indistinguishable from primary transplant mice
(p¼0.3). First-generation offspring wherein one parent was
transplanted and the other also healing compared to vehicle B6
mice (earhole closure 0.52±0.08, p¼2E-5 vs. B6 vehicle control),
but worse than primary transplanted mice (p¼0.002), Figure 1.
16S proﬁling of cecal microbiomes in each of these groups is
ongoing.
Conclusions: The ear wound healing phenotype seen following
cecal microbiome transplantation from healer MRL mice into nonhealer B6 mice is present in ﬁrst generation offspring of transplanted mice. Further work will focus on identifying the key
microbial clades being inherited which correlate with this phenotype and examining any differences in healing based on mouse sex.
Future studies should examine whether ﬁrst generation offspring of
transplanted mice are also protected against post-traumatic osteoarthritis.

2
CECAL MICROBIOME TRANSPLANTATION FROM MRL/MPJ MICE
PREVENTS POST-TRAUMATIC OSTEOARTHRITIS IN C57BL6/J MICE
C.M. Dunn, C. Velasco, C. Garman, J. Martin, J. McNaughton,
M.A. Jeffries. Univ. of Oklahoma, Oklahoma City, OK, USA
Purpose: MRL/MpJ mice are substantially protected from developing post-traumatic osteoarthritis (OA), a trait with strong correlation to the ability to heal ear wounds. We have previously shown
that this ear wound healing trait is partially determined by the gut
microbiome, and that gut microbial transplantation into non-healer
mice can confer the ear wound healing phenotype. In this study,
we sought to examine whether microbiome-mediated cartilage
regeneration extended to protection against post-traumatic
osteoarthritis.
Methods: Twelve-week-old C57BL6/J mice were inoculated by oral
gavage with diluted cecal contents from adult male MRL/MpJ mice
(n¼6). Separate groups of age-matched male C57BL6/J (n¼5) and male
MRL/MpJ mice (n¼4) were gavaged with vehicle control. Destabilization of the medial meniscus (DMM) surgery was then performed
unilaterally to induce OA. Eight weeks after DMM, mice were
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sacriﬁced, knee joints ﬁxed in paraformaldehyde, decalciﬁed, embedded in parafﬁn, stained with Safranin-O and histologically graded using
the OARSI histopathology initiative recommendations by a blinded
investigator. Differences in mean summed OARSI score per joint per
group were determined by a Student t-test, p0.05 was considered
signiﬁcant.
Results: Adult male MRL/MpJ were protected against post-traumatic OA when compared to adult male C57BL/6J mice (mean
summed OARSI score 2.4±0.2 vs. 6.2±1, p¼0.006, Figure 1). MRLtransplanted adult male C57BL/6J mice were also protected against
PTOA development (mean summed OARSI score 2.5±0.7, p¼0.009
vs. B6 vehicle, Figure 1) and were indistinguishable from MRL
vehicle mice (p¼0.90). Representative histologic sections are presented in Figure 2. Gut microbiome proﬁling and associations of
speciﬁc gut microbial clades with OA susceptibility are
forthcoming.
Conclusions: Gut microbiome transplantation from OA-protected MRL
mice to OA-susceptible B6 mice is sufﬁcient to confer protection
against post-traumatic OA, consistent with previous data indicating
microbiome transplantation-mediated transference of the MRL earhole healing phenotype. Future research should deﬁne the pathophysiological changes underlying this phenotype and may offer new
insights into potential future therapies for articular cartilage regeneration.

3
GUT MICROBIOTA DYSREGULATION OF FATTY ACID METABOLISM
ACCELERATES AGES-MEDIATED KNEE JOINT DEGENERATION
H.-J. Ke, W.-S. Lian, C.-W. Kuo, Y.-S. Chen, F.-S. Wang. Kaohsiung Chang
Gung Mem. Hosp., Taiwan, Kaohsiung, Taiwan
Purpose: Joint degeneration is a prominent feature of skeletal deterioration and disability in senile people. Gut microbiota dysregulation is
shown to disturb host immune reaction and metabolic activity, augmenting tissue deterioration in various pathological contexts. Little has
been veriﬁed what biological role of gut microbiota may play during
age-mediated joint damage. The study is aimed to investigate whether
gut microbiome was relevant to joint integrity in senile mice.
Methods: Articular cartilage and subchondral bone microstructure in
young (3 months old) and old (9 months old) male mice were quantiﬁed
using mCT arthrography and histomorphometry. 16S sequences of gut
microbiota in feces were probed using next generation sequencing
Illumine HiSeq analysis platform. Microbiota operational taxonomy was
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veriﬁed using UPARSE algorithm. Annotation and classiﬁcation hierarchy were analyzed using RDP classiﬁer, PyNAST and GreenGenes
database. Serum lipidomic proﬁles were characterized using gas chromatography along with tandem mass spectrometry. Chondrocytes and
calvarial osteoblasts were isolated from 3-day-old mice. Chondrocytic
makers and osteogenic gene expression were quantiﬁed using RTquantitative PCR.
Results: Old mice showed severe articular cartilage erosion and sparse
subchondral bone microstructure. Likewise, OARSI scores of articular
compartment were increased together with signiﬁcant reductions in
bone mineral density (BMD), trabecular volume (BV/TV, %) and thickness (Tb.Th/mm) of subchondral bone. Microorganisms-derived shortchain fatty acids, like butyric acid, caproic acid, and caprylic acid, etc.
were signiﬁcantly decreased in age mice, whereas long-chain fatty acid
levels were higher than young mice. Microbiome proﬁles of 28 families
of microorganisms were signiﬁcantly altered in aged mice. Of them,
microorganisms related to probiotics, like Lactobacillacea, were
reduced, whereas bacteria relevant to metabolic syndrome, like Lachnospiraceae, were upregulated. In vitro, butyrate treatment attenuated
extracellular matrix proteoglycan underproduction and aggrecan
expression loss in inﬂamed chondrocytes, as well as ameliorated mineralized matrix accumulation and osteogenic gene expression in
inﬂamed osteoblasts.
Conclusions: Gut microbiome is correlated with age-mediated
articular cartilage and subchondral bone loss. Dysbiosis alters shortchain fatty acid metabolism, which is important to stabilize extracellular matrix production in chondrocytes and osteoblasts to sustain
cartilage and subchondral bone integrity. This study offers a productive insight into the communication of gut microbiome to host
chondrocytes and osteoblasts in the development of joint degeneration. Control of short-chain fatty acid metabolism in joint microenvironment has the perspective of remedial effects to ameliorate
age-induced joint damage.
4
DISTINCT MURINE CARTILAGE MICROBIAL DNA SIGNATURES ARE
SEEN IN HIGH FAT DIET-INDUCED OBESITY AND AGING
C.M. Dunn, C. Velasco, C. Garman, J. Martin, J. McNaughton,
M.A. Jeffries. Univ. of Oklahoma, Oklahoma City, OK, USA
Purpose: The strongest nongenetic risk factors for primary knee OA are
advanced age and obesity. We have previously demonstrated that
human cartilage exhibits a microbial DNA signature which changes in
association with the development and progression of knee OA. In this
study, we hypothesized that aging and obesity, known to cause gut
microbiome shifts, would also produce shifts in cartilage microbial DNA
patterns in mice.
Methods: Young (8 week old, n¼10) and aged (74 week old, n¼10) male
C57BL/6J mice were divided into equal groups and randomly assigned to
chow (NIH-31) or high fat (RD D12492, 60% kcal fat) diet for 8 weeks.
Mice were then sacriﬁced at 16 weeks and 82 weeks of age and knee
articular cartilage collected using sterile technique and ﬂash frozen in
liquid nitrogen. Cartilage was cryogenically ground using a Bertin
cryolys evolution and DNA extracted using a Qiagen DNEasy kit. The V3

and V4 regions of the bacterial rRNA gene were ampliﬁed using a highﬁdelity DNA polymerase and Illumina Nextera XT indices attached. All
plasticware and PCR reagents were decontaminated by UV exposure
and dsDNAse treatment, respectively. Deep sequencing of amplicons
was performed on an Illumina HiSeq. Operational taxonomic units
(OTUs) were assigned in QIIME 1.9.1 using the Greengenes 13_8 97%
representative reference set. Group composition differences were
compared by Linear Discriminant Analysis Effect Size (LEfSe, LDA-effect
sizes  2 or  -2 were considered signiﬁcant) following rarefaction.
Results: Several clade differences were seen comparing young and old
cartilage. In both HFD and chow animals, aging was associated with
expansion of DNA from members of the phylum Firmicutes (LDA ES 4.8,
p¼0.009 for chow young vs. old, LDA ES 4.4, p¼0.04 for HFD young vs.
old, Figure 1A,B), speciﬁcally class Clostridia (LDA ES 4.6, p¼0.009 for
chow, LDA ES 4.3, p¼0.03 for HFD, Figure 1A,B) , along with reductions
in DNA from members of class Alphaproteobacteria with age (LDA ES 4.3,
p¼0.02 for chow, LDA ES 3.6, p¼0.04 for HFD, Figure 1A,B). Comparing
chow to HFD young mice, phylum Proteobacteria was expanded in chow
(LDA ES 4.2, p¼0.03) whereas members of phylum Firmicutes were
expanded in HFD mice (LDA ES 4.3, p¼0.02, Figure 2A), speciﬁcally
including genus Lactococcus (LDA ES 3.7, p¼0.005 Figure 2 A,B). Comparing chow to HFD old mice, chow were enriched in order Turicibacterales (LDA ES 4.0, p¼0.02, Figure 2A), whereas HFD were enriched
in class Thermoleophilia (LDA ES 3.5, p¼0.02, Figure 2A) and genus
Lactococcus (LDA ES 3.6, p¼0.02, Figure 2A,B). We also noted signiﬁcant
increases in the Firmicutes:Bacteroidetes ratio in both HFD and aging
(chow young vs. old 2.3±0.7 vs. 29±9, p¼0.05, young chow vs HFD
2.3±0.7 vs. 13±3, p¼0.04) Figure 1C.
Conclusions: Cartilage microbial DNA patterns vary with nongenetic
OA risk factors, including obesity and aging. Previous studies have
shown increases in the Firmicutes:Bacteroidetes ratio in the gut
microbiome associated with both obesity and aging, we identiﬁed a
similar pattern within articular cartilage. Future studies should
investigate the relationship between cartilage microbial DNA patterns
and the gut microbiome, and any direct pathophysiological relationships between cartilage microbial DNA and OA pathogenesis, particularly given the immunogenicity of certain bacterial DNA motifs and
emerging literature regarding chronic intraarticular innate immune
activation and OA.
5
SYSTEMIC INCREASE OF PRO-INFLAMMATORY MONOCYTES CAUSED
BY WESTERN DIET FEEDING IS INDEPENDENT OF IL-1b AND NOT
REFLECTED IN INFLAMED SYNOVIUM DURING COLLAGENASE
INDUCED OA
N. Kruisbergen, Y. van Gemert, A. Blom, F. van de Loo, P. van der Kraan,
M. van den Bosch, P. van Lent. Radboudumc, Nijmegen, Netherlands
Purpose: Metabolic syndrome is a risk factor for osteoarthritis (OA),
which suggests metabolic regulation of OA pathology. Western diet
feeding of mice has been shown to result in systemic reprogramming
of monocytes to become hyperreactive, which was dependent on IL1b. Even though we previously showed that IL-1b is not important for
the development of pathology in collagenase-induced OA development (CiOA), this might be different in a CiOA model where monocytes
are metabolically rewired. Our lab previously showed that Western
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Diet feeding increased ectopic bone formation and enhanced synovial
activation without altering lining thickness during development of
CiOA, but it remained unknown if these changes were caused by IL-1b
driven monocyte alteration or alternatively by local oxidation of LDL.
In the present study, we investigated whether systemic blocking of IL1b could prevent Western Diet mediated aggravation of CiOA pathology and coupled this to systemic and local changes in monocyte
subsets.
Methods: Female C57Bl/6 mice were fed either a standard diet or
Western Diet and were treated with either control serum or IL-1b
blocking serum, creating four different experimental groups. Western
Diet feeding started 4 weeks prior to CiOA induction, whereas treatment started 1 day prior to CiOA induction with a single intra-peritoneal injection. CiOA was induced with two intra-articular
collagenase injections at day 0 and day 2. At day 7 of CiOA, monocyte
subsets and granulocytes were analyzed with ﬂow cytometry in bone
marrow, blood and synovium. Monocytes were identiﬁed as CD11bhigh
(B220/CD3/CD49b/Ter119)neg Ly6Glow SSint Ly6Cpos and further subdivided into Ly6Chigh and Ly6Clow monocytes, whereas granulocytes
were characterized as being CD11bhigh (B220/CD3/CD49b/Ter119)neg
Ly6Ghigh SShigh Ly6Cint. Synovial lining thickness was arbitrarily scored
on histology. At day 42 of CiOA, total knees were processed for histology and will be scored for osteophyte formation and cartilage
erosion.
Results: Western Diet feeding resulted in signiﬁcantly elevated LDL
serum levels whereas weight remained comparable between
groups. In mice, two functionally distinct monocyte subsets are
described: pro-inﬂammatory Ly6Chigh and the more reparative
Ly6Clow monocytes. Western Diet feeding increased the number of
pro-inﬂammatory Ly6Chigh monocytes in bone marrow and blood in
combination with an unaltered total number of bone marrow cells.
In contrast, anti-IL-1b treatment decreased total bone marrow cells
as well as the number of Ly6Chigh monocytes in bone marrow and
blood. Nevertheless, the increased numbers of monocytes as the
result of Western Diet feeding and the decreased numbers of
monocytes after IL-1b inhibition seemed to be independent processes, since no interaction between diet and treatment was
observed. The changes in systemic monocyte populations were,
however, not reﬂected in the inﬂamed synovium. Although the total
number of live cells in synovium was increased by Western Diet
feeding, percentages of monocytes and macrophages were unaltered
by both diet and treatment. In line, synovial lining thickness was not
signiﬁcantly different between groups despite a trend towards an
increase by Western Diet feeding. The dissimilarity between systemic and locally observed myeloid cell populations suggest a
mechanism in which a Western Diet enhances osteophyte formation
via activation of synovial cells rather than via increased numbers of
monocytes attracted from the circulation.
Conclusions: Western diet feeding increases numbers of Ly6Chigh
monocytes in bone marrow and blood independent from IL-1b mediated inﬂammation, but does not lead to a local increase in synovial
lining thickness or myeloid cell number. Activation status of the synovium and end stage pathology remains to be investigated.
6
PLASMA METABOLOMICS IDENTIFIED THREE DISTINCT ENDOTYPES
OF PRIMARY OSTEOARTHRITIS PATIENTS
S. Werdyani, M. Liu, G. Sun, A. Furey, E. Randell, P. Rahman, G. Zhai.
Mem. Univ. of Newfoundland, St. John’s, NL, Canada
Purpose: Osteoarthritis (OA) is the most common type of arthritis that
affects about 10% of world population aged over 60 years. OA is a heterogeneous disease that have different etiologies, but similar clinical
manifestations. Heterogeneity of OA is the major hurdle of developing
disease-modifying OA drugs (DMOADs). Efforts have been made to
classify subtypes of OA patients based on epidemiological factors or
joint structural changes seen on MRI, but signiﬁcant overlapping features among OA subtypes deﬁned by these methods limit their clinical
application. Hence, there is an urgent need to develop new tools that
can classify different subtypes of OA. Given that metabolites are the
functional molecular intermediates that are the closest to the observed
phenotypes, we hypothesized that different subtypes of OA have unique
metabolic proﬁles which can be identiﬁed by a metabolomics approach
and tested our hypothesis in the well-established Newfoundland
Osteoarthritis Study (NFOAS).
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Methods: The study participants were primary OA patients who
underwent total hip or knee replacement surgery before 2016 in St.
John’s, Canada. Study controls were unaffected adults from the
Complex Diseases in the Newfoundland population: Environment
and Genetics (CODING) study. Diagnosis was made based on the
American College of Rheumatology OA criteria and post-surgery
pathology reports on cartilage. Patients’ plasma samples were collected before their surgery after at least 8 hours fasting, and
metabolomic proﬁling was performed using the Biocrates AbsoluteIDQ p180 kit. The study ethical approval was acquired, and written
consent was obtained from all study participants. Subsequently,
quality control ﬁltering was conducted to exclude low quality
metabolite values. Then, sampling adequacy analyses were used to
evaluate the variables inter-correlation and factorability of the
metabolites data, and the number of factors was determined. Common factor analysis was utilized to reduce the dimensionality of the
metabolites concentrations, and the identiﬁed factors were used for
the subsequent clustering analysis. Next, clustering tendency of the
dataset was assessed, and the optimal number of clusters was
determined. K-means clustering was applied to identify the endotypes of OA patients, and logistic regression was used to identify the
most signiﬁcant metabolites that contribute to the classiﬁcation of
the endotypes of OA patients. Finally, sixteen clinical and epidemiological variables were examined in relation to the identiﬁed
endotypes.
Results: A total of 615 primary OA patients (mean age 66.05±8.55
years, mean BMI 33.74 ±6.86 kg/m2, and 55% of them were females),
and 237 controls (mean age 49.23±12.71 years, mean BMI
29.03±5.05 kg/m2, and 59.5% of them were females) were included
in the study. Among the 186 metabolites measured, 162 passed the
quality control ﬁltering and included in the subsequent analysis. The
metabolites were adequate for factor analysis with overall measure
of sampling adequacy (MSA) ¼ 0.93. Factor analysis identiﬁed 17
distinct factors in 93 metabolites that had rotated factor loading >
j0.3j in only one factor. Subsequently, the OA metabolites were signiﬁcantly clusterable with Hopkins statistic value ¼ 0.18, and it was
anticipated that the 615 OA patients can be categorized in three
main clusters (A ¼ 66, B ¼ 200, and C ¼ 349; ﬁgure 1). Multivariable logistic regression detected butyrylcarnitine (C4), arginine,
and a number of glycerophosphlipids to be the major contributing
factors for the differentiation between the clusters. Cluster A
patients were characterized by a signiﬁcantly higher concentration
(0.34±0.25 mM) of C4 than other two clusters (0.26±0.16 mM; p ¼
2.04*10-4) and unaffected controls (0.23±0.14 mM; p ¼ 4.08*10-8), but
lower concentration (0.85±0.32 mM) of phosphatidylcholine acylalkyl (PC ae C40:3) in comparison with other OA patients (0.97±0.37
mM; p ¼ 0.012) and controls (1.67±0.58 mM; p ¼ 1.30*10-11). The
ratio of these two metabolites PC ae C40:3 to C4 had a great discriminatory power to classify patients in cluster A from controls as
indicated by the area under the curve (AUC) ¼ 0.92 from the ROC
analysis with sensitivity of 0.92 and speciﬁcity of 0.64. Elevated C4 is
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associated with generalized muscle weakness. Cluster B patients had
a signiﬁcantly lower arginine concentration (21.39±17.83 mM) than
clusters A and C (41.76±19.48 mM; p ¼ 3.44*10-16) and controls
(115.08±50.77 mM; p ¼ 7.98*10-11). The cluster C was distinguished
from other two clusters by the lower concentration of lyso-phosphatidylcholine (lysoPC a C16:0) (79.02±25.46 mM vs. 130.47±65.10
mM; p ¼ 1.42*10-12) and controls (82.61±37.02 mM; p ¼ 3.79*10-6),
but higher phosphatidylcholine acyl-alkyl (PC ae C38:2) concentrations than other patients (1.94±1.44 mM vs. 1.74±1.20 mM; p ¼
5.8*10-3), but lower than controls (4.54±2.30 mM; p ¼ 1.33*10-7).
These phospholipids are thought to have pro-inﬂammaotry effects.
Further, we found that 55% of cluster A patients were diabetic in
comparing to other clusters (13%; p ¼ 5.05*10-13), about 8% of
cluster B patients had coronary heart disease compared to other OA
patients (3.4%; p ¼ 0.003), and 41% of cluster C patients had higher
cholesterol concentration than other study participants (38%; p ¼
0.02).
Conclusions: Our data demonstrated that at least three distinct
endotypes existed in primary OA, suggesting muscle weakness OA,
arginine deﬁcient OA, and inﬂammatory OA that can be distinguished
by speciﬁc blood metabolic markers. While conﬁrmation is needed,
these ﬁndings provide us better understanding of OA pathogenesis
and hold promising in developing personalized tools for OA management.
7
THE ASSOCIATION OF DECLINING KLOTHO EXPRESSION WITH AN
ONSET OF KNEE OSTEOARTHRITIS IN PRE-CLINICAL MODEL AND
HUMAN SAMPLES
H. Iijima 1, 2, Y. He 3, N. Wang 3, H. Lin 3, 4, F. Ambrosio 1, 4. 1 Dept. of
Physical Med. and Rehabilitation, Univ. of Pittsburgh, Pittsburgh, PA,
USA; 2 Japan Society for the Promotion of Sci., Tokyo, Japan; 3 Dept. of
Orthopaedic Surgery, Univ. of Pittsburgh, Pittsburgh, PA, USA;
4
McGowan Inst. for Regenerative Med., Univ. of Pittsburgh, Pittsburgh,
PA, USA
Purpose: Aging represents a major risk factor for knee osteoarthritis
(OA). However, systematic review of the literature reveals that the
underlying mechanisms of the age-related knee OA are poorly understood. While the a-Klotho has been shown to regulate senescence and
autophagy in a variety of cell types in an age-dependent manner, to our
best of knowledge, there have been no studies addressing the role of aKlotho in the pathogenesis of age-related knee OA. This study aims to
elucidate the role of a-Klotho in the pathogenesis of age-related knee
OA. We hypothesize that a-Klotho plays a protective role for knee joint,
and the reduction of a-Klotho level, caused by aging or gene knockdown, will result in the increased development of knee OA.
Methods: The knee joints of young (3-6 months old), aged (21-24 months
old), and young a-Klothoþ/- mice (3-6 months, which displayed a reduced
expression level of a-Klotho) were harvested (n ¼ 5 in each group). Normal human articular cartilage tissue from young (15 years old; n ¼ 1) and
older (69 years old; n ¼ 1) donors were collected with the approval from
the Committee for Oversight of Research and Clinical Training Involving
Decedents (CORID). Knee joints were decalciﬁed and embedded in parafﬁn. Safranin O/Fast green staining and immunoﬂuorescence were performed to evaluate: (i) the cartilage degeneration , (ii) a-Klotho expression
level in chondrocytes. ImageJ and Matlab were used to perform quantiﬁcation of irregularity of the knee cartilage surface, and NIS Elements
software was used to quantify a-Klotho expression per cell.
Results: Histology results indicated that aged mice displayed more
severe cartilage degeneration with increased cartilage surface irregularity compared to young mice. Similar results were found in the
cartilage from humans. Klotho-signal intensity per cell in aged mice
and older donor was signiﬁcantly lower than that in young mice and
young donor, respectively. In addition, the aged-relevant OA phenotype was recapitulated in Klothoþ/- mice, as evidenced by an accelerated articular cartilage degeneration, increased cartilage surface
irregularity and reduced cellularity when compared to age-matched
wild type mice.
Conclusions: Age-related cartilage degeneration in knee joint was
associated with decreased a-Klotho expression in both murine and
human models. Genetically engineered mice that express decreased a-

Klotho displayed an aged phenotype with the accelerated development of OA, suggesting that age-related decline in a-Klotho may
contribute to the onset of OA. These studies also suggest that the
development of a-Klotho therapeutics as a means to counteract the
effect of age on cartilage degeneration may be an interesting direction
for future research.
8
POLYGENIC RISK SCORE AND ITS POTENTIAL TO IMPROVE
DIAGNOSTIC ABILITY IN KNEE AND HIP OSTEOARTHRITIS
B. Sedaghati-Khayat 1, C.G. Boer 1, L. Broer 1, A. Verkerk 1, E. Zeggini 2,
GO consortium 1, J.G. van Rooij 1, A.G. Uitterlinden 1, J.B. van Meurs 1.
1
Dept. of Internal medicine, Erasmus MC, Rotterdam, Netherlands; 2 Inst.
of Translational Genomics, Helmholtz Zentrum München, German Res.
Ctr. for Environmental Hlth., Neuherberg, Germany
Purpose: Osteoarthritis (OA) is the most common joint disorder
worldwide, and due to pain and disability it markedly decreases the
quality of life of affected patients. Estimates of heritability of hip
osteoarthritis (HipOA) and knee osteoarthritis (KneeOA) have ﬂuctuated around 40 to 60%. A polygenic risk score (PRS) is a practical tool
used by precision medicine that stratiﬁes an individual's genetic risk of
disease using common single nucleotide polymorphisms (SNPs).
Applications toward the clinic are currently explored in a diverse
number of diseases and are reaching clinical application fast (ref). The
value and applicability of a PRS is dependent on the genetic knowledge
of the disease under study. The largest genome-wide association study
(GWAS) meta-analysis in OA has recently been performed by the
Genetics of Osteoarthritis (GO)-consortium, and discovered >100 loci
associated with OA. The purpose of this study was to evaluate the ability
of the 63 SNPs as a PRS in predicting hip and knee OA prevalence and
incidence. This project is part of the ErasmusMC project “Genotyping
On All Patients (GOALL)” , in which the aim is to genotype all patients
coming into the clinic and return valuable information back to the
patient and/or clinician.
Methods: Data from a total of 7,983 individuals from the Rotterdam
Study-I was used. Knee and hip OA was deﬁned as a KL-score of 2 or
higher. We studied prevalent knee (n¼ 1177 cases) as well as hip
(n¼561 cases). In addition, incident knee and hip OA was examined
during a mean follow-up time of mean 10 years (n¼463 for incident
knee, n¼404 for incident hip). We constructed a 43-SNPs PRS for HipOA
and a 23-SNPs PRS for KneeOA. Eleven SNPs are shared in both scores.
Standardized PRSs (zPRS) were constructed for each subject, weighted
by the effect sizes reported by the GO Consortium. Age and sex adjusted
logistic regression models were applied to estimate the odds ratios per
standard deviation (SD) of zPRS. We also assessed the PRS performance
in the highest ten percentiles. All primary analyses were done in the
Rotterdam Study-I (RS-I) cohort. Subsequently, external validation of
the PRS is being performed in the Cohort Hip and Cohort Knee (CHECK)
study and RS cohorts II and III.
Results: The mean zPRS was -0.004 (SD¼1) in controls and 0.033
(SD¼0.99) in prevalent HipOA patients and was-0.03 (SD¼1) in unaffected participants and 0.13 (SD¼1) prevalent KneeOA cases. The zPRS
were averaged to 0 with a SD of 1. The zPRS for HipOA signiﬁcantly
predicted prevalent HipOA (p¼6.7  10-4 ; OR¼1.1) and incident HipOA
(6.2  10-4; OR¼1.4). The zPRS for KneeOA signiﬁcantly predicted
prevalent KneeOA (p¼1.5  10-6; OR¼1.19) but failed to reach signiﬁcance for incident KneeOA (p¼0.08; OR¼1.11). Subsequently, we
examined individuals in the top 10 percentile of the polygenetic risk
score and compared them with the rest of the population for incident
OA risk. We observed an almost 2 times higher risk for HipOA incidence
(p¼7.7  10-4; OR¼1.95) and 50% higher risk for KneeOA incidence
(p¼3.7  10-2; OR¼1.55).
Conclusions: Our results show that the OA polygenetic risk score is
associated with prevalent and incident Hip and Knee OA. Importantly,
individuals with a PRS in the highest 10% of the population, had an
almost 2 times higher risk for incident hip OA, and 50% increased risk
for knee OA. To evaluate the power of PRS fully, future studies should
focus on age of onset of disease. In addition, the predictive power of
genetics can be different across (patient) populations and ongoing
efforts will address this by validating the predictive power of the
genetic risk scores in diverse populations.
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9
IMPACT OF A PERSONALIZED CARE APPROACH ON 3D GAIT
IMPAIRMENTS IN KNEE OSTEOARTHRITIS PATIENTS (A CLUSTER
RANDOMIZED CONTROLLED TRIAL)
re 2, N.J. Bureau 2, M. Durand 2, N. Mezghani 1,
A. Cagnin 1, M. Choinie

N. Gaudreault 3, N. Hagemeister 1. 1 Ecole
de technologie sup
erieure,
CRCHUM, Montreal, QC, Canada; 2 Universit
e de Montr
eal, CRCHUM,
3
Montreal, QC, Canada; Faculty of Med., Universit
e de Sherbrooke,
Sherbrooke, QC, Canada
Purpose: Knee osteoarthritis (OA) often leads to gait kinematic
impairments. The knee kinesiography exam, measuring three-dimensional (3D) knee kinematics during gait on a treadmill, allows to
objectively identify gait impairments (GIs) in order to provide recommendations for a personalized care approach (targeted home-based
exercises, bracing, etc.) to correct these impairments. A clinical trial
showed that this approach can lead to signiﬁcant improvement in
function and pain reduction after 6 months compared to a control
group. The aim of this study was to assess the impact of this personalized care approach (PCA) on 3D mechanical GIs in knee OA patients
compared to a control group.
Methods: Primary care physicians in this cluster randomized controlled
trial in the Province of Quebec (Canada) were asked to recruit patients
with a clinical diagnosis of knee OA. Patients were included if 1) knee OA
was the main cause of their knee pain, 2) they rated their worst pain in
the past 7 days  4 on a 0-10 pain intensity scale, 3) they had a KellgrenLawrence grade  2 on radiographs. Eligible patients from a same primary care clinic were randomized to the same group: 1- a control group
(usual care), 2- a group with the PCA, and 3- a group with the PCA þ an
educational program. In all of the three groups, primary care physicians
managed their patients according to their individual needs, but only
physicians from groups 2- and 3- had access to the recommendations for
the PCA. These were treatment recommendations (e.g. bracing, speciﬁc
activities, etc.) and tailored home exercises targeting the GIs identiﬁed
with the knee kinesiography results. Patients from group 3- also had a
one-hour educational session on knee OA self-management and two
follow-up group meetings with a therapist (to answer their questions,
regulate the nature and intensity of their exercises, etc.). For all patients,
we assessed the presence of 14 known GIs in knee OA at baseline and 6month follow-up (see Table 1). If a GI changed from “Present” at baseline
to “Absent” at 6 months, we considered it as improved. If it changed from
“Absent” to “Present”, it was considered deteriorated. In order to summarize all GIs’ evolution in a single outcome, we calculated for each
patient a global evolution ratio (GER) corresponding to the ratio of the
sum of improved GIs over the sum of deteriorated GIs. The GER status was
deﬁned as “DETERIORATION” (0.5), “STABILIZATION” (0.5<GER<1.5), or
“IMPROVEMENT” (1.5). Chi-square tests were used to assess betweengroup differences on the GER status.
Results: 221 patients from 55 clinics participated. There were 61.1%
women, the mean age was 63 years (95%CI: 62;64), and the mean BMI
was 29.5 kg/m2 (95%CI: 28.7;30.2). There were no differences between
groups at baseline on sociodemographic characteristics and patients
were equally distributed between the three groups (1-Control: N¼71;
2-PCA: N¼72; 3-PCAþEducation: N¼78). There was a signiﬁcant difference between the three groups on the GER status (p¼0.03). Post-hoc
analysis showed that both groups who received the PCA signiﬁcantly
differed from the control group (both p<0.05). As shown in Figure 1, the
proportion of patients with an improved GER was higher in both groups
with the PCA (Group 1: 28.2% vs Group 2: 37.5% and Group 3: 38.5%),
and the proportion of patients with a deteriorated GER was lower
(Group 1: 50.7% vs Group 2: 26.4% and Group 3: 30.8%) compared to the
control group. There was no signiﬁcant difference between the two
groups with the PCA (p¼0.75).
Conclusions: Results suggest that a personalized care approach
including tailored treatment recommendations (e.g. exercises, orthoses,
etc.) to correct GIs can have a positive impact on 3D knee kinematics
during gait after 6 months. Patients from both groups who had access to
this PCA showed signiﬁcantly less deterioration, and more stabilization
and improvement of their gait impairments compared to the control
group. There was no difference between groups 2- and 3-, suggesting
that this approach may have an effect on gait impairments even without
an additional education program. The proposed global evolution ratio
showed interesting results but further analyses are needed to speciﬁcally identify which GIs’ evolutions have the most impact on patient
outcomes.

S25

Table 1 - The known gait impairments in knee osteoarthritis patients
Sagittal plane:

Frontal plane:

Transversal plane:

Knee ﬂexum at heel strike
Knee in extension at heel strike
Limited ﬂexion excursion during loading
Fixed ﬂexion during stance
Limited maximum ﬂexion during swing
Limited sagittal plane range of motion
Varus thrust during loading
Varus alignment at heel strike
Varus alignment during stance
Valgus thrust during loading
Valgus alignment at heel strike
Valgus alignment during stance
External tibial rotation at heel strike
Internal rotation of the tibia in regards
to the femur during loading

10
PGC1A IS REQUIRED FOR CHONDROCYTE METABOLISM AND
CARTILAGE HOMEOSTASIS
C. Prein, F. Beier. Univ. of Western Ontario, London, ON, Canada
Purpose: It is widely accepted, that chondrocyte metabolism is
restricted by low rates of anaerobic glycolysis due to a limited source of
oxygen and nutrient diffusion from the surrounding synovial ﬂuid.
Thus, the roles of mitochondria in osteoarthritis (OA) are still not
completely understood. However, mitochondria are important regulators for cellular function and survival and their dysfunction may
mediate several pathways involved in cartilage degradation including
oxidative stress, defective chondrocyte biosynthesis, cartilage matrix
calciﬁcation and matrix catabolism as well as chondrocyte apoptosis.
Peroxisome proliferative-activated receptor gamma coactivator 1 alpha
(PGC1 alpha) is known as a “master regulator” of mitochondrial biogenesis. PGC1 alpha is a transcriptional co-regulator involved in the
regulation of lipid metabolism and enhancement of mitochondrial
volume and activity via its interaction with numerous nuclear transcription factors. Alterations in PGC1 alpha content or activity have
been reported in several disorders associated with oxidative stress.
Recent studies showed that PGC1-alpha is downregulated in both aging
and post-traumatic model of OA in mice. Furthermore, they showed an
increased release of nitric oxide and MMPs in response to pro-inﬂammatory cytokines upon knockdown of PGC1 alpha in vitro. However, the
effect of chondrocyte-speciﬁc PGC1 alpha loss in terms of cartilage
development, maintenance and health in vivo has not been addressed
Methods: In vitro: To examine chondrocyte mitochondrial activity, we
isolated immature articular chondrocytes (iMACs) from 5day old
Pgc1aﬂ/ﬂ; Col2-Cre knockout and control mice and performed MitoStress
Tests using a Seahorse XFe-24 analyzer. Chondrocytes were seeded at a
density of 0.4*105 per well in a XFe-24 plate and cultured overnight
prior to the test. Cells were treated with 1.5mM Oligomycin (ATP synthase inhibitor), 3mM FCCP (disruption of mitochondrial membrane
potential) and 0.5mM rotenone-antimycin A (mitochondrial complex III
inhibitor) during the test and oxygen consumption rate (OCR) as well as
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extracellular acidiﬁcation rate (ECAR) were recorded. In addition, iMACs
were incubated with the cationic dye JC-1 for 10min at 37 C in order to
analyze differences in mitochondrial membrane potential between
knockout and control cells using ﬂuorescence microscopy. To analyze
changes in chondrocyte gene expression and possible downstream
targets we isolated RNA from knockout and control iMAC cultures and
performed qRT-PCR using speciﬁc primers for genes involved in mitochondrial function as well as cartilage marker genes. In vivo: Hind limbs
of Pgc1aﬂ/ﬂ; Col2-Cre knockout and control male mice were harvested at
different developmental stages and during aging (P0, P21,6,12 and 18
Months) and processed for histological analysis.
Results: Pgc1aﬂ/ﬂ; Col2-Cre knockout chondrocytes show a signiﬁcant
decrease in spare respiratory capacity and reduced mitochondrial
membrane potential compared to control cells. qPCR analysis conﬁrms
reduced PGC1alpha mRNA expression (more than 90%) in KO cells and
showed no apparent compensatory effect by the highly homologous
family member PGC1beta. Cartilage markers Sox9, Col2, ColX and PRG4
are expressed at reduced levels in KO cells. Interestingly, the expression
of RORalpha is strongly increased in mutant cells. Pgc1aﬂ/ﬂ; Col2-Cre
mice develop mild developmental phenotypes including delayed secondary ossiﬁcation and growth plate disorganization. At 18 months
knockout mice develop end stage OA with complete loss of cartilage and
severe subchondral sclerosis and osteophyte formation, while control
mice show moderate OA.
Conclusions: PGC1alpha is important to maintain chondrocyte metabolic ﬂexibility and regulates tissue maintenance. The decrease in
chondrocyte mitochondrial spare respiratory capacity as well as the
reduced mitochondrial membrane potential in the absence of PGC1
alpha makes cells less resistant to stress, including oxidative stress,
resulting in a more severe OA phenotype during ageing. In general, our
study illustrates the importance of chondrocyte metabolic activity
during cartilage development and maintenance and suggest that the
activation of PGC1alpha is a potential strategy to delay or prevent the
development of OA.
11
MICRORNA-29A PROTECTS AGAINST CHONDROCYTE SENESCENCE
AND OSTEOARTHRITIS DEVELOPMENT THROUGH REPRESSING
FOXO3 METHYLATION
F.-S. Wang, W.-S. Lian, Y.-S. Chen, C.-W. Kuo. Kaohsiung Chang Gung
Mem. Hosp., Taiwan, Kaohsiung, Taiwan
Purpose: Osteoarthritis (OA) of the knee accounts for a leading cause of
disability of the elderly. Chondrocyte loss is a prominent feature of
articular cartilage damage in the development of OA. Dysregulated
epigenetic pathways, like microRNA and DNA methylation, are shown
to repress extracellular matrix synthesis and survival of chondrocytes.
This study is aimed to characterize what the role microRNA-29a (miR29a) may play in chondrocyte senescence and OA development.
Methods: OA and non-OA cartilage specimens were harvested from
patients who required total knee arthroplasty. Mice deﬁcient in miR29a and mice overexpressing miR-29a were subjected to collagenaseand destabilized medial meniscus (DMM)-mediated OA. Articular
injury and osteophyte formation were quantiﬁed using OARSI grading
system and mCT imaging. miR-29a transcripts, senescence markers
p16INK4a and p21Waf/cipl, along with anti-aging regulator forkhead box
class 3 (FOXO3) and DNA methylation marker 5-methylcytosine (5mC)
in specimens and chondrocyte cultures were probed using in situ
hybridization and RT-quantitative PCR. The methylation status of
FOXO3 promoter was quantiﬁed using methylation-speciﬁc PCR.
Results: Chondrocytes in human OA specimens showed increased cell
senescence markers p16INK4a and p21Waf/cipl immunostaining and DNA
methylation marker 5mC immunostaining, whereas anti-aging maker
FOXO3 and miR-29a signaling were decreased as compared to non-OA
specimens. Serum miR-29a levels were decreased with age of patients
with knee OA. Aged miR-29a knockout mice showed severe OA signs,
like articular cartilage damage along with osteophyte formation and
subchondral bone loss. Of note, miR-29a transgenic mice exhibited mild
OA development in collagenase and DMM-injured knee joints as compared to severe cartilage damage in wild-type mice. In vitro, forced miR29a expression attenuated senescence marker expression and extracellular matrix loss in inﬂamed chondrocytes, whereas miR-29a

knockdown accelerated chondrocyte aging. Mechanistically, miR-29a
targeted DNA methyltransferase (DNMT3a) expression, downregulating
FOXO3 promoter methylation to maintain FOXO3 signaling.
Conclusions: miR-29a loss is relevant to DNA hypermethylation and
chondrocyte senescence in human knee OA and accelerates OA development in mice. miR-29a is indispensable in slowing down senescence
program in chondrocytes through downregulating DNMT3a hypermethylation of FOXO3 promoter. Collective analysis offers a productive
insight into how microRNA regulates DNA methylation to maintain
chondrocyte function. This study also sheds new light onto the epigenetic protection against chondrocyte senescence in the development
of OA.
12
COMPARISON OF RADIOGRAPHIC AND MRI OSTEOARTHRITIS
DEFINITIONS AND THEIR COMBINATION FOR PREDICTION OF
TIBIAL CARTILAGE LOSS, KNEE SYMPTOMS AND TOTAL KNEE
REPLACEMENT - A LONGITUDINAL STUDY
G. Cai 1, F. Cicuttini 2, D. Aitken 1, L.L. Laslett 1, Z. Zhu 3, T. Winzenberg 1,
G. Jones 1. 1 Menzies Inst. for Med. Res., Hobart, Australia; 2 Dept. of
Epidemiology and Preventive Med., Monash Univ. Med. Sch., Melbourne,
Australia; 3 Clinical Res. Ctr., Zhujiang Hosp. of Southern Med. Univ.,
Guangzhou, China
Purpose: In the absence of a clear deﬁnition of osteoarthritis (OA) using
magnetic resonance imaging (MRI) features, the Osteoarthritis Research
Society International (OARSI) OA Imaging Working Group developed a
deﬁnition of MRI-deﬁned structural OA (MRI-OA) by incorporating MRI
changes using a Delphi approach, but this needs validation. This study
aimed to assess whether MRI-OA is superior to the radiographic deﬁnition of OA (ROA) by describing their value for predicting tibial cartilage loss, knee pain and disability and total knee replacement (TKR) in a
population-based cohort.
Methods: In a prospective, population-based older adult cohort, 574
participants (mean 62 years, 49% female) with baseline data on both
MRI and x-ray scans of the right knee were included in this study. ROA
and MRI-OA at baseline were deﬁned according to the OARSI atlas and a
published Delphi exercise, respectively. A 1.5T MRI of the right knee was
also performed at 2.6 and 10.7 years. Tibial cartilage volume was
measured over 2.6 and 10.7 years. Knee pain and disability were
assessed using the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) at baseline, 2.6, 5.1 and 10.7 years. TKR of the
right knee over 13.5 years was identiﬁed with linkage to the Australian
Orthopaedic Association National Joint Replacement Registry. The value
of ROA (vs. no ROA), MRI-OA (vs. no MRI-OA) and the combination of
them (vs. those with neither) for predicting tibial cartilage loss, the
onset and progression of knee symptoms and risk of TKR was evaluated
using multivariable linear regression or log-binomial regression
models.
Results: Of participants included, 8% had ROA alone, 15% had MRI-OA
alone, 13% had both ROA and MRI-OA. Having ROA (vs. no ROA) and
MRI-OA (vs. no MRI-OA) predicted greater tibial cartilage loss over 2.6
years (-75.9 and -86.4 mm3/year, respectively) and higher risk of TKR
over 13.5 years (Risk Ratio [RR]: 15.0 and 10.9, respectively). However,
only MRI-OA predicted tibial cartilage loss over 10.7 years (-7.1 mm3/
year) and only ROA predicted the onset and progression of knee
symptoms (RR: 1.32-1.88). Compared to participants with neither
MRI-OA nor ROA, those with ROA alone showed an increased risk of
knee symptom progression over 10.7 but not 2.6 or 5.1 years (RR: 1.321.88) and those with MRI-OA alone had greater loss of tibial cartilage
volume over 2.6 but not 10.7 years (-81.7 mm3). Participants with
either ROA or MRI-OA alone had an increased risk of TKR (6.4% and
3.6%, respectively; RR: 11.5 and 6.8, respectively) compared to those
with neither (0.5%). In contrast, participants with both MRI-OA and
ROA had the greatest loss of tibial cartilage volume (over 2.6 years:
-116.1 mm3/year; over 10.7 years: -11.2 mm3/year) and the highest
onset and progression of knee symptoms (RR: 1.75-2.89) and risk of
TKR (25%, RR: 50.9).
Conclusions: The ﬁndings of this study suggest that the present MRIdeﬁned OA using Delphi exercise is not superior to ROA for predicting
structural or symptomatic OA progression but, its combination with
ROA has much stronger predictive validity.
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SYMPATHICUS EXHIBITS DIFFERENTIAL EFFECTS ON ARTICULAR
CARTILAGE, SYNOVIUM AND SUBCHONDRAL BONE DURING
OSTEOARTHRITIS DEVELOPMENT
K. El Bagdadi 1, D. Muschter 2, S. Taheri 3, C. Dorn 4, A.F. Schilling 3,
€ssel 2, A. Meurer 1, F. Zaucke 1, R.H. Straub 5, Z. Jenei-Lanzl 1. 1 Dr. Rolf M.
S. Gra
Schwiete Res. Unit for Osteoarthritis, Orthopedic Univ. Hosp. Friedrichsheim
gGmbH, Frankfurt/Main, Germany; 2 Dept. of Orthopaedic Surgery,
Experimental Orthopaedics, Ctr. for Med. Biotechnology, Univ. of Regensburg,
Regensburg, Germany; 3 Clinic for Trauma Surgery, Orthopaedic Surgery and
€ttingen, Go
€ttingen, Germany; 4 Inst. of
Plastic Surgery, Univ.smedizin Go
Pharmacy, Univ. of Regensburg, Regensburg, Germany; 5 Lab. of
Experimental Rheumatology and Neuroendocrine Immunology, Dept. of
Internal Med. I, Univ. Hosp. Regensburg, Regensburg, Germany
Purpose: Osteoarthritis (OA) is a disease of the whole joint, since its
pathogenesis involves articular cartilage, synovial tissue and subchondral bone. OA is characterized by progressive degradation of cartilage, synovial inﬂammation, osteophyte formation and subchondral
bone sclerosis. In contrast to cartilage, its surrounding tissues are
innervated by tyrosine hydroxylase(TH)-positive sympathetic nerve
ﬁbers and the most important sympathetic neurotransmitter norepinephrine (NE) was detected in the synovial ﬂuid of OA patients.
However, the role of the sympathicus in OA progression has not yet
been studied. Therefore, we investigated the effects of sympathectomy
(Syx) in an experimental OA model.
Methods: Chemical Syx was performed using 6-Hydroxydopamine (6OHDA) in C57BL/6 mice. OA was induced in wildtype mice (WT) and in
Syx mice by destabilization of the medial meniscus (DMM). The efﬁciency of Syx was evaluated by staining of TH-positive nerve ﬁbers in
the synovium and by measurement of (NE) in the spleen. OA progression was assessed by OARSI score, measurement of serum CTX-II, as
well as micro- and nano-CT analyses and histochemical detection of
tartrate-resistant acid phosphatase (TRAP) in subchondral bone. Additionally, we investigated synovitis by histopathological scoring.
Expression of TH, a2A- b2-adrenergic receptors (AR), type II collagen
and MMP-13, was detected immunohistochemically in joint tissues.
Results: Syx resulted in signiﬁcant reduction of synovial TH-positive
nerve ﬁbers and signiﬁcantly less NE in spleen tissue. Interestingly, DMM
itself lead to increased NE concentrations compared to sham or untreated
mice. DMM surgery also resulted in altered expression of adrenergic
receptors and number of TH-positive cells in different tissues of the joint.
8 and 12 weeks after DMM, Syx mice developed signiﬁcantly lower OA
scores compared to WT mice. A less pronounced cartilage degradation
and CTX-II release was observed in Syx mice compared to WT mice.
Similarly, synovitis score was signiﬁcantly decreased in Syx mice 8 and 12
weeks after DMM compared to WT mice. Increased synovitis scores were
accompanied by higher numbers of TH-positive cells and elevated a2Aand b2-AR expression in the synovium. Additionally, we observed
stronger expression of MMP-13 in the synovium in WT mice 2 and 4
weeks after DMM, compared to Syx mice. At the same time, micro- and
nanoCT analyses revealed a signiﬁcant increase in calciﬁed cartilage (CC),
subchondral bone plate (SCBP) thickness and bone volume (BV/TV) in
Syx mice compared to WT mice 8 weeks after DMM. Both, WT and Syx
mice developed osteophytes and meniscal ossicles without any difference between the groups. In contrast to WT mice, osteoclast activity at
the site of osteophyte formation and in subchondral bone was reduced in
Syx mice 4 weeks after DMM.
Conclusions: Taken together, Syx attenuates cartilage degeneration,
synovial inﬂammation but accelerates OA-speciﬁc subchondral bone
changes. These ﬁndings underline the contribution of the sympathicus
in OA pathogenesis. A better understanding of molecular mechanisms
will allow the development of novel therapeutic options targeting the
sympathicus.
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A.O. Masson 1, B.A. Besler 1, D. Young 1, A. Dufour 1, W.B. Edwards 1,
T.M. Underhill 2, R.J. Krawetz 1. 1 Univ. of Calgary, Calgary, AB, Canada;
2
Univ. of British Columbia, Vancouver, BC, Canada

Purpose: Most adult tissues contain stem and progenitor cells known to
contribute to tissue maintenance and repair. While tissue-resident
mesenchymal progenitor cells (MPCs) have been identiﬁed in multiple
niches in the adult knee joint, articular cartilage shows poor healing
capacity following injury. Previously, it has been demonstrated that the
constitutive deletion of the p21 gene, a cell cycle regulator, promotes
cartilage regeneration. However, the underlying mechanisms of this
regenerative phenotype remain largely unknown, such as signaling
pathways and cell types involved. We hypothesized that activation of
the cell cycle solely in endogenous adult MPCs would enhance cartilage
regeneration in vivo post-injury.
Methods: To test this, we targeted the p21 downstream effector E2F1
and overexpressed it in quiescent MPCs. This was accomplished by
developing a conditionally overexpressing E2F1 mouse that was bred to
a Hic1CreERT2: Rosa26LSL-TdTomato MPC reporter mouse to generate the
Hic1CreERT2; Rosa26LSL-TdTomato; E2F1EGFP offspring. TdTomato reporter
gene expression and E2F1 expression was induced in MPCs following
administration of tamoxifen at 8 weeks of age. Subsequently, all mice
were subjected to full-thickness cartilage defects in the trochlear groove
of their distal femur. Knee joints were harvested at 1-, 2-, 4- and 8-weeks
post-injury. Histology (2D structure/composition), high-resolution 3D Xray microscopy (XRM imaging), immunoﬂuorescence (lineage tracking),
quantitative proteomics and biomechanical testing outcome measures
were employed to assay for cartilage regeneration.
Results: Overexpression of E2F1 in Hic1þve MPCs resulted in enhanced
cartilage regeneration compared to controls. The defect site in control
mice lacked proteoglycan staining, surface regularity, and was ﬁlled
with ﬁbrocartilage-like tissue, while articular cartilage-like tissue was
observed in the E2F1 overexpressor by 4-weeks post-injury. Such differences were reﬂected in the histological score with signiﬁcant differences between the groups by 4- and 8-weeks post-injury, which was
corroborated by the high-resolution 3D imaging of the femurs, indicating an enhanced articular cartilage repair within E2F1 mice. Proteomic analysis demonstrated that extracellular matrix production and
secretion were dysregulated between Hic1þve MPCs derived from the
synovium and bone marrow in E2F1 mice, with increased production of
matrix proteins observed in synovium-derived MPCs. E2F1mice demonstrated altered stiffness distribution within the repaired tissue area,
with lower stiffness values compared to uninjured controls (Figure 1).
Interestingly, while Hic1-lineage cells (TdTomatoþve) were seen within
the injury site in both strains, by 4-weeks after injury, few to no cells
were present. Furthermore, when the articular cartilage layer was
nearly regenerated, new chondrocytes at the injury site were found to
be TdTomato-ve.
Conclusions: These ﬁndings suggest that activation of cell cycle pathways in MPCs promotes cartilage regeneration. Furthermore, while
activated MPCs migrated to the injury site, few to no cells were seen
within the newly formed ﬁbro or hyaline-like cartilage tissues in control
vs. E2F1, respectively. Therefore, while these MPCs are necessary for
articular cartilage regeneration, they are not responsible for new tissue
formation. Hence, future studies are required to elucidate the role of
E2F1 overexpression and the downstream effects on bone and cartilage
tissues after injury.
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KNEE OSTEOARTHRITIS DEVELOPMENT FIVE YEARS FOLLOWING
ARTHROSCOPIC PARTIAL MENISCECTOMY OR EXERCISE THERAPY
FOR DEGENERATIVE MENISCAL TEARS: THE ODENSE-OSLO
MENISCECTOMY VERSUS EXERCISE TRIAL

16
IS PHYSICAL ACTIVITY ASSESSED WITH ACCELEROMETERS MORE
SENSITIVE TO KNEE PAIN THAN CONVENTIONAL FUNCTIONAL
PERFORMANCE TESTS? - DATA FROM THE OSTEOARTHRITIS
INITIATIVE

B. Berg 1, 2, E.M. Roos 3, M. Englund 4, N.J. Kise 5, A. Tiulpin 6, 7,
S. Saarakkala 6, 7, L. Engebretsen 1, 8, C.N. Eftang 9, I. Holm 1, 2,
M.A. Risberg 1, 8. 1 Oslo Univ. Hosp., Oslo, Norway; 2 Univ. of Oslo, Oslo,
Norway; 3 Univ. of Southern Denmark, Odense, Denmark; 4 Lund Univ.,
Lund, Sweden; 5 Martina Hansens Hosp., Sandvika, Norway; 6 Univ. of
Oulu, Oulu, Finland; 7 Oulu Univ. Hosp., Oulu, Finland; 8 Norwegian Sch.
of Sport Sci., Oslo, Norway; 9 Akershus Univ. Hosp., Lørenskog, Norway

A. Wisser 1, 2, F. Eckstein 1, 2, W. Wirth 1, 2. 1 Dept. of Imaging & Functional
Musculoskeletal Res., Paracelsus Med. Univ., Salzburg, Austria;
2
Chondrometrics GmbH, Ainring, Germany

Purpose: Degenerative meniscal tears per se and partial meniscectomy are strong risk factors for knee osteoarthritis (OA) development. Several randomized controlled trials have found that partial
meniscectomy provides no clinically relevant beneﬁt compared to
exercise therapy for degenerative meniscal tears. However, longterm follow-up studies of randomized controlled trials are lacking.
Hence, the aim of this ﬁve-year follow-up of the Odense-Oslo
Meniscectomy versus Exercise (OMEX) trial was to compare progression of individual radiographic features of the knee, incident
radiographic knee OA and changes in patient-reported outcome
measures following partial meniscectomy or exercise therapy for
degenerative meniscal tears.
Methods: One hundred and forty middle-aged patients with an MRIveriﬁed degenerative meniscal tear and 97% without radiographic knee
OA were included. Participants were randomized to either arthroscopic
partial meniscectomy or a 12-weeks exercise therapy program. Tibiofemoral joint space narrowing and marginal osteophytes in the medial
and lateral compartment were assessed semi-quantitatively using the
OARSI atlas. The risk for progression for each individual radiographic
feature was compared between groups. Additionally, a total radiographic score was calculated, and comparison made between treatment
groups. Development of incident radiographic knee OA (Kellgren &
Lawrence grade 2), changes in medial tibiofemoral ﬁxed joint space
width (fJSW, quantitatively assessed) and in patient-reported outcome
measures (Knee injury and Osteoarthritis Outcome Score [KOOS]) were
also compared between groups. Poisson regression with robust standard errors was applied to compare groups with respect to progression of
the individual radiographic features and incident radiographic knee OA.
The results are presented as risk ratio with 95% conﬁdence intervals
(95% CI). All models were adjusted for the stratiﬁcation variable, gender.
Between-group difference in change in total radiographic score was
assessed by linear regression, adjusted for gender and baseline value of
the outcome. Changes in medial fJSW and in all ﬁve KOOS subscales
were analyzed by analysis of covariance (ANCOVA), with gender and
baseline value of the outcome as covariates. Statistical analyses were
performed using a full-set analysis, as well as per protocol and as
treated analysis.
Results: Radiographic assessment at the ﬁve-year follow-up was performed on 120 participants (86%) (62 participants in the surgery group
and 58 in the exercise therapy group). For the surgery group the risk
ratios (95% CI) for progression of joint space narrowing and medial and
lateral osteophytes were 0.89 (0.55-1.43), 1.15 (0.79-1.67) and 0.77
(0.42-1.42), respectively, compared to the exercise therapy group. The
linear regression model indicated no difference between groups in the
total radiographic score (B¼-0.02, 95% CI -0.51 to 0.49). Sixteen percent
in both groups developed radiographic knee OA over the follow-up
period (Risk ratio 1.03, 95% CI 0.46 to 2.30). The mean change (95% CI)
in medial fJSW was -0.50 mm (-0.69 to -0.30) for the surgery group
and -0.30 mm (-0.51 to -0.09) for exercise therapy group. The
between-group difference was not statistically signiﬁcant (p¼0.17, 95%
CI -0.48 to 0.09). No statistically signiﬁcant or clinically relevant differences were found between groups for the ﬁve KOOS subscales. Per
protocol and as treated analysis yielded similar results to the full-set
analysis.
Conclusions: We found no statistically signiﬁcant differences in individual risks for progression of joint space narrowing, marginal osteophytes or change in total radiographic score between surgical and
exercise therapy treatments for degenerative meniscal tears. Further,
there was no statistically signiﬁcant or clinically relevant differences
between arthroscopic partial meniscectomy and exercise therapy in
patient-reported outcome measures.

Purpose: Functional performance measures (FPMs) represent important instruments in epidemiological and clinical trials of knee osteoarthritis, as they provide potentially more objective information than
patient reported outcomes (PROs). We have shown previously that,
amongst different FPMs, the Chair Stand Test (CST) is more sensitive to
different levels of knee pain than the 20m and 400m walk test. Given
the current interest in the use of wearables for functional evaluations in
clinical trials and clinical practice, the aim of the current work was to
analyze whether physical activity parameters obtained from accelerometry better discriminate between various knee pain strata than the
CST.
Methods: The current analysis was conducted in 552 participants from
the Osteoarthritis Initiative (OAI [47% women; age 65±9 years; BMI
28±4 (mean±SD)]) who had NRS (Numerical Rating Scale, range 0-10
[low-high]) pain measures for both knees at 48 months follow-up, CST
results and accelerometer measurements available (ActiGraph GT1M
uniaxial accelerometers; ActiGraph, Pensacola, FL). Participants with
hip pain, and hip or knee joint replacement were excluded. Please note
that accelerometry was an ancillary study to the OAI, and that data only
were available for a subset of OAI participants, and only starting with
the 48-month follow-up. Accelerometry parameters included the raw
output as daily counts as well as minutes of light, moderate and vigorous activity, and moderate/vigorous activity representing the sum of
the latter. Further, bout minutes of moderate/vigorous activity were
available, with a bout being deﬁned as an 8 out of 10-minute period
with an intensity equal to, or greater than a given threshold. Three
thresholds were used for each parameter, based on deﬁnitions from
different authors (Freedson, Swartz, Troiano; Figure 1).
Participants were divided into no (NRS 0), mild (NRS 1/2), moderate
(NRS 3/4) or non-acceptable pain (NRS>4) strata, based on the knee
with the greater NRS value (target knee). NRS4 had previously been
deﬁned in the literature as a patient acceptable symptom state (PASS).
Mean values and standard deviations (SDs) were calculated for all
accelerometry parameters as well as the CST in each pain stratum.
ANCOVA was used to compare physical activity measures and the CST
between participants with mild, moderate or non-acceptable pain vs.
those without pain. Cohen’s D was calculated as a measure of effect size.
Because age and BMI were previously identiﬁed to be signiﬁcantly
associated with FPM outcomes in healthy subjects, additional analyses
were run with adjusting for these variables.
Results: Of the 552 subjects, 44% had no knee pain, 19% mild, 19%
moderate, and 18% non-acceptable pain in the target knee. Using deﬁnitions by Freedson and Troiano, minutes of light activity represented
91-95% of the total recorded activity across all pain strata, and vigorous
activity only 0.2-0.7%. Using the deﬁnition by Swartz, light activity
represented 58-61% and vigorous activity 0.4-1.3%. Moderate/vigorous
activity as deﬁned by Freedson and Troiano best discriminated between
participants with non-acceptable vs. no pain (5.6% vs. 7.9% and 5.3% vs.
7.4% of the total daily activity, respectively; both Cohen’s D¼0.33,
p¼0.001; Figure 2). Daily activity counts and light activity, in contrast,
did not reveal signiﬁcant differences (Figure 2). Calculating bout
minutes of moderate/vigorous activity only did not improve the discrimination compared with moderate/vigorous activity (Freedson:
Cohen’s D¼0.31, p¼0.009; Troiano: Cohen’s D¼0.30, p¼0.011
[ANCOVA]). Accelerometer parameters determined according to Swartz
did not show signiﬁcant differences between any of the pain strata.
Despite these statistically signiﬁcant ﬁndings, accelerometry did not
attain the discriminatory ability of the CST for non-acceptable pain vs.
no pain (Cohen’s D¼0.61, p<0.001). Moreover, the CST - unlike accelerometry - was also able to discriminate between moderate pain and no
pain (Cohen’s D ¼ 0.49, p<0.001).
Conclusions: Amongst physical activity parameters calculated from
accelerometry, moderate/vigorous activity as deﬁned by Freedson and
Troiano was most sensitive in discriminating between participants with
non-acceptable vs. no knee pain. Light activity, and minutes of activity
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as deﬁned by Swartz, in contrast, did not differ between pain strata. Yet,
accelerometry parameters were not capable of discriminating between
different knee pain levels as did the CST. Therefore, the CST can be
recommended for the use in clinical studies that attempt to monitor
improvements in pain and function, with further innovations in accelerometry and its technical analysis being required.
17
POSTOPERATIVE OUTCOME OF PATIENTS WHO UNDERWENT TOTAL
JOINT REPLACEMENT DURING THE TANEZUMAB PHASE 3
OSTEOARTHRITIS
DEVELOPMENT
PROGRAM:
A
24-WEEK
OBSERVATIONAL STUDY
M.A. Mont 1, J.A. Carrino 2, F. Shaﬁei 3, M. Nemeth 4, A. Burr 5, T. Yamabe 5,
L. Viktrup 6, C.R. West 5, M.T. Brown 5, K. Verburg 5. 1 Lenox Hill Hosp. at
Northwell Hlth., New York, NY, USA; 2 Hosp. for Special Surgery, New
nos Ko
z, Szeksza
rd, Hungary;
rha
York, NY, USA; 3 Tolna Megyei Balassa Ja
4
Pﬁzer Inc., Groton, CT, USA; 5 Pﬁzer, Inc., Groton, CT, USA; 6 Eli Lilly and
Company, Indianapolis, IN, USA
Purpose: Tanezumab, a monoclonal antibody against nerve growth
factor, is in development for the treatment of osteoarthritis (OA). The
aim of this study was to evaluate the postoperative outcome of patients
who had undergone a total joint replacement (TJR) while participating
in one of three parent tanezumab phase 3 OA studies.
Methods: This phase 3 observational study (NCT02674386) followed
consenting patients from three phase 3 randomized controlled trials, who
underwent TJR (knee, hip, or shoulder) at any time (during the parent
study treatment period or safety follow up period), for 24 weeks after
surgery. Endpoints included: Surgeon’s Assessment of Procedural Difﬁculty (uneventful, minor complications, major complications) at the time
of TJR; post-surgical complications (clinically signiﬁcant events attributable to the TJR, derived from adverse events) up to Week 24; additional or
corrective procedures (procedures or investigations related to the TJR) up
to Week 24; and patient’s overall satisfaction with the result of surgery
(based on the question ‘How satisﬁed are you with the results of your
surgery?’; somewhat satisﬁed, very satisﬁed, somewhat dissatisﬁed, or
very dissatisﬁed) at Week 24. Patients were contacted by telephone (to
collect information on adverse events and planned further procedures)
and at prespeciﬁed time points they completed questionnaires. An
external Adjudication Committee utilized clinical study data and magnetic resonance images/radiographs to determine in a blinded and
independent fashion the presence of: primary osteonecrosis, rapidly
progressive OA (RPOA) type 1 (rapid loss of joint space width  2mm
within a year) or type 2 (abnormal bone loss/joint destruction), normal
progression of OA (NPOA), subchondral insufﬁciency fracture, pathological fracture, other joint outcome, or not enough information to differentiate RPOA vs NPOA or specify a diagnosis.
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Results: Of 258 patients with a TJR, 154 (59.7%) consented and were
enrolled in the current study; data from 150 patients with 169 TJRs (99
knees [58.6%], 69 hips [40.8%], and 1 shoulder [0.6%]) were eligible for
evaluation. At baseline in the parent studies 91.1% [154/169] of the joints
were Kellgren-Lawrence radiographic severity grade 3 or 4. In the
parent studies the patients received placebo (n¼20), tanezumab 2.5 mg
(n¼52), tanezumab 5 mg (n¼53), tanezumab 2.5 mg titrated to 5 mg
(tanezumab 2.5/5 mg, n¼8), or a nonsteroidal anti-inﬂammatory drug
(NSAID; n¼17). The TJR was performed 299 days (mean) from randomization in the parent studies. Based on the joint with the worst
adjudicated outcome, the 150 patients were adjudicated to have
osteonecrosis (n¼1), RPOA type 1 (n¼3), RPOA type 2 (n¼8), NPOA
(n¼130), other joint outcome (n¼6), or not enough information to
determine RPOA vs NPOA (n¼2). A total of 95.1% (116/122) of patients
had Surgeon’s Assessment of Procedural Difﬁculty ratings of uneventful
and none had major complications. Of 6 patients with procedural difﬁculty ratings of minor complications, 4 had hip TJRs which were
adjudicated as NPOA (tanezumab 2.5 mg n¼1, tanezumab 5 mg n¼1) or
RPOA type 2 (tanezumab 5 mg n¼2) and 2 had knee TJRs (both adjudicated as NPOA, tanezumab 5 mg). The minor complications included
difﬁculty removing the head of the joint, abnormal bone appearance,
osteosclerosis, capsule stenosis, and accumulation of synovial ﬂuid.
Through the 24-week study, 4.0% (6/150) of patients had post-surgical
complications (5 hip TJRs and 1 knee TJR, all adjudicated as NPOA:
tanezumab 2.5 mg n¼2, tanezumab 5 mg n¼4). These included: hematoma/periprosthetic fracture/hip infection; incision site infection;
luxation of prosthesis joint; anemia; and periprosthetic infection/hip
dislocation. A total of 6.7% (10/150) of patients required additional or
corrective procedure(s) (6 hip TJRs and 4 knee TJRs, adjudicated as
NPOA [n¼9] or RPOA type 2 [n¼1]: tanezumab 2.5 mg n¼3, tanezumab
5 mg n¼6, NSAID n¼1), including: fracture treatment/hematoma
evacuation/surgery; joint debridement, manipulation or ﬂuid drainage;
device repositioning; tendon repair; and imaging. At Week 24, 6.1% (8/
131) of patients were somewhat dissatisﬁed or very dissatisﬁed with
the result of the surgery (2 hip TJRs and 6 knee TJRs, adjudicated as
NPOA [n¼7] or other joint outcome [n¼1]: placebo n¼1, tanezumab 2.5
mg n¼4, tanezumab 5 mg n¼2, NSAID n¼1).
Conclusions: Procedural difﬁculty of minor complications during surgery, post-surgical complications, and additional or corrective procedures were infrequent, but occurred primarily in patients treated with
tanezumab in the parent studies, and more frequently with tanezumab
5 mg than tanezumab 2.5 mg. Most of these cases were adjudicated as
NPOA. The TJR outcomes in the patients with RPOA were similar to
NPOA. Few patients were dissatisﬁed with their TJR, most of them were
previously treated with tanezumab.
18
CAN THE INDIVIDUAL PATIENT OUTCOME FOLLOWING PATIENT
EDUCATION AND EXERCISE THERAPY BE PREDICTED? - A
PROGNOSTIC MODEL STUDY INCLUDING 6,767 PATIENTS WITH
KNEE OSTEOARTHRITIS FROM THE DANISH GLA:D® REGISTRY
L. Baumbach 1, M. List 2, D.T. Grønne 1, S.T. Skou 1, 3, E.M. Roos 1. 1 Univ. of
Southern Denmark, Odense, Denmark; 2 Technical Univ. of Munich,
Munich, Germany; 3 Næstved-Slagelse-Ringsted Hosp., Slagelse, Denmark
Purpose: Exercise therapy in combination with patient education is
universally recommended as ﬁrst line treatment for patients with knee
osteoarthritis (OA), but underutilised. One reason might be, that
patients ﬁnd average beneﬁts difﬁcult to relate to and would prefer
information on the importance and beneﬁts of exercise therapy for
patients with similar characteristics as themselves. Another reason
might be that medical doctors lack experience or time to discuss
exercise therapy as a treatment option. To support the decision process
in patients with symptomatic knee OA, we aimed to build a calculator,
consisting of three models predicting the individual change in pain
intensity, quality of life and walking speed immediately after an 8-week
patient education and exercise therapy program.
Methods: We used data from patients with knee OA from the ‘Good Life
with Osteoarthritis in Denmark’ (GLA:D®) registry. Patients participated in a program consisting of two educational and 12 physiotherapist-supervised exercise therapy sessions (one hour twice weekly
for six weeks). Patients were included if they provided baseline information on 51 characteristics (binary and continuous) and follow-up
data at 3 months for change in 1) pain intensity measured on a VAS
scale (0-100, best to worst), 2) quality of life (QOL) measured by the
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Figure 1. Overview of model performance from the random forest
regressions in validation data for pain intensity (VAS ¼ Visual
Analog Scale)

KOOS QOL (100-0, best to worst scale), and 3) walking speed measured
in m/sec via the 40 m walking test (longer time equals worse result).
First, we applied random forest regression to assess the importance of
individual patient characteristics for predicting changes in pain intensity, QOL, and walking speed. Second, we used the elbow technique to
select the best performing variables for building ﬁnal prediction models
which we evaluated via R2 and root mean square error (RMSE). Finally,
we validated the prediction power of our models by utilizing an independent validation data set (n¼2,896) collected later in time from the
GLA:D® registry.
Results: A total of 6,767 patients met our inclusion criteria. The most
important variable per outcome was the respective baseline variables
followed by all the continuous variables (n¼15). Consequently, we built
three models per outcome: a ‘full model’ including all 51 variables, a
‘naïve model’ including only the baseline variable, and a ‘continuous
model’ including only the 15 continuous variables. The full models
could explain 32% of the change in pain intensity, 15% of the QOL and 5%
of the walking speed. The continuous models had R2 values of 0.31 for
pain, 0.14 for QOL and 0.04 for walking speed. The naïve models performed only slightly worse with an R2 of 0.27, 0.12 and 0.01, respectively. The robustness of our models’ performances was validated using
independent GLA:D® data collected later in time. On these data, the
continuous models achieved similar performance as on the data they
were trained on with R2 values of 0.34, 0.18 and 0.07, respectively. The
RMSEs of the continuous model for pain, QOL and walking speed in the
validation data set are visualized in the Figure 1e3, where we show the
predicted outcome vs. the true outcome. For the 2,896 patients included
in the validation set, the absolute mean deviation from our continuous
model predictions to the true outcomes was 14.6 for pain intensity, 10.3
for QOL and 0.1 for walking speed. Similar absolute mean deviations of
17.6, 11.3 and 0.1, respectively, were observed when we ignored our
individualized model predictions and just subtracted the average
improvements from the true outcomes.
Conclusions: The extent to which we could predict individual patient
outcome for pain, QOL or walking speed based on baseline characteristics
did not exceed the group based averaged outcome prediction by a clinically relevant difference. Individualised predictions of pain intensity, QOL
and walking speed improvements were not possible in our data set using
standard machine learning methods such as random forest.
19
EXPERIENCES OF PERSONS WITH KNEE OSTEOARTHRITIS USING A
WEARABLE-ENABLED INTERVENTION INVOLVING COUNSELLING BY
A PHYSIOTHERAPIST TO SUPPORT PHYSICAL ACTIVITY: A
SECONDARY ANALYSIS USING AN ETHICS LENS

Figure 2. Overview of model performance from the random forest
regressions in validation data for quality of life (KOOS ¼ Knee Injury
and Osteoarthritis Outcome score)

Figure 3. Overview of model performance from the random forest

regressions in validation data for walking speed

J. Leese 1, 2, G.G. MacDonald 1, 2, A.F. Townsend 3, 2, C.L. Backman 1, 2,
L. Nimmon 1, L.C. Li 1, 2. 1 Univ. of British Columbia, Vancouver, BC, Canada;
2
Arthritis Res. Canada, Richmond, BC, Canada; 3 Lancaster Univ.,
Lancaster, United Kingdom
Purpose: Although practice guidelines strongly recommend physical
activity for the optimal self-care of knee osteoarthritis (OA), physical
activity levels among persons with knee OA typically fall below expert
recommendations. Preliminary evidence indicates wearable technology
could support persons with knee OA to be physically active. It remains
unclear, however, how they experience beneﬁts or downsides of using
wearables to improve physical activity. If wearable-enabled interventions
are to be successfully incorporated into everyday self-care of knee OA,
better understanding of a fuller spectrum of experiences encountered by
persons with knee OA is needed. To address this gap, our aim is to gain indepth understanding of the experiences of persons with knee OA who
used a wearable to support their physical activity as part of a multi-faceted
intervention involving counselling with a physiotherapist (PT).
Methods: We conducted a secondary analysis of semi-structured qualitative interviews with persons with knee OA living in British Columbia,
Canada following their participation in a 6-month randomized controlled trial (RCT). Eligible individuals were those who had a physicianconﬁrmed diagnosis of knee OA or passed two validated criteria for early
OA: 1) aged 50 years; 2) had experienced pain or discomfort in or around
the knee during the previous year lasting more than 28 separate or
consecutive days. The RCT involved them pairing up with a PT to set
physical activity goals, using a Fitbit Flex, and receiving four biweekly
phone calls for activity counselling by the PT in an 8-week period. Consent to use these data for the purpose of secondary analysis was obtained
from participants at the time of the original study. In-person or phone
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interviews lasted approx. 60-90 mins. Participants shared experiences of
using the wearable, and its impact on their communication with the PT.
Analysis was guided by a relational ethics conceptual lens (including key
concepts such as choice, interdependence, trust, uncertainty) and a
phenomenographic approach to gain insight into the qualitatively different ways in which participants experienced beneﬁts and downsides of
the intervention in the context of their OA self-care.
Results: Interviews of 20 participants (11 female; 9 male) aged 40-82
years were analyzed. Our analysis identiﬁed three early categories of
description: 1) Negotiating with my wearable: Participants often viewed
their Fitbit as having human-like qualities (e.g., stubbornness, or nagging, or providing encouragement “just like a friend”). Tensions were
experienced by some participants when their wearable’s prompts to be
active were at odds with other priorities they were juggling in their
everyday lives. Others experienced their wearable as a trusted support
and source of motivation to reach shared physical activity goals; 2)
Having a new self-awareness: Participants expressed interest in learning
about themselves by using a Fitbit to monitor their physical activity and
sleep, and some viewed their new awareness as a step in taking back
control over their OA. Some felt uncertain about how to act on the new
information; 3) Feeling accountable to others: Many participants
described situations in which they used their wearable data to prove or
justify their physical activity levels to others who they felt a responsibility to (e.g., the PT, research staff, family members).
Conclusions: Findings describe different ways in which persons with
knee OA can experience their use of a wearable as a source of tension at
odds with their other priorities, or as a beneﬁcial support for their
capacity to take control in their everyday self-care with a health professional. Drawing on a relational ethics lens, our study sheds some
light on how persons with knee OA experience relational aspects (i.e.
choice, interdependence, trust, uncertainty) that can facilitate or limit
their capacity for autonomy when using a wearable-enabled physical
activity counselling intervention. It raises questions, based on the
experiences of persons with knee OA, about what it means to respect a
person’s capacity for autonomy when incorporating the use of a
wearable-enabled intervention into everyday self-care of knee OA.
20
WILLINGNESS FOR SURGERY AND HEALTH-RELATED QUALITY OF
LIFE AFTER SIX MONTHS IN A DIGITAL OSTEOARTHRITIS SELFMANAGEMENT PROGRAM
H. Nero, S. Lohmander, L.E. Dahlberg. Lund Univ., Lund, Sweden
Purpose: To investigate the change in willingness to undergo surgery
and in health-related quality of life in those participating in a digital
ﬁrst-line osteoarthritis self-management program during six months.
Methods: Data on people with hip- or knee osteoarthritis, having participated in a digital self-management program for 6 months and reporting
whether they experienced symptoms so severe they wanted to undergo
joint surgery (dichotomous reply, yes/no), was extracted from the Joint
Academy® patient registry. Reported willingness and the change over time
was analyzed together with EQ5D-5L data. Individuals were separated into
two groups, those willing to undergo surgery at baseline and then changing
their mind (YES-NO), and those willing at baseline and still willing to
undergo surgery at 6 months (YES-YES). Demographic data and frequency
of response for each level of dimension from the EQ5D-5L per group was
calculated. The Mann-Whitney U test was performed to investigate
whether the distributions of levels in each dimension of EQ5D-5L were the
same between groups, at baseline and at 6 months. Ethical approval was
received from the regional ethics committee of Lund University and the
Swedish Ethical Review Authority (Dnr: 2018/650 and 2019-02232).
Results: A total of 1073 individuals answered the question on willingness
for surgery at baseline and at 6 months. Of these, 200 individuals reported
willingness for surgery at baseline. At 6 months, 94 individuals (47%)
reported they did no longer have a need for surgery, whilst 106 (53%)
individuals were still willing to undergo surgery (Table 1). Of those
unwilling at baseline, 8% reported willingness for surgery after 6 months.
The Mann Whitney U-test indicated that at baseline the distribution of
frequencies was similar for the two groups (YES-YES and YES-no) for the
EQ5D-5L dimensions Pain/Discomfort, Usual Activities and Anxiety/
Depression, whilst showing statistically signiﬁcant worse responses for
Mobility (p¼0.04) and Self Care (p¼0.03) for those still willing to have
surgery after 6 months (YES-YES). At 6 months, there were differences in all
dimensions between the two groups, and the distribution of frequencies
indicated greater health-related quality of life in the YES-NO group.For the
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YES-YES group, there was a statistically signiﬁcant difference in Self Care at
baseline and at 6 months, and Pain / Discomfort at 6 months, between
participants with knee- and hip OA. For the YES-NO group, there was a
statistically signiﬁcant difference in Self Care at baseline only, between
knee- and hip OA participants.
Conclusions: Previous research has shown that the percentage of patients
with hip- and knee osteoarthritis willing to undergo surgery decreased by
31% after 6 weeks of participation in a digital osteoarthritis self-management program. In this unique study, where individuals with knee or hip
osteoarthritis have adhered to a digital treatment program for 6 months,
results suggest that with increased treatment adherence time the proportion of ‘no longer willing’ increases. Thus, the potential to avoid or delay
total joint replacement may increase with increased participation time,
and patient selection for total joint replacement may be facilitated. In
addition, change in willingness from yes to no was associated with
improvement in health-related quality of life during participation in the
digital self-management program.

Table 1. Demographic data in means, frequency or percentage, per willingnessgroup.
Characteristic

YES-NO (n¼94)

YES-YES (n¼106)

Age (SD)
Female, n (%)
Knee OA, n (%)
Adherence, % (SD)
BMI (SD)
Baseline pain (SD)
6 month pain (SD)

62.4 (9.5)
70 (75)
64 (68)
72 (23)
28 (6)
6.3 (1.7)
3.3 (2.0)

62.2 (7.3)
82 (77)
54 (51)
71 (23)
29 (6)
6.7 (1.4)
5.3 (2.1)

21
OUTCOMES FOLLOWING THE GLAD PROGRAM FOR PATIENTS WITH
SYMPTOMATIC KNEE AND HIP OSTEOARTHRITIS IN DENMARK,
CANADA AND AUSTRALIA. A LONGITUDINAL ANALYSIS INCLUDING
28,370 PATIENTS
E.M. Roos 1, D.T. Grønne 1, S.T. Skou 1, 2, M. Zywiel 3, 4, R. McGlasson 5,
C.J. Barton 6, J.L. Kemp 6, K.M. Crossley 6, A.M. Davis 4. 1 Dept. of Sports
Sci. and Clinical Biomechanics, Univ. of Southern Denmark, Odense,
Denmark; 2 Dept. of Physiotherapy and Occupational Therapy, NæstvedSlagelse-Ringsted Hosp., Slagelse, Denmark; 3 Div. of Orthopaedic
Surgery, Univ. Hlth.Network, Univ. of Toronto, Toronto, ON, Canada;
4
Krembil Res. Inst., Univ. Hlth.Network, Univ. of Toronto, Toronto, ON,
Canada; 5 Bone and Joint Canada, Canadian Orthopaedic Fndn., Toronto,
ON, Canada; 6 La Trobe Sport and Exercise Med. Res. Ctr., Sch. of Allied
Hlth., La Trobe Univ., Melbourne, Australia
Purpose: Exercise therapy and patient education is recommended as
ﬁrst line treatment for patients with knee and hip osteoarthritis (OA).
Good Life with osteoArthritis from Denmark (GLA:D®) is an 8-week
structured patient education and exercise program targeting patients
with knee and hip OA. The program is implemented in clinical practice
in different countries and reporting outcomes across countries may
show what to expect when implementing such a program. The aim of
the study was to report and compare outcomes and predictors across
three countries for patients with symptomatic knee and hip OA
attending the evidence-based education and exercise therapy program
GLA:D®.
Methods: GLA:D® is a structured treatment program for knee and hip OA
including 2-3 patient education sessions and 12 supervised exercise sessions
delivered by certiﬁed health care practitioners. The program was introduced
in Denmark in 2013, in Canada 2015 and in Australia 2016 and data were
retrieved from the national electronic GLA:D® databases on August 1, 2019
(Denmark and Canada) and on July 1, 2019 (Australia). Patients with complete baseline measurements no later than the end of February 2019 were
included in the study. Baseline characteristics were reported. Mean change
in pain intensity (NRS 0-10, best to worst), number of stands in the 30
seconds chair stand test (more is better), time to complete the 40 meter walk
test (shorter time is better) and KOOS/HOOS QOL subscale score (0-100,
worst to best) from baseline to immediately after treatment were reported
as means and 95 % CIs for each country. The analyses were conducted as
complete case analyses supplemented by a sensitivity analysis using multiple imputation where follow-up values were missing. The association of age,
gender, BMI, hip/knee joint as primary complaint, symptom duration and
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prior surgery with change in each outcome was evaluated using multiple
linear regression with stepwise selection for each country.
Results: Across countries mean ages were 64-65 years, three quarters
were women, three quarters had the knee joint as primary complain and
one of three in Denmark and four of ten in Canada and Australia were
obese (BMI  30 kg/m2). There were no clinically meaningful differences
in baseline status between those with complete or those without followup data. Change in outcome measurements are shown in table 1. Patients
from the three countries improved 26-33% in mean pain intensity, 7-13%
in walking speed, 18-30% in chair stand ability and 12-26% in joint related
quality of life from baseline to immediately after treatment. Patients from
Canada and Australia seem to have slightly larger improvement in pain
intensity and chair stand test than patients from Denmark. Patients in
Australia have the largest improvement in KOOS/HOOS QOL followed by
patients from Canada and with patients from Denmark having the lowest
mean improvement. The sensitivity analysis imputing the missing values
at follow up support the complete cases analyses. There was no consistency in factors associated with outcomes across the three countries,
and factors associated with the outcome explained only up to 5% of the
variance in the different change scores (R2 0.0036 to 0.0528).
Conclusions: Patients with symptomatic knee and hip OA attending a
structured supervised patient education and exercise program across
three countries on three continents improve overall in pain intensity,
functional performance and joint-related quality of life. The results show
minor differences in improvement patterns among the three countries
studied, although these differences are not likely clinically meaningful.
Among a range of baseline characteristics there was no consistency in
factors associated with outcome change across countries and the included factors had low explanatory value. Similar results across different
countries indicate successful implementation of the GLA:D®-program in
the three countries and shows that positive results can be obtained when
health care practitioners nationwide take a standardized approach to
implementing clinical guidelines for knee and hip OA into practice.

represent a promising new tool for cartilage repair, but in vivo, speciﬁcation of these cells remains unclear.
Methods: Detailed molecular analysis of human primary articular
chondrocytes was carried out at embryonic, fetal, adolescent and adult
stages. Human pluripotent feeder-free stem cell line (hES17) was
propagated and differentiated using protocols previously established in
our lab. Generated PDCs were evaluated using single-cell RNAsequencing to assess cellular heterogeneity and purity. Full thickness, 6mm in diameter, critical size cartilage lesions were generated in articular cartilage of male Yucatan minipigs. In pig model, PDC were transplanted using 2 formulations: cell aggregates (chondrospheres) at a
high dose (group 1), and a low dose (1 group 2), and cells on collagen 1/
3 membrane at a high dose (group 3), and a low dose (group 4). Control
groups included vehicle only (ﬁbrin glue) and clinical grade collagen 1/3
membrane transplanted with no cells on it. Analysis was performed 1
and 6 months after transplantation using Mach 1 bio-indenter (Biomomentum, Canada), immunohistochemistry (IHC), ﬂow cytometry,
PCR and routine histology. Detection of human cells was carried out
using human speciﬁc TERT PCR assay, CD29 antibody (ﬂow cytometry)
or Ku80 (IHC). Statistical methods: Student t-test, one-way ANOVA
followed by the Newman-Keuls test.
Results: Our studies have shown that transcriptional, epigenetic and
functional signatures of PDC closely mimic their primary counterparts,
but PDC remain immature in vitro. Single cell sequencing showed that
more than 90% of PDCs expressed high levels of cartilage speciﬁc
markers. Our data also demonstrated that implanted human PDC
engrafted and generated human articular cartilage tissue in pig joints.
After 1 month (N¼4 per group), analysis of engrafted tissue clearly
showed the presence of human cells post transplantation as detected by
both FACS and IHC staining using human speciﬁc antibodies. High dose
membrane formulation demonstrated the best repair potential as
shown by both biomechanical and histological assessment. Defects
repaired with low dose formulations and high dose chondrospheres
showed some islands of cartilage tissue formation in the defect area
mixed with ﬁbrotic tissue and also highly vascularized loose connective
tissue. At 6 months after transplantation (n¼5 per group) lesions
treated with high dose membrane formulation showed signiﬁcantly
better repair compared to control groups. IHC analysis using antibodies
against PRG4/lubricin and other markers showed the presence of all 4
populations of zonally organized human chondrocytes in pig cartilage
lesions. Safranin O staining and IHC for cartilage markers collagen type
2 and SOX9 showed the presence of human cartilage tissue in pig
defects minimally expressing collagens type 1 and 10. In contrast,
control animals healed cartilage defects with a highly disorganized
ﬁbrotic tissue marked by collagen type 1. No signs of neoplastic growth
were detected in any of the transplanted pig joints as well as the liver,
kidney, or lung tissues.
Conclusions: Transplanted human PDC enhance repair in Yucatan
minipig model of cartilage injury and demonstrate clear ability to form
human cartilage cells in vivo. The study showed that although some
human cells were present in the site of injury 6 months post-transplantation the vast majority of repaired tissue was composed of pig
cells. These ﬁndings indicate a prominent paracrine effect of implanted
PDC constructs in addition to direct integration of implanted human
chondrocytes into pig tissue. Overall, current study is the ﬁrst to
demonstrate long-term safety and efﬁcacy of engraftable allogenic
mass-produced pluripotent stem cell-derived chondrocytes in preclinical large animal model of articular cartilage repair.
23
DEVELOPMENT OF A MURINE MODEL TO STUDY MITOCHONDRIAL
TRANSFER BETWEEN MESENCHYMAL STROMAL CELLS AND
INJURED CHONDROCYTES

22
EVALUATION OF ENGRAFTABLE HUMAN PLURIPOTENT STEM CELLDERIVED CHONDROCYTES IN A LONG-TERM PRECLINICAL PIG
MODEL OF FOCAL CARTILAGE INJURY
F. Petrigliano, N. Liu, J. Bogdanov, S. Lee, A. Sarkar, D. Evseenko. Univ. of
Southern California, Los Angeles, CA, USA
Purpose: The pathogenesis of OA often begins from an injury to articular cartilage, which establishes chronic, low-grade inﬂammation that
eventually promotes matrix degradation leading to the destruction of
cartilage. Currently, there are no agents that efﬁciently slow or inhibit
this process. Pluripotent stem cell-derived chondrocytes (PDC)

M.P. Bennett, R. Vivancos-Koopman, L.A. Seewald, T. Robinette,
M.L. Delco;. Cornell Univ., Ithaca, NY, USA
Purpose: Mesenchymal stromal cells (MSCs) have been an increasingly
common therapy for orthopedic diseases for decades.While the mechanisms governing the beneﬁcial effects of MSCs remain unclear, existing
evidence supports two theories: direct repair via engraftment at sites of
tissue damage, and facilitation of endogenous healing via immunomodulation. One or both of these paradigms are likely true under given
circumstances, however neither fully explain the observed therapeutic
effects. Recent evidence suggests an alternate paradigm; failing cells
can recruit help from MSCs in the form of whole-organelle donation of
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mitochondria (MT). MT transfer has been documented in several cell
types in vitro including corneal epithelium and myocytes, and in vivo in
alveolar epithelial cells.Preliminary work from our group revealed the
ﬁrst evidence of MT transfer between MSCs and chondrocytes in vitro,
using equine cells stained with ﬂuorescent probes to track transfer
events. Given the limitations associated with live-cell staining techniques (including short-term ﬂuorescence, rapid photobleaching, and the
possibility of non-speciﬁc staining), our goal was to develop an in vivo
model, utilizing transgenic mice expressing endogenous MT-targeted
ﬂuorescent proteins, in order to: 1) validate previous ﬁndings suggesting MSC-chondrocytes MT transfer in vitro, 2) quantify and characterize MT transfer events between these cell types over time and
under various environmental conditions, and 3) allow future study of
MT transfer in an in vivo model of post-traumatic osteoarthritis.
Methods: Chondrocytes were harvested from the acetabulofemoral
joints of 5-day-old mCherry mice and cultured under either normal (1g/
L) or low (0.45g/L) glucose conditions, then stressed by the addition of
either a general inﬂammatory stimulus, IL-1b (1ng/ml), or one of three
mitochondria-speciﬁc stressors 1) oligomycin (1mM), 2) rotenone/
antimycin (0.5mM/0.5mM), or 3) FCCP (1mM). Stimulated and control
chondrocytes were cultured with or without SS-31, a mitoprotective
peptide. Bone marrow-derived MSCs (bMSCs) were harvested from 5week-old mitoDendra2 mice (endogenous green MT ﬂuorescence) and
cultured. After 12 hours, chondrocytes were rinsed, and mitoDendra2
MSCs were added to chondrocyte cultures in 1:10 ratio. Cells were cocultured for 12 hours, lifted, and ﬁxed for ﬂow cytometry. Experiments
were duplicated on chambered cover-glass slides, and live confocal 3dimensional (z-stacked) imaging was performed longitudinally for 10
hours after initiation of co-culture. Experiments were performed under
both 5% O2(hypoxic) and 21% O2 (normoxic) conditions.
Results: Time lapse confocal imaging and ﬂow cytometry data support
MT transfer between bMSCs and chondrocytes in murine cells
expressing endogenous ﬂuorescent proteins. Stimulated mCherry
chondrocytes gained green ﬂuorescence and mitoDendra2 MSCs gained
red ﬂuorescence following co-culture. The percentage of greenþ
chondrocytes, redþ MSCs, and total double positive (redþ greenþ) cells
were signiﬁcantly higher in normoxic than hypoxic conditions. The
percentage of transfer events was signiﬁcantly different between
stimulants under low glucose conditions. Total transfer events
increased over the 10-hour co-culture and was not signiﬁcantly affected
by treatment. The transgenic mouse lines enabled live-cell longitudinal
confocal imaging for 10 hours to follow speciﬁc MT transfer events, as
well as 3-dimensional localization of transferred MT within
chondrocytes.
Conclusions: Consistent with data in other cell types and species, our
ﬁndings suggest that chondrocyte MT dysfunction initiates MT donation by MSCs in vitro. The difference in MT transfer events in 21% O2 and
0.45g/L glucose may be a result of non-physiologic culture conditions,
and may have important implications in experimental design and
therapeutic development going forwards. Intercellular MT transfer is a
possible mechanism underlying the beneﬁcial effects of therapeutically
implanted MSCs. These ﬁndings conﬁrming MT delivery by bMSCs to
stressed chondrocytes may represent a new strategy for stem cell
therapy, and has the possibility to be engineered for disease-modifying
and regenerative medicine applications to treat a broad range of diseases.
24
SIMPLE COMBINATION OF A WNT ACTIVATOR AND A RETINOIC ACID
RECEPTOR AGONIST ROBUSTLY INDUCES HUMAN PLURIPOTENT
STEM CELLS INTO CHONDROCYTES
M. Kawata, T. Saito, F. Yano, S. Tanaka. The Univ. of Tokyo, Tokyo, Japan
Purpose: Human pluripotent stem cells (hPSCs), such as human
embryonic stem cells and human induced pluripotent stem cells
(hiPSCs), are a promising cell source for treating degenerative diseases
such as osteoarthritis, because of their unlimited expansion potential.
They are also valuable experimental tools for in vitro studies of cell
differentiation including chondrogenesis. While some efﬁcient methods using several kinds of cytokines have been developed for chondrocyte induction from hPSCs, a simple induction protocol to
differentiate chondrocytes from hPSCs using small-molecule compounds is beneﬁcial both for cartilage regenerative medicine and for
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mechanistic studies of chondrogenesis. Because canonical Wnt signaling regulates mesendoderm induction of PSCs, treatment of PSCs with
Wnt activator such as CHIR99021, a glycogen synthase kinase 3 inhibitor, will be useful in the initial step of chondrogenesis. Moreover, while
retinoic acid (RA) and retinoids are reported to suppress collagen production or cartilage matrix synthesis in cultured chondrocytes, they are
also known to play critical roles in limb bud formation and subsequent
chondrogenesis during skeletal development. Therefore, RA and retinoids may be useful for inducing chondrocytes from PSCs under a
certain condition. The purpose of the present study is to demonstrate
that chondrocytes are robustly induced from hPSCs by simple combination of two compounds (2C), CHIR99021 and TTNPB, a retinoic acid
receptor (RAR) agonist, under serum- and feeder-free conditions within
5-9 days. We also aim to reveal molecular functions of RA and Wnt/bcatenin signaling in the process of chondrogenesis by genome-wide
analysis of RAR and b-catenin association.
Methods: To conﬁrm reproducibility of results, multiple clones of
hiPSCs adapted to feeder-free deﬁned culture conditions were used for
experiments. At least three independent experiments were performed
for gene expression analyses, and P-values < 0.05 by Dunnett’s test
were considered as signiﬁcant for multiple group comparisons. FACS
analysis was performed with a FACSAria Fusion cell sorter, and data
were analyzed by BD FACSDiva software. To form a hiPSC-derived
particle for transplantation, 1.7  106 hiPSC-derived cells that had
undergone the present protocol for 9 days were seeded into cloning
rings set on a permeable membrane insert. After 1 week of culture, the
formed particles were transplanted into subcutaneous spaces or knee
cartilage defects of 8-week-old male NOD/SCID mice. The mice were
sacriﬁced after 8 weeks for subcutaneous transplantation, and after 6
months for transplantation in knees. Microarray analysis was performed using n ¼ 3 sequential samples from independent experiments
during the 2C differentiation, and gene ontology (GO) terms with
corrected P-values of < 0.01 were considered as signiﬁcant in GO
analysis. For open chromatin analysis, assay for transposase-accessible
chromatin using sequencing (ATAC-seq) was performed using two
biological replicates of hiPSC-derived cells at each stage of the 2C
protocol. ChIP-seq of RARa and Wnt/b-catenin were also performed at
each differentiation stage with two biological replicates per condition.
A P-value cut-off of 1  10-5 compared with input controls was used for
peak calling, and peaks with a false discovery rate of < 0.01 were
incorporated into further analysis.
Results: The optimized standard protocol was combined treatment
with 10 mM CHIR99021 for the initial 2 days, and 100 nM TTNPB for the
whole period. Under this protocol, expression of mesendoderm markers T and MIXL1 was upregulated from day 1 to 2, and expression levels
of mesoderm markers, such as TBX6, MEOX1 and HAND1, were elevated
from day 2 to 4. Then, chondrogenic markers including SOX9, SOX5,
SOX6, COL2A1 and COL11A2 were upregulated after about day 5. FACS
analysis of hiPSC-derived differentiated cells after 9 days of culture
under the present protocol showed that 97.0% of cells were positive for
SOX9 while NANOG- or OCT4-positive cells were not totally detected.
We compared marker gene expression between the hiPSC-derived cells
on day 9 of the 2C protocol and those after differentiation by two other
reported protocols using cytokines for about 2 weeks; expression levels
of chondrogenic markers were signiﬁcantly increased by 2C differentiation compared with the other protocols, while those of pluripotent
and other lineage markers were signiﬁcantly decreased. Particles prepared from hPSC-derived cells differentiated by the 2C protocol formed
hyaline cartilaginous tissues when transplanted into subcutaneous
spaces and articular cartilage defects in NOD/SCID mouse knee joints,
and no signs of teratoma or other tumor formations were seen. GO
analysis using upregulated genes in day 9 samples compared with those
of day 0 in microarray datasets showed that terms related to skeletal
and cartilage formation were enriched at highest ranks. ATAC-seq of
sequential samples under the present protocol demonstrated that
enhancer regions of key marker genes for mesendoderm, mesoderm,
and chondrocyte were activated at each differentiation stage. Finally,
ChIP-seq analysis for RAR and b-catenin detected peaks in the enhancer
regions of the key marker genes for the respective stages, and some of
which were common between the signals.
Conclusions: The 2C protocol induces chondrocytes more efﬁciently
compared with reported protocols using cytokines. The present method
provides a promising cell source for cartilage regenerative medicine and
may facilitate elucidation of molecular mechanisms underlying
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chondrocyte differentiation. The ﬁndings displayed by the RAR and bcatenin ChIP-seq datasets show that RA and Wnt/b-catenin signals are
cooperatively involved in direct regulation of chondrogenesis.
25
EXPRESSION OF GROWTH AND DIFFERENTIATION FACTOR 5 DURING
JOINT REPAIR AND OSTEOARTHRITIS
K. Kania 1, F. Colella 1, A.H. Riemen 1, H. Wang 1, K.A. Howard 2,
T. Aigner 3, F. Dell'Accio 4, T.D. Capellini 5, A.J. Roelofs 1, C. De Bari 1. 1 Univ.
of Aberdeen, Aberdeen, United Kingdom; 2 Aarhus Univ., Aarhus, Denmark;
3
Med. Ctr. Coburg, Coburg, Germany; 4 Queen Mary Univ. of London,
London, United Kingdom; 5 Harvard Univ., Cambridge, MA, USA
Purpose: Growth and differentiation factor 5 (GDF5) is a key risk
locus for osteoarthritis (OA), with single-nucleotide polymorphisms
that result in decreased GDF5 expression contributing to OA risk.
Gdf5, together with Wnt9a, is well known for its critical roles during
joint formation. However, little is known regarding the role of Gdf5
following adult joint tissue damage. Regulatory sequences that
control Gdf5 expression are distributed over a hundred kilobases,
including regions both upstream and downstream of its coding
exons. Here, we sought to determine the effects of cartilage injury
and OA on Gdf5 expression across the joint tissues, and to gain
insight into the Gdf5 regulatory sequence and factors controlling its
expression.
Methods: Two Gdf5-LacZ reporter mouse lines were used with an
integrated bacterial artiﬁcial chromosome (BAC) containing the
mouse Gdf5 gene with an IRES-LacZ cassette in the 3’UTR. LacZ
expression thus reﬂects Gdf5 expression from the BAC which in turn
is indicative of the activity of the Gdf5 regulatory regions contained
within it. Gdf5UP-LacZ mice contain a modiﬁed BAC extending 110 kb
upstream to 30 kb downstream of Gdf5 coding exons, which includes
a conserved regulatory region adjacent to the promoter. Gdf5DOWNLacZ mice contain a modiﬁed BAC extending a further 109 kb
downstream, which includes additional regulatory regions downstream of the Gdf5 coding exons. The two Gdf5-LacZ reporter mouse
lines underwent surgical destabilisation of the medial meniscus
(DMM) or acute focal cartilage injury, and Gdf5 expression was
assessed by detecting LacZ expression in joint tissues by X-gal
staining. Gdf5 expression was correlated with expression of the
transcriptional co-factor Yes-associated protein (Yap) detected by
immunohistochemistry. The effects of Yap on Gdf5 expression in
chondroprogenitors in micromass culture were investigated through
Yap overexpression and knockdown and quantitative RT-PCR. Gene
expression in normal and OA human articular cartilage was analysed
using microarray data and by immunohistochemistry.
Results: GDF5 expression was increased in human OA cartilage
compared to controls at both mRNA and protein level. Analysis of
Gdf5DOWN-LacZ mice, in which LacZ expression is driven from a BAC
spanning known regulatory regions of Gdf5 both upstream and
downstream of the gene, showed upregulation of Gdf5 expression in
mouse articular cartilage in the early stages of damage 2 weeks after
DMM. Gdf5 expression was also upregulated in the cartilage repair
tissue, and the immediately surrounding native articular cartilage,
after acute cartilage injury. Furthermore, in both injury models, Gdf5
expression was switched on in areas of ectopic cartilage formation.
All instances of Gdf5 upregulation required regulatory sequence
located more than 30 kb downstream of Gdf5 coding exons that are
present in the Gdf5DOWN-LacZ mice but not Gdf5UP-LacZ mice, as the
latter did not reveal any Gdf5 expression in either of the injury
models. We previously showed that Yap is upregulated in synovium
after cartilage injury and drives proliferation and recruitment of cells
to the injury site, while it is a negative regulator of chondrogenesis.
Here, we found Gdf5 expression to inversely correlated with Yap
expression in injured synovium. Indeed, overexpression of Yap in
chondroprogenitors suppressed Gdf5 expression, while knockdown of
Yap and its paralog Taz increased Gdf5 expression, without similarly
affecting the expression of Wnt9a.
Conclusions: Our ﬁndings suggest that Gdf5 upregulation in articular
cartilage and synovium is a generic response to knee injury that is
dependent on downstream regulatory sequence, and in progenitors is
associated with chondrogenic speciﬁcation. We propose a role for Gdf5
in tissue remodelling and repair after injury, which may partly underpin
its association with OA risk.

26
COMPARISON OF THREE DIFFERENT CHONDROGENIC DIFFEREN
TIATION PROTOCOLS TO OBTAIN CHONDROCYTE-LIKE CELLS FROM
INDUCED PLURIPOTENT STEM CELLS
~
R. CASTRO-VINUELAS,
Sr., C. SANJURJO-RODRIGUEZ, Sr.,

~
M. PINEIRO-RAMIL,
Sr., S. RODRIGUEZ-FERNANDEZ,
Sr.,
I. FUENTES-BOQUETE, Sr., F. BLANCO-GARCIA, Sr., S. DIAZ PRADO, Sr..
~ A CORUNA,
~ Spain
UNIVERSIDADE DA CORUNA,
Purpose: Numerous studies have shown the potential of induced
pluripotent stem cells (iPSc) for both treating cartilage lesions and
studying molecular mechanisms of cartilage diseases, such as
osteoarthritis. Nevertheless, efﬁcient protocols to chondrogenically
differentiate the iPSc are still required. There is no general agreement concerning the best approach to obtain chondrocytes from
iPSc. For this reason, the purpose of this research has been to
compare three different protocols to differentiate iPSc into chondrocyte-like cells.
Methods: In this study, an iPSC-line previously established by our group
from a donor without rheumatic diseases was used. Three chondrogenic
differentiation protocols were tested: (1) directed differentiation protocol, (2) differentiation by means of embryoid bodies (EBs) formation
and sequential addition of growth factors, and (3) differentiation
through a mesenchymal stromal cell (MSC)-like state followed by
micromass formation and culture in chondrogenic medium. Additionally, in order to evaluate whether MSC-like cells were obtained in the
intermediate state of the differentiation protocol number 3, cells were
morphological, phenotypical and functionally characterised. Finally,
chondrogenic differentiation was evaluated by histological techniques
in order to detect cartilage-associated markers, such as collagen and
proteoglycans.
Results: MSC-like cells were obtained from the iPSC-line during the
differentiation protocol number 3, as demonstrated by their ﬁbroblastlike morphology, the expression of speciﬁc surface markers (CD29,
CD73, CD90, CD105) and their capacity to differentiate into the adipogenic, osteogenic and chondrogenic lineages. The histological evaluation of the chondrogenesis after performing each one of the protocols
(ﬁgure 1) revealed that the formation of EBs followed by the sequential
addition of growth factors (protocol 2) allowed the highest levels of
extracellular matrix components production within the micromasses,
as seen by Masson’s Trocromic and Safranin O staining. On the other
hand, micromasses obtained after protocol 3 showed presence of collagen ﬁbres but less levels of proteoglycans inside the matrix. Finally,
regarding protocol number 1, iPSc formed spontaneous micromasses by
day 21 of the differentiation, but neither collagen nor proteoglycans
were detected histologically in those micromasses after ﬁnishing the
directed differentiation protocol.
Conclusions: Among the three protocols tested in this research, only
the differentiation protocol based on the formation of EBs and the
sequential addition of growth factors enables the best differentiation of
the iPSc into chondrogenic-like cells. Our results should contribute to
elucidate the best approach to obtain chondrocytes from iPSc, a crucial
step in translating the use of these pluripotent cells to clinical applications.
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COMPLEX OSTEOCHONDRAL TISSUE ENGINEERING
H. Cheng 1, Y. Li 1, S. Chow 1, H. Li 1, M. Yuan 1, X. Lu 2, B.P. Chan 1. 1 The
Univ. of Hong Kong, Hong Kong, China; 2 Univ. of Delaware, Newark, DE,
USA
Purpose: Proper zonal organization of cartilage is important for
maintaining proper functions of joint tissues. Complex tissue engineering approaches recapitulating the cartilage zonal organization have
great potential in treating cartilage injuries and diseases particularly
those with compromised osteochondral interface. Here, we aim to
develop a stem cell-based biomaterial-assisted tissue engineered
osteochondral tissue with proper zonal organization and evaluate its
efﬁcacy by comparing with bone marrow stimulation and autograft in a
rabbit osteochondral defect model.
Methods: Rabbit bone marrow mesenchymal stem cell were isolated
and expanded before microencapsulating them in collagen biomaterials
to form cell-matrix microspheres. The mesenchymal stem cells were
induced to differentiate towards both the chondrogenic and the
osteogenic lineages using chemically deﬁned culture medium. The
chondrogenic and the osteogenic micro-tissues so obtained were
assembled to form an osteochondral tissue with proper zonal organization. A surgically induced osteochondral defect was created in the
load-bearing femoral condyle of adult New Zealand rabbits before the
autologous MSC-derived engineered osteochondral tissue was
implanted. Osteochondral defect alone (bone marrow stimulation) and
autograft were used as the control groups. The articular joint tissues
were harvested at 1, 3 and 6 months post-operation for histological,
biochemical and biomechanical analyses.
Results: The engineered osteochondral tissue group and the autograft group showed full volume ﬁlling immediately after operation.
At 1 month post-operation, the engineered osteochondral group
showed excellent regeneration outcomes with type II collagen and
glycosaminoglycan-rich hyaline cartilage and with partial regeneration of the tide-mark while the defect in the bone marrow stimulation (natural healing) group was still a big hole slightly ﬁlled
with ﬁbrous tissues without cartilage matrix. The autograft group
showed some remodeling but was also positive for cartilage matrix.
The histological characteristics of the engineered osteochondral
tissues were similar to that of the autograft, with full thickness
hyaline cartilage and proper osteochondral zonal organization
throughout the 6 months follow up period while the natural healing
group showed some regeneration particularly at 3 months postoperation but the nature of the repaired cartilage was still ﬁbrocartilage with mixed type I and II collagen matrix. Moreover, at 6
months post-operation, the natural healing group showed obvious
cartilage thinning while the engineered osteochondral tissue group
and the autograft group showed nice hyaline cartilage. The O’Driscoll histological score of knees showed that the engineered osteochondral tissue group was the highest among all groups and was
statistically signiﬁcantly different from the bone marrow stimulation group. Biochemical compositional analysis of the cartilage
tissues in various groups showed that the glycosaminoglycan to
hydroxyproline (marker for collagen) ratio of the engineered
osteochondral tissue group was increasing over time and was statistically similar to that of the autograft group throughout the 6
months follow up period but was statistically different than the
natural healing group. Biomechanically, the aggregate modulus and
the permeability of the engineered osteochondral tissues were
statistically similar to that in autograft throughout the 6 months
follow up period and the values were even within the 95% conﬁdence interval of the mechanical properties of uninjured (healthy)
rabbit cartilage. The natural healing group showed signiﬁcantly
different (lower) biomechanical properties as compared with the
other groups.
Conclusions: The engineered osteochondral tissue showed excellent
regeneration outcomes histologically, biochemically and biomechanically and these outcomes were statistically comparable with
the clinical gold standard the autograft group, throughout the 6
months follow up period. This work demonstrates the promising
potential of using complex engineered osteochondral tissues for cartilage regeneration.
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28
LORECIVIVINT (SM04690), A POTENTIAL DISEASE-MODIFYING
TREATMENT FOR KNEE OSTEOARTHRITIS, DEMONSTRATED
CARTILAGE-PROTECTIVE EFFECTS ON HUMAN OSTEOARTHRITIC
EXPLANTS
V. Deshmukh 1, S. Grogan 2, T. Seo 1, D. Bhat 1, W. Bugbee 2, D. D'Lima 2,
Y. Yazici 1. 1 Samumed, San Diego, CA, USA; 2 Shiley Ctr. for Orthopedic Res.,
San Diego, CA, USA
Purpose: Wnt pathway upregulation contributes to knee osteoarthritis
(OA) through osteocyte differentiation, cartilage thinning, and
inﬂammation. Lorecivivint (LOR; SM04690), a novel, small-molecule
CLK/DRYK1A inhibitor, demonstrated disease-modifying potential for
knee OA via Wnt pathway modulation in preclinical studies. Further
studies were performed to evaluate cartilage-protective effects of LOR
on human OA explants from total knee replacement (TKR) donors.
Methods: Knee joint tissue from 22 TKR donors was obtained. IRB
approval was obtained from Scripps Health. Cartilage was scored
using the Outerbridge classiﬁcation system based on gross appearance (grade 1¼least-damaged tissue, grade 4¼most-damaged tissue).
Cartilage explants (4 mm in diameter) with Outerbridge grades 2-3
were harvested and cultured for 48 hours to reach metabolic stability.
These were treated with LOR (10 nM, 30 nM) or DMSO and stimulated with either IL-1b (10 ng/ml) or TNF-a (20 ng/ml) and oncostatin
M (OM) (10 ng/ml) or left unstimulated. After 72 hours, supernatants
and explants were collected. Gene expression of matrix metalloproteinases (MMP) 1, 3, and 13 were measured by qPCR and levels
of MMP1, MMP3, MMP13, ADAMTS4 (a disintegrin and metalloproteinase with thrombospondin motifs), and ADAMTS5 protein
were measured in supernatants by ELISA. Glycosaminoglycan (GAG)
and nitric oxide (NO) levels were measured in supernatants using the
Dimethylmethylene Blue Assay (DMMB) assay and Griess assay,
respectively. One-way ANOVA was used for multiple group
comparisons.
Results: Treatment with IL-1b or TNF-a and OM led to statistically
signiﬁcant increases in gene expression of MMP1, MMP3, and
MMP13 and increased secretion of GAG, MMP1, MMP3, MMP13,
ADAMTS4, ADAMTS5, and NO in supernatants compared to unstimulated control. Treatment with LOR decreased both IL-1b-stimulated or TNF-a and OM-stimulated gene expression of MMP1,
MMP3, and MMP13 and secretion of GAG, MMP1, MMP3, MMP13,
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ADAMTS4, ADAMTS5, and NO in supernatants compared to treatment with DMSO.
Conclusions: LOR demonstrated potent inhibition of cartilage catabolic
enzyme production in human OA explants compared to controls. These
cartilage-protective effects support the development of LOR as a
potential disease-modifying treatment for knee OA. Human trials are
ongoing. Table: A) Enzyme protein levels, B) Enzyme gene expression,
C) GAG and NO levels. Numbers represent normalized versus unstimulated. P<0.05, one-way ANOVA.
29
DEFICIENCY OF ATP-CITRATE LYASE (ACLY) IN CHONDROCYTES
LIMITS CARTILAGE DAMAGE INDUCED BY OBESITY VIA HIGH-FAT
DIET IN MICE
P. Gil Alabarse 1, N. Nguyen 1, R. Wallace 2, R. Liu-Bryan 3. 1 VASDHS, San
Diego, CA, USA; 2 UCSD, San Diego, CA, USA; 3 UCSD/VASDHS, San Diego, CA,
USA
Purpose: ATP-citrate lyase (ACLY) is an enzyme located in the cytosol
and nucleus that generates acetyl-CoA from mitochondrial-derived
citrate. Altered ACLY activity is observed in metabolic disorders, and
several core features of metabolic syndrome such as dyslipidemia,
obesity and insulin resistance have been linked to OA. Our recent study
revealed that ACLY is upregulated in human knee OA chondrocytes.
This could cause accumulation of nucleocytosolic acetyl-CoA, leading
to increased matrix catabolism via dysregulated histone and transcription factor acetylation. Pharmacologic ACLY inhibition in OA
chondrocytes globally reverses these changes and stimulates expression of matrix genes and activation of AMP-activated protein kinase
(AMPK) that plays a critical role in cartilage homeostasis. Given obesity is a major risk factor for OA development, in this study, we
investigate the role of ACLY in obesity (via high-fat diet)-induced OA in
mice in vivo.
Methods: ACLYﬂox/ﬂox and ACAN-Cre/ERT2 mice were used to
generate chondrocyte-speciﬁc ACLY knockout (KO) mice (ACANACLYﬂ/ﬂCreþ/-) via tamoxifen induction. ACAN-ACLYﬂ/ﬂCre-/- mice
were used as wild type (WT) control mice. Only male mice were used
for the study. At 4 months of age, mice were placed on either a highfat diet (HFD, 60% kcal fat) or a control diet (10% kcal fat) for 40
weeks. Body weights were monitored at regular interval during the
study period and fasting blood glucose levels and glucose tolerance
were assessed. Articular cartilage degradation was analyzed on
coronal knee joint sections that have been stained with Safranin-O
and Fast Green using OARSI scoring system. Statistical analyses were
performed by one-way ANOVA with Tukey’s multiple comparison
post-hoc test or Kruskal-Wallis with Dunn’s multiple comparison
post-hoc testusing GraphPad PRISM 8. P values less than 0.05 were
considered signiﬁcant
Results: HFD induced obesity in both WT and chondrocyte-speciﬁc
ACLY KO mice, evidenced by similar amounts of body weight gain in
both types of mice (Figure A). No signiﬁcant differences in body
weights were seen between these 2 types of mice on control diet
(Figure A). In addition, fasting blood glucose levels were similar
between WT and chondrocyte-speciﬁc ACLY KO mice on either control
diet or HFD (Figure B). However, compared with the control diet, HFD
signiﬁcantly increased fasting blood glucose levels (Figure B) and

reduced glucose tolerance (Figure C) in both types of mice. Histology
analysis of mouse knee sections reveled that WT mice exhibited
moderate cartilage damage after 40 weeks of HFD. The OARSI scores
demonstrated a signiﬁcant difference between WT and chondrocytespeciﬁc ACLY KO mice on HFD (Figure D), with a median (25th-75th
percentile) of 1.84 (1.42-3.91) in WT vs. 0.8 (0.27-1.13) in chondrocytespeciﬁc ACLY KO mice (P < 0.0001). In comparison, there was little
cartilage damage in either WT or chondrocyte-speciﬁc ACLY KO mice
on control diet with a median (25th-75th percentile) of 0.155 (0.030.65) or 0.15 (0-0.79), respectively. Interestingly, osteophyte formation
induced by HFD was seen in both types of mice, but the size of
osteophyte was smaller in chondrocyte-speciﬁc ACLY KO mice, compared to WT mice.
Conclusions: After 40 weeks of HFD, both WT and chondrocytespeciﬁc ACLY KO mice became obese, associated with metabolic
dysfunction. However, chondrocyte-speciﬁc ACLY KO mice appeared
to have signiﬁcantly less cartilage damage, compared to WT mice,
suggesting that inhibition of ACLY may be chondroprotective. Given
that ACLY is emerging as a drug target for long-term use in metabolic
disorders, its potential as a novel metabolic target for OA is promising.
30
THE TYROSINE KINASE RECEPTOR EPHA2 IS A DRUG TARGET FOR
OSTEOARTHRITIS
M. N. Ferrao Blanco 1, Y.M. Bastiaansen-Jenniskens 1, R. Narcisi 1,
M.G. Chambers 2, A.A. Pitsillides 3, G.J. van Osch 1. 1 Erasmus Med. Ctr.,
Rotterdam, Netherlands; 2 Eli Lilly and Company, Indianapolis, IN, USA;
3
The Royal Vet. Coll., London, United Kingdom
Purpose: The exact pathogenesis of osteoarthritis (OA) remains unclear
and therapeutic options are limited. Accumulating data suggest that the
activation of inﬂammatory signaling pathways promote chondrocyte
hypertrophy leading to the modiﬁcation and degradation of cartilage
extracellular matrix typical of OA. Therefore, the aim of this study is to
identify a novel therapeutic target for OA, associated with chondrocyte
hypertrophy and inﬂammation.
Methods: To identify targets, we combined previously published
microarray data sets: A microarray from different zones of the growth
plate of 14-days old C57BL/6 mouse tibiae, a microarray of articular
cartilage of an OA mouse model where the destabilization of the
medial meniscus was performed in C57BL/6, and a list of genes associated with inﬂammatory signaling pathways in mice obtained from
UniProt. Finally, a human microarray dataset obtained from OA and
healthy articular cartilage was used. Combination of datasets revealed
candidate targets. To validate the target Ephrin receptor A2 (EphA2),
human chondrocytes were isolated from donors who underwent total
knee arthroplasty. P3-expanded chondrocytes were encapsulated in
alginate beads (4 million cells/ml) and re-differentiated for one week
in medium containing 10 ng/mL Transforming Growth Factor (TGF)b1.
Receptor tyrosine kinase inhibitor, ALW-41-27, with a high selectivity
for EphA2 was added for 24 hours at the concentration of 1 and 10 mM
after conﬁrming that this did not affect cell viability based on the
lactate dehydrogenase assay and Live/Dead staining. To determine the
role of EphA2 in the inﬂammatory response, TNF-a (10 ng/mL) was
used as an inﬂammatory stimulus and cells were cultured during 24
hours with or without the inhibitor. Interleukin-6 (IL-6) was quantiﬁed
in the medium using an enzyme-linked immunosorbent assay (ELISA).
Nitric oxide (NO) production was quantiﬁed in the medium through
the Griess reaction. mRNA expression of collagen type 10a1 (COL10A1),
matrix metalloproteinase 1 (MMP1), matrix metalloproteinase 13
(MMP13), and interleukin 6 (IL6) were determined by qPCR. Each
experiment was performed with cells derived from 3 OA donors.
Statistical evaluation was performed using IBM SPSS 22.0 and a linear
mixed model was used to take into account donor variability. The tests
were adjusted for multiple comparisons by a Bonferronis post hoc
comparisons test. Differences were considered statistically signiﬁcant
for P<0.05.
Results: Ephrin receptor A2 (EphA2), a tyrosine kinase receptor, was
upregulated in the hypertrophic compared to the proliferative zone of
the murine growth plate (fold change¼ 19, adj. p-value¼ 1E-07) and
its expression was higher in OA versus sham mouse articular cartilage
(fold change¼ 3, adj. p-value¼ 2E-02) and human OA versus healthy
cartilage (fold change¼ 3, adj. p-value¼ 1E-08). Addition of the EphA2
activity inhibitor ALW-41-27 dose-dependently reduced the
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expression of COL10A1 in OA chondrocytes in alginate, suggesting a
reduction in hypertrophy (Fig. 1A). ALW-41-27 signiﬁcantly decreased
the production of nitric oxide and IL-6 at the protein and gene level in
OA chondrocytes stimulated with TNFa. MMP1 and MMP13, genes
encoding catabolic enzymes were signiﬁcantly reduced as well
(Fig.1B).
Conclusions: These results identify EphA2 to be associated with
osteoarthritic cartilage, chondrocyte hypertrophy and inﬂammation.
ALW-41-27 attenuates the hypertrophic differentiation of human
chondrocytes and reduces inﬂammatory markers. Therefore, the use of
ALW-41-27 may constitute a new approach for the treatment of OA.
31
INTRA-ARTICULAR DRUG DEPOTS FOR CONTROLLED RELEASE OF
HEAVY CHAIN ONLY ANTIBODIES BLOCKING JOINT INFLAMMATION
M. Koerselman 1, K. Warmink 2, N.M. Korthagen 2, P. van Midwoud 3,
T. Verrips 4, H.H. Weinans 2, M. Karperien 1. 1 Univ. of Twente, Enschede,
Netherlands; 2 UMC Utrecht, Utrecht, Netherlands; 3 InnoCore
Pharmaceuticals, Groningen, Netherlands; 4 Orthros Med., Raalte,
Netherlands
Purpose: The efﬁcacy of intra-articular injection of therapeutic proteins suffers from rapid clearance from the joint space and loss of
bioactivity. This issue is currently addressed by frequent injections of
high doses of therapeutic proteins, which is associated with unwanted
side effects and patient morbidity. Formulating therapeutic proteins in
an injectable drug depot enabling controlled release over a prolong
period of time may solve this problem. However, many therapeutic
proteins rapidly loose bioactivity when formulated in controlled
release formulations. For example, Anakinra, a modiﬁed version of
naturally occurring IL-1 receptor antagonist (IL-1RA) designed to
counteract inﬂammation, is a potential disease-modifying osteoarthritis drug (DMOAD). Upon intra-articular injection, it shows a short
half-life of approximately 4-6 hours and when incorporated within
slow-release systems it loses bioactivity. Consequently, high doses of
drugs and daily injections are needed to reach a therapeutic dose with
increased risk of side effects. Here we report the isolation of an
alternative for Anakinra based on the variable domain of single chain
heavy chain only antibodies (VHH). VHHs can easily be isolated from
antibody libraries, are easy to produce in yeast and are more cost
effectively than conventional antibodies. In addition, their high stability at extreme temperatures and pH values makes them suitable to
investigate whether they can be potential DMOADs.We hypothesized
that by incorporating VHHs blocking inﬂammation in a thermoresponsive injectable hydrogel with excellent controlled release properties in the intra-articular space can possibly solve the issue of short
half-life and bioactivity for therapeutic protein delivery. The aim of this
study is to provide a proof of concept for the controlled release of a
bioactive VHH that is equally potent as IL-1RA in blocking IL1-R signaling in the intra-articular space.
Methods: After immunization, phage library construction and panning rounds, we obtained several clones of VHHs binding IL-1R with
high speciﬁcity. Selection of several clones of VHHs was based on
characterization of binding afﬁnity by ELISA and surface plasmon
resonance imaging (SPRi). Biological activity of the VHHs was measured using a HEK293t cell line stably transfected with an NFkB
reporter construct after co-stimulation with IL-1b. As a positive control, we used a biosimilar of IL-1RA. In vitro release studies were
carried out using so-called drug depots; we used a temperatureresponsive injectable gelling system composed of acetyl-capped PCLAPEG-PCLA triblock copolymers (InGell, Innocore pharmaceuticals) in
various compositions. These materials have been tested for intraarticular injection therapy using small hydrophobic drugs like
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celecoxib in rats and horses; they are shown to be safe. They are also
suited for controlled release of proteins. The compositions were formulated with ﬁnal loading of 280 ng/ml anti-IL-1R VHH for at least 28
days, based on 100x excess of IL-1b concentration occurring in OA
patients.
Results: Characterization by SPR has shown that four of the IL-1R
binding VHHs have an afﬁnity in the low nanomolar range. We determined the effect of the IL-1R binding VHHs in the presence or absence
of IL-1b on the reporter cell line. We found that two anti-IL-1R binding
VHHs were equally potent in blocking IL-1R signaling than IL-1RA, at
concentrations ranging from 1-10000 pg/ml. We incorporated the two
IL-1R signaling blocking VHHs within PCLA-PEG-PCLA drug depots to
assess release rate. The drug depots were liquid at room temperature
ensuring easy injectability and gelated in a drug depot after increasing
the temperature to 37 C. Over a time span of 28 days, we took several
samples and observed sustained release in at least two out of three
compositions. In one hydrogel composition a bulk release was observed
in the ﬁrst week.
Conclusions: We have isolated two IL-1R binding VHHs that can block
IL1-R signaling at 1 pg/ml of VHH against 100 ng/ml IL-1b, which are
equally potent compared to IL1-RA. We furthermore showed that these
VHHs can be incorporated within PCLA-PEG-PCLA drug depots and
show a prolonged in vitro release. VHH blocking inﬂammation may
constitute a cost-effective alternative DMOAD for recombinantly produced proteins or conventional antibodies.
32
STUDY TPX-100-5: SIGNIFICANT REDUCTION IN FEMORAL BONE
SHAPE CHANGE 12 MONTHS AFTER IA TPX-100 CORRELATES WITH
TIBIOFEMORAL CARTILAGE STABILIZATION
D. McGuire 1, M. Bowes 2, A. Brett 3, M. Miller 1, Y. Kumugai 1.
1 OrthoTrophix, Oakland, CA, USA; 2 Imorphics, Manchester, United
Kingdom; 3 Imorphics, Oakland, United Kingdom
Purpose: Bone shape changes occur as part of normal aging in the knee.
However, the rate of change and degree of pathologic deformation of
bone is strikingly increased in knee OA. Based on data from the
Osteoarthritis Initiative, pathologic three-dimensional (3D) changes in
the femur have been shown to precede measurable thinning of tibiofemoral cartilage and to predict progression of OA, including total knee
arthroplasty. Study TPX-100-5 was designed to compare 3D femoral
shape changes in knees 6 and 12 months after IA TPX-100 or placebo in
subjects with bilateral moderate to severe knee OA, and to analyze
relationships between cartilage thickness and bone shape change from
baseline to 12-month follow up.
Methods: MRI-based bone and cartilage measures were performed on
images from a Phase 2, randomized, double-blind, placebo-controlled
trial of IA TPX-100 in subjects with MRI-conﬁrmed bilateral moderate to
severe knee OA (TPX-100-1). MRIs from all subjects (n¼93) who
received, as randomly assigned, 4 weekly injections of TPX-100 (200
mg/injection) in one knee (Index) and placebo in the contralateral knee
(Control) were eligible for inclusion in Study TPX-100-5. Image quality,
assessed centrally, was sufﬁcient to include 78 of the 93 subjects (84%).
Cartilage measurement and bone shape analyses were centrally read
and conducted blind to treatment assignment and clinical data. 3D
femoral bone shape change was assessed per published methodology
(Imorphics, Manchester, UK).
Results: TPX-100-treated knees (n¼78) demonstrated a statistically signiﬁcant decrease in pathologic bone shape change in the femur after active
drug administration compared with placebo-exposed knees at both 6 and
12 months (P&It 0.05), associated with TF cartilage stabilization or increase
at 12 months. Compared with bone shape analyses from the Osteoarthritis
Initiative, the trajectory of change in TPX-100-treated knees was similar to
that of "non-OA knees" at 6 months, while the trajectory of placeboexposed knees was superimposable on that of "OA" knees (Figure 1).
Stratiﬁed analysis suggests a relationship analogous to "dose-response"
with regard to decrease in pathologic bone shape change in the femur and
stabilization in tibiofemoral cartilage (Figure 2). Formal analyses revealed a
statistically signiﬁcant correlation between medial and total tibiofemoral
cartilage thickness change at 12 months in TPX-100-treated knees, but not
in placebo-exposed knees (P&It 0.01; Table 1).
Conclusions: These data represent, to our knowledge, the ﬁrst report of
an investigational agent demonstrating a signiﬁcant drug effect compared with placebo on pathologic bone shape change in knee OA. At 12
months, reduction in bone shape change correlated signiﬁcantly with
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medial and total tibiofemoral cartilage thickness stabilization. As
reported previously, TPX-100-treated knees also demonstrated statistically signiﬁcant and clinically meaningful improvements in knee
physical function among other patient-reported beneﬁts at 6 and 12
months compared with placebo-exposed knees. These structural results
combined with strong clinical beneﬁts indicate the potential of TPX-100
as a promising candidate for disease modiﬁcation in knee OA.

Purpose: Walking is recommended for those with knee osteoarthritis
(OA) to improve pain; however, numerous reports of increased pain
after walking exist following short durations of activity. The purpose of
this study was to quantify the concurrent response of inﬂammatory
biomarkers, endogenous analgesia and gait biomechanics to 30 minutes
of physical activity across individuals with varied pain responses. The
hypothesis was that those with medial compartment knee OA who selfreported an increase in pain following a 30-min walk would have a
greater increase in inﬂammatory biomarkers, less increase in endogenous analgesia and a gait pattern consistent with a higher risk of clinical
progression based on knee adduction moment (KAM) magnitude and
dynamic knee ﬂexion moment (KFM) unloading features compared to
OA participants with no increase in pain and asymptomatic controls
(ASYM).
Methods: Twenty-three participants with knee OA (12 men) and 21
asymptomatic (10 men) participants were asked to limit their physical
activity for 36 hours prior to completing a 30-min continuous treadmill
walk. All participants completed the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) and underwent standard
anterior and lateral view radiographs scored by two orthopedic surgeons (NU and WDS) using the Kellgren Lawrence (KL) scale. Numerical
pain scale (NPS) scores were recorded before and after the 30-min walk,
and blood was drawn using a ﬁnger prick technique before (baseline),
immediately after (0 min), and 60 min after the 30-min walk. Participants completed over ground walking trials at their preferred walking
speed pre-and post-treadmill walks while three-dimensional motion
and ground reaction forces were collected. Blood serum was processed
to determine beta-endorphin (bE) and cytokine (interleukin (IL)-6, and
tumor necrosis factor (TNF)-a)) levels. bE concentrations were determined from enzyme-linked immunosorbent assays and cytokine concentrations from custom human cytokine multiplex assays and a
BioPlex Suspension Array System. Joint moment waveforms calculated
from inverse dynamics were time normalized (% gait cycle) and
amplitude normalized to body mass (Nm/Kg). Principal Component
Analysis (PCA) on the KAM and KFM waveforms were calculated and the
KAM magnitude (PC1) and the KFM unloading (PC2) features were used
to calculate an overall gait score. Participants with OA were divided into
those who increased NPS (PI) and those that had no change or lower
NPS (NPI) post-walk. Means and standard deviations for demographic,
clinical, biomarker and gait outcomes were calculated for each group
and ANOVA models tested for differences among groups in baseline and
pre-post change scores for the biomarkers and gait scores (a¼0.05).
Results: The PI group had a 2-point clinically important increase in NPS
(10-point scale) with zero change in the NPI and ASYM groups. There
were no signiﬁcant differences among groups for age, BMI, walking
speed and number of steps taken in 30-min. Baseline KL grades
(ASYM<NPI¼PI), WOMAC pain scores (ASYM<NPI<PI), gait scores
(ASYM<PI) and bE (ASYM<PI) were signiﬁcantly different (p<0.05)
between groups (Table 1 and Table 2). There were no differences in gait
change scores between groups. bE levels decreased in the PI group and
increased in the NPI and ASYM groups with NPI greater than the PI
(p<0.05).
Conclusions: The 2-point increase in pain, while small, represents a
clinically meaningful change post-walk in the PI group. No differences in
baseline or pre-post change in cytokine levels among groups was
unexpected as proinﬂammatory cytokines have been previously linked to
higher pain. The higher baseline gait score indicates that the PI group had
a gait pattern consistent with an increased risk of clinical progression, or

Table 1. Demographics for ASYM and OA groups (Mean (SD))

33
INFLAMMATORY BIOMARKERS, ENDOGENOUS ANALGESIA AND
GAIT CHARACTERISTICS IN THOSE WITH MODERATE MEDIAL
COMPARTMENT KNEE OSTEOARTHRITIS WHO EXPERIENCE
INCREASED PAIN AFTER 30 MINUTES OF CONTINUOUS WALKING
C.L. Hubley-Kozey, R. Moyer, W.D. Stanish, N. Urquhart, D.M. Ikeda,
J. McDougall. Dalhousie Univ., Halifax, NS, Canada

Age (years)
BMI (kg/m2)
Walking Speed (m/s)
Steps covered in
30 minutes
WOMAC Pain (/20)
Initial NPS (/10)
Change NPS

ASYM (10 men)

NPI (6 men)

PI (6 men)

p-value

62 (7.9)
28.8 (5.0)
1.28 (0.17)
3189 (801)

63 (6.8)
29.7 (6.8)
1.32 (0.21)
3348 (362)

63 (7.5)
29.6 (5.5)
1.19 (0.11)
3117 (441)

0.974
0.884
0.179
0.661

0.62 (1.16)
0.05 (0.22)
0 (0)

3.33 (2.39)
0.50 (0.80)
0 (0)

7.09 (3.42)
1.36 (1.50)
2.09 (1.64)

<0.001
0.001
<0.001
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Table 2. Baseline and change scores for ASYM and OA groups (mean (SD))

be Baseline Absolute Value (pg/ml)
be Absolute Change 0 minutes (pg/ml)
IL-6 Baseline Absolute Value (pg/ml)
IL-6 Absolute Change 60 minutes (pg/ml)
IL-1b Baseline Absolute Value (pg/ml)
IL-1b Absolute Change 60 minutes (pg/ml)
TNF-a Baseline Absolute Value (pg/ml)
TNF-a Absolute Change 60 minutes (pg/ml)
Gait Score
Gait Score Change

ASYM (10 men)

NPI (6 men)

PI (6 men)

p-value

12.7 (12.2)
2.5 (15.9)
11.8 (10.9)
2.4 (9.3)
115.2 (131.9)
103.3 (300.0)
43.9 (31.4)
19.7 (41.6)
-0.94 (0.82)
-0.28 (0.38)

23.5 (15.9)
9.2 (16.1)
11.4 (10.9)
2.6 (5.5)
98.9 (90.4)
38.6 (238.8)
57.4 (36.6)
17.2 (49.6)
-0.39 (1.12)
-0.40 (0.63)

36.7 (42.8)
-9.6 (21.5)
21.8 (32.3)
4.8 (8.1)
95.6 (116.1)
75.1 (137.3)
48.4 (28.0)
9.8 (20.6)
0.05 (0.74)
-0.21 (0.45)

0.036
0.042
0.298
0.716
0.884
0.789
0.513
0.803
0.014
0.616

a stiff gait pattern with higher medial-to-lateral loading ratio (KAM
magnitude) and less joint unloading. Since change scores were similar
among groups, all groups improved their walking pattern after the 30min walk. Interestingly, the PI group had the highest baseline bE levels
with a decrease in levels immediately post-walk whereas the NPI and
ASYM groups had increased levels post-walk. Half of the OA participants
had an increase in pain following the 30-min walk, suggesting that
higher baseline bE levels, WOMAC scores and gait scores may be
potential features interacting with the pain experience and decrease in
endogenous analgesia responses (bE), whereas structural severity based
on radiographic scores and demographics may not. Understanding what
baseline or response factors contribute to increases in pain with activity
may help identify responders and potentially tailored physical activity
intervention doses needed to elicit positive responses.
34
TOWARDS DEVELOPING DIAGNOSTIC CRITERIA FOR EARLY HIP
OSTEOARTHRITIS
J. Runhaar 1, M. Kloppenburg 2, M. Boers 3, H. Bijlsma 4,
S. Bierma-Zeinstra 1 , the CREDO expert group1 Erasmus MC, Rotterdam,
Netherlands; 2 Leiden Univ. Med. Ctr., Leiden, Netherlands; 3 Amsterdam
UMC, Amsterdam, Netherlands; 4 Univ. Med. Ctr. Utrecht, Utrecht,
Netherlands
Purpose: We aimed to set the ﬁrst steps to develop diagnostic criteria
for early hip OA, based on a set of predeﬁned clinical and radiographic
factors, in patients aged 45-65 who consulted their general practitioner
(GP) for the ﬁrst time for hip complaints suggestive of hip OA. The gold
standard outcome measure was an expert based diagnosis of clinically
relevant hip OA 5 to 10 years after ﬁrst presentation. As the set of
predicting factors were collected at ﬁrst consultation, obtained criteria
should be seen as early diagnostic criteria.
Methods: Data of the 543 individuals with 735 symptomatic hips at
baseline who had any follow-up data available were selected from the
prospective CHECK cohort study. Eligibility criteria for CHECK were:
pain or stiffness of the hip, age 45-65 years, no prior consultation or a
ﬁrst consultation with the GP for these symptoms 6 months before
recruitment, and no clear pathological condition that could explain the
symptoms (other than OA).A group of 24 clinical experts was recruited;
13 GPs and 11 secondary care physicians (6 rheumatologists and 5
orthopedic surgeons). All experts independently evaluated the medical
records for 40-50 CHECK participants. Pairs of experts read the same
records: 11 pairs comprised a GP and a secondary care physician, and 1
pair comprised two GPs. First, each expert was presented with baseline
demographics and all clinical data from the questionnaires and physical
examination for one individual as obtained 5, 8 and 10 years after

baseline. The expert was asked to answer the question “Is clinically
relevant OA present in this hip?” for each joint (y/n) and to provide a
certainty of the diagnosis, ranging from 1 (‘deﬁnitely no clinically relevant OA is present’) to 100 (‘deﬁnitely clinically relevant OA is present’). Next, the radiographic data for the individual were made available
and the expert had to re-evaluate his/her diagnosis and certainty score.
After completion, agreement on diagnosis and its certainty was
assessed within each expert pair. All cases where experts disagreed on
the diagnosis were re-evaluated, except those labelled ‘uncertain’; predeﬁned, experts disagreeing on the presence of clinically relevant OA,
but both scoring the certainty >30 and <70. In an online consensus
meeting each expert pair re-evaluated the disagreed cases. They followed the same procedure as before, but diagnoses and certainty scores
from the individual sessions were presented. To identify early diagnostic factors for the presence of clinically relevant hip OA after 5-10
years, predictive models (using the expert diagnoses as outcome) were
created with a stepped approach; ﬁrst all factors obtained from questionnaires and physical examination were used (model 1). Next, all
radiographic factors were added (model 2) and ﬁnally hsCRP (model 3).
For all models a backward selection method (p > 0.1 for removal) was
used. To correct for correlated measures within subjects due to possible
bilateral complaints, Generalized Estimating Equations were used. For
each model area under the receiver operator curve (AUC) was calculated
and odds ratios plus 95% conﬁdence intervals for each factor within the
ﬁnal models were presented.
Results: For the 543 selected individuals, mean (SD) baseline age was
56 (5) years, BMI was 26 (4) kg/m2, and average duration of complaints
was 27 (24) months . The Figure presents the consensus-based diagnoses for all 735 selected hip joints. For optimal contrast, ﬁrst the cases
diagnosed without clinically relevant hip OA were compared to the
cases diagnosed with clinically relevant hip OA, ignoring all uncertain
cases. First, the diagnoses obtained after the experts’ evaluations of the
clinical data only were used as outcome (Table 1). Next, the diagnoses
obtained after the experts’ evaluations of the clinical þ radiographic
data were used as outcome (Table 2). For both outcomes, hsCRP did not
contribute signiﬁcantly to the models based on clinical and radiological
data (model 2).
Conclusions: The current study resulted in several diagnostic models
for early hip OA with only “poor” to “fair” predictive ability in individuals presenting with hip pain in primary care. For clinical utility, higher
AUC values than obtained here would be required.
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Results: The clinical diagnosis of GP and SP were both partly amended
after evaluating radiographic data (P<0.001, kappa¼0.72 and 0.63); in
the GP group, 69 (6%) OA knees were amended into non-OA after
evaluating radiographic data while 81 (7%) non-OA knees were amended into OA; in the SP group this was done for 60 (5%) OA knees and 175
(14%) non-OA knees, respectively. Table 1 shows that diagnostic indicators were improved similarly for GP and SP after viewing the radiographic data, when compared to the ﬁnal consensus based diagnosis.
For both GP and SP the diagnostic indicators for clinical ‘uncertain’ case
were improved much more after viewing the radiographic data than for
clinical ‘certain’ cases (Table2). Radiographs’ added value on diagnostic
certainty scores were similar between GP and SP. Radiographs added
some certainty for the diagnosis OA (mean GP score 68 vs 71, P<0.001;
SP 69 vs 75, P<0.001), but not for the diagnosis ‘non-OA’ (GP stable at
23, SP stable at 22).
Conclusions: The added value of radiographs in diagnosing knee
osteoarthritis was similar for GP and SP in terms of diagnostic indicators
and certainty scores. A large part of diagnoses was consistent before and
after viewing radiographs. As can be expected, radiographs add diagnostic value in cases where the clinical knee OA diagnosis is uncertain,
and radiographs add little when the clinical diagnosis is (fairly) certain.
It seemed radiographs made GPs and SPs more certain of diagnosing
knee OA, but not of excluding it.

35
THE ADDED VALUE OF RADIOGRAPHS IN DIAGNOSING KNEE
OSTEOARTHRITIS IS SIMILAR FOR GENERAL PRACTITIONER AND
SECONDARY CARE PHYSICIAN
Q. Wang 1, J. Runhaar 1, M. Kloppenburg 2, J. Bijlsma 3,
S. Bierma-Zeinstra 1 , the CREDO experts group1 Erasmus Med. center,
Dept. of general practice, Rotterdam, Netherlands; 2 Amsterdam Univ.
Med. center, Dept. of rheumatology, Amsterdam, Netherlands; 3 Univ.
Med. Ctr. Utrecht, Dept. of rheumatology & clinical immunology j,
Utrecht, Netherlands
Purpose: The purpose of this study was to evaluate the added value of
radiographs above clinical ﬁndings for diagnosing knee osteoarthritis
(OA) by general practitioners (GP) and secondary care physicians (SP).
Methods: Standardized clinical and radiographic data of 761 individuals with 1185 symptomatic knees from the CHECK cohort (a longitudinal
cohort study of patients with early knee complains in primary care,
followed for 10 years) were evaluated by clinical experts for the presence of clinically relevant OA. In total, 36 experts were recruited and
divided into 18 pairs; 17 pairs were formed by one GP and one SP and 1
pair consisted of two SPs. The paired experts reviewed the same subset
of patients, independently. Experts needed to assess whether clinically
relevant OA developed during follow-up and to provide certainty scores
(ranging from 1 to 100, where 1 was ‘certainly non OA’ and 100 was
‘certainly OA’). Diagnoses and certainty scores were obtained both
before and after viewing radiographic data. Clinical ‘uncertain’ cases
were deﬁned as the knees which were diagnosed with certainty scores
between 30 and 70. Next, each pair held a consensus meeting to obtain
a consensus based ﬁnal diagnosis for those cases the experts disagreed
on, except those labelled ‘uncertain’ (expert disagreed, but both scored
certainty between 30 and 70).

36
LACK OF ASSOCIATION BETWEEN SERUM URATE LEVELS AND
OSTEOARTHRITIS PROGRESSION IN NON-GOUT SUBJECTS
H.A. Kim 1, D.J. Go 2. 1 Hallym Univ. Sacred Heart Hosp., Anyang, South
Korea; 2 Hallym Univ. Kangnam Sacred Heart Hosp., Seoul, South Korea
Purpose: We aim to delineate the association between serum uric
acid(UA) and the severity of knee OA as determined by radiography and
magnetic resonance imaging (MRI) in a Korean community cohort.
Whether serum UA was associated with development/progression of
OA after 3 years was also analyzed.
Methods: The participants in this study were recruited in the
Hallym Aging Study (HAS), prospective cohort of residents aged 50
years or older in Chuncheon, a city in the northeast area of South
Korea. Knee radiography and MRI were performed in study participants in 2007 (baseline) and 2010 (after 3 years). Subjects with
a history of gout at baseline were not included in the study
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analysis. Demographic information was collected through face-toface interviews. Blood samples had been collected serum UA
measurements were determined by automated colorimetric assay.
Baseline and time-averaged serum UA levels were used in the study
analysis.Participants underwent radiographic examination of both
knees in a weight-bearing anteroposterior view with a semi-ﬂexed
knee position. The severity of knee OA was determined according
to K-L grade. MRI was performed for more symptomatic or dominant knee. MRI scans of the knee were obtained using a 1.5-T
scanner ﬁtted with a phase-array knee coil. Cartilage morphology
was assessed in each of ﬁve subregions of the medial and lateral
tibiofemoral (TF) compartments using the Whole-Organ MRI Score
(WORMS). Multivariable logistic regression analysis was used to
assess associations between serum UA level and the severity/progression of knee OA. All analyses were adjusted for age, sex, and
BMI. We further stratiﬁed the data according to hyperuricemia
(serum UA >6.0 mg/dL or >6.8 mg/dL). Structural progression of
knee OA using radiography and MRI was deﬁned as any increase in
K-L grade and WORMS cartilage score, respectively. In the longitudinal MRI assessment, within-grade scoring was adopted to
increase sensitivity for cartilage loss, including subregions with
WORMS cartilage score of 6 at baseline. Generalized estimated
equation (GEE) was applied to account for the correlations between
2 knees in a subject of radiographic assessment and between
subregions within a knee compartment of MRI assessment.
Results: Knee OA was diagnosed in 190 (39.4%) of 482 participants
(age 70.2 ± 8.0 years, 265 female) who underwent knee radiography at baseline. In a cross-sectional multivariate analysis including 964 knees, age, female sex, and low level of education were
associated with radiographic OA. There was no association between
radiographic knee OA and serum UA (aOR 0.979, 95% CI 0.8511.127) after adjusting for age, sex, and BMI. There were 3-year
follow-up radiograph in 583 knees with baseline K-L grade 3 of
299 participants. Among them, radiographic progression was seen
in 118 (20.2%) knees. Age, female sex and BMI were associated with
worsening of knee OA. However, baseline and time-averaged serum
UA levels did not affect the risk of radiographic progression (aOR
0.935, 95% CI 0.757-1.154 and aOR 0.973, 95% CI 0.746-1.270,
respectively) after adjusting for age, sex, and BMI. Knee MRI was
performed in 342 participants (age 72.2 ± 5.6 years, 180 female) at
baseline. Cartilage damage with WORMS 2 was found in 570
subregions in the medial compartments of 195 (57.0%) participants
and in 213 subregions in the lateral compartments of 110 (32.2%)
participants. In the medial compartments, age, female sex, and BMI
were associated with cartilage damage, while only age and female
sex were associated in the lateral compartments. There was no
association between cartilage damage on MRI and serum UA (aOR
1.061, 95% CI 0.933-1.206 in the medial compartments and aOR
0.937, 95% CI 0.768-1.143 in the lateral compartments). Three-year
follow-up MRI was available in 232 knees of 232 participants (age
71.9 ± 5.5 years, 116 female). Cartilage loss, deﬁned as any increase
of WORMS cartilage score at the subregion level, was seen in 170
subregions in the medial compartments of 75 (32.3%) participants
and in 50 subregions in the lateral compartments of 30 (12.9%)
participants. In the medial compartments, female sex, BMI, baseline
WORMS cartilage score and knee pain-VAS were associated with
structural progression of knee OA over 3-years. However, baseline
and time-averaged serum UA levels did not affect the risk of cartilage loss (aOR 1.197, 95% CI 0.912-1.570 and aOR 1.056, 95% CI
0.781-1.427, respectively) after adjusting for age, sex, and BMI.
Cartilage loss deﬁned as any worsening of cartilage sum score or an
increase of maximum subregion cartilage score were not associated
with baseline and time-averaged serum UA levels.
Conclusions: Our results show that serum uric acid level is not associated with OA or its progression as evaluated by radiograph and MRI.
37
WALKING FOR EXERCISE MAY BE SYMPTOM AND STRUCTURE
MODIFYING FOR THOSE WITH ESTABLISHED OSTEOARTHRITIS AND
WITH VARUS ALIGNMENT - DATA FROM THE OSTEOARTHRITIS
INITIATIVE
G.H. Lo 1, S. Vinod 1, M.S. Harkey 2, T.E. McAlindon 3, A.M. Kriska 4,
B. Rockette-Wagner 4, C.B. Eaton 5, M.C. Hochberg 6, R. Jackson 7,
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C.K. Kwoh 8, M.C. Nevitt 9, J. Driban 3. 1 Baylor Coll. of Med., Houston, TX,
USA; 2 Univ. of Massachusetts, Worcester, MA, USA; 3 Tufts Med. Ctr.,
Boston, MA, USA; 4 Univ. of Pittsburgh, Pittsburgh, PA, USA; 5 Brown
Univ., Providence, RI, USA; 6 Univ. of Maryland, Baltimore, MD, USA;
7
Ohio State Univ. Med. Ctr., Columbus, OH, USA; 8 Univ. of Arizona,
Tucson, AZ, USA; 9 Univeristy of California, San Francisco, San Francisco,
CA, USA
Purpose: Walking is often recommended as physical activity for those
who have knee osteoarthritis (OA). However, the beneﬁts of walking
exercise for knee OA have not been clearly illustrated in epidemiologic
studies. Therefore, we aimed to evaluate the relationship of walking for
exercise with symptomatic and structural progression in those with
pre-existing radiographic knee OA.
Methods: This is a nested cohort study within the Osteoarthritis
Initiative (OAI), which included participants age >50 years at OAI
baseline who had radiographic OA in at least one knee at the time of
OAI enrollment. Those knees that had a replacement (TKR) at OAI
baseline were excluded. Only knees that had radiographic OA at the
time of enrollment were included. All participants completed a
modiﬁed version of the Lifetime Physical Activity Questionnaire to
assess the amount they walked for exercise. For those who indicated
that they walked for exercise at least 10 times over the age of 50, we
asked for additional information to ascertain frequency of the
activity. Walking for exercise was deﬁned both dichotomously and
in dose response categories divided into tertiles of the amount they
walked for exercise over the age of 50 compared to a referent group
of those that never walked for exercise. The frequent knee pain
question for each knee was administered at the baseline and 48
month visits. Posterior-anterior semi-ﬂexed knee radiographs were
obtained at baseline and 48 month OA visits, and were scored for
Kellgren-Lawrence (KL) grade (0-4) and medial joint space narrowing (JSN). Radiographic OA (ROA) was deﬁned as KL  2. New
knee pain was deﬁned as a knee transitioning from no frequent knee
pain at baseline to having frequent knee pain at the 48 month visit.
KL worsening was deﬁned as an increase in KL grade. Medial JSN
worsening was deﬁned as an increase medial JSN score, including
within OARSI grade worsening in at least one knee. Anyone who had
a TKR between enrollment and the 48 month visit was classiﬁed as
having knee pain, KL worsening, and medial JSN worsening at the 48
month visit. Improved knee pain was deﬁned as having frequent
knee pain at baseline and not having frequent knee pain at the 48
month visit. If 48 month data was missing, data from the 36 month
visit was carried forward. Long limb ﬁlms were acquired between
months 12 - 48 to assess static knee alignment. Hip-Knee-Ankle
(HKA) angle was deﬁned as: 1) varus: <-2 degrees, 2) valgus: >2
degrees, 3) neutral: between -2 and 2 degrees. We performed
logistic regression analyses, using generalized estimating equations
to account for correlation within knees, where the predictor was
walking for exercise. The outcomes were new knee pain, KL worsening, medial JSN worsening, and improved knee pain; adjusted
analyses included age, sex, and baseline KL grade as covariates.
Those who already had the extremes of the outcomes of interest
were excluded from those respective analyses (e.g. those with
baseline frequent knee pain were excluded from new knee pain
analyses). We performed stratiﬁed analyses based on static knee
alignment. To address the possibility of reverse causation, we also
performed analyses stratiﬁed by baseline age (50 - 59, 60 - 69, 70 79).
Results: 1203 participants were included, of which 73% walked for
exercise. Baseline characteristics are detailed in table 1. From lowest to
highest BMI tertile, 80%, 73%, and 69% walked for exercise, and 39%, 29%,
and 19% were in the highest tertile of walkers. Evaluating all participants, there was a decreased odds of new knee pain among those who
walked for exercise in a dose dependent manner, compared to those
who did not (Table 2). None of the other outcomes were related to
walking. In the stratiﬁed analyses based on static alignment, those with
varus alignment had similar results, but there was also less KL and
medial JSN progression (Table 3). Stratiﬁed analyses based on age
groups were similar to that of the whole group for all ages (data not
shown).
Conclusions: Walking may be a disease modifying treatment for
knee OA. In individuals over 50 years old with pre-existing knee OA
and varus static alignment, walking for exercise was associated with
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SYNERGISTIC EFFECTS OF HIP AND KNEE OSTEOARTHRITIS AND
COMORBIDITIES AMONG OLDER ADULTS: ANALYSIS OF THE
OXFORD PAIN, ACTIVITY AND LIFESTYLE COHORT STUDY
P.J. Nicolson 1, H. Lee 1, 2, M. Sanchez-Santos 1, E. Williamson 1,
S. Lamb 1, 3. , The OPAL study investigators1 Univ. of Oxford, Oxford,
United Kingdom; 2 Univ. of Newcastle, Newcastle, Australia; 3 Univ. of
Exeter, Exeter, United Kingdom

less development of frequent knee pain and progression of radiographic OA over a 4 year observation period. Greater amount of
walking for exercise was associated with lower BMI cross-sectionally. These ﬁndings indicate that walking for exercise should not be
discouraged and likely should be encouraged. A randomized controlled trial of walking in those with knee OA and varus alignment is
warranted.

Purpose: Previous studies in hip and knee osteoarthritis populations
have focused on the independent effects of comorbidities on patientreported outcomes. However, hip and knee osteoarthritis may interact
with comorbidities, resulting in an increased impact beyond the effects
attributable to each condition alone, known as a synergistic effect. A
better understanding of synergistic effects on functional activities such
as mobility and self-care is important to personalise management for
older adults with hip and/or knee osteoarthritis for maximal beneﬁts.The purpose of this study was to estimate independent and synergistic effects of hip and/or knee osteoarthritis and comorbidities on
mobility and self-care limitations in a population-based cohort of older
people in England (UK).
Methods: Data from community-dwelling adults aged 65 years or older
who completed the Oxford Pain, Activity and Lifestyle (OPAL) Study
baseline questionnaire was analysed. Participants provided demographic
information, indicated if they had pain in different body areas and
reported current health conditions including arthritis, health related
quality of life (EQ-5D) and physical activity levels.Participants were then
classiﬁed as having hip and/or knee osteoarthritis if they reported 1)
doctor-diagnosis of arthritis, and 2) the presence of hip and/or knee pain.
The outcome of interest was mobility and self-care limitations, assessed
using the relevant items of the EQ-5D. Poisson regression models were
used to estimate independent and combined effects of hip and/or knee
osteoarthritis and comorbidities on mobility and self-care limitations.
Models in all stages of the analysis were adjusted for the following
covariates entered in order: age, sex, BMI, smoking status, living alone,
education level, physical demands of occupation, index of multiple deprivation, number of additional musculoskeletal pain sites reported and
physical activity level. We calculated three measures of synergistic effect:
the relative excess risk due to interaction (RERI), attributable proportion
(AP) of the risk due to interaction and the synergy index (SI).
Results: Of 4,972 participants included in this analysis, 1,532 (30.8%)
had hip and/or knee osteoarthritis. Among participants with hip and/or
knee osteoarthritis 42.9% reported mobility limitations, and 8.4%
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reported self-care limitations. Compared to participants without hip
and/or knee osteoarthritis those with hip and/or knee osteoarthritis had
a higher prevalence of comorbidities, including, angina or heart troubles, anxiety, depressive symptoms, diabetes, hearing limitations, high
blood pressure and visual limitations.Signiﬁcant synergistic effects
were observed between hip and/or knee osteoarthritis and self-reported anxiety or depressive symptoms, impacting self-care limitations.
The relative risk of reporting self-care limitations was 3.0 times greater
(95% CI: 2.00 - 4.78) among participants who reported both hip/knee
osteoarthritis and anxiety. The RERI between the two conditions was
0.93 (95% CI: 0.01 - 1.90), indicating an additional risk of self-care
limitations, beyond that associated with each condition, when both
conditions were present. Of the total relative risk, 30% was attributable
to this interaction (AP: 0.30 (95% CI: 0.02 - 0.59). The relative risk of
reporting self-care limitations was 2.7 times greater (95% CI: 1.75 - 4.00)
among participants who reported both hip and/or knee osteoarthritis
and depressive symptoms. The RERI between the two conditions was
0.58 (95% CI: 0.03 - 1.48), also indicating additional risk of self-care
limitations when both conditions were present, beyond the risk associated with each condition. Of the total relative risk, 22% was attributable to this interaction (AP: 0.22 (95% CI: 0.01 - 0.52). Synergistic effects
were not observed between any of the included comorbidities and hip
and/or knee osteoarthritis in relation to mobility limitations.
Conclusions: This study demonstrates that synergism between hip
and/or knee osteoarthritis and anxiety or depressive symptoms contribute to increased risk of self-care limitations. These ﬁndings highlight
the importance of personalising management for older adults with hip
and/or knee osteoarthritis for maximal beneﬁts.
39
RELATION OF PAIN MECHANISMS TO DEVELOPMENT OF KNEE PAIN
IN OSTEOARTHRITIS IN THE MULTICENTER OSTEOARTHRITIS STUDY
T. Neogi 1, N. Wang 1, K. Aoyagi 1, L. Frey Law 2, C.E. Lewis 3, M. Nevitt 4,
L. Carlesso 5. 1 Boston Univ. Sch. of Med., Boston, MA, USA; 2 Univ. of Iowa,
Iowa City, IA, USA; 3 Univ. of Alabama, Birmingham, AL, USA; 4 Univ. of
California, San Francisco, CA, USA; 5 McMaster Univ., Hamilton, ON, USA
Purpose: The mechanism by which intermittent, activity-related or
weight-bearing pain in knee osteoarthritis (OA) progresses to more
persistent pain is not clear. Peripheral and central pain sensitization
have been associated with pain severity, and abnormal descending pain
modulation has been postulated to also be important in the pain
experience, but as yet little is known about its role in those with knee
OA. Whether any of these mechanisms impact the risk of developing
knee pain, more pain severity, and/or change in pain patterns from
intermittent to more persistent pain is not clear. We used data from a
large cohort with quantitative sensory testing and longitudinal data to
evaluate the relation of pain mechanisms to development and change in
pain over 2 years.
Methods: We used data from the Multicenter Osteoarthritis (MOST)
Study, a NIH-funded longitudinal cohort of people with or at risk of
knee OA. The existing cohort was recruited in 2003-2005 (age 50-79),
with the current analysis focusing on the 12th-year visit as the
baseline for this analysis, as this was the ﬁrst visit at which
descending pain modulation was assessed. In addition, coinciding
with the 12th year study visit in 2016-2017, a new cohort was
recruited (age 45-69) who had KL<¼2 in both knees, and either no
knee pain or if they had knee pain, it could not be severe, constant
pain. All participants had pain questionnaires (Frequent knee pain,
Intermittent and Constant Osteoarthritis Pain (ICOAP) Scale and
WOMAC), knee radiographs, and quantitative sensory testing (QST)
assessed at this baseline visit. In addition, participants were assessed
for pain outcomes every 8 months. At 8 and 16 months post-baseline,
participants were evaluated by telephone interview, while the third
assessment, which occurred 2 years post-baseline (year 14), was an
in-person study visit. QST comprised temporal summation (TS),
pressure pain threshold (PPT), both of which are measures of
ascending pain facilitation, and conditioned pain modulation (CPM),
which is a measure of descending pain modulation. TS was assessed
with a set of 7 weighted mechanical punctate probes. Starting with
the lowest weight, the probe was touched to the wrist and pain rating
assessed. The probe that elicited a pain rating of 4/10, or the highest
probe if that pain rating was not attained, was used for assessment of
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TS. The selected probe was applied to the wrist at a rate of 1 Hz for 10
seconds. Degree of TS was deﬁned as the difference in pain rating
from the end of the train of stimuli versus the baseline. Greater TS
indicates more central pain sensitization. PPT was assessed at the
patellae and wrist with a handheld algometer, and deﬁned as the
point at which pressure ﬁrst changed to slight pain. Lower PPT
reﬂects more pain sensitization. CPM was performed with PPT as the
test stimulus, and the forearm ischemia test as the conditioning
stimulus, after which PPT was again assessed. Efﬁcient CPM was
deﬁned as the 2nd PPT having a higher value than the 1st PPT, and
reﬂects adequate descending pain modulation. For each evaluation of
a QST measure, we performed separate analyses for each of 3 pain
outcomes which were deﬁned as present if the outcome occurred in
at least 50% of the follow-up assessments. In the ﬁrst, we limited our
study sample to those knees that were free of frequent knee pain
(FKP) at baseline and evaluated the relation of the QST measures to
the development of FKP. For the second, we limited our study sample
to those knees with no constant pain or only infrequent intermittent
pain (occurring no more than “sometimes” based on the ICOAP) at
baseline, and evaluated the relation of QST measures to development
of more frequent intermittent knee pain (indicated as at least “often”)
or constant pain. Finally, for the third analysis, we evaluated the
relation of QST measures to WOMAC worsening of 2/20 (MCID).
Each of these analyses were performed using logistic regression with
GEE, adjusting for age, sex, BMI, race, catastrophizing, and depressive
symptoms.
Results: A total of 2794 participants were included (mean age 64, mean
BMI 29.5, 57% female). More pain sensitization assessed by temporal
summation was associated with increased risk of developing intermittent pain more frequently and constant pain over two years (Table).
More pain sensitization by PPT at the patella and wrist were both
associated with higher risk of developing more frequent intermittent
pain or constant pain, and WOMAC pain worsening. More pain sensitization by PPT at the patella was additionally associated with higher
risk of developing frequent knee pain. In contrast, inefﬁcient CPM was
not associated with development of any of these pain outcomes over
two years.

Conclusions: Pain sensitization measures that reﬂect ascending pain
facilitation are associated with increased risk of developing more frequent and/or more severe knee pain. In contrast, descending pain
modulation does not appear to play a role in changing pain frequency or
severity over time. These ﬁndings provide insights into the role of
neurobiological pain mechanisms in the transition from acute to
chronic pain in knee OA.
40
PROTEOMIC ANALYSIS OF THE KINETICS OF CARTILAGE MATRIX
BREAKDOWN FOR BIOMARKER IDENTIFICATION
R. Black 1, Y. Wang 1, P. Lorenzo 2, S. Chubinskaya 3, A.J. Grodzinsky 1,
2 1
€
P. Onnerfjord
. Massachusetts Inst. of Technology, Cambridge, MA, USA;
2
Lund Univ., Lund, Sweden; 3 Rush Univ. Med. Ctr., Chicago, IL, USA
Purpose: Post-traumatic osteoarthritis (PTOA) affects millions of
patients around the world each year, but currently has no prognostic
biomarker. ‘Omics-level analyses allow for comprehensive observations
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of cartilage responses in models of PTOA. In this study, we utilize data
on the secreted proteome from human cartilage under inﬂammatory
cytokine stress to discover novel biomarker candidates released in
response to disease stress and characterize the kinetics of release of
proteins from the cartilage matrix. We also examine the contributions
of proteolytic degradation versus changes in chondrocyte biosynthesis.
Methods: Human cartilage explants (3 mm x 1 mm) were harvested
from the tibial plateau (Collins Grade 1) of a 74-year old male donor
obtained postmortem through the Gift of Hope Organ and Tissue Donor
Network (Itasca, IL). All procedures were approved by both Rush University and MIT. Explants were treated with or without inﬂammatory
cytokines (100 ng/mL TNFa, 50 ng/mL IL-6, 250 ng/mL sIL-6R) and
cultured in serum-free DMEM with 1% ITS for 21 days. Treated samples
were incubated with or without 100 nM Dex. Medium changes were
carried out every three days and used medium was collected and stored
at -80 C for analysis. Proteomics analyses using in-solution trypsin
digestion followed by LC/MS/MS (Q-ExactiveTM) were performed for
medium samples at all time points for the identiﬁcation and quantiﬁcation of released proteins using Proteome Discoverer 2.3 (Thermo).
Statistical analysis was performed using Matlab (Mathworks) and pvalues calculated using Kruskal-Wallis tests and Benjamini-Hochberg
corrections (p < 0.05, FDR ¼ 0.25). Proteins were clustered based on
vectors of protein release per timepoint normalized to the total amount
of protein released over the full 21 days and averaged between three
biological replicates. Enrichment analysis was performed using the
STRING database (String Consortium).
Results: Spent media from human cartilage explant culture was analyzed (LC/MS/MS) and ﬁltered for proteins identiﬁed in at least 70% of
samples, with missing values imputed via a normal distribution centered around the lowest abundance found for each protein. Proteins
with signiﬁcantly increased release to the media versus control were
enriched for those involved in ECM organization (FDR ¼ 2.04E-18) and
immune responses (FDR ¼ 2.56E-5), including previously identiﬁed
putative PTOA biomarkers such as collagen II, MMP3, IL8, ACAN, and
CCL2. Clustering of proteins released from cytokine-treated cartilage
based on the correlation between their normalized average time
release proﬁles resulted in eight distinct clusters (Figure 1). The proteins having increased release over control after cytokine treatment
nearly all fall into one cluster, Cluster V, demonstrating a peak release
on day 18 of culture. This ﬁnding is further supported by comparing
the log2 fold change of each protein in Cluster V to its control, which
yields a statistically signiﬁcant average increase from control values
(Figure 2). Clusters I and III (Figure 2) both contain proteins with a
statistically signiﬁcant decreased release from control (Figure 2).
Cluster I is highly enriched for ECM-related proteins, including collagens IX, XI, and XIV, that follow the proﬁle of proteins freely diffusing
out of cartilage, not appearing to be affected by the progression of
matrix breakdown like Cluster V. Cluster I proteins have signiﬁcantly
decreased release from cartilage in the cytokine-treated condition,
suggesting that the more dominant effect on these proteins after
cytokine exposure is not due to matrix breakdown, but another biological process such as the rate of synthesis of these proteins or the
regulation of ﬁbrillogenesis, which collagen XI, IX, and XIV all contribute to.

Fig. 1: Time release proﬁles for proteins in each correlation-based
cluster of cytokine-treated samples.[]

Fig. 2: Violin plot of log2 fold change from control for each protein in
clusters I, III, and V.[]
Conclusions: This analysis revealed the increased loss of matrix proteins 18 days into culture, validating several known PTOA biomarker
candidates and suggesting several more for further clinical investigation (CCL20 & 5, serum amyloid A, and MMPs 10 and 13.) However,
not all matrix proteins are affected the same by the increase in proteases, but may see a greater effect on their release due to changes in
their rate of synthesis instead of their breakdown and subsequent
release from diseased cartilage, such as collagens IX and XI, though this
must be further validated.
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IN VIVO SILAC LABELLING IDENTIFIES NEWLY SYNTHESISED
PROTEINS EARLY AFTER DESTABILISATION OF THE MEDIAL
MENISCUS IN MICE
Y. Ariosa-Morejon 1, J. Zarebska 1, R. Fischer 2, T. Vincent 1. 1 Kennedy Inst.
of Rheumatology, Oxford, United Kingdom; 2 Target Discovery Inst., Oxford,
United Kingdom
Purpose: We have previously reported (OARSI 2018) that in vivo
labelling of proteins in mice, using chow containing 13C6-Lysine, is a
reliable way to measure incorporation of new proteins into articular
cartilage and other connective tissues across the life course. In this
study we apply the same method to examine new protein synthesis
occurring in the articular cartilage early after destabilisation of the
medial meniscus (DMM), a well-accepted model of osteoarthritis. The
aim of the study was to identify cellular and extracellular matrix proteins with dysregulated synthesis during early OA development to
understand molecular events at the protein level and to identify
potential biomarkers of early disease.
Methods: Fifteen C57BL6 male mice were divided into three groups
(n¼5): Naïve, Sham and DMM. DMM or Sham surgery was performed at the age of 12 weeks. One week later, all animals were
fed with the heavy SILAC diet (13C6-Lys-SILAC, SILANTES GmbH) for
10 days. Mice were culled and knee articular cartilage was microdissected and plasma collected. Samples were stored at -80 degrees
Celsius prior to proteolytic digestion with trypsin and subsequent
analysis of peptides by HPLC mass spectrometry. Mass-spectrometric data were analysed using Maxquant software for peptide/
protein identiﬁcation.
Results: By proteomics analysis, 410 proteins were quantiﬁed in
cartilage and 163 in plasma two weeks after surgery. Heavy isotope
incorporation was quantiﬁed in 85% of cartilage (348) and 95%
(153) of plasma proteins. Both Sham and DMM surgery stimulated
new protein synthesis signiﬁcantly in both tissues, median DMM¼
0.67, median Sham¼0.55, median Naïve¼ 0.47. (Kruskal-Wallis test,
p¼0.0001), with DMM having the highest effect. Cartilage pairwise
comparisons revealed 62 proteins that increased synthesis signiﬁcantly in the DMM versus Naïve group, but only one protein,
Lumican, that increased signiﬁcantly (-Log adj p value¼ 3.17) when
DMM was compared with Sham. Plasma pairwise comparisons
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revealed no statistically signiﬁcant differences in any of the three
pairs. Focussing initially on extracellular matrix proteins: increased
synthesis of collagens 1a1, 2a1, 6a1, 6a2, 6a3, 10a1, 11a1, 12a1, and
15a1 (-Log fold change¼0.3-2.8) was seen in DMM compared with
naive animals, but only collagen 10a1 reached statistical signiﬁcance (-Log adj p value¼2.20 ). All but collagens 2a1, 11a1 and
15a1 increased synthesis upon DMM when compared with Sham,
(-Log fold change ¼0.01-0.04), however the increase was not signiﬁcant. Interestingly, Collagen 14a1, was not detected in the Naïve
group but was vastly synthesised in both Sham and DMM groups.
In the case of proteoglycans, Aggrecan, Asporin, Biglycan, Chondroitin sulfate proteoglycan., Perlecan and Lumican increased synthesis upon DMM and Sham surgeries (compared with Naïve), but
only Lumican was signiﬁcantly increased in DMM compared with
Sham. (-Log adj p value¼ 3.17). Synthesis of Chondroadherin,
Decorin, ECM2, Mimecan, Osteomodulin, Prelamin and Lubricin
didn’t increase.
Conclusions: In vivo metabolic labelling with a heavy SILAC diet is able
to demonstrate changes in the incorporation of newly synthesised
proteins in mice 17 days after DMM or Sham surgery. Abundant
extracellular matrix proteins such as collagens and proteoglycans are
clearly regulated and are especially amenable to this type of analysis.
The small leucine-rich proteoglycan Lumican was the only protein with
statistically signiﬁcant increase between the DMM and Sham groups.
Other statistically signiﬁcant changes might be masked by a strong
Sham surgery response at this early time point. Later time points are
being analysed.
42
LIN28A PROTECTS AGAINST CARTILAGE BREAKDOWN AND
OSTEOARTHRITIS THROUGH THE REGULATION OF LET7/HMGA2 AXIS
che-Trystram, J. Sanna, H.-K. Ea, M. Cohen-Solal,
Y. Jouan, B. Barde
E. Hay. INSERM U1132, Paris, France
Purpose: Articular cartilage is known for having low regenerative
abilities, turning osteoarthritic (OA) lesions irreversible. Lin28a, a Let7 miRNAs inhibitor, is involved in several tissues repair such as bone.
Lin28a is mediated by HMGA2, a chromatin remodeling factor
inhibited by Let-7 miRNA. We have previously shown that Lin28a
may induce stem cell reprograming through the activation of anabolic pathway. The aim of the study is to uncover the mechanism of
action of Lin28a in cartilage repair.
Methods: In vitro assays were performed using primary chondrocytes
derived from newborn 7-day- old mice. The role of HMGA2 was
assessed through the inhibition or overexpression using lentivirus
infection. After 48 hours of infection, chondrocytes was activated by
Wnt3a for 48 hours. Samples were processed for Chip, Western Blot and
Alcian Blue analysis. Conditional deletion (KO-col2cre-Lin28a) or
overexpression (Tg-Col2cre-Lin28a) was induced in mice and subjected
to DMM, WT and heterozygous littermates were used as control.
HMGA2 known-down was induced by local siRNA administration in the
AO joints once a week. Cartilage and subchondral bone (OA score and
immunohistochemistry, bone microarchitecture analysis) were analyzed 8 weeks after surgery.
Results: Interestingly, Lin28a is reactivated in cartilage of osteoarthritic
human and WT mice. Compared to WT, Lin28a-KO mice worsened
cartilage degradation (OA score: 4 vs 6, p<0.05), increased MMP13
expression (40% vs 55%, p<0.05) and decreased anabolic markers (Sox9,
PRG4 and Col2) in a gene-dose response manner. However, no differences were observed in subchondral bone volume and structure
between WT and KO mice, neither in sham or DMM joints. Lin28a
overexpression protects against this degradation. Lin28a-overexpressing primary chondrocytes inhibited the expression of Let-7b/c
and induced HMGA2. Furthermore, HMGA2 overexpression alone
boosted the production of proteoglycan (9 fold, p<0.01) and the anabolic transcription factor Sox9 along with a drastic reduction in MMP13
expression (2 fold, p<0.05). HMGA2 knock-down (using shRNA)
reduced the expression of Sox9, PRG4 and Col2 whilst promoted
Mmp13 gene expression (80% fold, p<0.05). Chip assay showed that
HMGA2 bound to the regulatory region of Sox9 promotor. Finally, the
HMGA2 knock-down inhibited the protected effects of cartilage in TgLin28a mice, conﬁrming the mediation role of HMGA2/Let-7 axis in
cartilage regeneration.
Conclusions: We here show that Lin28a prevents against cartilage
damage and osteoarthritis. Moreover, HMGA2, a factor which is his
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main target, clearly orchestrates Lin28a effects in chondrocyte catabolism and anabolism. Therefore, targeting Let-7 expression could be an
innovative treatment towards cartilage regeneration in OA. Keywords:
OA, Regeneration, Chondrocyte, Lin28a, HMGA2
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REACTIVE OXYGEN SPECIES REGULATE FIBRONECTIN FRAGMENTSINDUCED MAP KINASE SIGNALING AND METALLOPROTEINASE 13
RELEASE IN HUMAN CHONDROCYTES THROUGH NADPH OXIDASE 2
AND ENDOCYTOSIS OF CHONDROCYTE INTEGRINS
M. Miao 1, 2, J. Collins 1, 3, E. Bahnson 4, 5, S. Chubinskaya 6, R. Loeser, Jr. 1.
1 Thurston Arthritis Res. Ctr., Div. of Rheumatology, Allergy, and
Immunology, Sch. of Med., Univ. of North Carolina at Chapel Hill, Chaepl
Hill, NC, USA; 2 Curriculum in Oral and Craniofacial Biomedicine, Adams
Sch. of Dentistry, Univ. of North Carolina at Chapel Hill, Chapel Hill, NC,
USA; 3 Dept. of Orthopaedic Surgery, Thomas Jefferson Univ. Hosp.,
Pittsburg, PA, USA; 4 Dept. of Surgery, Div. of Vascular Surgery, Univ. of
North Carolina at Chapel Hill, Chaepl Hill, NC, USA; 5 Ctr. for
Nanotechnology in Drug Delivery, Univ. of North Carolina at Chapel Hill,
Chapel Hill, NC, USA; 6 Dept. of Pediatrics, Rush Med. Coll., Chicago, IL, USA
Purpose: OA is characterized by the degradation of cartilage extracellular matrix (ECM), resulting in the production of ECM protein fragments. One of these, ﬁbronectin fragments (FN-f), found in OA cartilage
and synovial ﬂuid, promotes further cartilage matrix destruction
through activating the a5b1 integrin and increasing MMP generation.
While reactive oxygen species (ROS) are necessary second messengers
in this process, the speciﬁc cellular source for ROS is unclear. The purpose of this study was to investigate the role of NADPH oxidase (Nox) as
an ROS generator in chondrocytes and to study the localization of Noxinduced ROS following a5b1 integrin endocytosis.
Methods: Primary human chondrocytes were isolated from ankle
joints from tissue donors by sequential digestion. Culture media was
changed from DMEM/F12 with 10% fetal bovine serum to serum-free
before FN-f treatment. Puriﬁed endotoxin-free recombinant FN-f
(FN7-10) of 42 kDa and EGFP fusion FN-f that both contain an a5b1
integrin RGD binding site were generated. Chondrocytes were treated
with 1 mM FN-f for30 minutes to study the activation of cell signaling
or overnight to study the production of MMPs, or with 1 mM FN-fEGFP for indicated time periods to study integrin endocytosis.
Transduction of chondrocytes with adenoviral constructs encoding
peroxiredoxin 2 (PRX2) and cytosolic catalase (cCAT) were used to
reduce cytosolic H2O2. Several pretreatment approaches were
implemented in this study prior to FN-f stimulation, including free
radical scavenger Tempol (100, 200, and 500 mM), pan Nox inhibitors
VAS2870 (10 mM for cell signaling and 2 mM for MMP studies) and
APX-115 (5 mM), scrambled ds-tat (2 mM), Nox2-speciﬁc inhibitor
gp91ds-tat (2 mM), dual Nox1 and Nox4 inhibitor GKT137831 (20 mM),
and dynamin inhibitor Dynasore (40, 60, 80 mM), which prevents
endocytosis. Cell lysates or conditioned media were analyzed by
immunoblotting to assess MMP-13 generation and MAP-kinase activation (JNK, ERK, and p38). To assess Nox isoform expression, seven
Nox isoforms and subunits of Nox2 and Nox4, namely p22phox,
p40phox, p47phox, and p67phox were analyzed by qPCR. Protein
levels of Nox2 and Nox4 were analyzed by immunoblotting. Chondrocytes underwent nucleofection for the reporter constructs,
including integrin a5-GFP, integrin a5-mCherry, and Rab5CA(Q79L)mCherry. Alexa Fluor 568 conjugated transferrin followed by DiO
plasma membrane labeling was used to study chondrocyte endocytosis using confocal microscopy.
Results: Pretreatment with Tempol and adenoviral overexpression of
antioxidants PRX2 and cCAT reduced the FN-f induced MAP kinase
pathway and MMP-13 generation. Nox2 and Nox4 were identiﬁed as the
two major Nox isoforms expressed in human articular chondrocytes
(Fig 1a). Pan-Nox inhibitors, including VAS2870 (Fig 1c) and APX-115
(Fig 1d), and the Nox2-speciﬁc inhibitor gp91ds-tat (Fig 1e) abrogated
FN-f-induced signaling and MMP-13 generation, whereas the dual Nox1
and Nox4 inhibitor GKT 137831 (Fig 1f) exhibited no effect, which
indicated that Nox2 was necessary. The a5b1 integrin was endocytosed
in response to FN-f stimulation in a time-dependent pattern (Fig 2a).
Similar to FN-f, EGFP fusion FN-f activated MAP kinases and led to
excessive MMP-13 generation in chondrocytes. FN-f-EGFP was endocytosed by chondrocytes together with a5b1 integrin, which was veriﬁed by confocal microscopy (Fig 2b) and immunoblotting. Following
Dynasore pretreatment, a signiﬁcant reduction in cellular endocytosis
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(Fig 2c) was observed as well as a decrease in FN-f induced MAP kinase
activation and MMP-13 generation.
Conclusions: We propose that FN-f induced ROS in chondrocytes are
generated through Nox2 via integrin endocytosis, which regulates MAP
kinase activation and MMP-13 generation. To further test this hypothesis, we are determining if Nox2 and the a5b1 integrin are co-localized
in endosomes in response to FN-f and if this is a site for the activation of
MAP kinases. Elucidating the mechanism of FN-f signaling to induce
matrix degradation will lead to the discovery of new therapeutic targets
to inhibit this process in arthritis.

44
G-PROTEIN RECEPTOR KINASE 2 INHIBITION ATTENUATES
OSTEOARTHRITIS PROGRESSION AND PROMOTES PARATHYROID
HORMONE CHONDROPROTECTION
W.J. Pinamont, III, V. Karuppagounder, N. Yoshioka, A. Ahmad,
R. Elbarbary, F. Kamal. Penn State Coll. of Med., Herhsey, PA, USA
Purpose: This study aimed to evaluate the role of GRK2 inhibition in
PTH1R resensitization and PTH-mediated chondroprotection in OA.
Osteoarthritis (OA) is a progressive degenerative joint disease, highlighted by chondrocyte hypertrophy, cartilage degeneration, subchondral bone remodeling, and synovial inﬂammation. Current
treatments are limited to palliative pain management therapies with
little potential to prevent further disease progression. Parathyroid
hormone (PTH) has demonstrated chondroprotective and chondroregenerative effects in OA mice. PTH binds to parathyroid hormone
receptor type-1 (PTH1R), a GPCR expressed in growth plate and
articular chondrocytes. In growth plate chondrocytes, PTH1R-Gas signaling prevents chondrocyte hypertrophy. Elevated GPCR-GRK2 signaling promotes GPCR desensitization however GRK2 inhibition
attenuates cardiovascular disease progression. However, the role of
GPCR-GRK2 signaling in OA is unknown. We hypothesized that elevated GRK2 signaling in articular chondrocytes in OA leads to PTH1R
desensitization and loss of PTH mediated chondroprotection, thus
GRK2 inhibition will rescue PTH1R sensitization to attenuate OA
progression.
Methods: First, to determine the role of GRK2 inhibition in recovering
or potentiating PTH1R signaling, we investigated the effect of GRK2
inhibition on PTH chondroprotection in a destabilization of the medial
meniscus (DMM) surgical OA model. Twelve week old C57BL/6 male
mice underwent sham or DMM surgery. Daily drug treatments began
eight weeks post-surgery, when mice have actively progressing OA,
with vehicle, PTH (SC, 40 mg/kg/day), the GRK2 inhibitor “paroxetine”
(IP, 0.5 mg/kg/day), or the combination of PTH and paroxetine (at the
same individual dosages). Twelve weeks following DMM, mice were
sacriﬁced and knees were harvested for MicroCT analysis, saf-o/fast
green staining for histological evaluation, OARSI scoring, and histomorphometric analysis. Immunoﬂuorescent staining was performed to
evaluate changes to chondrogenic and hypertrophic protein expression.
Next, to determine the role of GRK2 inhibition on PTH1R-Gas-cAMP
signaling, knees from sham or DMM mice treated with either vehicle or
paroxetine for 8 weeks from the time of surgery were harvested and
articular cartilage was obtained for ex vivo analysis of Gas activity. In ex
vivo culture, cartilage explants were treated with PTH as an agonist to
stimulate PTH1R-Ga-cAMP signaling. Explants were then homogenized
to measure cAMP levels.
Results: Following DMM Surgery, mice demonstrated signiﬁcant losses
in articular cartilage and chondrocyte number, with corresponding
increases in osteophyte area formation and subchondral bone sclerosis.
Treatment with PTH or paroxetine was therapeutically effective in
preventing cartilage degeneration, chondrocyte hypertrophy, osteophyte growth and subchondral bone remodeling, but most importantly,
increasing chondrocyte anabolic signaling. Notably, combined treatment of PTH and paroxetine had a higher chondroprotective and
chondroregenerative effect compared to either drug alone, with cartilage and bone parameters similar to sham mice. Particularly evident
was the increase in chondrocyte anabolic signaling and attenuation of
osteophyte growth and subchondral bone sclerosis. On the cellular
level, there was also an additive effect of the combination therapy in
attenuating chondrocyte hypertrophy and promoting chondrogenic
signaling. Mechanistically, PTH1R-Gas-cAMP signaling was compromised in knees of DMM mice but recovered following paroxetine
treatment.
Conclusions: In progressing OA, treatment with PTH or paroxetine
was therapeutically effective in preventing cartilage degeneration and
bone remodeling. Promotion of chondrocyte anabolic signaling suggests a potential chondroregenerative effect in addition to the demonstrated chondroprotective effects. Combining the two drugs
potentiated these therapeutic effects to simulate normal mice, suggesting PTH1R resensitization due to GRK2 inhibition by paroxetine,
thus increasing the therapeutic efﬁcacy of administered PTH by
recovering PTH-PTH1R ligand-receptor interaction. This was conﬁrmed ex vivo where PTH-Gas-cAMP signaling was lost in OA mice,
indicating receptor desensitization, but was recovered by paroxetine
treatment. Overall, our results demonstrate pathological PTH1R
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desensitization in OA cartilage, speciﬁcally through GRK2 signaling.
PTH was recently identiﬁed as a disease modifying agent in OA; here,
we (1) identify a major mechanism for the chondroprotective effect of
PTH in OA, and (2) identify a therapeutic combination that not only
potentiates the chondroprotective and chondroregenerative effects of
PTH in OA, but also enables the use of lower clinical doses of PTH to
avoid some of its side effects.

45
IMPAIRED
CHONDRCOYTE
U3
SNORNA
EXPRESSION
IN
OSTEOARTHRITIS AND ITS IMPACT ON THE CHONDROCYTE'S
PROTEIN TRANSLATION APPARATUS
E.G. Ripmeester 1, M.M. Caron 1, P. Balaskas 2, P. Dyer 2, A. Chabronova 1,
G.G. van den Akker 1, B.A. Housmans 1, A. Smagul 1, Y. Fang 2,
A. Cremers 1, D.A. Surtel 1, L.W. van Rhijn 1, M.J. Peffers 2, T.J. Welting 1.
1
MUMCþ, Maastricht, Netherlands; 2 Univ. of Liverpool, Liverpool,
United Kingdom
Purpose: Osteoarthritis (OA) is the most prevalent degenerative joint
disease with no disease-modifying treatment available. During OA
progression, articular chondrocyte homeostasis is disturbed and presents with a catabolic signature. Pathways controlling ribosome activity
have previously been described in the regulation of chondrocyte
homeostasis. However, ribosome biogenesis has not been implicated in
OA. We hypothesized that U3 small nucleolar RNA (snoRNA), a key
factor in the endoribonucleolytic ribosomal RNA (rRNA) maturation, is
critical for chondrocyte homeostasis via regulating the availability of
mature rRNAs.
Methods: OA cartilage was collected following total knee arthroplasty
surgery (n¼6) and young non-OA cartilage was collected following
anterior cruciate ligament repair (n¼6) (both with ethical permission).
Total RNA was extracted and hybridised onto Affymetrix miRNA 4.0
arrays. The probe set for Homo sapiens was used to determine differentially expressed snoRNAs, with additional validation using RT-qPCR.
U3 snoRNA expression was determined in vivo in an experimental
mouse model for traumatic OA (destabilization of medial meniscus
(DMM) model (n¼3)) using a U3 snoRNA-speciﬁc probe for in situ
hybridization. Ribosomal RNA expression, and chondrocyte phenotypic
markers were measured using RT-qPCR. U3 snoRNA knockdown and
ectopic expression in non-OA chondrocytes was undertaken following
transfection of antisense oligonucleotides (ASO) or a U3 snoRNA minigene, respectively. Overall protein translational capacity was assessed
using puromycylation assays. Differential proteomes after U3 snoRNA
knockdown in SW1353 cells were established by LC-MS/MS, followed
by label-free quantitation and ingenuity pathway analysis. Transcriptional regulation of U3 snoRNA gene expression by OA synovial ﬂuid or
BMP-7 was determined via a human U3 snoRNA promoter-luciferase
reporter assay.
Results: Microarray and RT-qPCR analyses demonstrated reduced
expression of U3 snoRNA in old OA articular cartilage, compared to
young non-OA cartilage. Additionally, U3 snoRNA levels were reduced
in isolated OA chondrocytes compared to non-OA chondrocytes, as
well as in the load-bearing area of traumatic murine OA joints. OA
synovial ﬂuid furthermore reduced U3 expression via inhibition of U3
gene promoter activity. Altering U3 snoRNA expression using an anti-
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sense approach or a U3 snoRNA mini-gene changed the expression of
chondrocyte phenotypical genes relevant for OA. Expression of rRNAs
was reduced after U3 snoRNA knockdown and increased following
ectopic induction of U3 snoRNA expression. This is in line with down
regulated expression of rRNAs observed in OA chondrocytes compared to non-OA chondrocytes, which is accompanied with reduced
expression of U3 snoRNA. OA chondrocytes showed reduced protein
translation capacity compared to non-OA chondrocytes, and this was
recapitulated following U3 snoRNA knockdown in articular chondrocytes. Reciprocally, ectopic expression of U3 snoRNA led to an
increase in chondrocyte protein translation capacity. Analysis of the
full impact of reduced U3 snoRNA levels on the SW1353 proteome
uncovered a global deregulation of cellular protein synthesis pathways, conﬁrming the central role of U3 snoRNA in chondrocyte protein translation. Finally, cellular U3 snoRNA levels could be induced by
BMP-7 treatment via upregulation of U3 promoter activity, leading to
higher rRNA expression levels and improve protein translation
capacity.
Conclusions: We demonstrate that U3 snoRNA expression, a critical
non-coding RNA needed for ribosome biogenesis, is reduced in OA
chondrocytes. This has consequences for chondrocyte rRNA levels and
protein translational capacity. U3 snoRNA expression might be a
therapeutic target for OA treatment and our data indeed show that
BMP-7, a chondrocyte anabolic morphogen, is capable of inducing
chondrocyte U3 levels, and improving chondrocyte protein translation
capacity.
46
A NOVEL STRUCTURAL STATUS ASSESSMENT OF OA IS STRONGLY
ASSOCIATED WITH ALL PATIENT IMPORTANT OUTCOMES - AN MRI
STUDY OF 9,433 KNEES FROM THE OSTEOARTHRITIS INITIATIVE
M.A. Bowes 1, K.A. Kacena 2, O. Alabas 3, 4, A.D. Brett 1, B. Dube 5, 4,
N. Bodick 6, P.G. Conaghan 3, 4. 1 Imorphics Ltd, Manchester, United
Kingdom; 2 BioBridges, Wellesley, MA, USA; 3 Leeds Inst. of Rheumatic
and Musculoskeletal Med., Univ. of Leeds, Leeds, United Kingdom; 4 NIHR
Leeds BioMed. Res. Ctr., Leeds, United Kingdom; 5 Leeds Inst. of
Rheumatic and Musculoskeletal Med., Leeds, United Kingdom; 6 Flexion
Therapeutics Inc, Burlington, MA, USA
Purpose: Osteoarthritis (OA) is a slowly progressive disease. Therapy
development is hampered by imprecise assessment of joint structure,
and its association with clinically important outcomes. The US Food
and Drug Administration has recently stated that there is a “wellrecognized discordance between structural changes and signs/symptoms in OA”. It is possible that the discordance between clinical
symptoms and the tissue structures assessed using radiographs may be
genuine, and these two manifestations of OA pathology are independent, although this seems unlikely. Alternatively, the apparent
discordance is due to the insensitivity of current measures, such as the
Kellgren Lawrence grade (KLG) for OA status at the individual patient
level. Statistical shape modelling (SSM), a form of machine learning,
has provided precise quantiﬁcation of 3D MRI OA bone shape. Our aim
was to determine if SSM-classiﬁed OA status based on a single timepoint MRI reading provides improved clinical utility over KellgrenLawrence grade (KLG) radiographic classiﬁcation, based on the clinically important outcomes of pain, function and risk of total knee
replacement (TKR).
Methods: SSM-derived femur bone shape was measured automatically from 9,433 knee images from the Osteoarthritis Initiative. Vector
distances along the bone shape are termed ‘B-score’, with the origin
(0) deﬁned as the mean shape of those knees with no OA (KL0 for
each of 0,1,2,4 years, n¼884), a unit is 1 standard deviation of this
group along the vector (positive values toward the OA Group).
Examples of femur bone shape differences at various B-scores, and a
heat map of the areas which change most with increasing B-score are
shown in Figure 1. The 95% CI of B scores (±2) in the non-OA group
enabled delineation of healthy B-score range. OA knee classiﬁcation
was based on measurement repeatability, using 2 independent testretest sets of DESS-we images: (i) all visually acceptable OAI images
retaken the same day, (n¼141) (ii) a test-retest set (1 week apart) of
those with deﬁnite OA (n¼34). Repeatability (smallest detectable
difference, SDD) was calculated as the 95% limits of agreement
between image pair measurements, using the Bland-Altman method.
We examined the relationship between B-score, KLG, 0-4, and univariable association with clinically important outcomes using logistic
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regression, after determining that covariates (age, BMI and alignment)
had negligible effect on the relationships. Pain was assessed using the
numerical scale (0-10) categorised as moderate (4) and severe (8).
Function was assessed with the 68-point WOMAC scale: moderate
(20) and severe (36). TKR was any conﬁrmed TKR within 8-years
follow-up.
Results: Repeatability (SDD) for: group (i) was 0.251 B-score units and
group (ii) 0.254. This represents 2.5% of the likely range of B-scores (-3
to þ7) in this study, supporting use of 40 discrete OA grades. 2,116
(22.4% knees) had a B-score above the healthy range; 1,015 left
knees,1,101 right, 667 both knees. Each KLG included a wide range of Bscores: their relationship was not linear (Figure 2). KLG was associated
with risk of pain, function and TKR, with AUCs for pain and function of
64.8% to 66%, and TKR of 82%. B score models were similar: AUCs for
pain and function were 63.7 to 66%, TKR 80%. Probability curves were
visually very similar for the association of KLG and B-score with all
clinical outcomes (Figures 3 and 4). B-score provided increased clinical
decision potential: for a KLG3 knee, the risk of moderate pain was 34.4%
(95% CI, 31.7,37.0)% but B-scores within KLG3 knees ranged from 0-6; for
B-score 0 this risk was 17.0 (16.1,17.9)% for B-score 6 it was 52.1
(48.8,55.4)%. For TKR, KLG3 knee had risks of 15.3 (13.3,17.3)% whereas

B-score 0 had negligible risk of TKR 2.3 (2.0,2.6)% and B-score 6 had a
risk of 35.6 (31.8,39.6)%.
Conclusions: Machine learning has enabled development of a quantitative measure of bone shape in OA. In a large observational cohort, Bscore demonstrated that a single measurement provides a strong
relationship with current and future pain, function and TKR. The
graphic agreement of the mean structure-symptom relationship
between KL and B-score provides validation in that both are likely
measuring a similar construct. However, in terms of clinical utility, a
single time point B-score with 40 discrete measures of OA status is
much more discriminating than KLG.
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DEVELOPMENT OF MRI-DEFINED TISSUE DAMAGE AFTER ANTERIOR
CRUCIATE LIGAMENT INJURY OVER 5 YEARS: THE KANON STUDY
F.W. Roemer 1, 2, S. Lohmander 3, M. Englund 3, A. Guermazi 4, 5,
A. Akesson 3, R. Frobell 3. 1 Univ. of Erlangen-Nuremberg, Erlangen,
Germany; 2 Boston Univ. Sch. of Med. & Lund Univ., Boston and Lund,
MA, USA; 3 Lund Univ., Lund, Sweden; 4 Boston Univ. Sch. of Med.,
Boston, MA, USA; 5 VA Boston Healthcare System, Boston, MA, USA
Purpose: Anterior cruciate ligament (ACL) injury is a common and
serious joint injury. The purpose of ACL reconstruction is to
improve stability of a mechanically unstable knee and reduce the
risk of development of knee osteoarthritis (OA). Long-term
radiographic and epidemiologic studies suggest that ACL reconstruction may not necessarily protect against the development of
OA. MRI has been used to describe the development of structural
joint changes after ACL injury but no data are available comparing
different treatment approaches over longer periods of up to 5
years. We describe, using an as-treated approach, the development of knee tissue changes at 2 and 5 years after ACL injury in
the KANON study (ISRCTN 84752559), a randomized controlled
trial comparing a surgical and non-surgical treatment strategy for
acute ACL injury, to compare proportion of patients with incident
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cartilage damage, degenerative bone marrow lesions (BMLs),
osteophytes and MRI markers of inﬂammation (Hoffa- and effusion-synovitis) between treatment groups, using semi-quantitative
MRI assessment.
Methods: Included were 121 subjects with an acute ACL injury in a
previously uninjured knee. Repeat MRI of the index knee (baseline, 2year and 5-year) was performed using a 1.5T system. Of the 121 participants, 117 had available MRIs at the 2-year visit and 115 at the 5-year
visit. Of the subjects with available MR scans at the 2-year follow-up, 60
had received treatment with rehabilitation plus early ACL reconstruction (ACLR), 29 with rehabilitation plus delayed ACLR, and 28 with
rehabilitation alone. At 5 years the number of subjects with MRIs
available for the rehabilitation alone group was 26 while the other
groups remained with the same number. Radiographs at baseline and at
5 years were also acquired. All available MRIs were read by one musculoskeletal radiologist according to the Anterior Cruciate Ligament
OsteoArthritis Score (ACLOAS) instrument. ACLOAS incorporates articular features relevant to a) baseline injury pattern and longitudinal
follow-up of those features and b) incident degenerative features
reﬂecting structural damage associated with OA. Intra- and interobserver reliability was determined for 20 cases using weighted (w)
kappa statistics and overall percent agreement for compartments
(medial tibio-femoral joint - mTFJ, lateral tibio-femoral joint - lTFJ,
patello-femoral joint - PFJ). To assess if the distribution of grades for
incident degenerative BMLs, incident cartilage damage osteophytes,
and inﬂammatory markers differed between the three ‘as treated’
groups (rehab only, early ACL reconstruction, delayed ACL reconstruction) c2-tests were used. A p-value below 0.05 was considered
statistically signiﬁcant and all comparative analyses were performed on
a knee-compartmental level.
Results: Patients were at baseline on average 26 years old (SD 4.9), 28
(25%) were women, and the right knee was affected in 61 cases (54%).
Mean body mass index was 24 (SD 3.2). Five years post injury, 29 (26%)
patients had whole joint radiographic OA, 13 (12%) had tibiofemoral
joint TFJ OA and 22 had PFJ OA (20%). No statistically signiﬁcant differences between the three ‘as treated’ groups were found for incident
cartilage damage, BMLs and osteophytes at 2 or 5 years. However, the
rehabilitation only group showed statistically signiﬁcant less inﬂammation features than both early ACLR and delayed ACLR groups at both
time points. Regarding intra- and inter-observer reliability of MRI
assessment, 73% of all assessed parameters showed w-kappa values
between 0.80 and 1.00 and 92% showed agreement above 80%. At 2
years, 15 (13%) knees showed any incident cartilage damage in the mTFJ,
13 (11%) in the lTFJ, and 5 (4%) knees in the PFJ. At 5 years (and in
comparison to baseline), 15 (13%) knees showed incident cartilage
damage in the mTFJ, 20 (17%) in the lTFJ and 9 (8%) in the PFJ (Table 1).
At 2 years, 5% of the knees had developed any degenerative BMLs in the
mTFJ, 14% in the lTFJ, and 10% knees in the PFJ. At 5 years (and in
comparison to baseline) 5% of knees showed incident cartilage damage
in the mTFJ, 17% in the lTFJ and 11% in the PFJ. Osteophyte development
was seen for 23% of knees in the mTFJ, in 36% in the lTFJ and in 35% in
the PFJ at 2 years. For the 5 year visit the respective numbers were 29%,
43% and 37% when compared to baseline (Table 2). Regarding inﬂammatory markers, 31% showed signs of any effusion-synovitis while 29%
had grade 2 or 3 Hoffa-synovitis at year 2. At year 5, these numbers
were 25% and 22%, respectively.
Conclusions: At 2 and 5 years after acute ACL injury, we found no
statistically signiﬁcant differences regarding frequencies of incident
cartilage damage, BMLs and osteophyte formation between those
treated with early or delayed ACL reconstruction or those treated with
rehab alone. Most osteochondral structural damage developed in the
ﬁrst two years after trauma. Differences were seen between the rehabilitation group and the two surgical groups with less inﬂammation at 2
and 5 years for the rehab group suggesting a possible association
between surgery and prolonged inﬂammation, consistent with results
using cytokine inﬂammation markers in this cohort. In line with clinical
experience and with previous reports, cartilage damage most commonly develops in the lTFJ, which is the compartment most often
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affected by severe traumatic structural damage at baseline. Development of degenerative BMLs is rare at 2 and 5 years and seen more
commonly in the lTFJ than in the other compartments. Osteophyte
formation is common for all compartments and most of these osteophytes are small.
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EPIDEMIOLOGY OF INTRAARTICULAR MINERALIZATION ON KNEE
DUAL ENERGY COMPUTED TOMOGRAPHY IN TWO COHORTS: THE
MULTICENTER OSTEOARTHRITIS STUDY
M. Jarraya 1, T. Neogi 2, J. Lynch 3, D.T. Felson 4, P. Aliabadi 1, M. Nevitt 5,
C. Lewis 6, J. Torner 7, A. Guermazi 2. 1 Brigham and Women's Hopsital,
Boston, MA, USA; 2 Boston Univ. Sch. of Med., Boston, MA, USA; 3 Univ. of
California San Francisco, San Francisco, CA, USA; 4 Boston Univ. Med.
Sch., Boston, MA, USA; 5 Univ. of California San Francisco, San Francisco,
MA, USA; 6 Univ. of Alabama at Birmingham, Birmingham, AL, USA;
7
Univ. of Iowa Coll. of Publ. Hlth., Iowa City, IA, USA
Purpose: Computed tomography (CT) has a higher sensitivity for the
detection of intraarticular mineralization in comparison with commonly used imaging technique in knee osteoarthritis (OA) including
radiographs and MRI. The role of intra-articular mineralization in knee
OA has been unclear, contributed to by inadequate imaging assessment
of this phenomenon. The aim of this study is to report the prevalence of
CT-detected intra-articular mineralization in older adults with or at risk
of knee OA.
Methods: We used data from the Multicenter Osteoarthritis (MOST)
Study, a NIH-funded longitudinal cohort of people with or at risk of
knee OA. The existing cohort was recruited in 2003-2005 (age 50-79),
with the current analysis focusing on the 12th-year visit as the baseline for this analysis as this was the ﬁrst study visit at which bilateral
dual energy CTs of the knees were obtained. In addition coinciding
with the 12th year study visit in 2016-2017, a new cohort was recruited
(age 45-69) who had Kellgren Lawrence (KL) grade <¼2 in both knees,
and either no knee pain or if they had knee pain, it could not be severe
or constant pain. Participants also had bilateral PA knee radiographs
obtained, scored for KL grade by a musculoskeletal radiologist blinded
to the CTs. A separate musculoskeletal radiologist scored multiplanar
CT images using an ordinal score (0-3) for degree of mineralization in
each of the MOAKS subregions of cartilage and menisci, as well as
ligaments, capsule, and vasculature. Prevalence of intra-articular
mineralization was computed for the total sample, and stratiﬁed by
age and KL grade.
Results: The existing cohort included 635 subjects (1270 knees) (57.3 %
female, mean age 71.8, mean BMI 29.9). The new cohort included 1473
subjects (2946 knees) (56 % female, mean age 56.6, mean BMI 28.4).
CT-detected intra-articular mineralization (of either cartilage, meniscus, and/or capsule) is 23.3% in the existing cohort and 4.9% in the new
cohort. For the existing cohort, the prevalence in speciﬁc locations
was: 16.7% articular cartilage (versus 3.6% in the new cohort), 19.5%
meniscus (versus 3.5% in the new cohort), and 12% capsule (versus 1.5%
in the new cohort). Articular and meniscal mineralization increased
with age and was most prevalent in KL grade 2, both for the existing
and new cohorts (Figure). Interestingly, the prevalence of intra-articular mineralization among KL grade 3 and 4 was lower in comparison
with KL grade 2 in the existing cohort, though this is unadjusted for
age and could potentially reﬂect less cartilage present at higher KL
grades to allow for mineralization to be detected. No participant had
KL grade >2 in the new cohort (based on inclusion criteria). Overall,
the prevalence of vascular calciﬁcations was 52.9% in the existing
cohort (versus 19.9% for the new cohort), which increased with age in
both cohorts.
Conclusions: Prevalence of CT detected intra-articular mineralization
increases with age. CT provides good visualization of intra-articular
mineralization within the hyaline articular cartilage, meniscus, and soft
tissue, which will provide novel opportunity to evaluate the longitudinal relation of intra-articular mineralization to adjacent articular
tissue pathology and overall OA progression.
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DIAGNOSTIC PERFORMANCE OF REGION- AND LAYER-SPECIFIC
CARTILAGE TRANSVERSE RELAXTION TIME (T2) IN PRERADIOGRAPHIC AND RADIOGRAPHIC KNEE OSTEOARTHRITIS DATA FROM THE OSTEOARTHRITIS INITIATIVE
S. Maschek 1, 2, F. Eckstein 1, 2, W. Wirth 1, 2. 1 Dept. of Imaging &
Functional Musculoskeletal Res., Inst. of Anatomy,Paracelsus Med. Univ.,
Salzburg, Austria; 2 Chondrometrics GmbH, Ainring, Germany
Purpose: Magnetic resonance imaging (MRI) transverse (spin-spin)
relaxation time (T2) has been proposed as an imaging biomarker for
detecting OA-related alterations in articular cartilage composition
before the onset of radiographic knee OA (ROA). A recent meta-analysis
reported cartilage T2 to signiﬁcantly discriminate OA vs. controls, but
these analyses have not demonstrated diagnostic sensitivity across preradiographic stages of early OA where T2 is thought to be most effective
as an “early OA” marker. The objective of this cross-sectional study
therefore was to test the diagnostic performance of laminar articular
cartilage MRI transverse relaxation time (T2), across different strata of
knee OA, with a particular focus on pre-radiographic stages. In addition,
we tested the hypothesis that cartilage T2 change starts in the superﬁcial layer of central femorotibial subregions, and that ratios of central
superﬁcial vs. central deep T2 as well as central vs. peripheral superﬁcial or deep T2 may therefore enhance diagnostic performance.
Methods: Cartilage T2 measurement was performed on year-1 followup multi-echo spin echo MRIs of 400 right knees of Osteoarthritis Initiative (OAI) participants. The sample included a) knees from the
healthy reference cohort (bilateral Kellgren & Lawrence grade [KLG] 0,
no pain and no risk factors for OA), b) KLG0 knees from participants that
were contra-laterally KLG0 but had general OA risk factors, c) KLG0
knees with contra-lateral osteophytes, d) KLG0 knees with contra-lateral radiographic joint space narrowing (JSN), e) KLG1 knees, f) KLG2
knees without JSN, and g) KLG 2/3 knees with JSN (Table 1). Superﬁcial
and deep layer T2 were calculated from manual segmentations in the
medial and lateral femorotibial compartment (MFTC/LFTC). The central
medial and lateral femur were each divided into one central and 2
peripheral, the medial and lateral tibia each into 1 central and 4
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peripheral subregions. Yet, the hypothesis that central subregions
provide better discrimination across radiographic (or pre-radiographic) strata had to be refuted, with peripheral superﬁcial subregions more efﬁciently differentiating various pre-radiographic
stages. The ratio between the superﬁcial vs. deep layer or the central
and peripheral T2 did not enhance the diagnostic performance.
Superﬁcial layer T2 hence appears to be a promising diagnostic marker,
and the analysis should include peripheral rather than only central
femorotibial subregions.

peripheral subregions (Fig. 1A). Central (cMFTC/cLFTC) and peripheral
(perMFTC/perLFTC) T2 were calculated from the femorotibial subregions by averaging the respective subregional T2 in both the superﬁcial and deep layers (Fig. 1B).
Statistical comparisons were performed by analysis of covariance, with
adjustment for age, sex, and BMI for 1) comparing laminar cartilage T2
between all groups, 2) comparing T2 between pre-radiographic stages
(groups a- d). Partial eta2 was used as measure of effect size.

50
A COMPARISON BETWEEN HIGH DENSITY MINERALISED
PROTRUSIONS IDENTIFIED IN THE KNEES OF CADAVERS AND IN
PATIENTS OF THE OSTEOARTHRITIS INITIATIVE
N.P. Thomas 1, N. Jeffery 1, V. Adams 1, L.R. Ranganath 1, A. Boyde 2,
J.A. Gallagher 1. 1 Univ. of Liverpool, Liverpool, United Kingdom; 2 Queen
Mary Univ. of London, London, United Kingdom
Purpose: Fatigue-induced microcracking is a common, naturally
occurring phenomenon in articular calciﬁed cartilage and subchondral
bone (SCB). These microcracks are, in some cases, healed by inﬁlling with
and mineralisation of an aqueous matrix. High density mineralised
protrusions (HDMP) of the same matrix from the tidemark mineralising

Results: Demographic data are provided in Table 1. Superﬁcial layer
cMFTC T2 tended to increase with greater radiographic involvement
Table 1. Demographic data of the 7 groups
a:Healthy

b:noROA

c:CL OP

d:CL JSN

e:KLG1

f: KLG2 (noJSN)

g: KLG2/3 (JSN)

(n¼88)

(n¼74)

(n¼26)

(n¼41)

(n¼76)

(n¼14)

(n¼81)

Sex

Male

36

38

9

23

21

2

36

Age
BMI
KLG 0/1/2/3
CL KLG
JSN>0
CL SJN >0

Female
(years)
(kg/m2)
(N)
(N)
(%)
(%)

52
56.0 ± 7.5
24.5 ± 3.3
KLG 0:88
KLG 0:88
0.0%
0.0%

36
64.4 ± 9.1
27.2 ± 4.0
KLG 0:74
KLG 0:74
0.0%
0.0%

17
61.1 ± 8.2
27.0 ± 5.6
KLG 0:26
KLG 2:26
0.0%
0.0%

18
66.5 ± 8.6
28.2 ± 3.9
KLG 0:41
KLG 2/3/4:23/13/5
0.0%
100.0%

55
62.7 ± 8.6
29.3 ± 4.8
KLG1:76
KLG 0/1/2/3/4: 28/20/14/10/4
64.5%
48.7%

12
64.4 ± 7.9
29.7 ± 4.4
KLG 2: 14
KLG 0/1/2/3: 3/1/8/2
0.0%
21.4%

45
65.1 ± 9.0
30.0 ± 4.8
KLG 2/3: 34/47
KLG 0/1/2/3/4: 18/9/27/19/8
100%
69.1%

KLG: Kellgren & Lawrence grade; noROA: No signs of radiographic OA in both knees;CL: contralateral; OP: osteophytes; JSN: OARSI joint space narrowing

from healthy to KLG1, but T2 in those with deﬁnite ROA was similar to
that observed for group c or d (Table 2). Between-group differences
(across all stages) were statistically signiﬁcant for cMFTC, perMFTC and
perLFTC, but not for cLFTC (Table 2). When limiting the analysis to preradiographic stages (groups a-d), statistically signiﬁcant differences
were observed for peripheral (medial and lateral) but not for the central
regions (Table 2). Deep layer T2 also tended to increase with greater
radiographic involvement. As for the superﬁcial layer, between-group
differences (all stages) were statistically signiﬁcant for cMFTC, cLFTC,
and perMFTC but not for perLFTC (Table 2).
Conclusions: Between group differences were captured by both
superﬁcial and deep layer cartilage T2 and in central as well as

front into hyaline articular cartilage (HAC) form as an aberrant byproduct of this aresorptive repair mechanism. First discovered in equine
joints, HDMPs have now been conﬁrmed on the articular surfaces of
femoral heads in humans with ochronotic and conventional osteoarthritis (OA). Possessed of mineral concentrations greater than any
healthy joint tissue and a propensity to disintegrate within HAC, HDMPs
undoubtedly affect the biomechanical performance of surrounding tissues and have been identiﬁed as one of the earliest detectable morphological changes in OA models. With this in mind, the fact that they
arise through normal physiological processes is suggestive of a signiﬁcant role in the development of arthropathy in incident joints. They
are best seen by study of undecalciﬁed tissue blocks but can be studied
noninvasively by magnetic resonance imaging (MRI) and x-ray

Table 2. Superﬁcial and deep layer cartilage T2 in the medial / lateral femorotibial compartment (MFTC/LFTC)
a:Healthy

b:noROA

c:CL OP

d:CL JSN

e:KLG1

f: KLG2 (noJSN)

g: KLG2/3 (JSN)

All groups

Mean±SD

Mean±SD

Mean±SD

Mean±SD

Mean±SD

Mean±SD

Mean±SD

p-value

partial eta2

p-value

Pre-ROA
partial eta2

Superﬁcial Layer T2:
cMFTC
cLFTC
perMFTC
perLFTC
Deep Layer T2:
cMFTC
cLFTC
perMFTC
perLFTC

46.8
44.6
44.3
45.4

±
±
±
±

3.5
3.4
2.7
2.6

48.0
45.3
45.8
47.3

±
±
±
±

4.7
4.6
3.0
3.2

49.0
47.2
46.5
47.7

±
±
±
±

4.1
5.3
3.1
3.3

50.2
46.6
47.5
48.1

±
±
±
±

6.1
5.0
3.7
3.7

51.0
46.2
47.2
47.2

±
±
±
±

5.7
4.2
4.4
3.3

49.4
47.1
46.0
47.4

±
±
±
±

6.9
6.2
3.9
4.5

49.7
45.6
47.3
45.7

±
±
±
±

6.5
4.3
3.8
3.2

0.001
0.408
0.001
<0.001

0.06
0.02
0.05
0.07

0.062
0.240
0.003
0.010

0.03
0.02
0.06
0.05

33.0
32.0
37.4
36.7

±
±
±
±

2.7
2.4
2.2
2.1

33.4
31.9
37.9
37.0

±
±
±
±

3.3
2.5
2.4
2.3

33.9
33.1
38.0
37.9

±
±
±
±

3.4
3.0
2.8
2.6

33.9
32.8
38.6
37.9

±
±
±
±

3.1
2.6
2.2
2.4

34.4
32.1
37.7
37.3

±
±
±
±

3.4
2.5
2.4
2.3

36.0
33.7
38.7
38.3

±
±
±
±

3.4
3.8
2.6
2.4

36.3
33.8
39.9
37.1

±
±
±
±

5.9
4.7
4.7
2.9

0.004
0.008
0.002
0.319

0.05
0.04
0.05
0.02

0.850
0.145
0.653
0.241

0.00
0.02
0.01
0.02

KLG: Kellgren & Lawrence grade; noROA: No signs of radiographic OA in both knees;CL: contralateral; OP: osteophytes; JSN: OARSI joint space narrowing; cMFTC/cLFTC:
central subregion of MFTC/LFTC; perMFTC/perLFTC: peripheral subregions of the MFTC/LFTC; The analysis over all groups compared cartilage T2 / ratios between all groups
(group a) to g)); Pre-ROA analysis compared cartilage T2 / ratios between knees without radiographic OA (ROA, group a) to d))
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computed microtomography (mCT). The debilitating effects of OA are
seen in many weight bearing joints, but human studies of HDMPs have
been hitherto limited to ex-vivo hips. We prospect for them in the knee
and compare their radiological appearance between ex- and in-vivo
subject groups.
Methods: Twenty-three osteoarthritic cadaveric knees were dissected
and each placed inside a circularly polarised wrist coil before being
imaged by three dimensional dual-echo steady state (3D DESS) MR with
water excitation using a 3T Siemens Trio. Variations in sample size
produced isotropic image data with resolutions of between 0.26 and
0.48mm. A subset of 13 knees were further dissected and subjected to
mCT with a 120kV Nikon XT225 scanner. Isometric voxels were reconstructed to produce tomographs with in-plane resolutions of 20-83mm.
Cadaveric ﬁndings were compared to clinical data obtained from the
Osteoarthritis Initiative (OAI), a longitudinal survey of knee OA. Twentyone patients were selected from the OAI progression cohort, for whom
bilateral knee MRI - including 3D DESS sequences - had been acquired
with a similar 3T Siemens Trio system. Information on the radiological
appearance of HDMPs from the literature was used to prospect for them
in ex-vivo MRI. These ﬁndings were compared with mCT for validation.
OAI imaging data were then surveyed for HDMPs using the same criteria. The appearance of HDMPs identiﬁed in-vivo was compared to
validated ex-vivo ﬁndings to assess the viability of clinical scanning
technology as an identiﬁcation tool for HDMPs, in-vivo.
Results: HDMPs were identiﬁed in 19 of 23 ex-vivo knees by DESS MRI.
These were identiﬁed as features of low signal yield extending from the
SCB into HAC. Highly mineralised structures were conﬁrmed in 5 of 13
knees by mCT. Figure 1 shows examples of HDMPs identiﬁed, ex-vivo.
Seventeen of twenty-one OAI patients exhibited 1 HDMP in at least one
knee at baseline visit. Image data from subsequent annual scans showed
the persistence and development of many HDMPs, such as the example
shown in ﬁgure 2. Whilst HDMPs are variable in their size and shape,
their general appearance in DESS scans of OAI patients is consistent with
those seen in the higher quality images of ex-vivo joints.
Conclusions: We observe HDMPs in the human knee joint for the ﬁrst
time; HDMPs do form in knees with structural OA and they are identiﬁable by 3D DESS MRI. Conﬁrmation of HDMP density by mCT validates
this ﬁnding. Instances of ex-vivo DESS identiﬁcation which did not achieve mCT validation may be artefactual, or indicate the natural history of
HDMPs - known to be brittle - fragmented under loading. Persistence of
HDMPs in consecutive annual scans indicates those identiﬁed in OAI
patients are unlikely to be artefact. The apparent similarity of HDMPs
identiﬁed in-vivo and ex-vivo by similar MR sequences demonstrates the
feasibility of DESS as an HDMP detection method that can be used clinically. Given the links made between HDMPs and the development of OA,
evidence of their presence in knee joints may be signiﬁcant in developing
a better understanding the OA pathogenesis. With reﬁnement, DESS may
constitute a reliable identiﬁcation method for HDMPs sufﬁcient for their
presence to be considered a potential imaging biomarker for predicting
joint destruction in some forms of OA.

51
INTRAMENISCAL SIGNAL ALTERATIONS STRONGLY PREDICT
DESTABILIZING MENISCAL TEARS AND ACCELERATED KNEE
OSTEOARTHRITIS: DATA FROM THE OSTEOARTHRITIS INITIATIVE
J.B. Driban 1, J.W. MacKay 2, 3, T.E. McAlindon 1, M.S. Harkey 1, 4, B. Lu 5,
C.B. Eaton 6, G.H. Lo 7, 8, M.F. Barbe 9, R.J. Ward 1. 1 Tufts Med. Ctr., Boston,
MA, USA; 2 Addenbrooke's Hosp., Cambridge, United Kingdom; 3 Univ. of
East Anglia, Norwich, United Kingdom; 4 Univ. of Massachusetts Med.
Sch., Worcester, MA, USA; 5 Brigham & Women's Hosp. and Harvard
Med. Sch., Boston, MA, USA; 6 Alpert Med. Sch. of Brown Univ.,
Pawtucket, RI, USA; 7 Baylor Coll. of Med., Houston, TX, USA; 8 Houston
Hlth.Services Res. and Dev. (HSR&D) Ctr. of Excellence Michael E.
DeBakey VAMC, Houston, TX; 9 Temple Univ. Sch. of Med., Philadelphia,
PA, USA
Purpose: It is unknown whether early changes in the menisci (e.g.,
intrameniscal signal alterations) have long-term consequences. We
conducted a study to assess the prognostic potential of intrameniscal
signal alterations in relation to incident destabilizing meniscal tears
(radial or complex tears or macerated menisci) or accelerated knee
osteoarthritis (KOA).
Methods: We used existing magnetic resonance (MR)-based data from a
sex-matched nested case-control study of 3 groups from the Osteoarthritis Initiative without radiographic KOA at baseline (Kellgren-Lawrence (KL)<2): 1) accelerated KOA: developed KL 3 or 4 within 48
months; 2) typical KOA: increased in KL grade within 48 months
(excluding accelerated KOA); 3) no KOA: no change in KL grade within 48
months. From the original groups (n ¼ 375), we included people with
intact medial and lateral menisci at baseline (n ¼ 226) and 48-month
meniscal data (n ¼ 221). Two readers read annual intermediate-weighted
fat-suppressed MR sequences from baseline to the 48-month visit using a
modiﬁed version of the International Society of Arthroscopy, Knee Surgery, and Orthopaedic Sports Medicine meniscal tear classiﬁcation. The
readers assessed three regions (anterior, body, posterior) of the medial
and lateral menisci. The menisci were classiﬁed: normal, intra-meniscal
signal alteration, horizontal, horizontal ﬂap, vertical longitudinal, radial,
morphologic deformity, maceration, complex, or vertical ﬂap tear.
Meniscal status was operationally deﬁned: 1) normal (intact with no
signal intensity abnormalities), 2) intrameniscal signal alteration (intrameniscal increased signal on a ﬂuid-sensitive sequence that does not
extend to an articular surface), or 3) destabilizing meniscal tears (radial
[including root tears] or complex tears or maceration; medial meniscal
interobserver kappa ¼ 0.90; lateral meniscal kappa ¼ 0.63). We used two
logistic regression models to assess 1) whether the presence of medial
intrameniscal signal alteration (predictor) was associated with an incident medial destabilizing meniscal tear versus no incident medial
destabilizing meniscal tear (reference group), and 2) if the presence of
intrameniscal alterations in either meniscus predicted incident accelerated versus typical KOA (reference group) over the next 4 years.
Results: We analyzed 221 knees with intact medial and lateral menisci
at baseline. Overall, the study sample was mostly female (68%), with an
average age of 58 (8) years, and an average body mass index of 28.1 (4.8)
kg/m2. Sixty-ﬁve knees developed typical KOA and 61 developed
accelerated KOA during the 48 months. The presence of medial intrameniscal signal alterations was strongly associated with incident
medial destabilizing meniscal tears (odds ratio ¼ 3.0 [95% CI ¼ 1.4 to
6.6]; Table). Though numbers were small, 8 out of 9 incident lateral
destabilizing meniscal tears had lateral intrameniscal signal alterations
at baseline. The presence of baseline intrameniscal signal alteration in a
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knee also strongly predicted the onset of accelerated versus typical KOA
(odds ratio ¼ 3.7 [95% CI ¼ 1.7 to 8.0]; Table).

Table. The Presence of Baseline Intrameniscal Signal Alterations Predicts Future
Destabilizing Meniscal Tears and Incident Accelerated Knee Osteoarthritis
(KOA)
Outcome

Predictor

Outcome
Presence
Absent Present Odds Ratio
(95% CI)

No medial intrameniscal
signal alterations
Medial intrameniscal signal
alterations
No medial or lateral
Incident
intrameniscal signal
accelerated
alterations
KOA
Medial or lateral intrameniscal
(reference¼
signal alterations
typical KOA)
Note. 95% CI ¼ 95% conﬁdence interval
Incident Medial
Destabilizing
Meniscal Tear

122
(91%)
67
(77%)
34
(71%)

12 (9%) Reference
20
(23%)
14
(29%)

3.03 (1.40
to 6.59)
Reference

31
(40%)

47
(60%)

3.68 (1.71
to 7.95)

Conclusions: Intrameniscal signal alterations on intermediate-weighted fat-suppressed images may be clinically meaningful as they relate to
future outcomes. Intrameniscal signal alterations may be a potential
therapeutic target and warrants further study.
52
SEPARATE REGULATORY VARIANTS AT GDF5-UQCC1 UNDERLIE
COMMON KNEE OSTEOARTHRITIS RISK AND DEVELOPMENTAL
DYSPLASIA OF THE HIP
T.D. Capellini 1, P. Muthuirulan 1, A. Kiapour 2, Z. Liu 1, J. Cao 1, J. Sieker 3,
S. Yarlagadda 1, D.E. Maridas 4, V. Rosen 4, M. Young 1. 1 HARVARD Univ.,
Cambridge, MA, USA; 2 Boston Children’s Hosp., Harvard Med. Sch.,
Boston, MA, USA; 3 Tufts Med. Ctr., Boston, MA, USA; 4 HARVARD Sch. of
Dental Med., Boston, MA, USA
Purpose: In Europeans and Asians, a high frequency 130kb haplotype
spanning the GDF5-UQCC1 locus harbors genetic variants that are reproducibly associated with a number of prevalent skeletal diseases, including
common hip and knee osteoarthritis (OA) as well as developmental dysplasia of the hip (DDH). However, the causal variants for each disease
remain unknown. Here, we used a combination of functional genomic and
genetic studies to pinpoint separate single base pair regulatory changes
that lead to relevant hip and knee phenotypes when recapitulated in mice.
Methods: We ﬁrst used ATAC-seq to epigenetically proﬁle embryonic
human and mouse hip and knee chondrocytes in order to identify accessible chromatin sequences. These sequences were subsequently intersected DDH and knee and hip OA GWAS signals to identify putative genetic
variants of interest. We next used CRISPR-Cas9 to delete each enhancer
element in human chondrocytes and the mouse model, as well as to
generate separate mouse lines harboring a single base-pair replacement of
the each human risk variant. We used allele-speciﬁc expression assays and
chromatin immunoprecipitation to gauge how each modiﬁcation inﬂuences Gdf5 and nearby gene expression. We used histology, microCT followed by morphometrics to assess OA and shape phenotypes.
Results: This approach highlighted a putative DDH variant (G to A) in a
growth plate/hip enhancer (GROW1), and an OA variant (C to T) in a
knee enhancer (R4). We deleted each enhancer in human chondrocytes
and mouse models, and found that the enhancers are required for
normal expression of GDF5/Gdf5 (but not nearby genes). Phenotypically,
GROW1-/- mice had hip shape defects in the direction of human DDH,
while R4-/- mice had knee defects and developed OA, with shape correlating with OA severity. We tested the effects of the single base pair
GWAS risk variant in each enhancer using reporter assays in human
chondrocytes. Compared to non-risk alleles, each risk allele (DDH “A”,
knee OA “T”) markedly reduced GDF5 expression. To test the effects of
each risk variant in the most relevant experimental mammalian anatomical and physiological context, we used CRISPR-Cas9 allelic
replacement and knocked-in each disease-associated risk allele into the
endogenous enhancers of mouse Gdf5. Both GROW1A/þ or R4T/þ allelic
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replacement mice show lower Gdf5 expression in chondrocytes from
hips and knees, respectively. Phenotypically, allelic replacement mice
had hip (GROW1A/A) or knee (R4T/T) morphological alterations in the
directions of effect of enhancer loss and DDH and knee OA disease
progression. In each humanized enhancer mouse line, other hindlimb
joints were largely unaffected, highlighting how enhancer speciﬁcity
links to disease etiology. Finally, we used chromatin immunoprecipitation followed by Mi-Seq on each enhancer variant position and found
that PITX1, a key transcription factor involved in hip/knee development
and knee OA, was bound at each enhancer in humans in vitro and mouse
in vivo. Furthermore, risk variants reduced PITX1 binding in allelic
replacement mice, thus revealing a mechanism of action at each risk
variant in the context of DDH and knee OA.
Conclusions: Overall, these studies identify separate regulatory variants
on the same haplotype, but in distinct enhancers, that underlie common
human joint diseases at the GDF5 locus. Similar methods may help
identify causal GWAS variants for other diseases, and produce useful
humanized mouse models for mechanistic and treatment studies.
53
EPIGENOME-WIDE ASSOCIATION STUDY IN KNEE OSTEOARTHRITIS
GENERATES NOVEL INSIGHTS INTO DISEASE MECHANISMS
P. Kreitmaier 1, M. Suderman 2, L. Southam 1, J. Steinberg 1, 3,
J.M. Wilkinson 4, E. Zeggini 1. 1 Inst. of Translational Genomics, Helmholtz
2
Zentrum
München,
Neuherberg,
Germany;
MRC
Integrative
Epidemiology Unit, Bristol Med. Sch., Univ. of Bristol, Bristol, United
Kingdom; 3 Cancer Res. Div., Cancer Council NSW, Sydney, Australia;
4
Dept. of Oncology & Metabolism, The Univ. of Shefﬁeld, Shefﬁeld,
United Kingdom
Purpose: Osteoarthritis (OA) is a complex degenerative joint disease,
clinically characterized by chronic pain and stiffness. Affecting more
than 40% of people over the age of 70, OA contributes substantially to
public health burden. Yet in spite of its high prevalence, there is no cure
for OA, and current treatment methods are limited to pain management
and joint replacement. To promote the development of novel, efﬁcient
therapy approaches, it is ﬁrst necessary to unravel the genomic architecture of OA. Here, we investigated genome-wide DNA methylation in
cartilage and synovium tissue from 97 patients, the largest epigenetic
data set for knee OA. Speciﬁcally, we aimed to (1) characterize methylation marks of cartilage degeneration, (2) identify genotypedependent methylation changes (mQTL effects) and (3) investigate
causal effects of methylation loci on OA.
Methods: Genome-wide DNA methylation data from primary chondrocytes from macroscopically intact (low-grade) and degraded (highgrade) cartilage as well as synovium samples were generated from 97
patients that underwent total knee replacement for OA. Samples were
typed using the Illumina 450k or EPIC array technology, and with the
Illumina CoreExome chip. We conducted an epigenome-wide association study (EWAS) comparing matched low-grade and high-grade cartilage within the same individual to identify methylation marks of
cartilage degeneration. Cis-mQTLs were identiﬁed in synovium, lowgrade and high-grade cartilage across the genome. We used Mendelian
randomization (MR) to investigate putative causal effects between
methylation state and OA, and colocalisation analysis to identify causal
loci.
Results: The EWAS discovered 15,328 differentially methylated positions exceeding the genome-wide signiﬁcance threshold (p < 1.24e-7)
between low-grade and high-grade cartilage. We identiﬁed 2,477 differentially methylated regions linked to cartilage degeneration. These
regions were mapped to genes enriched in 20 Gene Ontology terms
related to developmental, signaling, and regulation related functions
including chondrocyte differentiation involved in endochondral bone
morphogenesis. The mQTL analysis revealed widespread associations
between genetic variants and methylation in all three examined tissues,
with partial overlap between tissue types. Moreover, two of the mQTLs
colocalised with OA-associated variants, thus helping resolve GWAS
signals. The application of MR identiﬁed methylation loci with a putative causal inﬂuence on OA.
Conclusions: In this study, we identify widespread epigenomic proﬁle
changes related to cartilage degeneration. We ﬁnd likely effector genes
for methylation and GWAS signals, enhancing our understanding of the
mechanisms underpinning disease development and progression in
osteoarthritis.
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LARGE-SCALE GENOME-WIDE META-ANALYSES PROVIDE INSIGHTS
FOR THE DEVELOPMENT OF NEW DISEASE MODIFYING TARGETS
FOR OSTEOARTHRITIS
nsdo
ttir 3, Y. Zhang 4,
K. Hatzikotoulas 1, C. Boer 2, L. Southam 1, L. Stefa
R. de Almeida 5, J. Zheng 6, A. Barysenka 1, [Genetics of Osteoarthritis
rsdo
 ttir 3, J. van Meurs 2,
Consortium]I. Meulenbelt 5, U. Styrka
M. Lee 4, E. Zeggini 1. 1Inst. of Translational Genomics, Helmholtz Zentrum
München, German Res. Ctr. for Environmental Hlth., Neuherberg,
Germany; 2 Dept. of Internal medicine, Erasmus MC, Med. Ctr.,
Rotterdam, Netherlands; 3 deCODE genetics, Amgen, Sturlugata 8, IS101
Reykjavik, Iceland; 4 Genomic Med. Inst., Geisinger Hlth.System, Danville,
17822, PA, USA; 5 Dept. of BioMed. Data Sci., Section Molecular
Epidemiology, Leiden Univ. Med. Ctr., 2300 RC Leiden, Netherlands;
6
MRC Integrative Epidemiology Unit, Univ. of Bristol, Bristol, United
Kingdom
Purpose: Osteoarthritis is the most prevalent musculoskeletal disease
with 250 million people affected worldwide. The heritable component
of osteoarthritis is ~50% and previous genetic studies have identiﬁed 86
risk loci in total. Here, we conduct the largest genome-wide association
studies (GWAS) meta-analysis for osteoarthritis to date to better
understand the genetic determinants of the disease and provide new
targets for discovery and translation into therapies.
Methods: We performed a genome-wide meta-analysis for osteoarthritis across 20 international cohorts in up to 830,743 individuals
(179,305 osteoarthritis patients), across 11 osteoarthritis phenotypes.
To identify putative effector genes and causal pathways, we integrated
results from a series of post-GWAS analyses, including single nucleotide
polymorphism (SNP) heritability, pathway analyses, genome-wide
linkage disequilibrium (LD) score regression, phenome-wide association studies (PheWAS), statistical ﬁne-mapping, expression and protein
quantitative trait loci (eQTL and pQTL) colocalization, two-sample
Mendelian randomization (MR) and examination of quantitative proteomics and RNA sequencing data for all genes within 1Mb of the
osteoarthritis-associated variants.
Results: We identiﬁed 100 statistically independent genome-wide
signiﬁcant variants (P1.3x10-8) associated with osteoarthritis, 52 of
which are novel at 50 loci, thus increasing the number of established
loci from 86 to 136. Five of these variants are rare (minor allele
frequency0.001) with large effect sizes (OR: 3.62-9.52). The majority
of variants are signiﬁcantly associated with multiple osteoarthritis
phenotypes, although some variants demonstrate a joint speciﬁc effect
within the power constraints of the study. Fine-mapping analysis shows
that in 7 of the 52 novel variants, a single variant can be postulated as
causal. We found TNC, SLC44A2 and FKBP11 show both differential
abundance and differential gene expression between paired intact and
degraded cartilage from osteoarthritis patients that had undergone
total joint replacement surgery. We observed colocalization with 5
genes in 4 different tissues from Genotype-Tissue Expression (GTEx)
database. Causal inference analysis identiﬁed ART4 to play an important
role in osteoarthritis of the ﬁnger and hand. Gene-set enrichment
analyses identiﬁed bone-, cartilage- and nerve- developmental pathways to be signiﬁcantly associated (false discovery rate<0.05) with
osteoarthritis. LD score regression analysis unveiled signiﬁcant correlations (FDR<0.05) between osteoarthritis and traits within the obesity,
cognition, smoking, bone mineral density and pain trait categories.
Similar traits were also identiﬁed by PheWAS. The estimates of SNP
heritability range between 11% and 57% among the 11 osteoarthritis
phenotypes.
Conclusions: In this study, we have identiﬁed 52 novel risk variants for
osteoarthritis, including novel loci associated with spine, ﬁnger and
thumb osteoarthritis. We have found evidence for a role of rare variation of large effect in osteoarthritis susceptibility. We have integrated
results from several strands of investigation to better understand the
genetic architecture of the disease and identify putative genes and
pathways of osteoarthritis pathogenesis, which represent attractive
targets for drug discovery.

55
THE MOLECULAR GENETICS AND EPIGENETICS OF COLGALT2, A RISK
LOCUS FOR OSTEOARTHRITIS
Y. Kehayova 1, J.M. Wilkinson 2, J. Loughlin 1, S.J. Rice 1. 1 Newcastle Univ.,
Newcastle upon Tyne, United Kingdom; 2 Univ. of Shefﬁeld, Shefﬁeld,
United Kingdom
Purpose: Genome wide association studies (GWAS) have identiﬁed over 90
association signals for osteoarthritis (OA). The majority of these mediate OA
susceptibility by affecting the expression of their target genes, and are known
as expression quantitative trait loci (eQTLs). Epigenetic modiﬁcations, such as
DNA methylation (DNAm), can also inﬂuence gene expression and act as
mediators between genotype at a single nucleotide polymorphism (SNP) and
gene expression. Correlation between SNP genotype and DNAm at a CG
dinucleotide (CpG) is known as a methylation quantitative trait locus
(mQTL). Detection of these QTLs gives insight into the mechanisms through
which OA genetic susceptibility acts. The largest OA GWAS to date reported
an association signal on chromosome 1q25.3, marked by SNP rs11583641
(C>T). A human cartilage methylome analysis revealed an mQTL at CpG
cg18131582, falling within an intronic enhancer. Both the SNP and CpG are
located within the gene body of COLGALT2, encoding procollagen galactosyltransferase 2, one of two enzymes required for the glycosylation of
nascent procollagen in the endoplasmic reticulum. This study assessed
whether COLGALT2 is the target gene of the rs11583641 OA association signal.
Methods: Nucleic acids were extracted from the articular cartilage of 85
patients that had undergone hip or knee arthroplasty. All samples were
genotyped at rs11583641. DNA was bisulﬁte converted and DNAm levels
were measured by pyrosequencing at 8 CpGs within the enhancer. These
were numbered CpG1-8, with CpG7 being the discovery CpG from the
array, cg18131582. RNA was reverse transcribed and COLGALT2 levels
measured by quantitative PCR (qPCR). Allelic expression imbalance (AEI)
analysis was performed by pyrosequencing. The enhancer region encompassing cg18131582 contains two SNPs: rs943409 (G>A) and rs734657
(C>A), with three naturally occurring haplotypes in European populations:
G/C, G/A and A/C. rs734657 is in high linkage disequilibrium with
rs11583641 (r2¼0.83, GBR). All three haplotypes were cloned in a CpG-free
Lucia reporter vector. These three constructs were in vitromethylated using
CpG Methyltransferase (M.SssI).The plasmids were transfected into the
chondrocyte cell line Tc28a2 and Lucia activity was measured.
Results: The mQTL reported in the cartilage methylome study (CpG7) was
replicated in the independent cohort of patients (P¼0.03, N¼85). Genotype
at rs11583641 was also found to correlate with DNAm levels at two additional
CpGs: CpG6, located 118bp upstream (P<0.0001), and CpG8 located 92bp
downstream (P¼0.0002) of CpG7. The risk-conferring C allele of rs11583641
is associated with a decrease in DNAm at all differentially methylated CpGs.
The AEI analysis of heterozygous individuals revealed that the risk-conferring
C allele is preferentially expressed over the non-risk allele, T, with a mean fold
increase of 2.12 (P¼0.005, N¼12). DNAm values measured at all 8 CpGs were
stratiﬁed by AEI for the 12 patients. At CpG1, a signiﬁcant correlation was
observed (P¼0.02), with consistent trends between AEI ratios and DNAm
observed across the enhancer. Gene expression levels of COLGALT2 were
signiﬁcantly increased (P¼0.03) in hip cartilage from OA patients (N¼13)
compared to age-matched neck of femur fracture control samples (N¼10).
Gene expression levels of COLGALT2 in hip and knee arthroplasty samples
(N¼34) were stratiﬁed by DNAm at the 8 CpGs. A signiﬁcant correlation was
observed at 5/8 CpGs (P<0.05) with increased DNAm corresponding to a
decrease in gene expression. When expressed in Tc28a2 cells, all three Lucia
reporter constructs showed enhancer activity above the empty vector control. The two haplotypes corresponding to the OA risk genotype, G/C and A/C,
showed a higher fold change in Lucia activity (2.52-fold, P¼0.011; and 3.95fold, P¼0.006, respectively) than the non-risk haplotype G/A (1.73-fold,
P¼0.05). This demonstrated an allelic effect upon enhancer activity in vitro,
and is consistent with our ﬁndings from the AEI analysis that the risk allele is
associated with an increase in COLGALT2 expression. Furthermore, in vitro
methylation of all three enhancer constructs resulted in reduced Lucia
activity, irrespective of haplotype.
Conclusions: At the OA risk locus marked by rs11583641, an OA-associated
eQTL and mQTL have been detected, with the risk allele correlating with a
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decrease in methylation and increase in expression of COLGALT2. Furthermore, methylation-expression quantitative trait loci (meQTLs) have
been detected, indicating that a reduction in methylation can lead to the
observed increase in gene expression. These discoveries in human cartilage
samples are validated by concordant results in in vitro reporter assays.
These data, along with the role of procollagen galactosyltransferase 2 in
collagen synthesis, make COLGALT2 a compelling effector gene at this risk
locus, and are strongly suggestive of a role in OA pathophysiology.
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EPIGENOMIC
ANALYSES
UNCOVERED
CHANGES
IN
DNA
METHYLATION ACCOMPANYING THE PROGRESSION OF POST
TRAUMATIC OSTEOARTHRITIS FOLLOWING DESTABILIZATION OF
MEDIAL MENISCUS SURGERIES, AND LRRC15 AS A POTENTIAL
CONTRIBUTING FACTOR TO THE DYSREGULATED PHENOTYPE OF
OSTEOARTHRITIS CHONDROCYTES
P. Singh 1, M. Wang 1, 2, S. Lessard 1, P. Mukherjee 3, C.B. Carballo 1,
S.A. Rodeo 1, M. Otero 1. 1 Hosp. for Special Surgery, NEW YORK, NY, USA;
2
Xi'an Jiaotong Univ., Xi'an, China; 3 Weill Cornell Med., NEW YORK, NY,
USA
Purpose: DNA methylation is one of the principal mechanisms by
which cells maintain stable phenotypes. Altered DNA methylation is
associated with abnormal gene expression in osteoarthritis (OA). In this
study we used the destabilization of the medial meniscus (DMM) model
to identify changes in DNA methylation patterns in the early phases of
OA, and to uncover novel genes that contribute to the dysregulated
phenotype of OA chondrocytes and to OA progression.
Methods: Articular cartilage was micro-dissected and used for RNA and
DNA isolation at 4 and 12 weeks after DMM surgeries. Total RNA was
used for RNA sequencing, and DNA was used for Reduced Representation Oxidative Bisulﬁte Sequencing (RRoxBS). Integration of RRoxBS and
RNAseq datasets identiﬁed genes with differential expression and
methylation. Changes in selected differentially expressed genes were
further validated using SYBR-green-based real-time PCR analyses. Histological and immunohistochemical assays were used to evaluate cartilage degradation and the presence of LRRC15 protein in human and
mouse OA cartilage. The cytokine- and methylation-dependent changes
in the expression of Lrrc15 were evaluated in vitro, using mouse and
human primary chondrocytes. Knockdown experiments were used to
study the contribution of Lrrc15 to the IL-1b-driven gene expression in
vitro.
Results: Histological scoring conﬁrmed the time-dependent progression of OA after DMM. RNAseq data comparisons between OA and
control samples uncovered 529 differentially expressed genes (DEGs) at
4 weeks post-DMM, and 589 DEGs by 12 weeks after surgery. Several
DEGs unique to early (4 weeks) and established (12 weeks) OA were
identiﬁed, along with overlapping DEGs. RRoxBS analyses revealed
signiﬁcant differences in DNA methylation between control and surgical groups at both 4 and 12 weeks. The number of differentially
methylated 5mCs and 5hmCs dramatically increased from 4 to 12 weeks
after DMM. Unique differentially methylated genes were identiﬁed for
early and established OA. Correlative analyses of RRoxBS and RNAseq
data identiﬁed genes that are differentially methylated and differentially expressed. Interrogation against human datasets showed that
the leucine-rich repeat containing 15 (Lrrc15) gene, which was among
the hypomethylated genes with increased expression at 4 weeks after
DMM, also displayed expression in human OA cartilage. We conﬁrmed
LRRC15 immunostaining in OA cartilage samples. IL1b- and TNFainduced expression of Lrrc15 in chondrocytes, and treatment with a
DNA methyl transferase inhibitor (5-aza-deoxycytidine) lead to
increased Lrrc15 mRNA in vitro. Lrrc15 knockdown experiments
showed that Lrrc15 contributes, at least in part, to the IL1b-driven
expression of catabolic genes relevant to OA, including Mmp3, Mmp13,
or Ptgs2.
Conclusions: Here, we show that the progression of PTOA following
DMM is accompanied by time-dependent CpG methylation changes in
cartilage. Our data further highlights the contribution of changes in
DNA methylation to the altered phenotype and gene expression of OA
articular chondrocytes. Our integrative analyses uncovered novel Lrrc15
gene that is differentially methylated and expressed in early OA disease,
and that it may contribute to the phenotypic dysregulation of articular
chondrocytes in OA disease. Further work will be required to dissect the
contribution of Lrrc15 to cartilage homeostasis and osteoarthritis,
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which in turn may help us uncover novel targets with therapeutic
potential.
57
UNIQUE CIRCULATING MICRORNA PROFILE IDENTIFIED IN EARLY
RADIOGRAPHIC KNEE OSTEOARTHRITIS
S.A. Ali 1, R. Gandhi 1, P. Potla 1, S. Keshavarzi 1, O. Espin-Garcia 1,
K. Shestopaloff 1, C. Pastrello 1, D. Bethune-Waddell 1, S. Lively 1,
A. Perruccio 1, R. Rampersaud 1, J. Rockel 1, I. Jurisica 1, T. Appleton 2,
M. Kapoor 1. 1 Arthritis Program, Univ. Hlth.Network, Toronto, ON, Canada;
2
Univ. of Western Ontario, London, ON, Canada
Purpose: The complex pathophysiology of osteoarthritis (OA) is likely
the result of a combination of local changes in the joint and systemic
changes throughout the body. There are relatively few large-scale
studies with clearly deﬁned patient cohorts that have proﬁled molecular differences in circulating factors in OA. Next generation sequencing
is considered to be the gold-standard approach for unbiased proﬁling of
targets of interest in tissues of interest. When applied to circulating
factors, this method presents the opportunity to comprehensively
proﬁle factors that may be associated with particular stages of disease,
offering the sensitivity and speciﬁcity required to identify novel and low
abundance transcripts. Among the circulating factors that can be proﬁled are microRNAs, small non-coding RNAs that negatively regulate
target gene expression. Poised as good biomarkers, microRNAs are
relatively stable, easy to detect, and easy to quantify. Traditionally
proﬁled using PCR panels and microarray, microRNAs can also be proﬁled using next generation sequencing, which enables discovery of
novel microRNAs. Here we use next generation sequencing to proﬁle
circulating microRNAs in carefully deﬁned cohorts of patients with
early and late stage radiographic knee OA. We hypothesize that a unique
proﬁle of known and novel circulating microRNAs is associated with
early stage radiographic knee OA, and that this can be used to better
understand and characterize early stages of OA.
Methods: Plasma samples from knee OA patients (N¼91) were obtained
from the Arthritis Program Knee Osteoarthritis BioBank at the University
Health Network in Toronto, Canada and the Western Ontario Registry for
Early Osteoarthritis (WOREO) Knee Study in London, Canada. Samples
included Kellgren-Lawrence grades 0 and 1 for early OA (N¼41), and
Kellgren-Lawrence grades 3 and 4 for late OA (N¼50). Patients with Kellgren-Lawrence grade 2 were excluded in an effort to clearly differentiate the
two cohorts of interest into early stage and late stage disease. Patient data
were collected for age, sex, body mass index, race, pain (Western Ontario
and McMaster Universities Osteoarthritis Index), and comorbidities.
MicroRNAs were isolated from plasma samples and subjected to library
preparation and sequencing on the Illumina NextSeq550 platform.
Sequencing reads were aligned to both miRBase v22.1 and the human
reference genome (Version GRCh38), counts were generated and normalized, and differential expression analysis was performed. Bioinformatics
tools were applied to predict novel microRNAs based on secondary structure and lack of homology with mouse microRNAs. Ongoing computational
biology analyses include target gene and pathway predictions.
Results: After ﬁltering sequencing reads for microRNAs with greater than
10 counts per million in at least 2 samples, 417 microRNAs were identiﬁed. Unbiased analysis of the data using principal component analysis
showed a clear separation of samples according to Kellgren-Lawrence
grade. Late stage samples clustered distinctly from early stage samples,
with component 1 explaining 58.2% of the variability in the dataset.
Exploring other variables, age, race, and pain were statistically different
between early and late groups. Age and race were among the factors
included in a multivariate model to identify differentially expressed
microRNAs by Kellgren-Lawrence grade. Using a false discovery rate
threshold of 0.01, there were 215 microRNAs identiﬁed, with 10 decreased
and 205 increased in the early OA group as compared to the late OA
group. A separate multivariate model exploring pain did not identify any
signiﬁcantly different microRNAs between high pain and low pain
groups, however a higher percentage of patients with early radiographic
OA reported high pain as compared to patients with late OA (P¼0.03).
Furthermore, when exploring novel microRNAs, 2 were identiﬁed to be
associated with both early radiographic OA and high pain.
Conclusions: The early OA cohort used in the current study represents a
highly relevant clinical population, showing early radiographic features
of OA and high pain. Our results indicate that next generation
sequencing is a useful approach for identifying circulating microRNAs in
OA. We discover that there is a unique proﬁle of known and novel
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microRNAs associated with early stages of radiographic knee OA. Next
steps include validation of these ﬁndings in a larger and longitudinal
cohort.
58
CHANGES IN MEDIAL COMPARTMENT LOADING AND ARTICULAR
CARTILAGE THICKNESS 24 MONTHS AFTER LIMB REALIGNMENT
SURGERY IN THE OPERATIVE AND NON-OPERATIVE LIMBS
R. Moyer 1, 2, T. Birmingham 3, 2, C. Primeau 3, 2, F. Eckstein 4, 5,
W. Wirth 4, 5, J.R. Gifﬁn 3, 2. 1 Dalhousie Univ., Halifax, NS, Canada; 2 Wolf
Orthopaedic Biomechanics Lab, London, ON, Canada; 3 Western Univ.,
London, ON, Canada; 4 Paracelsus Med. Univ., Salzburg, Austria;
5
Chondrometrics GmbH, Ainring, Germany
Purpose: High tibial osteotomy (HTO) is a limb realignment surgery for
patients with medial compartment knee osteoarthritis (OA) and varus
alignment. The surgery is proposed to improve aberrant knee joint
loading and thereby alter disease progression. The purpose of the
present study was to quantify and compare changes in MRI-based
measures of medial articular cartilage thickness and 3D gait analysisbased measures of medial-to-lateral knee load distribution preoperatively, and at 12 and 24 months postoperatively in both the
operative and non-operative limbs.
Methods: Patients with clinical and radiographic evidence of medial
compartment knee OA were recruited. To be included in this study,
participants were required to have varus malalignment, Kellgren and
Lawrence (KL) Grades 3 and pain localized primarily in the medial
knee. All participants underwent bilateral MR imaging acquired using a
3T Siemens PRISMA scanner and sagittal double-echo steady state
(DESS) sequencing, and 3D gait analysis, before, 12 months and 24
months after medial opening wedged HTO. The medial femorotibial
cartilage compartments were segmented manually using proprietary
software (Chondrometrics GmbH) by readers blinded to limb and time.
An independent researcher masked all but the articular surfaces on all
MRIs. The sums of the mean thickness in the medial tibia (MT) and
central weight-bearing region of the medial femoral condyle (cMF)
were used to calculate the cartilage thickness in the medial femorotibial
compartment (MFTC). The peak external knee adduction moment
(KAM) was calculated using inverse dynamics to represent medial-tolateral knee load distribution. Means and standard deviations were
calculated for MFTC articular cartilage thickness and KAM in both knees
at each study time point. Change scores (postoperative minus preoperative time point) with 95% conﬁdence intervals (95%CI) were also
calculated for 12 and 24 month data. The number of individual knees
with increases that exceeded the previously suggested smallest
detectable change (SDC) in medial articular cartilage thickness
(MFTC¼111mm) was then determined for operative and non-operative
limbs and used to identify clear articular cartilage responders. Lastly,
the associations of changes in MFTC thickness with KAM were investigated using Pearson correlation coefﬁcients.
Results: Thirty-four patients participated (age: 54±6 years, 28/6 males/
females, BMI: 30.1±4.2 kg/m2). Radiographic lower limb alignment at
baseline was 6.5±4.2 degrees varus and 3.7±2.5 degrees varus in the
operative and non-operative limbs, respectively. Articular cartilage
thickness in the MFTC preoperatively, and 12 and 24 months postoperatively was 2887±872mm, 2942±826mm, and 2916±853mm in the
operative limb, and 3705±668mm, 3633±699mm, and 3625±716mm in
the non-operative limb. Change scores in MFTC articular cartilage
thickness from preoperative to 12 and 24 months postoperative in both
limbs are illustrated in Figure 1. At the 24-month follow-up, 8 patients
(25%) had an increase in MFTC in the operative limb greater than the
SDC. One patient (3%) had an increase in MFTC in the non-operative
limb greater than the SDC. Compared to preoperative, the KAM in the
operative limb decreased 1.08%BWxHt (95%: 0.76, 1.40) at 12 months
and 1.23%BWxHt (95%: 0.92, 1.53) at 24 months postoperative. The KAM
in the non-operative limb increased 0.25%BWxHt (95%: 0.08, 0.42) at 12
months postoperative and was maintained at 24 months postoperative.
Pearson correlation coefﬁcients (r) between the increases in MFTC
thickness and decreases in the external KAM for the operative limb
were 0.47 at 12 months and 0.30 at 24 months; the correlations within
the subgroup of patients that had the greatest increases in cartilage was
0.82 at 12 months and 0.91 at 24 months.

Figure 1. The mean change in articular cartilage thickness from
preoperative to 12 and 24 months postoperative in the medial
(MFTC) femorotibial compartments. Vertical bars represent the 95%
conﬁdence interval.

Conclusions: The present results suggest opposite changes in the
operative and non-operative limbs for medial knee loading and medial
articular cartilage thickness after unilateral medial opening wedge HTO.
Increases in articular cartilage thickness after HTO are variable among
patients, suggesting some clear responders with substantial increases
in articular cartilage thickness, and some without. Future research
should focus on potential predictors of response.
59
IN THOSE WITH UNILATERAL FREQUENT KNEE PAIN, BETWEENLIMB DIFFERENCES IN STANCE TIME DURING WALKING INCREASE
THE RISK OF PAIN IN THE OTHER KNEE: THE MOST STUDY
P. Corrigan 1, D.T. Felson 2, C.L. Lewis 2, K.D. Gross 3, M.C. Nevitt 4,
C.E. Lewis 5, J.C. Torner 6, J.J. Stefanik 1. 1 Northeastern Univ., Boston, MA,
USA; 2 Boston Univ., Boston, MA, USA; 3 MGH Inst. of Hlth.Professions,
Boston, MA, USA; 4 Univ. of California San Francisco, San Francisco, CA,
USA; 5 Univ. of Alabama, Birmingham, AL, USA; 6 Univ. of Iowa, Iowa
City, IA, USA
Purpose: Frequent knee pain (FKP) is a symptom of knee osteoarthritis
(OA) and typically begins in one knee. However, bilateral FKP is common among people with end-stage knee OA. Bilateral FKP is concerning
because it may be associated with greater functional decline, worse
quality of life, and higher healthcare costs compared to unilateral FKP.
To reduce the incidence of bilateral FKP, modiﬁable risk factors need to
be elucidated so that targeted interventions can be developed that
prevent the development of bilateral FKP in persons with unilateral FKP.
Between-limb differences in stance time during walking may be a
modiﬁable risk factor that plays a role in the development of contralateral FKP in individuals with unilateral FKP. A longer stance time on
the unaffected limb compared to the affected limb may put greater
demands on the unaffected knee, which over time could lead to pain.
The purpose of this study was to determine if stance time on the
unaffected limb relative to the affected limb is a risk factor for incident
FKP in the unaffected limb among individuals with unilateral FKP at
baseline.
Methods: Participants were included from the Multicenter Osteoarthritis (MOST) study. MOST is a NIH-funded, longitudinal cohort study
of individuals with or at risk of developing knee OA. Individuals with
unilateral FKP (i.e., pain on most days of the past month) at the 60month study visit were included. Individuals were excluded from
analysis if the gait evaluation at the 60-month study visit was not
completed. Reasons for not completing the gait evaluation included
amputation proximal to the toes, surgery/injury within the past 6
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months that restricted weight-bearing >1 week, a neurologic condition
that made walking or standing difﬁcult, and use of an assisted device or
brace most of the time when walking. Additionally, persons who
withdrew, passed away, or had a knee or hip replacement surgery
before the 84-month study visit were excluded. Participants completed
walking trials over a 4.9 meter instrumented GAITRite walkway (CIR
Systems, Inc., Havertown, PA) in their normal walking shoes. Each trial
started and stopped 1.5 meters before and after the walkway to avoid
acceleration and deceleration. Four walking trials at the participant’s
usual gait speed were performed after a practice trial. During each trial,
stance time was collected for each step as the duration of time (in
milliseconds (ms)) between initial contact and toe-off. Average stance
time was determined for each limb by averaging stance time for each
step within a trial then averaging across the trials. A stance time limb
symmetry index (LSI) was then calculated (LSI (%) ¼ unaffected limb
/affected limb*100), with values >100% indicating longer stance time on
the unaffected limb, values <100% indicating longer stance time on the
affected limb, and 100% indicating equal stance times. Incident FKP in
the unaffected knee at the 60-month study visit was considered to be
present if FKP was reported for that knee at the 84-month study visit.
Logistic regression was used to determine the relation of stance time LSI
to incident FKP on the unaffected limb. Covariates included age, sex,
BMI, race, gait speed, previous knee surgery/injury on the unaffected
limb, and knee pain severity (assessed 0-100) on the unaffected limb.
Odds ratios with 95% conﬁdence intervals for each analysis were
determined.
Results: 300 participants in the MOST cohort at the 60-month study
visit had unilateral FKP and ﬁt the current eligibility criteria. 63% were
female, 86% were white, and 26% had a previous surgery/injury on their
unaffected knee. The mean (SD; min-max) age was 66.9 (8.1; 55.5-84.9)
years and BMI was 31.2 (6.8; 20.4-62.4) kg/m2. For the gait evaluation,
mean stance time was 708 (69; 529-986) ms on the affected limb and
712 (72; 514-970) ms on the unaffected limb, with an LSI of 99.5 (2.8;
89.9-119.2) %. Of the 300 participants, 97 (32%) developed FKP in their
previously unaffected knee by the 84-month study visit. Stance time LSI
was signiﬁcantly associated with incident FKP in the previously unaffected limb. For a ﬁve-unit increase in LSI (i.e., 5% longer time spent on
the unaffected limb), there was a 67% increased odds of incident FKP
(OR 1.67, 95%CI 1.03-2.69, p¼0.04). A sex-stratiﬁed analysis was also
performed. For females, a ﬁve unit increase in stance time LSI was
associated with a 86% increased odds in incident FKP (OR 1.86, 95%CI
1.01-3.43, p¼0.048), while for males a ﬁve unit increase in stance time
LSI was associated with a 65% increased odds in incident FKP (OR 1.65,
95%CI 0.71-3.83, p¼0.24).
Conclusions: A high proportion (32%) of individuals with unilateral FKP
have FKP in their unaffected limb at 2-year follow-up. Longer stance
time on the previously unaffected limb compared to the affected limb
during walking was found to be a risk factor for developing FKP. The
effect was similar between men and women. Future research is needed
to determine how to best intervene.
60
PLANTAR PRESSURE-BASED AUDITORY FEEDBACK FACILITATED GAIT
RETRAINING TO REDUCE KAM - A LONGITUDINAL FEASIBILITY
STUDY
J. He, C. Ferrigno, N. Shakoor, M. Wimmer. Rush Univ. Med. Ctr., Chicago,
IL, USA
Purpose: The knee adduction moment (KAM) is a surrogate measure of the ratio of knee compartmental loads that associates with
the progression of medial knee OA. Multiple gait modiﬁcations have
been developed to alter KAM, however, a strategy to promote
learning of these gait modiﬁcations is lacking. A wireless pressuredetecting shoe insole (OpenGo, Moticon) contained in a standardized ﬂexible shoe (FlexOA, Dr. Comfort), a smartphone, and a
customized app were employed to facilitate gait retraining at home.
The purpose of this longitudinal pilot study was to examine the
efﬁcacy of home-based gait retraining in individuals with medial
knee OA. We hypothesized that KAM would reduce after 3 weeks of
training, and the KAM reduction would remain, but attenuate, after
a period free of training.
Methods: Individuals with symptomatic medial knee OA were
recruited and randomized into the intervention and control group
(2:1) for the clinical trial (NCT02955225). Qualiﬁed subjects attended
3 study visits spaced evenly over 6 weeks. For the intervention group,
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the insole was programmed to send real-time data from two lateral
sensors to a smartphone for the generation of auditory feedback to
cue a medial weight shift. A researcher supervised feedback gait
retraining during Week 0, assessed subjects’ immediate response,
and sent subjects home to continue gait retraining using feedback for
3 x 5 min/day and 6 days/week during the ﬁrst 3 weeks. For the
second 3 weeks, the intervention group recorded pressure instead of
gait retraining (washout). The control group received the same
gadgets, underwent no feedback gait retraining, and was asked to
record pressure following similar schedule throughout the study
period. During all 3 lab visits, clinical surveys were taken and 3D gait
analysis was performed while subjects walked with their natural gait
at a self-chosen comfortable pace in their own shoe and the standardized shoe. The intervention group additionally walked with the
modiﬁed gait with feedback (Week 0) and without feedback (Week 3
& 6). Statistical analyses were performed using the general linear
mixed-model procedure in SAS (University Edition, SAS Institute).
The ﬁxed effects were Shoe, Visit, Gait, interaction Shoe x Visit, and
Gait x Visit, and a random intercept accounted for differences
between subjects at baseline. Inferences were based on Type 3 tests.
Signiﬁcant ﬁndings were followed-up using Dunnett’sy or Tukey’sz
method where appropriate.
Results: 33 individuals participated with one in the intervention group
missing the last visit. There was no difference in characteristics between
the groups (Table 1). Both groups improved similarly with respect to
pain (VAS) and all subcategories of the KOOS. Results from the control
group suggested that the standardized shoe increased stride by 0.07 m
(p ¼ 0.048) and subjects walked 0.043 m/s faster (p ¼ 0.014) per visit,
but neither shoe nor time had signiﬁcant inﬂuence on knee moments.
Similar results regarding Shoe effect were found in the intervention
group. Gait had signiﬁcant effect on various variables of the intervention group. The intervention group by modifying their gait reduced
the ﬁrst peak of KAM (KAM1) by 0.187 %BW*HT, while their ﬂexion and
extension moments decreased by 0.127 %BW*HT and 0.171%BW*HT,
respectively (Table 2). They also showed reduced speed (0.064 m/s) and
cadence (1.96 stride/min) performing the modiﬁed gait. Considering
within-visit KAM1 reduction, there was no difference between Week 0
and 3 (0.187 vs. 0.204 %BW*HT, pz ¼ 0.959), but KAM1 reduction signiﬁcantly attenuated at Week 6 (0.005 %BW*HT) when compared to
Week 0 and 3 (pz ¼ 0.036 & 0.020, respectively). The ability to reproduce (Week 3) the gait modiﬁcation did not seem to inﬂuence subjects’
natural gait. There was no signiﬁcant difference in KAM1 with respect to
Visit and Visit x Gait, and as compared to KAM1 of natural gait at Week
0, KAM1 of natural gait at Week 3 and 6 did not differ (py ¼ 0.342, 0.772,
respectively).
Conclusions: Pressure-based feedback aided subjects to learn a gait
modiﬁcation, aimed to reduce KAM1, in a home-based gait retraining
program. Subjects were able to recall the gait modiﬁcation and showed
KAM1 reduction when feedback was removed at the Week 3 visit.
However, 3 weeks were short for motor learning. Attenuated KAM1
reduction suggested there was no retention of the gait modiﬁcation
indicating that motor learning only reached an early stage. Future
studies should extend training duration, investigate different feedback
paradigms, and enhance adherence by discussing and aligning training
goals with subjects. It is also important to analyze and understand the
differences in other variables such as the ground reaction force in
relation to KAM1 reduction.

Table 1. Characteristics, expressed as mean (sd), of the groups were not different

Subject Number
Gender: Female/Male
Education: HS/Coll/Grad
KL Grade II/III
Age [year]
Mass [kg]
Height [m]
BMI

Intervention

Control

p

21
18/3
2/12/7
10/11
62 (9)
83.3 (16.9)
1.64 (0.08)
30.8 (5.5)

12
8/4
1/8/3
4/8
63 (8)
81.4 (12.6)
1.67 (0.10)
29.3 (3.4)

0.781
0.723
0.527
0.327
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Table 2. Signiﬁcant differences were found with respect to Gait and Visit but not their interaction
Type 3 Tests for Fixed Effects
Gait
F(1, 150)
Spatiotemporal Measures
Speed [m/s]
20.44
Stride [m]
3.61
Cadence [stride/min]
23.83
External Knee Moment [%BW*HT]
Flexion
4.85
Extension
5.75
Abduction
0.20
Adduction Peak 1
5.21
Adduction Peak 2
0.48
External Rotation
0.05
Internal Rotation
0.88

Diff. in Least Square Means
Visit

Wk 0 vs. 3

Wk 3 vs. 6

p

F(2, 150)

p

Estimate

Estimate

Estimate

< 0.001
0.060
< 0.001

1.87
2.92
4.29

0.157
0.057
0.016

-0.064
-0.006
-1.96

0.008
0.028
0.74

0.027
0.014
0.499

0.029
0.018
0.652
0.024
0.491
0.818
0.350

1.67
3.59
2.45
2.55
4.15
0.49
2.14

0.192
0.030
0.090
0.081
0.018
0.612
0.121

-0.127
-0.171
-0.041
-0.187
0.083
-0.002
-0.005

-0.042
0.227
-0.069
0.076
0.052
0.008
0.029

0.192
0.018
0.008
0.091
0.121
<-0.001
0.018

61
LONGITUDINAL CHANGES IN KNEE JOINT GAIT MECHANICS AND
MUSCLE ACTIVATION PATTERNS IN INDIVIDUALS WITH MEDIAL
COMPARTMENT KNEE OSTEOARTHRITIS
C.L. Hubley-Kozey 1, W.D. Stanish 1, N. Urquhart 1, D.M. Ikeda 1,
J. L. Astephen Wilson 2. 1 Dalhousie Univ., Halifax, NS, Canada;
2
McMaster Univ., Hamilton, ON, Canada
Purpose: Several cross-sectional studies have identiﬁed gait mechanics
and muscle activation pattern differences among individuals with knee
osteoarthritis (OA) across clinical and structural disease severities and
there is emerging evidence that these patterns can be predictive of
progression outcomes. There are few follow up gait studies to determine whether gait changes that take place over time are consistent with
these cross-sectional data. The purpose of this study was to determine if
there are longitudinal (within 9 years follow up) changes in the knee
adduction moment (KAM), the knee ﬂexion moment (KFM) and quadriceps and hamstring muscle activation patterns during walking in
those with moderate medial joint knee osteoarthritis and if there were
time-dependent differences in these measures between those who
progressed to receiving a total knee arthroplasty (TKA) within the
timeframe versus those who did not. The ﬁndings were assessed as to
whether they are consistent with cross-sectional features of clinical
status or those predictive of structural knee OA progression.
Methods: Participants were included in this study from a previous
cohort if they were diagnosed with knee osteoarthritis based on
symptomatic and radiographic evidence and had baseline three
dimensional motion, ground reaction force and surface electromyograms (EMG) of the vastus lateralis (VL) and medialis (VM) and lateral
(LH) and medial (MH) hamstrings recorded during self-selected speed
over ground walking and had a follow up gait assessment at least 8

Gait

years post baseline or had knee arthroplasty surgery (TKA) within 8
years and a gait assessment prior to TKA. All participants were classiﬁed
as moderate OA at baseline based on physical function level and nonsurgical candidates. KAM and KFM waveforms calculated from inverse
dynamics were amplitude normalized (body mass (Nm/Kg)), and EMG
waveforms were normalized to maximum voluntary isometric contractions (MVIC). Moments were time normalized to % stance and EMG
to % gait cycle. Principal Component Analysis (PCA) was applied to all
waveforms to capture magnitude (PC1) and differences operator (PC2)
features. All participants had baseline and follow-up standard anterior
and lateral radiographs scored by two orthopedic surgeons (WDS and
NU), completed a Western Ontario and McMaster Osteoarthritis Index
(WOMAC) and performed MVIC knee extensor (KE) and knee ﬂexor (KF)
strength tests. Two-factor ANOVAs tested for main effects of group and
time and group by time interactions for all variables (a¼0.05).
Results: Twenty-four participants were identiﬁed; 13 had not had TKA
(no TKA) at follow up and 11 did undergo TKA surgery. The average time
to follow up gait assessment for no TKA was 8.5 years (þ/-0.16) and for
the TKA group was 4.3 (þ/-0.8) years. The time from follow up gait
assessment to TKA surgery was 2.7 (þ/-1.4) years. The median KL grade
was 3 for both groups at baseline and the no TKA group at follow-up,
and the median for the TKA group at follow-up was 4. Means and
standard deviations for baseline and follow-up data are in Tables 1 and
2. Post hoc analysis were performed on three signiﬁcant interactions:
WOMAC pain, KE strength and KFM PC2. Follow up TKA WOMAC pain
was higher than the no TKA and the no TKA follow up was lower that the
no TKA baseline. The TKA group follow up KE strength was lower than
TKA baseline. The TKA KFM PC2 at follow up was lower than baseline
and the no TKA group (Figure). The TKA group had signiﬁcantly higher
KAM overall magnitude (PC1) and more prolonged VL and LH activity
(PC2) than no TKA group (Figure).

Table 1. Demographics for No TKA and TKA groups (Mean (SD)). *t-test between groups at Baseline only

Age (years)
BMI (kg/m2)
WOMAC pain (/20)
Walking speed (m/s)
KE strength (Nm/kg)
KF strength (Nm/kg)

No TKA Baseline
(9 men)

No TKA
Follow-up

TKA Baseline (7 men)

TKA
Follow-up

Group
pvalue

59 (8)
31.3 (5.1)
6.0 (4.4)
1.27 (0.26)
1.40 (0.41)
0.62 (0.18)

68 (8)
31.2 (5.2)
3.9 (3.8)
1.15 (0.25)
1.40 (0.41)
0.57 (0.15)

56 (5)
28.4 (4.9)
6.4 (2.6)
1.29 (0.13)
1.46 (0.47)
0.68 (0.28)

60 (5)
28.9 (5.9)
7.5 (4.0)
1.20 (0.21)
1.24 (0.27)
0.58 (0.14)

0.247*
0.233
0.178
0.658
0.769
0.604

Session
p-value

Interaction
p-value

0.557
0.404
0.014
0.047
0.083

0.473
0.016
0.696
0.045
0.540
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Table 2. Baseline and Follow-up PC scores for No TKA and TKA groups (mean (SD))

KAM PC1
KAM PC2
KFM PC1
KFM PC2
VL PC1
VL PC2
VM PC1
VM PC2
LH PC1
LH PC2
MH PC1
MH PC2

No TKA Baseline (9 men)

No TKA Follow-up

TKA Baseline (7 men)

TKA Follow-up

Group p-value

Session p-value

Interaction p-value

-0.15 (1.14)
0.05 (0.44)
0.37 (1.00)
-0.03 (1.31)
163.3 (137.6)
-17.6 (25.1)
177.9 (95.7)
-18.0 (43.8)
131.0 (48.4)
-21.0 (37.7)
118.5 (50.2)
-25.2 (32.2)

-0.20 (1.30)
-0.10 (0.45)
0.16 (0.96)
-0.28 (0.87)
173.2 (75.9)
-15.4 (34.2)
188.7 (85.8)
-18.1 (41.4)
166.6 (76.1)
-18.7 (57.5)
148.9 (69.6)
-31.7 (50.9)

1.05 (0.92)
0.03 (0.53)
-0.79 (1.12)
-0.07 (0.70)
134.4 (58.5)
3.02 (33.8)
116.4 (63.6)
0.71 (27.0)
163.5 (70.8)
38.9 (68.6)
103.6 (50.1)
-8.43 (39.1)

1.02 (1.50)
-0.28 (0.48)
-0.18 (1.37)
-1.04 (0.82)
178.8 (81.5)
18.8 (47.4)
149.1 (92.7)
17.4 (38.3)
170.5 (76.4)
49.8 (72.2)
101.0 (62.3)
-14.3 (43.0)

0.016
0.570
0.050
0.272
0.738
0.033
0.122
0.070
0.453
0.013
0.153
0.288

0.841
0.020
0.471
0.002
0.149
0.277
0.180
0.243
0.166
0.299
0.238
0.382

0.951
0.408
0.151
0.054
0.352
0.412
0.493
0.238
0.347
0.496
0.165
0.963

Conclusions: The group that did not receive a TKA had similar
baseline WOMAC pain scores, self-selected walking velocity and
muscle strength as the baseline measures for the group that
underwent TKA. The TKA group had a higher KAM magnitude at
baseline consistent with cross-sectional studies and predictive
studies of structural and clinical progression. Interesting was that
the pain in the TKA group at follow up was higher and KE strength
lower than the no TKA group where the dynamic knee loading
feature (KFM PC2) was consistent with a stiff knee gait pattern and
less ability to unload the joint, a feature shown to be predictive of a
TKA outcome. Knee muscle strength was not different between the
two groups at baseline, but the more prolonged activity in the TKA
group supports the hypotheses of sustained loading and altered
dynamic muscle function. This combination of baseline and changes
in features over time provide insight on the interactive effects of
joint and muscle function with changes in clinical status based on
structural and symptom changes, and provides support for features
previously associated with progression.
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DISPENCED PRESCRIPTIONS OF ANALGESICS PRIOR TO ENTERING AN
OSTEOARTHRITIS CARE PROGRAM. A NATIONAL REGISTRY LINKAGE
STUDY
€ck-Svensson 2, C. Zhou 2, K. Gustafsson 1,
A. Abbott 1, G. Limba
€stra
€ping Univ., Linko
€ping, Sweden; 2 Va
O. Rolfson 2. 1 Linko
€talandsregionen, Gothenburg, Sweden
Go
Purpose: To investigate the number of individuals with dispensed
prescriptions for analgesics in a cohort 3 years prior to commencing
core interventions for symptomatic hip and knee OA (BOA cohort)
compared to a matched control cohort. This to benchmark against
recommendations from the national guidelines for OA.

Methods: An observational national registry linkage study. The BOA
cohort (n¼72069) included patients who were registered in the BOA
national registry on commencement of core interventions for hip och
knee OA between 2008 and 2016. A reference cohort (n¼72069) from
the Swedish Population Register was formed based on matching the
BOA cohort to control references (1:1) regarding birth year, sex and
residence. Dispenced prescriptions for the BOA cohort 3 years prior to
core interventions and for the matched control cohort were linked to
from the Swedish Prescribed Drug Register. Proportions and chi-squares
statistics were used to describe and compare cohorts with respect to
national guidelines for OA.
Results: 1. Swedish national guidelines released 2012 recommend that
individuals with symptomatic hip or knee osteoarthritis (OA) receive
core interventions such as patient education, exercise and weight
management before considering adjunct pharmacological interventions. Before compared to after 2012, prescriptions for analgesics
signiﬁcantly reduced (p<0.001) within the BOA cohort from 80.1%
(n¼6107/7625) to 74.6% (n¼48078/64444) while for the control
cohort, prescriptions were similar before 49% (n¼3734/7625) and after
48.7% (n¼31398/64444). The proportional difference in changes
between the BOA and control cohorts was statistically signiﬁcant
(p<0.001). 2. Swedish guidelines recommend against the prescription
of glucosamine for OA. Before compared to after 2012, prescriptions
signiﬁcantly reduced (p<0.001) within the BOA cohort from 15.2%
(1159/7625) to 4.4% (n¼2837/64444) and for the control cohort from
3.8% (n¼291/7625) to 1.2% (n¼790/64444). The proportional difference in reductions between the BOA and control cohorts was however
statistically non-signiﬁcant (p¼0.178). 3. Swedish guidelines recommend against the prescription of Hyaluronic acid injection for OA.
Before compared to after 2012, prescriptions signiﬁcantly reduced
(p<0.001) within the BOA cohort from 2.2% (n¼168/7625) to 0.5%
(n¼340/64444), while for the control cohort, prescriptions were
almost non-existent before (0.2%, n¼12/7625) and after 2012 (0.1%,
n¼61/64444). The proportional difference in reductions between the
BOA and control cohorts was statistically signiﬁcantly larger for the
BOA cohort (p¼0.004). 4. Swedish guidelines contain a weak-moderate priority recommendation for NSAIDS as an adjunct treatment
when core interventions have not given satisfactory results. Before
compared to after 2012, prescriptions signiﬁcantly reduced (p<0.001)
within the BOA cohort from 66.5% (n¼5069/7625) to 64.9% (n¼37052/
64444), while for the control cohort prescriptions signiﬁcantly
increased from 33.5% (n¼2558/7625) to 35.1% (n¼20062/64444). The
proportional difference in changes between the BOA and control
cohorts was statistically signiﬁcant (p¼0.006). 5. Swedish guidelines
contain a weak priority recommendation for paracetamol as an
adjunct treatment when core interventions have not given satisfactory
results. Before compared to after 2012, prescriptions signiﬁcantly
reduced (p<0.001) within the BOA cohort from 63.4% (n¼3822/7625)
to 61.5% (n¼31810/64443), while for the control cohort prescription
signiﬁcantly increased from 36.6% (n¼2202/7625) to 38.5% (n¼20450/
64444). The proportional difference in changes between the BOA and
control cohorts was statistically signiﬁcant (p¼0.003). 6. Swedish
guidelines contain a weak priority recommendation for weak opioids
as an adjunct treatment when core interventions have not given satisfactory results. Before compared to after 2012, prescriptions signiﬁcantly reduced (p<0.001) within the BOA cohort from 31.9%
(n¼2434/7625) to 25.1% (n¼16174/64444), while for the control
cohort prescription signiﬁcantly decreased from 20.1% (n¼1531/7625)
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to 17% (n¼10963/64444). The proportional difference in decreases
between the BOA and control cohorts was statistically signiﬁcantly
larger in the BOA cohort (p¼0.032). 7. Swedish guidelines contain a
low priority recommendation for strong opioids as an adjunct treatment when core interventions or other pharmacological interventions
have not given satisfactory results. Before compared to after 2012,
prescriptions signiﬁcantly increased (p<0.001) within the BOA cohort
from 4.5% (n¼343/7625) to 9.4% (n¼6087/64444), while for the control cohort prescriptions signiﬁcantly increased from 4.7% (n¼362/
7625) to 8.8% (n¼5647/64444). The proportional difference in
increases between the BOA and control cohorts was not statistically
signiﬁcantly different.
Conclusions: In discordance with national guidelines for OA, prescription medications are commonly provided as ﬁrst line treatment for
80% of routine care cases in the BOA cohort, which is 30% more than the
control cohort. Since the release of the guidelines in 2012, this level has
reduced by 5.5% in the BOA cohort and future efforts are required to
promote ﬁrst line core interventions. Recommendation against the
prescription of glucosamine or hyaluronic acid injection for OA have
good compliance in routine care. Approximately 65% of prescriptions in
the BOA cohort are for NSAIDS and paracetamol, approximately 30%
more than the control cohort with little change since the release of
national guidelines. The prescription of weak opioids has reduced but
there is a trend of increased prescription of strong opioids which is
important to reduce in the future.
63
THE EFFECT OF PERCEIVED KNEE JOINT INSTABILITY ON RESPONSES
TO EXTERNAL PERTURBATIONS DURING GAIT IN PATIENTS WITH
KNEE OSTEOARTHRITIS
J. Schrijvers 1, J. van den Noort 1, 2, M. van der Esch 3, 4, J. Harlaar 1, 5.
1 Amsterdam UMC, Vrije Univ.it, Dept. of rehabilitation medicine,
Amsterdam Movement Sci., Amsterdam, Netherlands; 2 Amsterdam UMC,
Univ. of Amsterdam, Med. Imaging Quantiﬁcation Ctr. (MIQC), Dept. of
Radiology and Nuclear Med., Amsterdam Movement Sci., Amsterdam,
Netherlands; 3 Amsterdam Rehabilitation Res. Ctr., Reade, Amsterdam,
Netherlands; 4 Achieve, Faculty of Hlth., Amsterdam Univ. of Applied Sci.,
Amsterdam, Netherlands; 5 Delft Univ. of Technology, Dept. of
Biomechanical Engineering, Delft, Netherlands
Purpose: Instability of the knee joint is reported by a majority (>65%) of
patients with knee osteoarthritis (KOA) and is hypothesized to play a
crucial role in the initiation and progression of KOA. A generally
accepted objective metric of knee joint stability is lacking, making
development of diagnostics and treatment options for knee joint
instability more difﬁcult. Such a metric should be based on how gait
biomechanics and muscle activation in the unstable knee joint differ
from those in a stable knee joint. To challenge knee joint instability,
external perturbations during gait are needed to replicate the situations
in daily life that require stability of the knee joint. Therefore, the aim of
this study was to compare the responses in knee biomechanics and
muscle activation patterns to different types of external perturbations
during gait of patients with self-reported knee joint instability (KOA-I)
versus patients reporting stable knees (KOA-S) and healthy control
subjects.
Methods: Forty patients (60% female) were included in this study with
a mean age of 66 years (range: 52-82), body mass index of 26 (range:
19-32) and Kellgren and Lawrence grade of 2.5 (range 0-4). Patients
were dichotomized in a KOA-I group (n¼20) and KOA-S group (n¼20)
based on if they had perceived an episode of knee joint instability in
the past four weeks. Furthermore, twenty age-, gender- and BMImatched healthy control subjects were measured. The participants
walked on a dual-belt instrumented treadmill while different external
perturbations were applied, triggered by heel strike of the most
affected leg (ﬁgure 1). The external perturbations consisted of sway
left (SL) or sway right (SR) translations (4 cm) or accelerations (AC) or
decelerations (DC) of one belt (1.6 m/s walking speed change in 0.23
seconds). Knee kinematics and muscle activation patterns of the perturbed gait cycles were collected using a motion capture system and
surface electromyography. The three groups were compared using
statistical parametric mapping (SPM) and discrete values by analysis of
variance. The discrete values of the knee angles (initial contact, peak
and range of motion (ROM) values) and muscle activation patterns
(peak, mean and co-contraction index (CCI) values) were corrected for
walking speed.

Results: The SPM analysis results (example provided in ﬁgure 2)
showed that in response to the SL perturbations the KOA-I group
walked with greater knee ﬂexion angles (KFA) during pre-swing compared to the control group (SPM, p<0.01) and during mid-swing compared to the KOA-S group and control group (SPM, p<0.01). Moreover,
during the SR perturbed gait cycles the KOA-I group had greater KFA
during mid-swing compared to the KOA-S group (SPM, p¼0.01). In
response to the AC perturbations the KOA-I group walked with a greater
KFA during late terminal stance compared to the control group (SPM,
p<0.01). Furthermore, the KOA-I group had greater KFA during the preswing phase of the DC perturbed gait cycles compared to the control
group (SPM, p<0.01). The signiﬁcant results from the comparison of the
discrete values are presented in table 1. The KOA-I group had greater
peak KFA during the swing phase of all perturbed gait cycles (independent of perturbation type) compared to the KOA-S group and control group (p<0.01). Moreover, during both sway perturbations (SL, SR)
higher KFA ROM were observed in the KOA-I group compared to the
KOA-S group (p<0.05). Besides this, the KOA-I group presented higher
CCI of the medial muscles (vastus medialis and medial hamstring)
compared to the KOA-S group during the DC perturbation (p¼0.03).
Furthermore, changes in vastus medialis and gluteus medius muscle
activation in response to different external perturbations were
observed in the KOA-S group compared to the control group and the
KOA-I group (p<0.05).
Conclusions: Patients with KOA-I walked with greater knee ﬂexion
angles during peak stance, late-terminal stance, pre-swing and midswing in response to different external perturbations, which could be
a distinctive strategy of these patients to maintain stability of the
knee joint during these phases of gait. Besides this, only few alterations were observed in the knee muscle activation patterns between
the groups. This could be explained by the large variation between
subjects in the muscle activations patterns which might indicate
different neuromuscular strategies to respond to the external perturbations. Future studies with larger sample sizes are required to
test the reliability and validity of the knee ﬂexion angle as a candidate for the objective measurement of knee joint stability and to
further investigate neuromuscular control of the unstable osteoarthritic knee.
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SOLUBLE MARKERS OF CARTILAGE IN THE FORWARD STUDY - A
PROSPECTIVE-RETROSPECTIVE HYPOTHESIS GENERATING STUDY
FOR IDENTIFICATION OF A LOW CARTILAGE REPAIR ENDOTYPE
H. Guehring 1, A.-C. Bay-Jensen 2, F. Moreau 1, J.R. Andersen 3,
A.B. Bihlet 3, C. Ladel 1, M.A. Karsdal 2. 1 Merck KGaA, Darmstadt,
Germany; 2 Nordic BioSci. A/S, Herlev, Denmark; 3 Nordic BioSci., Herlev,
Denmark
Purpose: Data from UK biobank suggest that an endotype of low cartilage repair is associated with structural progression in osteoarthritis
(OA) [1]. The anabolic or anti-catabolic response of different interventions could more pronounced in different endotypes of cartilage
turnover, as observed with anti-resorptive treatments and bone turnover markers in the osteoporosis ﬁeld. Sprifermin a truncated and
recombinant FGF18 have been shown to induce chondrocyte proliferation and cartilage formation in in vitro settings [2-4]. Efﬁcacy on
cartilage thickness in OA was recently demonstrated in the FORWARD
phase II study [5]. Here, we investigated biomarkers of cartilage formation (type II collagen formation, PRO-C2) and degradation (CTX-II), to
assess whether a cartilage matrix turnover proﬁle indicative of chondrocyte metabolic activity would be associated with both structural and
symptomatic responses to sprifermin.
Methods: Serum (n¼489) and urine (n¼489) from participants of the
FORWARD study [5], a phase II clinical trial testing the efﬁcacy of
intra-articular (IA) sprifermin, were collected throughout the study,
however for the purpose of current sub-analyses only baseline
markers were assessed. Clinical data recorded at baseline and twoyear follow-up applied, including cartilage thickness and WOMAC
total. Biochemical markers reﬂecting cartilage turnover were measured in baseline all available samples of the placebo and treatment
arms. The markers measured were: PRO-C2 and C2M (type II collagen
formation and degradation fragments); C1M, C3M and CRPM; and
urinary CTX-II. Patients were separated into dichotomized groups
based on 33, 50 or 66 percentiles cut-points and two-year treatment
responses were compared in a prospective-retrospective statistical
design manner.
Results: Patients with low baseline PRO-C2 (<66%), in the 100ug/4x
treatment arm, had greater difference to placebo in cartilage thickness
as compared to the high PRO-C2 and all-comers groups (-0.06 vs -0.03
and -0.05 mm, ﬁg.). Similar effect was seen for low CTX-II (<50%) (-0.06
vs -0.04 and -0.05 mm, ﬁg.). In addition, the WOMAC placebo effect was
markedly reduced in the low PRO-C2 group, resulting in less of a difference compared to placebo (-2.3 vs. 6.0 (high) vs. -0.06 (all-comers)
points). In parallel, CTX-II reduced the difference to placebo from -0.06
to -4.82 points.
Conclusions: We observed that low baseline PRO-C2 and CTX-II
indicative for low metabolic activity of chondrocytes were associated
with improved symptomatic outcome and slightly increased cartilage
thickness compared to high metabolic activity. The parallelism
between PRO-C2 and CTX-II point towards the existence of a low
cartilage repair endotype and might reﬂect a subgroup of patients
with higher sensitivity towards interventions.1. Tachmazidou I, Hatzikotoulas K, Southam L, Esparza-Gordillo J, Haberland V, Zheng J, et al.
Identiﬁcation of new therapeutic targets for osteoarthritis through
genome-wide analyses of UK Biobank data. Nat Genet 2019 Aug
22];51:230-6. 2. Gigout A, Guehring H, Froemel D, Meurer A, Ladel C,
Reker D, et al. Sprifermin (rhFGF18) enables proliferation of chondrocytes producing a hyaline cartilage matrix. Osteoarthr Cartil.
2017;25. 3. Reker D, Kjelgaard-Petersen CF, Siebuhr AS, Michaelis M,
Gigout A, Karsdal MA, et al. Sprifermin (rhFGF18) modulates extracellular matrix turnover in cartilage explants ex vivo. J Transl Med.
2017;15. 4. Luo Y, He Y, Reker D, Gudmann NS, Henriksen K, Simonsen O,
et al. A Novel High Sensitivity Type II Collagen Blood-Based Biomarker,
PRO-C2, for Assessment of Cartilage Formation. Int J Mol Sci 2018
19:3485. 5. Hochberg MC, Guermazi A, Guehring H, Aydemir A, Wax S,
Fleuranceau-Morel P, et al. Effect of Intra-Articular Sprifermin vs Placebo
on Femorotibial Joint Cartilage Thickness in Patients With Osteoarthritis.
JAMA. 2019
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p¼0.0024, 95% CI 0.64 to 0.29 and rho¼ -0.09, P¼0.1112, 95% CI from
-0.21 to 0.022). There was no statistically signiﬁcant difference between
aging and OA biomarker levels, however when comparing healthy and
OA 50-59 years group, C10C was markedly lower in the OA group
(p¼0.0012) (Figure 2).
Conclusions: The present ﬁndings demonstrate that formation of collagens, measured by PRO-C1 and hsPRO-C2, is associated with age, and
shows to be increased during the ﬁrst 9 years of age. No association of
age is found with the degradation biomarkers C2M and C10C. This
needs to be accounted for when measuring collagen turnover across
different age groups. The markers, except for C10C, do not appear to
discriminate OA from healthy in our study, however they may reﬂect
disease activity and may be used to monitor changes to disease. C10C,
within an age group, can distinguish between healthy and OA, which
conﬁrms a previous report.

65
AGE-SPECIFIC CHANGES IN COLLAGEN REMODELLING IN A HEALTHY
POPULATION
D. Sinkeviciute 1, 2, S.H. Nielsen 2, Y. He 2, Y. Luo 2, N. Higgins 2,
1
€
A. Aspberg 1, P. Onnerfjord
, A.-C. Bay-Jensen 2. 1 Lund Univ., Lund,
Sweden; 2 Nordic BioSci., Herlev, Denmark
Purpose: There is a need to investigate the age characteristics and
natural history of collagen turnover biomarkers to maximize their
potential use in osteoarthritis (OA) (Tables 1 and 2). Collagen turnover is
an essential part of growth and can vary as a function of age and disease.
Several collagen turnover biomarkers, such as the formation of type II
collagen (hsPRO-C2), matrix metalloproteinase-degradation of type II
collagen (C2M) and degradation of type X collagen (C10C) are currently
utilized as research tools in the OA ﬁeld: hsPRO-C2 and C10C have both
showed the ability to separate OA patients from healthy individuals,
while C2M is elevated in knee OA patients compared to pain-free
controls and was associated with KL-2 score and levels of chronic
inﬂammation in the knee OA group. The aim of this study is to investigate and characterize collagen turnover biomarkers as a function of
age in a healthy population and to compare healthy levels to those
measured in OA patients.
Methods: Circulating levels of the biomarkers PRO-C1 (formation of
type I collagen), hsPRO-C2, C2M and C10C were measured in serum
from 143 healthy children and adolescents (77 females, 66 males; age
range: 0-19), and 161 healthy adults (81 females, 80 males; age range:
20-59). Subjects were divided into 10-year age groups according to age.
Spearman’s correlation was performed to explore the associations of
the biomarkers to age. Additionally, the 10-year age groups were
compared using Kruskall-Wallis non-parametric test with Dunn’s posthoc test to adjust for multiple comparisons, where p<0.01 was considered signiﬁcant. Additionally, for comparison with OA patient biomarker levels were included. The OA group consisted of 199 Caucasian
patients (115 females, 84 males, age range: 50-79).
Results: Serum levels of the two collagen formation biomarkers PRO-C1
and hsPRO-C2 showed a strong to moderate negative correlation with
age (PRO-C1: rho ¼ -0.72, p<0.0001, 95% CI -0.77 to -0.66 and hsPROC2: rho¼ -0.50, p<0.0001, 95% CI -0.60 to -0.39 respectively) (Figure 1).
Both formation biomarkers had highest levels in the youngest age group
from 0-9 years of age. The two collagen degradation biomarkers C2M
and C10C showed a weak or no association to age (rho ¼ -0.18,
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66
MODERATE WEIGHT BEARING AND MINIMAL WEIGHT BEARING
EXERCISE INDUCE ACUTE IMPACT ON COLLAGEN BIOCHEMICAL
MARKERS RELATED TO OSTEOARTHRITIS
J.J. Bjerre-Bastos 1, H.B. Nielsen 2, A. Mackey 1, M. Karsdal 3,
A.-C. Bay-Jensen 3, J.R. Andersen 3, M. Boesen 4, Y. He 3, A.R. Bihlet 3.
1
Univ. of Copenhagen, Copenhagen, Denmark; 2 Sanos Clinic, Herlev,
Denmark; 3 Nordic BioSci., Herlev, Denmark; 4 Bispebjerg Hosp.,
Copenhagen, Denmark
Purpose: Patients with osteoarthritis (OA) are recommended regular
physical activity (PA) to limit pain and to preserve joint function, but the
acute impact of joint loading on cartilage integrity in response to different types of PA (weight bearing vs non-weight bearing) remains to be
explored. Joint-speciﬁc biochemical markers (BM) originating from
type I-III collagen can be measured in serum and may reﬂect the
turnover status of joint tissue. The aim of this study was to investigate
the effect of running PA vs cycling PA on extracellular matrix (ECM)
biomarkers reﬂecting collagens type I-III turnover. To our knowledge,
this is the ﬁrst study investigating the acute effect of exercise on the
metabolism of joint related collagens in OA.
Methods: We conducted a randomized, cross-over clinical study
including subjects with primary knee OA as determined by radiographic
evaluation. Screening included a maximal heart rate (HRmax) test to
establish physical capacity and to standardize exercise sessions at an
intensity of approximately 75 % of the HRmax. Participants underwent
running PA and cycling PA in randomized order with venous blood
samples taken at baseline and 0.5, 1, 2 and 3 hours after exercise initiation and again 24 hours after the exercise in order to evaluate the
dynamic levels of biomarkers. Potential diurnal variation was taken into
account by measurements at comparable times from participants on a
separate day with no exercise (resting). Levels of serum CTX-I (reﬂecting
type I collagen turnover), C2M (reﬂecting type II collagen turnover) and
C3M (reﬂecting type III collagen turnover) were measured by sandwich
ELISA. The dynamics of biomarkers were plotted over time. Error bars
represent 95% conﬁdence intervals. Signiﬁcance level was set to 0.05.
Results: 20 subjects were included of which 20 patients completed
cycling and resting and 15 patients completed running. Figure 1a-c
displays proportional biomarker changes from baseline. CTX-I
decreased signiﬁcantly from baseline at three hours after both running
(p<0.01) and cycling (p<0.05) and was still decreased the day after
running (p<0.05). No change in CTX-I levels was seen during rest. This
suggests that exercise acutely reduces bone-turnover. C2M decreased
signiﬁcantly at 0.5 hour after running (p<0.05), but was found to be
signiﬁcantly increased from baseline at 2 hours after cycling (p<0.01).
C2M decreased below baseline 24 hours after running (p<0.01). This
suggests that the load from cycling and running, respectively, affects
tissues containing type II collagen differently. C3M was signiﬁcantly
decreased at 1 hour after initiating rest, 2 hours after cycling (p<0.05),
at 3 hours after running (p<0.05), and C3M levels had returned towards
baseline the day after all interventions. This suggests that complete rest
itself lowers C3M levels.
Conclusions: Moderate intensity cycling and running acutely inﬂuenced markers of type I-III collagen turnover. The results suggest no
harmful effects on bone and cartilage ECM in OA patients. The sensitivity of biomarkers to physical activity and inactivity is important to
take into account, when studying biomarkers and when using them in
clinical research.

Subject characteristics
Group

Cycling/Resting (N ¼ 20)

Running (N ¼ 15)

Mean age, years (R)
Male sex, n (%)
Mean BMI (kg/m2) (SD)
Highest KL-grade at
baseline, n (%)

61.8 (9.1)
5 (25)
26.3 (3.4)
1: 3 (15.0) 2:
8 (40.0) 3: 9 (45.0)

61.9 (7.5)
4 (26.6)
26.5 (3.6)
1: 2 (13.3) 2:
8 (53.3) 3: 5 (33.3)

67
URINARY CARTILAGE COLLAGEN NEOEPITOPE C2C LEVELS IN
PRERADIOGRAPHIC AND RADIOGRAPHIC KNEE OA
L. Kuhi 1, K. Kisand 1, J. Kumm 1, M. Lintrop 2, A.E. Tamm 1, A. Kukner 2,
A. Pintsaar 2, L. Rips 2, T. Saluse 2, T. Tein 2, M. Vija 1, A.O. Tamm 1. 1 Univ.
of Tartu, Tartu, Estonia; 2 Tartu Univ. Hosp., Tartu, Estonia
Purpose: Although osteoarthritis (OA) is the most common joint disorder, effective methods for testing and treatment in the early phase of
the disease are not established yet. Previously, the diagnostic potential
of different biomarkers including various markers of type II collagen
degradation is investigated. Recently, the new sandwich assay, IB-C2CHUSA for human type II collagen cleavage neoepitopes C2C in urine
(uC2C) was developed in IBEX Pharmaceuticals. However, the previous
studies of uC2C are focused on tibiofemoral (TF) joint in patients with
knee pain. We aimed to study whether uC2C: 1) is capable of differentiation subjects with preradiographic grade from those with radiographic grade of kOA, 2) is associated preferentially with osteophytosis
(Oph) as the sign of response to cartilage degeneration and subchondral
bone remodeling or cartilage degradation, 3) is associated with the
processes in TF or/and patellofemoral (PF) joint, 4) is different in cases of
bilateral kOA compared to unilateral.
Methods: We analysed 302 subjects (mean age 49.1± 6.5 years, mean
body mass index (BMI) 28.4±5.2 kg/m2, 183 of them women), a subset
of an initial population-based Estonian early knee OA. The knee
symptoms were evaluated by a Knee injury and Osteoarthritis Outcome
Score (KOOS). 206 of 302 subjects, including 186 with knee symptoms,
were recruited by general practitioners. 20 of these subjects, were
without knee complaints and radiographic kOA changes, formed a
control group. The rest 96 subjects were treated by arthroscopic surgery. Status of articular cartilage was assessed during the surgery by
direct vision (0-4) and recalculated later as SFA score. Standardised
anteroposterior radiographs of TF joints and radiographs in the knee
joint in a 60 ﬂexion position of PF joints were performed for all study
subjects. Oph and joint space narrowing (JSN) were graded separately in
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both joints according to the grading system (grades 0-3) of NagaosaDoherthy (2000). Finally, radiographic global kOA grade (gOA) of the
subject describes the most severe grade of OA changes in knee
departments. The distribution of the subjects based on radiographic
evaluation is shown in Figure 1. The majority of subjects with gOA grade
1-3 (172 of 223) had bilateral changes. The uC2C was measured by IBC2C-HUSA in IBEX Pharmaceuticals (Canada) and corrected with creatinine concentration of the same urine sample. The statistical analysis
was made using software R.
Results: The uC2C level was lowest in gOA grade 0 and the median
levels increased gradually until grade 2 (Figure 2). The majority of gOA
grade 1 subjects (103/136) had uC2C values that were higher than the
median level of gOA grade 0. Similarly, median uC2C levels increased
gradually until grade 2 or 3 in cases of TF OA as well as PF OA. Of note,
we found no differences in the uC2C level between subjects with or
without knee symptoms in the gOA grade 0 subgroups. In the multinomial logistic regression analysis, models adjusted for age, gender and
BMI, double the rise of uC2C was associated with an increased risk of
gOA grades (Table 1). As expected, the risk of grade 0 vs 3 was the
highest.

Table 1. Adjusted models of uC2C for subjects with different grades of gOA
gOA
Grade
Grade
Grade
Grade
Grade
Grade

1
2
3
2
3
3

vs
vs
vs
vs
vs
vs

0
0
0
1
2
1

OR (CI 95%)

P-value

AUC

2.14
3.83
83.3
2.84
3.70
16.9

0.01
0.0007
0.00002
0.0007
0.008
0.000001

0.658
0.861
0.933
0.790
0.744
0.874

(1.2 - 3.8)
(1.8 - 8.3)
(11 - 631)
(1.6 - 5.2)
(1.4 - 9.8)
(5.4 - 53.2)

uC2C was signiﬁcantly increased in subjects with osteophytes in TF or in
parallel TF and PF but without JSN compared to gOA grade 0 (Figure 3).
In arthroscopy subset, the SFA score predicted uC2C rise double better
than radiographic JSN (14% vs 7%, respectively). However, the predictive
power of osteophytosis in the TF joint exceeded the cartilage degradation assessed by the SFA score (24% vs 14%). We found no differences
between uC2C levels of unilateral and bilateral gOA cases.
Conclusions: Our study revealed that the uC2C is a sensitive biomarker
for knee OA. The majority of subjects with gOA grade 1 evolved an
uptrend of uC2C values. Signiﬁcantly increased uC2C levels were found
already in subjects with osteophytes in TF or in parallel TF and PF joints
but without JSN, i.e. in case of preradiographic signs of kOA. Median
uC2C levels increased gradually until OA grades 2 and 3. In some
arthroscopically treated patients appeared cartilage lesions accompanied by osteophytes. However, the predictive power of osteophytosis
in the TF joint exceeded that of the cartilage degradation expressed by
the SFA score. In gOA grade 0 uC2C did not differ in subjects with and
without knee complaints, nor did cases with unilateral and bilateral
knee OA.

68
WHAT ARE THE BEST BIOMARKERS OF CLINICAL
RADIOGRAPHIC FEATURES OF KNEE OSTEOARTHRITIS

AND

Y. Liem, A. Judge, Y. Li, M. Sharif. Musculoskeletal Res. Unit, Univ. of
Bristol, Bristol, United Kingdom
Purpose: There is an urgent need to identify patients in early stages of
OA for more effective intervention to reduce the risk of disease progression in knee OA. Properly validated molecular biomarkers may
provide an objective measure of early OA. The purpose of this study is to
identify the best currently available biomarkers of radiographic and
clinical features of knee OA.
Methods: The study used publicly available data from the National
Institute of Health Osteoarthritis Initiative incidence cohort (OAI).
Data from 4,791 men and women aged 45 to 79 who were Kellgren &
Lawrence (K&L) grade 1 or more and had 19 of the currently available
biochemical markers measured at entry to the study were obtained
from the OAI. A subset of 600 participants from the cohort were
identiﬁed with the biochemical markers data, radiographic and
clinical features of knee OA. The biochemical markers measured in
serum and/or urine were C-propeptide of type II collagen (CPII), oligomeric matrix protein (COMP), N-propeptide of collagen IIA
(PIIANP), chondroitin sulfate 846 (CS846), C-terminal cross-linked
telopeptide of type I collagen (CTXI), hyaluronic acid (HA), matrix
metalloproteinase-3 (MMP-3), types I and II collagen markers (C1,2C,
C2C), the nitrated form of a-helical region of type II collagen (Coll2-1
NO2), the cross-linked N-telopeptide of type I collagen (NTXI), Cterminal crosslinked telopeptide of type II collagen (CTXII), and alpha
and beta isomerised versions of the CTXI (CTXIa and CTXIb). The
radiographic features of OA used in this study were Kellgren &
Lawrence grade (K&L), joint space narrowing (JSN), joint space width
(JSW), and osteophytes. The clinical features of OA used were KOOS
pain and symptoms score, WOMAC pain and stiffness score. We
carried out a patient level analysis, choosing the worst affected knee.
The association of soluble biomarkers with the outcomes: K&L
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grades, WOMAC pain and stiffness, JSW, KOOS pain and symptoms,
JSN, and osteophytes was assessed by combining several robust biostatistics analysis such as both univariate and multivariate linear and
logistic regression, and receiving operator characteristic curves (ROC).
Area under the curve (AUC) was calculated in order to determine if a
combination of the biomarkers improve the associations with the
outcomes.
Results: Serum COMP, CS8468 and urinary CTXII were associated
with the clinical features of OA including WOMAC and KOOS
score. Serum Coll2-1 NO2, COMP, CS8466, C2C, CPII, HA and urinary CTXII were associated with the radiographic features of OA
including JSW, JSN, K&L grades, and osteophytes. The AUC from
the univariate logistic model for the association of biomarkers
with K&L grades, WOMAC pain, WOMAC stiffness, medial and
lateral JSN, and osteophytes were in the range 0.5 to 0.6 which
indicate poor discrimination (Table 1). ROC curves in ﬁgure 1
represented the AUC in both unadjusted and adjusted multivariate
model. The AUC from the unadjusted to adjusted multivariate
models improved from 0.76 to 0.80 which shows a good discrimination for the association of biomarkers and radiographic /
clinical outcome of OA.
Conclusions: Three of the 19 biomarkers investigated associated with
the clinical features of OA while 7/19 were associated with the
radiographic features of OA. The data from the multivariate model
suggests that a clinically useful of combination biomarker may be
created from the 19 available biomarkers using AUC values for better
speciﬁcity and sensitivity for diagnose and monitoring of OA.
Accordingly, combination of biomarkers currently offer best predictability for radiographic and clinical features of knee OA. The
analysis was focused on the relationship between the soluble biomarkers and radiographic/clinical features of OA, other demographic
patient information such as occupation or ethnicity, and different
time points were not examined. We plan to expand these models
longitudinally that may help to identify the best biomarker(s) of knee
OA.
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DEVELOPMENT OF A HIGHLY SENSITIVE CHEMILUMINESCENCE
IMMUNOASSAY FOR DETECTION OF AGGRECANASE-GENERATED
ARGS AGGRECAN FRAGMENTS IN SERUM
Y. He 1, A. Siebuhr 1, M. Karsdal 1, J. Larkin 2, A.-C. Bay-Jensen 1. 1 Nordic
BioSci., Herlev, Denmark; 2 GlaxoSmithKline, Upper Merion, PA
Purpose: Cartilage metabolism and turnover is a hallmark of Osteoarthritis (OA), and can be assessed by blood- or urine-based markers of
extracellular matrix protein (ECMP) degradation. Levels of such markers may reﬂect disease activity and as such be applied in drug development as pharmacodynamic markers. Aggrecan, a major ECMP of
articular cartilage, is degraded by ADAMTS-5, which is upregulated and
activated in OA. One of the well-described ADAMTS-5 cleavage sites is at
373 374
E- A in the G1-G2 inter-global domain, resulting in the release of
ARGS-G2 fragment to synovial ﬂuid and circulation. The aim was to
characterize the human ARGS (huARGS) assay for quantiﬁcation of
374
ARGS-G2 in serum of OA patients.
Methods: We established a sensitive and speciﬁc chemiluminescence
sandwich ELISA measuring huARGS. F78 against the conformational G2
domain was employed as a capture antibody and OA-1 targeting ARGS
neoepitope was used as a detection antibody. The assay was produced
on GMP conditions and the technical performance was recorded
accordingly. The biological relevance of the immunoassay was assessed
in the conditioned media from bovine full-depth cartilage explants
(BEX) stimulated with TNF-a plus Oncostatin M (TþO) with or without
Furin-like proprotein convertase inhibitor (PCI blocking the activation
of ADAMTS-4/5) for 21 days. Area under the curve (AUC) was used to
investigate the overall release of ARGS to the conditioned medium. To
characterize ARGS neoepitope in serum from OA patients, diurnal (5
time points across the day on visit 1) and inter-day (visit 1-3) variation
was evaluated in the mild/moderate OA group (n¼20) recruited from
the GSK clinical unit (Cambridge, UK) (Registry No. 10/H0301/61, GSK
ADM114261). Post-hoc analysis of huARGS was conducted in a subcohort of phase III OA trial SMC021 2301 (clinicaltrial.gov
:NCT00486434) testing the safety and efﬁcacy of oral sCT compared to
placebo. This sub-cohort consists of 200 participants recruited in one
study center (Aalborg, Denmark). Serum samples and radiography were
taken at baseline and 2-year follow-up. Forty-seven participants were
lost at follow-up and 8 patients due to depleted serum samples. Data
are depicted as the mean [± 95%-CI] if not otherwise stated. Statistical
differences were adjusted for age, gender, and BMI.
Results: Technical performance: Intra- and inter-assay variations were
1.7-2.1% and 4.8-9.6%, respectively. The lower limit of detection was 25.7
pM and the quantiﬁable range was between 83.1-1329 pM. Cartilage
explants: ARGS-G2 release was signiﬁcantly (p¼0.042) induced by TþO
stimulation compared to the vehicle group, reaching a peak at day 3 and
gradually decreasing to base level at day 12. The AUC of the PCI group
was 66.3% lower than the TþO group, linking release of ARGS-G2 to
ADAMTS activity. Biological variation: No signiﬁcant diurnal or interday effect was found (Fig.1). No difference was observed between OA
patients with mild/moderate and severe OA. Phase III trial: Participants
were divided into four groups based on the quartiles of baseline
huARGS levels. The lowest quartile (Q1) had the greatest joint space
narrowing (JSN) from baseline to 24-month compared to the higher
quartiles (Q1¼0.4 [0.11-0.71] mm vs Q2¼0.32 [0.02-0.62], Q3¼0.21
[-0.03-0.46] and Q4¼ 0.6[-0.1-0.41] mm) (Fig. 2a). There was a trend
towards an effect of treatment in Q1 (Fig. 2b).
Conclusions: The huARGS marker shows good technical performance
and low biological variation for quantiﬁcation of ARGS-G2 in human
serum. ARGS-G2 was not associated with OA disease severity, however
data from the calcitonin trial suggest that ARGS may be a markers of
disease activity as patients with low levels at baseline were more likely
to progress and to respond to an anti-resorptive treatment. Acknowledgements This work has received support from the EU/EFPIA Innovative Medicines Initiative Joint Undertaking (APPROACH grant n
115770). This communication reﬂects the views of the authors and
neither IMI nor the European Union and EFPIA are liable for any use that
may be made of the information contained herein. See www.
approachproject.eu
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throughout the study and knee joints were analysed for cartilage degradation, synovial inﬂammation and osteophyte formation using histology and immunohistochemistry.
Results: Systemic administration of cholesterol-lowering interventions
resulted in a signiﬁcant reduction of body weight (A: -16%; AA: -8%; AE:
-12%; AAE: -18% at end point) without changes in food intake. WTDfeeding manifested itself in dyslipidemia, with high cholesterol levels
that were signiﬁcantly reduced after administration of therapeutic
cholesterol-lowering interventions (A: -46%; AA: -74%; AE: -74%; -AAE:
86% at end point). Using detailed OARSI scoring, dyslipidemic mice
showed a mild but signiﬁcant increase in cartilage degeneration at end
point (7.8 ± 1.9) compared to baseline controls (3.8 ± 1.8, 2.1-fold
increase, p¼0.001). A strong increase in NITEGE staining, representing
proteolytic activity by aggrecanases was observed at end point. However, therapeutic cholesterol lowering did not ameliorate further progression of cartilage destruction. Dyslipidemic APOE*3Leiden.CETP
mice developed minor synovial inﬂammation which was not affected
by cholesterol-lowering interventions. Alarmin S100A8, a marker for
macrophage activation, showed minor expression in the synovial lining
of all treatment groups, supporting the absence of joint inﬂammation in
this model. Finally, we determined whether high plasma cholesterol
levels promoted osteophyte formation. The total number of osteophytes
and osteophyte maturation stage was comparable between all groups
despite reduction of systemic cholesterol levels.
Conclusions: Therapeutic cholesterol-lowering interventions did not
slow the progression of cartilage degradation and osteophyte formation
in dyslipidemic APOE*3Leiden.CETP mice with minor joint inﬂammation. These ﬁndings suggest that therapeutic cholesterol-lowering
interventions in the absence of local inﬂammation within the knee joint
cannot prevent progression of OA.
71
CYTOKINE/ADIPOKINE PROFILE SHOWS NO EVIDENCE OF AN
INFLAMMATORY OR METABOLIC BASIS FOR INCIDENT EROSIVE
HAND OA IN THE OSTEOARTHRITIS INITIATIVE COHORT
T.E. McAlindon 1, M.B. Roberts 2, I.K. Haugen 3, L.F. Schaefer 4,
J. Duryea 4, J.B. Driban 1, S.L. Booth 5, G.A. Petty 1, C.B. EATON 2. 1 Tufts
Med. Ctr., Boston, MA, USA; 2 Brown Univ. Ctr. for Primary Care &
3
Prevention,
Providence,
RI,
USA;
Dept.
of
Rheumatology,
Diakonhjemmet Hosp., Oslo, Norway; 4 Brigham and Women's Hosp.,
5
Harvard Med. Sch., Boston, MA, USA; Jean Mayer USDA HNRCA at Tufts
Univ., Boston, MA, USA

70
HIGH-INTENSIVE
THERAPEUTIC
LOWERING
OF
SYSTEMIC
CHOLESTEROL
DOES
NOT
AMELIORATE
OSTEOARTHRITIS
DEVELOPMENT IN KNEE JOINTS OF HUMANIZED DYSLIPIDEMIC
MICE
Y. van Gemert 1, A.E. Kozijn 2, 3, M.G. Pouwer 2, 4, N.N. Kruisbergen 1,
M.H. van den Bosch 1, A.B. Blom 1, E.J. Pieterman 2, H. Weinans 3, 5,
R. Stoop 2, H.M. Princen 2, P.L. van Lent 1. 1 Radboud Univ. Med. center,
Nijmegen, Netherlands; 2 TNO, Leiden, Netherlands; 3 UMC Utrecht,
Utrecht, Netherlands; 4 Leiden UMC, Leiden, Netherlands; 5 Delft Univ. of
Techtnology, Delft, Netherlands
Purpose: High systemic cholesterol levels are associated with osteoarthritis (OA) development. Novel therapeutic high-intensive cholesterol-lowering therapies have recently been shown to diminish western
type diet (WTD) induced atherosclerosis. Here, we investigated the
potency of these therapeutic cholesterol-lowering strategies to
attenuate OA development in dyslipidemic APOE*3Leiden.CETP mice.
Methods: Female APOE*3Leiden.CETP mice (n¼13-16 per group) were
fed a chow or WTD with 0.30% cholesterol and 15% saturated fat for 38
weeks. After 13 weeks, mice were matched into a baseline group
(sacriﬁced at t¼13w) and 5 groups that received WTD alone or with
treatment for 25 weeks: atorvastatin alone (A), in combination with
PCSK9 inhibitor alirocumab (AA) or ANGPTL3 inhibitor evinacumab
(AE), or triple treatment (AAE). Metabolic dysfunction was monitored

Purpose: Erosive Hand OA (eHOA) is a painful, age-related destructive
arthritis of interphalangeal joints that severely impairs manipulative
activities of daily life. Observations that erosive Hand OA is often associated with generalized OA, and with clinical inﬂammation, have predicated conjecture of a systemic inﬂammo-metabolic pathogenesis. We
tested for associations of inﬂammation and metabolic biomarkers in the
OAI cohort.
Methods: Using a nested case-cohort design among 3604 participants in the Osteoarthritis Initiative cohort who had dominant hand
radiographs obtained at baseline and month 48, we selected all
individuals who developed incident erosive Hand OA during the 4year observation period; and an OAI-representative random sample
of 1350 participants. Interphalangeal (IP) and metacarpophalangeal
(MCP) joints were scored for KL grade and presence of central erosions (OARSI atlas). Biospecimens were collected at baseline. Erosive
Hand OA was deﬁned in persons with at 1 IP or MCP joints with KL
2 and a central erosion. Symptomatic eHOA was deﬁned by presence of erosive Hand OA with reported hand pain, aching or stiffness
on most days during the past 30 days. Incidence for each outcome was
deﬁned when an individual had erosive Hand OA or symptomatic
eHOA at 48-months but not baseline.Serum biomarkers of inﬂammation (hs-CRP, cytokines interleukin [IL]-1b, IL-5, IL-7, IL-8, IL-18),
insulin resistance and dysglycemia (glucose, insulin, glycated serum
protein [GSP]), and adipokines (resistin, adiponectin, leptin) were
measured using immunoassays (ELISA, chemiluminimescence, and
patterned array technology) and enzymatic colorimetric procedures,
blinded to case status. We analyzed log transformed baseline biomarker levels as a predictor for erosive Hand OA incidence at 48
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CYTOKINE & ADIPOKINE LEVELS AND EHOA INCIDENCE; ADJUSTED FOR AGE, GENDER, BMI, RACE

hs-CRP (mg/L)
IL-18 (pg/mL)
IL-7 (pg/mL)
IL-8 (pg/mL)
IL-1b (pg/mL)
IL-5 (pg/mL)
Glucose (mg/dL)
Insulin (uIU/mL)
GSP (umol/L)
Resistin (ng/mL)
Adiponectin (ng/mL)
Leptin (pg/mL)

eHOA

No eHOA

HR per SD

HR for TERTILES (95% CI)

mean (se)

mean (se)

(95% CI)

MID

1.74 (1.03)
588 (1.01)
12.98 (1.01)
13.67 (1.01)
0.28 (1.01)
0.78 (1.02)
100.0 (1.00)
9.03 (1.02)
246 (1.01)
8.88 (1.01)
7330 (1.02)
14677 (1.02)

1.99 (1.25)
679 (1.10)
15.03 (1.08)
15.02 (1.08)
0.32 (1.08)
0.78 (1.13)
96.4 (1.03)
8.79 (1.13)
242 (1.04)
9.39 (1.08)
7270 (1.12)
17321 (1.13)

1.22 (0.95, 1.55)
1.19 (0.99, 1.44)
1.43 (1.19, 1.71)
1.17 (0.97, 1.42)
0.99 (0.81, 1.21)
0.97 (0.74, 1.27)
0.95 (0.71, 1.26)
1.06 (0.82, 1.36)
1.00 (0.79, 1.28)
1.05 (0.83, 1.34)
0.89 (0.66, 1.21)
1.45 (0.99, 2.14)

1.43
1.16
1.49
1.53
1.03
0.83
0.58
1.09
0.77
1.05
1.11
1.12

months taking into account the case-cohort design using a weighted
discrete Cox regression model to control for confounders.
Results: 86 participants developed incident erosive Hand OA and 133
developed incident symptomatic eHOA. Individuals who developed
erosive Hand OA had substantially different characteristics from controls,
especially in age (64.1 vs. 60.3 yrs p¼0.02), gender (73 vs. 56% female
p¼0.02), race (4 vs. 16% Black p¼0.10) hand OA severity (5.9 vs. 1.8 joints
p<0.001), hand pain prevalence (46 vs. 18% p<0.001), and lower physical
activity (PASE score 145 vs. 168 p¼ 0.002). In the multivariate analyses,
only hsCRP, IL-7 and IL-8 levels were consistently associated with incident erosive Hand OA (Table). Associations with incident symptomatic
eHOA were consistent for IL-7 (HR per SD ¼1.32 [95%CI 1.11, 1.56], p trend
0.003) and also showed an association with IL-8 (HR per SD ¼1.29 [95%CI
1.08, 1.54], p trend 0.011) but not with hsCRP. There was no association
with dysglycemia; or with adipokines.
Conclusions: Erosive Hand OA incidence is strongly associated with age,
female gender, and OA severity, but does not seem to occur in a milieu of
systemic inﬂammation or metabolic derangement. We did ﬁnd a speciﬁc association with interleukin-7, a cytokine that appears to promote
joint tissue destruction via direct effects on IL-7R-expressing chondrocytes. These observations suggest that erosive Hand OA is instead a
product of the local articular environment and that IL-7, and possibly IL8, may have a role in its pathogenesis.
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LYSOSOMAL DYSFUNCTION IN OSTEOARTHRITIS AND AGED
CARTILAGE INDUCE APOPTOSIS IN CHONDROCYTES THROUGH BAX
MEDIATED RELEASE OF CYTOCHROME C
M.Y. Ansari, H. Ball, S. Wase, K. Novak, T. Haqqi. Northeast Ohio Med.
Univ., Rootstown, OH, USA
Purpose: Lysosomes are the major catabolic organelles in cells and are
essential component of autophagy pathway. Deﬁcient lysosomal function impacts autophagy, mitochondrial function and cell survival. In the
present study, we determined the impact of lysosomal dysfunction on
chondrocytes in aged and OA cartilage.
Methods: All the studies using discarded, deidentiﬁed human cartilage
and mouse model were approved by NEOMED IRB and IACUC, respectively. Expression of LAMP1, LAMP2 and CD63 in young and aged mouse
cartilage, in normal and OA human cartilage and in primary human OA
chondrocytes stimulated with IL-1b was determined by qPCR. LAMP1
expression in normal and OA human and mouse cartilage was determined by immunohistochemistry or immunoﬂuorescence and in IL-1b
stimulated chondrocytes by immunoblotting. Lysosomal function in OA
chondrocytes and in chondrocytes stimulated with IL-1b was determined by LysoSensor staining. Lysosomal function in human chondrocytes was blocked by either siRNA mediated depletion of LAMP2 or
in human and mouse chondrocytes and cartilage explants by Baﬁlomycin A1 (Baf) or Chloroquine (CQ). Loss of mitochondrial membrane
potential (MMP) was determined by JC-1 staining and mitochondrial
ROS level was determined by MitoSOX or DHR123 staining. Accumulation of dysfunctional mitochondria and fragmentation of mitochondrial network was assessed by MitoTracker Deep Red staining followed
by ﬂow cytometry or confocal microscopy, respectively. Chondrocyte
apoptosis was determined using LDH activity assay, caspase 3/7 activity
reporter assay, propidium iodide and TUNEL staining. Translocation of

(0.79,
(0.64,
(0.80,
(0.81,
(0.58,
(0.47,
(0.32,
(0.61,
(0.44,
(0.56,
(0.60,
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Bax to mitochondria and Cytochrome c release from mitochondria was
determined by immunoﬂuorescence staining and confocal microscopy.
Bax activity was inhibited using a small molecule inhibitor V5.
Results: Chondrocyte apoptosis was signiﬁcantly increased in mouse
and human OA cartilage compared to normal cartilage as shown by
TUNEL staining. The expression of lysosomal markers LAMP1, LAMP2
and CD63 were signiﬁcantly downregulated in mouse and human OA
cartilage, in aged mouse cartilage and in primary human chondrocytes
treated with IL-1b. Stimulation of primary human OA chondrocytes with
IL-1b induced lysosomal dysfunction as determined by LysoSensor
staining, signiﬁcantly reduced the expression of LAMP1, LAMP2, CD63
and altered lysosomal morphology. Inhibition of lysosomal function by
siRNA mediated depletion of LAMP2 altered the expression of BID, Bax
and Bcl2 and increased the ratio of Bax/Bcl2 and chondrocytes death.
Inhibition of lysosomal function by CQ or Baf induced mitochondrial
dysfunction, increased the oxidative stress, fragmentation of mitochondrial network and accumulation of dysfunctional mitochondria. CQ
or Baf treatment signiﬁcantly increased caspase3/7 activity and apoptosis in human and mouse chondrocytes in monolayer as well as in
cartilage explant culture. Treatment with antioxidants MitoTempo or DPI
failed to suppress CQ or Baf induced apoptosis. Inhibition of lysosomal
function by CQ or Baf induced the expression of BID and Bax and
increased the ratio of Bax/Bcl2 in human chondrocytes with concomitant
increase in the translocation of Bax to mitochondria inducing mitochondrial membrane permeabilization and release of Cytochrome c and
induction of apoptosis. Inhibition of Bax activity with V5 suppressed
Cytochrome c release and inhibited chondrocytes apoptosis (ﬁgure).
Conclusions: Our results demonstrated that lysosomal function is
deregulated in aged and OA cartilage and inhibition of lysosomal
function in chondrocytes induced mitochondrial damage and
apoptosis through Bax mediated release of Cytochrome c and
activation of Caspase-3/7. These data suggest that lysosomal dysfunction-induced apoptosis involves mitochondrial membrane
permeabilization, and Bax is the critical factor that integrates the
mitochondrial and lysosomal death pathways in chondrocytes. The
present study enhances our understanding of lysosomal function
in cartilage and its association with chondrocyte death in OA. Our
data suggest that restoring lysosomal function may be a therapeutic strategy for OA management.
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INDUCES ENDOPLASMIC
DEATH AND CARTILAGE

74
MITOPHAGY LOSS ALONG WITH MITOCHONDRIAL DYSFUNCTION
ACCELERATES
LOSING
OF
CHONDROCYTE
ACTIVITY
IN
OSTEOARTHRITIS

L. Tan 1, C. Carlson 2, R. Yammani 1. 1 Wake Forest Sch. of Med., Winston
Salem, NC, USA; 2 Coll. of Vet. Med., Univ. of Minnesota, Saint Paul, MN,
USA

C.-W. Kuo, W.-S. Lian, Y.-S. Chen, F.-S. Wang. Kaohsiung Chang Gung
Mem. Hosp., Kaohsiung, Taiwan

73
DIETARY FATTY ACID PALMITATE
RETICULUM STRESS, CHONDROCYTE
LESIONS IN THE KNEE JOINT OF MICE

Purpose: Increased intake of dietary saturated fatty acids has been
linked to obesity and the development of OA. However, the mechanism involved is not clearly understood. Here, we explored the
mechanism by which dietary palmitate promote the OA
pathogenesis.
Methods: Male mice were fed with a novel iso-caloric diet that is
supplemented with a control diet, dietary palmitate or oleate for 20
weeks. Stiﬂe (Knee) joints from all animals were collected, ﬁxed, parafﬁn-embedded and sectioned. Joint sections were evaluated histomorphometrically for cartilage lesions and immunohistochemically for
endoplasmic reticulum (ER) stress and apoptosis markers. Apoptosis
was conﬁrmed by TUNEL staining.
Results: Mice fed on a diet rich in palmitate or oleate gain equal body
weights; however, mice fed a palmitate diet, but not a control or oleate
diet showed more cartilage lesions and increased expression of 1) ER
stress markers including BIP, P-IRE1a, XBP1, ATF4, and CHOP; 2)
apoptosis markers CC3 and C-PARP; and 3) negative cell survival regulators Nupr1 and TRB3, in knee articular cartilage. Palmitate-induced
apoptosis was conﬁrmed by TUNEL staining. Dietary palmitate was also
increased the circulatory levels of classic pro-inﬂammatory cytokines,
including IL-6 and TNF-a.
Conclusions: Our results demonstrate that dietary palmitate induces
ER stress and chondrocyte apoptosis that may contribute to cartilage
lesions and the development of OA. Our study also suggests that
increased body weight may not be a prerequisite for obesity-linked OA
development and that ER stress is a novel key metabolic factor contributing to obesity-linked OA that could be targeted for OA therapeutics.

Purpose: Mitochondrial machinery loss provokes chondrocyte dysfunction, which speeds up cartilage degeneration and osteoarthritis
(OA). Mitophagy is an organelle autophagy related to disposal of dysfunctional mitochondria, indispensably maintaining intracellular
homeostasis and cell fate. Little is characterized mitophagic reactions
within articular chondrocytes in OA joints. This study is undertaken to
the biological function of mitophagy to chondrocyte fate in OA cartilage.
Methods: Articular cartilage with and without OA signs in patients who
required total knee replacement are harvested. Knee joints in mice with
destabilized medial meniscus-induced injury were dissected. Primary
chondrocytes were isolated from knee joints in neonatal mice. Mitochondrial morphology was probed using MitoSOXTM Red reagent.
Mitophagosome formation was detected using Mitophagy Detection Kit
along with mitophagy dye using laser confocal microscopy of immunoﬂuorescence and RT-quantitative PCR to determine gene expression.
Mitochondrial function, like membrane potential, reactive oxygen
species, and ATP production in chondrocyte were quantiﬁed using
speciﬁc detection kits.
Results: Chondrocytes in injured cartilage in end-stage knee OA
exhibited faint Safranin O staining and weak mitophagosome marker
Parkin expression, along with strong apoptosis marker TUNEL staining.
In DMM-mediated experimental OA models, Parkin expression and
mitophagosome formation were decreased with articular cartilage
damage. In vitro, chondrocyte markers Sox9, Acan, and COL2a1 together
with proteoglycan production were signiﬁcantly reduced in inﬂamed
chondrocytes. Mitochondrial function such as membrane potential, ATP
production and mitophagosome formation were signiﬁcantly inhibited,
whereas reactive oxygen species along with irregular mitochondrial
ultrastructure were upregulated upon IL-1b stress. Forced Parkin
expression preserved mitophagosome formation and attenuated
mitochondrial function, reversing extracellular matrix production in
inﬂamed chondrocytes.
Conclusions: Mitophagy loss is related to chondrocyte loss in end-stage
knee OA. Defective mitophagy increased unwanted mitochondria
accumulation, which prompts chondrocyte dysfunction and OA development. This study conveys a new organelle mechanism underlying the
chondrocyte loss during OA. Maintaining mitophagy is indispensable in
sustaining chondrocytic activity to prevent from OA.
75
ALPHA 2 MACROGLOBULIN, A NOVEL MASTER INHIBITOR
ATTENUATES POST-TRAUMATIC OSTEOARTHRITIS BY BLOCKING IL1 NF-KB PATHWAY
S. Wang 1, 2, S. Li 1, 2, Y. Zhang 1, 2, D. Wei 3, P. Li 1, 2, X. Wei 2, H. Guo 1,
L. Wei 1. 1 The Alpert Med. Sch. of Brown Univ., Providence, RI, USA; 2 The
Second Hosp. of Shanxi Med. Univ., Taiyuan, China; 3 Northeastern Univ.,
Boston, MA, USA
Purpose: Since elevated levels of catabolic enzymes in synovial ﬂuid
appear to induce chondrocyte death and cartilage matrix degeneration
within one week of injury, early intervention strategies should focus on
modulating these cartilage degrading enzymes within this time frame.
Targeted single enzyme treatment is unlikely to stop the pathogenesis
process effectively as many enzymes are involved. Repressing all or the
majority of inﬂammatory factors is likely critical to prevent PTOA.
Presently, no inhibitor(s) are available to modulate these molecules
other than steroids, which have been shown to promote cartilage
damage. Recently, we found that Alpha-2 macroglobulin (A2M), a blood
master inhibitor of all classes of endoproteases, also functions as an
endogenous enzyme inhibitor in SF. This study is to determine if supplemental intra-articular A2M has a chondroprotective effect in rat
PTOA models and its mechanism.
Methods: A2M was identiﬁed as a potential therapeutic agent by
comparing A2M concentrations in serum, synovial ﬂuid (SF), and cartilage from normal and OA patients by Western blot, mass spectrometry, ELISA, and immunohistochemistry. The effects of A2M on IL-1induced cartilage catabolic enzymes were evaluated by Luminex and
ELISA in cultured human chondrocytes and cartilage organ cultures. In
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vivo effects were evaluated in male rats (N¼120) randomized to four
treatments: (1) ACLTþsaline, (2) ACLTþA2M (1IU/kg), (3) ACLTþA2M
(2IU/kg) or (4) sham surgeryþsaline. Intra-articular injections were
given immediately and 3 days after surgery, then once weekly for 6
weeks. Catabolic enzymes were monitored in vivo via Fluorescence
Molecular Tomography. Histological analyses were performed to assess
cartilage damage. The concentration of MMP-13 in SF lavages was
measured using ELISA. Gene expression was quantiﬁed by RT-qPCR.
These results were further validated using targeted designed A2M
using rat PTOA model. CIA mouse model was also used to conﬁrm
whether A2M can reduce inﬂammation and prevent bone and cartilage
damage. In vitro, the chondrocytes were used to explore the mechanism by which if Rhodamine-labled-A2M can bind to and neutralize
IL-1b, and reduces the cytokine-induced up-regulation of catabolism
via blocking NF-kB pathway by immunoprecipitation, western blot,
and RT-PCR.
Results: The levels of total A2M were 7-fold lower, while the levels of
MMP-13 were 2.8-fold higher in SF compared with serum from OA
patients (Fig.1A). However, the level of inactive A2M in SF was much
higher than that in serum. Supplementation with exogenous A2M
inhibited cartilage catabolic enzymes in a dose-dependent manner in
human chondrocytes (Fig.1B). Catabolic enzymes in ACLT rats peaked 2
days after surgery (Fig.2). Early supplemental intra-articular injection of
A2M reduced the concentration of MMP-13 in SF and attenuated OA
pathogenesis in the rat ACLT model (Fig.3). RT-qPCR indicated that
supplemental intra-articular A2M inhibits catabolism and enhances
anabolic metabolism. A2M also signiﬁcantly reduces inﬂammation and
prevents bone and cartilage damage in CIA mouse model (Fig.4). In
vitro, we showed that Rhodamin-labled-A2M enters into cells, bind to
IL-b and inhibit NF-kB (Fig.5)
Conclusions: A2M is a plasma protease inhibitor that is not present
in sufﬁcient concentrations to inactivate the high concentrations of
catabolic enzymes after joint injury and found in OA SF although
the level of A2M in plasma is much higher than that in SF. This
difference is thought to be due to the large molecular weight of
A2M, which prevents it from migrating into the SF. Our in vitro and
in vivo data indicate A2M is a novel and potential candidate to
prevent OA pathogenesis by reducing cartilage catabolic enzymes
via blocking IL-1/NF- kB pathway. Our ﬁndings suggest that supplemental intra-articular A2M could provide chondral protection for
post traumatic OA. Fig1. A2M negatively regulates cartilage
catabolic cytokines and MMPs. (A) Higher A2M concentration and
lower MMP-13 content were detected in the serum, when compared with OA synovial ﬂuid (same patients. N¼20). (B) MMP-13
activity was induced by IL-1 (10ng/ml), and inhibited by A2M in a
dose-dependent manner in human OA chondrocytes. Fig2. The
peak of cartilage catabolic factors occurs at day 2 after knee
joint injury. The highest cathespin activity during the 6-week
period after joint injury was detected in 2 days after surgery (AMMPs; B-ProSense), indicating the peak of the inﬂammatory
response occurs right after surgery. Fig3. Supplemental intraarticular A2M attenuated PTOA pathogenesis in a rat ACLT model.
Fig4. A2M also signiﬁcantly reduces inﬂammation and prevents
bone and cartilage damage in CIA mouse model. Fig5. Rhodaminlabled-A2M enters into chondrocytes (A), bind to IL-1 (data not
shown) and inhibit NF-kB (B).

Figure 2

Figure 3

Figure 4

Figure 5 Ă
Figure 1 Ă
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BLAME IT ON THE KNEE:
OSTEOARTHRITIS AND OBESITY
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THE

ASSOCIATION

OF

HAND

E.M. Badley, S. Zahid, A.V. Perruccio. ACREU/Arthritis Program, Krembil
Res. Inst., Univ. Hlth.Network, Toronto, ON, Canada
Purpose: Obesity and overweight are recognized risk factors for
osteoarthritis (OA). There is a strong and consistently found relationship between high body mass index (BMI) and knee OA, but
there is ongoing uncertainty as to whether higher BMI is a risk
factor for hand OA. As with most OA research, the studies on hand
OA consider this joint in isolation (i.e. without consideration of
other joints). Given that hand OA often occurs in conjunction with
OA of other joints, a failure to consider other joints could lead to
misleading results. The Canadian Longitudinal Study on Aging
(CLSA) asked separately about the presence of knee, hip, and hand
OA, providing the opportunity to investigate whether there is an
independent association between hand OA and BMI, accounting for
the association of BMI with other concurrent joints, particularly the
knee.
Methods: The CLSA began in 2013 and is following a representative
sample of respondents aged 45-85 years at baseline to gain insight into
the development of disease and disability through the aging process.
Respondents in the baseline assessment were asked separately about
OA in the knee, in the hip, and in the hand, with the lead-in question,
“Has a doctor ever told you that you have/” Participant height and
weight was measured and BMI (kg/m2) calculated, and sociodemographic information was collected. Participants reporting arthritis other
than OA or without information on OA or BMI were excluded from the
present study. Descriptive analyses compared BMI distributions
between those without OA, and those with OA of the knee, hip and
hand, individually and with each possible combination of OA at these
joint sites. Visual inspection was used to determine whether the shape
of the BMI distributions differed for combinations of hand OA with knee
and hip OA. The relationship between BMI and joint site was quantiﬁed
by linear regression, adjusted for age and sex. The relationship between
obesity and joint site was quantiﬁed by logistic regression, adjusted for
age and sex.
Results: The analytic sample included 25,459 individuals. Overall,
24.9% of the sample reported OA at any site. Among these, 56.6%
reported knee OA, 31.2% hip OA and 46.9% hand OA. Forty-seven
percent of individuals reporting hand OA also reported knee and/or
hip OA. There was minimal difference in mean BMI between the OA
groups (Table, Column A), but the percent obese, especially for the
combinations of individual joint sites, showed greater differences
across groups (Table, Column B). The distributions of BMI for the
hand OA and hand and hip OA groups were similar, but distinct from
the distributions that included knee OA, which were likewise similar
but had a higher proportion of individuals in the obese I and II/III
categories (Figure). Findings for males and females and different age
groups were similar. Regression results for OA overall and for OA at
individual joint sites (without consideration of other joints), showed
a positive and signiﬁcant association between each joint group and
higher BMI and, in particular, likelihood of being obese (Table, Columns C and D). However, when all combinations of joint sites were
simultaneously considered, neither hand OA alone nor hand and hip
OA together were signiﬁcantly associated with higher BMI or obesity,
whereas any combinations that included knee OA were signiﬁcantly
associated with higher BMI and, in particular, likelihood of being
obese (Table, Column C and D).
Conclusions: Hand OA assessed without regard to the involvement of
other joints appears to be signiﬁcantly associated with higher BMI and
obesity. However, when considering OA in other joints, and in particular
knee OA, an independent association between hand OA and BMI/obesity
was not found. This suggests that positive associations seen in previous
studies are likely due to the presence, but lack of consideration, of concomitant knee OA. Furthermore, the results suggest that a simple

comparison of mean BMI values, evenwhen age and sex adjusted, between
OA groups may miss important differences that exist in the upper tails of
the BMI distribution (i.e. the obese portion of the distribution) where there
is greater risk for OA. The ﬁndings also raise questions as to whether obesity
is a risk factor for OA in general, or only for knee OA.

77
TRIGGERS FOR ACUTE FLARES OF KNEE OSTEOARTHRITIS: A WEBBASED CASE-CROSSOVER STUDY IN COMMUNITY-DWELLING ADULTS
M.J. Thomas 1, 2, T. Rathod-Mistry 1, 3, E.L. Parry 1, C. Pope 1, T. Neogi 4,
G. Peat 1. 1 Primary Care Ctr. Versus Arthritis, Sch. of Primary, Community
and Social Care, David Weatherall Building, Keele Univ., Staffordshire,
United Kingdom; 2 Haywood Academic Rheumatology Ctr., Midlands
Partnership NHS Fndn. Trust, Staffordshire, United Kingdom; 3 Keele
Clinical Trials Unit, David Weatherall Building, Keele Univ., Staffordshire,
United Kingdom; 4 Dept. of Med., Section of Rheumatology, Boston Univ.
Sch. of Med., Boston, MA, USA
Purpose: The objectives of this study were to conduct an efﬁcient
online, community-based cohort study to produce valid and precise
estimates of the relationship between physical, psychological and other
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proximate causes (‘triggers’) for acute ﬂare-ups of knee osteoarthritis
(OA), and methodologically explore induction period.
Methods: The ACT-FLARE study (ACuTe FLAREs in knee OA) is a 13-week
web-based case-crossover study of knee pain in people aged 40 years
resident in England, with or without a recorded diagnosis of knee OA,
and no inﬂammatory arthropathy. Participants were recruited from
mailed invites to registered patients at 15 general practices, community
distribution of ﬂyers/posters, and online social media advertisement.
After completing a baseline questionnaire, participants who selfreported a ﬂare-up during the 13-week study period completed an
event-driven questionnaire capturing information on exposure to 21
physical, psychological and environmental triggers (hazard period). The
same exposure measurement data were captured from participants at
four scheduled (control period) time points when they were not
experiencing a ﬂare-up (Weeks 1, 5, 9, 13). At all time points exposure
status was ascertained for the day of completion/ day of ﬂare-up and
the 3 days before. Participants were given a narrative deﬁnition of a
ﬂare-up that covered sudden onset of worsening signs and symptoms,
sustained for at least 24 hours. Each person acted as his/her own control
in this case-crossover study. Reported trigger exposures in the hazard
periods were compared to those reported in the control periods using a
M:N matched conditional logistic regression approach. Frequency of the
physical activity exposures were measured as ‘not a lot’ (reference), ‘a
little’ and ‘a lot’. Occurrence of all other potential triggers were binary
‘no’ (reference) or ‘yes’ responses.
Results: Of 772 participants recruited between July 2018 and February
2019, 376 reporting 1 control period and 1 hazard period were
included in the analysis (mean age (SD)) 61.8 (10.1) years; 68% female,
body mass index 29.5 (5.9) kg/m2). In total, 567 ﬂare-ups (hazards) and
867 controls were analysed. Six physical activities were positively
associated with ﬂare-up onset within 24 hours; squatting or kneeling
(odds ratio (‘a lot’ vs ‘not at all’), 3.30: 95%CI 1.95, 5.59), standing for
long periods without a rest (3.29: 2.22, 4.87), lifting or moving heavy
objects (3.28: 1.62, 6.65), going up and down ladders (2.92: 1.35, 6.33),
walking outside without a rest (2.41: 1.63, 3.57) and moderate-to-vigorous physical activity (1.64: 1.12, 2.39), as were knee buckling (9.06:
5.86, 13.99), taking extra analgesia in anticipation of increased activity
(5.37: 3.48, 8.28), poor night’s sleep (3.04: 2.29, 4.02), slip, trip or fall
(2.33: 1.11, 4.86), low mood/depressed (2.30: 1.67, 3.16), feeling angry,
irritable or hostile (2.04: 1.43, 2.90) and cold/damp weather (1.45: 1.12,
1.87). Three exposures were inversely associated with ﬂare-ups: sitting
for long periods without a break (0.67: 0.46, 0.98), missing or reducing
planned medication (0.34: 0.18, 0.63) and cough, cold or minor infection
(0.72: 0.52, 0.99). The frequency of most physical activity exposures
showed a graded relationship with risk of ﬂare-up (a lot > a little > not
at all). Going up/down stairs, driving, stressful events at home, work,
and family-friend related stress were not statistically signiﬁcantly
associated with ﬂare-ups. 70% of participants reported their ﬂare-ups as
unexpected. The strongest relationship between an exposure window
and risk factor for ﬂare-up was within a 24-hour window; exposures up
to 3 days prior had lower, if any, signiﬁcant associations with risk of
ﬂare-up. Sensitivity analyses restricted to ﬁrst ﬂare-up per participant,
early notiﬁcation of ﬂare-ups (within 3 days of onset) and ﬂare-ups
reported after baseline (i.e., excluding people who reported to be
experiencing a ﬂare-up at study entry) did not change the overall
interpretation.
Conclusions: A range of mechanical and psychosocial exposures appear
to be proximate triggers for acute ﬂare-ups in knee OA, with a short
induction period of less than 24 hours. Although we found some evidence of anticipatory behaviours preceding ﬂare-ups, the majority were
reported to be unanticipated.
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Purpose: Improved knowledge of the genetic contribution to knee
injuries is important for better understanding of predisposing factors
and for targeting preventive strategies. We aimed to estimate the
genetic contribution to traumatic and degenerative meniscus tears for
men and women across the lifespan.
Methods: We linked the Swedish Twin Register with the National
Patient Register of inpatient and outpatient specialist care (individual
level) to form a 30-year, population-wide, longitudinal twin cohort
including 88 414 monozygotic (MZ; same-sex) and dizygotic (DZ; samesex and opposite-sex) twins born 1911-1999. We deﬁned a person as
having a traumatic meniscus tear if diagnosed at least once with an ICD9 code 717A-717E or ICD-10 codes S83.2 (traumatic meniscal tear) or
S83.7 (injury to multiple structures of knee (including the meniscus)).
Degenerative meniscus tear was deﬁned as diagnoses of ICD-9 code
836A-836C or ICD-10 codes M23.2 (old meniscal tear) or M23.3 (other
changes to the meniscus like degeneration, instability and loose
meniscus body). To study the genetic contribution to meniscus tears, we
estimated broad-sense heritability and familial risk for incident traumatic and degenerative tears in persons aged 17 years. Familial risk is
the relative recurrence risk, i.e. the excess risk of meniscus tear for a
twin given that the co-twin has had a tear. Equal familial risks in MZ and
DZ twins indicate that mainly environmental factors play a role in
disease etiology.
Results: During follow-up, 3372 (3.8%) of 88 414 twins were diagnosed
with a traumatic or degenerative meniscus tear. The majority of incident diagnoses were degenerative meniscus tears (n¼2062, 61.2%).
Also, 384 (11.4%) persons ﬁrst had a traumatic meniscus tear diagnosis,
followed by a later diagnosis of a degenerative meniscus tear. The
overall broad-sense heritability for any meniscus tear was 0.39 (95%
CI¼0.32-0.47) for men and 0.43 (95% CI¼0.36-0.50) for women, and
varied little by age (Figure). Thus, for both traumatic and degenerative
tear, environmental factors that were unique to each twin in a pair
explained a greater proportion of the variance than genetic factors, both
for men (0.61, 95% CI¼0.53-0.68) and women (0.57, 95% CI¼0.50-0.64).
The familial risks of any meniscus tear were RR (95% CI) for MZ men and
women ¼ 3.92 (2.98-4.85) and 4.78 (3.59-5.96), respectively, and RR
(95% CI) for DZ men and women ¼ 2.52 (1.72-3.32) and 3.15 (2.11-4.18),
respectively. Separate analyses of traumatic vs. degenerative meniscus
tears yielded similar results.
Conclusions: For the ﬁrst time, we have estimated the genetic contribution to doctor-diagnosed traumatic and degenerative meniscus
tears using a twin study design. We found a relatively low to modest
heritability for meniscus tears. The heritability and familial risks were
also fairly stable over the lifespan, and equal in both men and women.
Our ﬁndings suggest that environmental risk factors are a more
important contributor to both traumatic and degenerative doctordiagnosed meniscus tears than genetic factors.

78
THE HERITABILITY OF DOCTOR-DIAGNOSED TRAUMATIC AND
DEGENERATIVE MENISCUS TEARS
K. Magnusson 1, 2, A. Turkiewicz 1, B. Snoeker 1, V. Hughes 1,
M. Englund 1,3. 1 Lund Univ., Faculty of Med., Dept. of Clinical Sci. Lund,
Orthopaedics, Clinical Epidemiology Unit, Lund, Sweden; 2 Natl. Advisory
Unit on Rehabilitation in Rheumatology, Dept. of Rheumatology,
Diakonhjemmet Hosp., Oslo, Norway; 3 Clinical Epidemiology Res. and
Training Unit, Boston Univ. Sch. of Med., Boston MA, MA, USA

Figure. The heritability of meniscal tears by age at diagnosis, with 95%
conﬁdence intervals.
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MENDELIAN RANDOMIZATION IDENTIFIES A CAUSAL ROLE FOR
SERUM INSULIN-LIKE GROWTH FACTOR-1 IN HIP OSTEOARTHRITIS
A.E. Hartley, E. Sanderson, L. Paternoster, R. Granell, J.H. Tobias,
C.L. Gregson. Univ. of Bristol, Bristol, United Kingdom
Purpose: Individuals with acromegaly (characterised by elevated circulating IGF-1) are at an increased risk of secondary osteoarthritis (OA),
but epidemiological evidence for an association between serum insulinlike growth factor-1 (IGF-1) and OA in the general population is conﬂicting. We determined the observational associations between serum
IGF-1 and hospital-diagnosed (HD) hand, hip and knee and hand OA in
UK Biobank (UKBB). We performed Mendelian Randomization (MR) to
determine if observed associations represent a true causal effect.
Methods: Serum IGF-1 was assessed by chemiluminescent immunoassay. HD hip, knee and hand OA were determined using linked hospital
inpatient records. Observational associations between serum IGF-1 and
HD OA variables were determined by multivariable logistic regression,
adjusting for age, sex, ethnicity, oestrogen use and BMI. We performed
one-sample (1SMR) using two-stage least-squares regression, with an
unweighted allele score generated from the eight single nucleotide
polymorphisms (SNPs) robustly associated with IGF-1 in the largest
genome-wide association study (GWAS) meta-analysis, as an instrument. MR is a form of instrumental variable regression which uses
genetic variants robustly related to the exposure as instruments, providing an estimate of the causal effect which is unbiased by confounding and reverse causality. Multivariable MR (MVMR) determined
the BMI-independent effect of IGF-1, by including BMI as an additional
exposure, instrumented by an unweighted BMI allele score generated
from 69 independent loci. MR analyses were adjusted for sex, genotyping chip and 10 principal components (PCs) to account for population stratiﬁcation.
Results: 421,572 individuals had complete data for the observational
analyses, of whom 332,092 (79%) had genetic data, were unrelated and
of European ancestry, suitable for MR. The mean (SD) ages of the
observational and MR populations were 56.4 (8.1) and 56.5 (8.0) years
respectively, with 54% female in both populations. Median (interquartile range) IGF-1 concentration was 21.3 (17.6, 24.9) nmol/L in both
populations. In the observational population, 3.1% had HD hip OA (3.2%
in the MR population); 0.7% had hand OA and 5.4% knee OA in both
populations. In analyses adjusted for age, sex, ethnicity and oestrogen
use, serum IGF-1 concentration was associated with a decreased odds of
HD OA (ORhand¼0.82 [0.77, 0.88] p¼3x10-9, ORhip¼0.94 [0.91, 0.97]
p¼4x10-4, ORknee¼0.81 [0.80, 0.83] p¼1x10-64; OR per doubling in IGF-1
concentration). After additional adjustment for BMI, serum IGF-1
remained associated with a reduced odds of hand OA; however, it was
then associated with an increased odds of hip OA (ORhip¼1.04 [1.01, 1.07]
p¼0.014), with little evidence of an association with knee OA. Using
1SMR, we found strong evidence for increased risk of hip OA with
higher IGF-1 concentrations (risk difference per SD increase in IGF1¼0.009 [0.004, 0.015] p¼0.001, corresponding to an approximate ORhip
1.36 [1.13, 1.63]), and also evidence for an increased risk of knee OA (risk
difference¼0.009 [0.001, 0.016] p¼0.019). In contrast, point estimates
suggested a decreased risk of hand OA, although conﬁdence intervals
were wide, reﬂecting the low prevalence of HD hand OA. When testing
the assumptions of MR, we found evidence for an association between
the IGF-1 allele score and BMI, which violates the assumption that an
instrument is unrelated to any confounders of the exposure-outcome
relationship. We therefore performed MVMR analyses to determine the
BMI-independent effect; the effect size for IGF-1 on hip OA was
unchanged (risk difference¼0.009 [0.003, 0.014] p¼0.003); whereas,
the effect of IGF-1 on knee OA was attenuated by one-third (risk difference¼0.006 [-0.001, 0.014] p¼0.076).
Conclusions: Our MR analyses provide strong evidence that higher
concentrations of serum IGF-1 are a causal risk factor for hip OA in a
very large UK population, with weaker evidence for a causal role in knee
OA and very little evidence for an effect on hand OA. Our MVMR analyses estimate the direct effect of IGF-1 on OA conditional on BMI, these
results suggest that this causal role of IGF-1 is independent of BMI,
consistent with our observational analyses. Further study is justiﬁed to
determine the mechanism underlying this association.

80
TEMPORAL RELATIONSHIP BETWEEN OSTEOARTHRITIS AND
COMORBIDITIES: A COMBINED CASE CONTROL AND COHORT
STUDY IN THE UNITED KINGDOM PRIMARY CARE SETTING
S. Swain 1, C. Coupland 1, C. Mallen 2, C. Fu Kuo 3, A. Sarmanova 4,
M. Doherty 1, W. Zhang 1. 1 Univ. of Nottingham, Nottingham, United
Kingdom; 2 Keele Univ., Keele, United Kingdom; 3 , Chang Gung Mem.
Hosp., Taiwan, Taiwan; 4 Univ. of Bristol, Bristol, United Kingdom
Purpose: To determine the temporal relationship between osteoarthritis (OA) and comorbidities.
Methods: During a 20 years period (1997-2017), we identiﬁed 222,290
incident OA cases and 222,290 age (þ/-2 years), sex and practice matched
controls (non-OA) from the UK Clinical Practice Research Datalink (CPRD).
Controls were assigned with an index date, same as OA diagnosis date in
matched cases. For the follow-up analysis, 27,932 incident OA patients and
27,932 age (þ/-2 years), sex and practice matched controls without
selected comorbidities at or before OA diagnosis were identiﬁed. The
association (Odds Ratio (ORs)) of OA with 47 identiﬁed comorbidities and
with multi-morbidity (>2 comorbidities) prior to diagnosis, and the risks
(hazard ratio (HRs)) of developing these comorbidities after OA diagnosis,
were estimated and adjusted for age, sex, diagnosis year, body mass index,
smoking and alcohol consumption. The false discovery rate method was
used to obtain adjusted P values to account for multiple testing.
Results: Within the 20 years observational period prior to the index
date, the prevalence of multi-morbidity among OA cases and controls
was 53.1% and 41.8% respectively. The adjusted OR was 1.71 (95% CI 1.691.74). Of 47 chronic conditions studied, 39 had signiﬁcant associations
with OA before the diagnosis, including rheumatoid arthritis, ﬁbromyalgia, polymyalgia, back pain, Sjogren’s syndrome, systemic lupus
erythematosus, ankylosing spondylitis, gout, heart failure, depression
and peripheral vascular diseases. [Figure 1] After the index date, the
median time to develop multi-morbidity was 7 years in people with OA
whereas it was 9 years in people without OA. The adjusted HR was 1.43
(95% CI 1.32-1.54). The cumulative probabilities of having at least two
comorbidities at 5 years, 15 years and 20 years following the index date
were 0.64%, 22.14% and 52.93% in patients with incident OA and 0.25%,
15.53% and 38.00% in controls, respectively [Figure 2] Patients with
incident OA were signiﬁcantly more likely to develop 21 comorbidities
than non-OA controls. Leading comorbidities were ﬁbromyalgia, rheumatoid arthritis, dementia, ankylosing spondylitis, sleep problems,
benign prostate disease, anaemia, crystal arthropathy, peripheral vascular disease, depression, gall bladder disease and cancer. [Figure 1]
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Conclusions: The burden of comorbidity is higher in people with OA, both
at and after the initial diagnosis, than people without OA. The temporal
association reported merits further investigation with regard to causality.

81
ADVERSE EVENTS ASSOCIATED WITH ANALGESICS USED FOR
OSTEOARTHRITIS PAIN: ANALYSIS OF POST-MARKETING DATA
R. Bannuru 1, M. Dimbil 2, W. Wei 3, S. Colilla 4,
C. Huyghues-Despointes 3, J.E. Nettleship 4, R. Iyer 4. 1 Tufts Med. Ctr.,
Boston, MA, USA; 2 Advera Hlth.Analytics, Santa Rosa, CA, USA;
3
Regeneron Pharmaceuticals, Tarrytown, NY, USA; 4 Teva Pharmaceutical
Industries, Frazer, PA, USA
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Purpose: Several pharmacological interventions are available for
treating patients with osteoarthritis (OA) pain. Whilst each of these
therapies is associated with potential adverse events (AEs), those risks
have not been comprehensively quantiﬁed in the real-world setting.
Real-world data for AEs associated with OA analgesics may be useful to
patients and healthcare providers to better assess treatment risk when
considered within the context of an individual’s medical history and
existing comorbidities. The aim of this study was to analyze postmarketing data for AEs associated with analgesics most commonly used
for OA pain.
Methods: Data were obtained from the US Food and Drug Administration Adverse Event Reporting System (FAERS) database between
January 1, 2001, and June 30, 2019. We identiﬁed the known labeled
risks associated with nonsteroidal anti-inﬂammatory drugs (NSAIDs),
Drug Enforcement Administration (DEA) class II/III opioids, tramadol,
and acetaminophen from the boxed warning, warnings, precautions,
and adverse reactions sections of the drug labels for these agents.
Based on this research, lists of custom Medical Dictionary for Regulatory Activities query searches were developed to identify AE cases.
Cumulative case counts on primary suspect outcomes (i.e., cases in
which the reporter listed the speciﬁed drug as the primary suspect
cause associated with the AE) were calculated, and all cases were
required to have OA as a reported condition. The reporting odds ratio
(ROR) approach was used to compute a measure akin to the odds ratio
to quantify the strength of the association between the speciﬁc
aforementioned analgesic classes and AEs reported in a post-marketing safety database such as FAERS. RORs were calculated by
dividing the odds of a speciﬁc AE occurring with the speciﬁc analgesic
used for OA pain by the odds of that AE occurring with all drug classes
(non-stratiﬁed) or only drug classes with OA as a reported condition
(stratiﬁed). RORs greater than 1 indicated an elevated association
between the speciﬁc drug class and the AE compared with the other
drug classes, whereas RORs below 1 indicated lack of such an association. The limits of the 95% conﬁdence intervals of ROR were obtained
via an approximation of the normal distribution. The lower limit of
this distribution (ROR05) was calculated and reported for both the
non-stratiﬁed and stratiﬁed RORs, providing 95% certainty that the
true mean of the population was at or above the number reported.
Results: During the study period in the FAERS database, the cumulative
primary suspect case counts, with OA being a reported condition, were
as follows: 7,128 for NSAIDs, 938 for DEA class II/III opioids, 296 for
tramadol, and 149 for acetaminophen. For primary suspect AE cases
overall, non-stratiﬁed ROR05s were greater than 1 (indicative of higher
odds of AEs compared with the other drug classes) for 13 of the 16
expected safety issues for NSAIDs, 7 of the 18 for DEA class II/III opioids,
4 of the 18 for tramadol, and 1 of the 16 for acetaminophen (tables 1 and
2). ROR05s were the highest for gastrointestinal (GI) ulceration/perforation (9.67), GI bleeding (8.24), and myocardial infarction (3.09) for
NSAIDs; withdrawal symptoms (9.43), sedation (4.58), and drug abuse/
dependence (2.13) for DEA class II/III opioids; withdrawal symptoms
(2.92), GI obstruction (1.73), and drug overdose (1.22) for tramadol; and
hepatotoxicity (7.37) for acetaminophen. Stratiﬁed ROR05 results
showed similar trends but with different magnitudes. For primary
suspect AE cases, when comparing to other drugs with OA as a reported
condition, stratiﬁed ROR05s for NSAIDs were 2.72 for GI ulceration/
perforation and 2.28 for GI bleeding. For DEA class II/III opioids, stratiﬁed ROR05s were 10.79 for withdrawal symptoms, 6.38 for sedation,
and 2.56 for drug abuse/dependence. For tramadol, an association was
demonstrated for seizures (1.42) when comparing to other drug classes
with OA as a reported condition, which was not apparent in the nonstratiﬁed results. For acetaminophen, the stratiﬁed ROR05 was 6.58 for
hepatotoxicity. Of all studied primary suspect cases with OA as a
reported condition, serious AE cases (deﬁned as death, life-threatening
AEs, hospitalization, disability/permanent damage, congenital anomalies/birth defects, AEs requiring intervention to prevent permanent
impairment/damage, or other serious AEs) comprised 55.7% (83/149) of
all studied AEs with acetaminophen, 63.8% (598/938) with DEA class II/
III opioids, 75.4%, (5,371/7,128) with NSAIDs, and 90.5% (268/296) with
tramadol.
Conclusions: This study provides a comprehensive and quantitative
evaluation of the safety issues with drugs used to treat patients
with OA pain in the real-world setting. The results of our study
demonstrate that the most commonly used OA analgesics are
associated with elevated risks for certain AEs compared with the
other drug classes, underscoring the need for new and safer
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therapies for OA pain. These data will help patients and healthcare
providers to better assess the beneﬁt-risk proﬁles of these analgesics before incorporating them into treatment regimens. This
study was limited by the lack of control for other confounding
factors and the potential for use of multiple medications in individual patients. Further research is required to evaluate the
downstream effects of the studied AEs (e.g., medical costs) and to
benchmark these AEs against the safety proﬁles for the evaluated
analgesics reported in randomized clinical trials.

well as non-coding epigenetic changes that inﬂuence whether gene
changes result in functional changes. Due to the heterogeneity in OA, it
is increasingly viewed as a disease with different sub-types or phenotypes which may inﬂuence approaches to diagnoses and therapy.
Methods: We have used our large-scale knee OA patient biobank
(n¼750) to perform total RNA sequencing (Illumina Truseq-Stranded
Total RNA, NextSeq550) on synovium samples from 50 late stage
(Kellgren-Lawrence Grade 3/4) radiographic knee OA patients. We have
developed separate bioinformatic pipelines for mRNA, long non-coding
RNA and circular RNA. We have also collected substantive anthropometric, pain and functional data in order to elucidate relationships
between clinical variables and molecular signatures.
Results: RNA extracted from synovium had an average RIN of 8.6±0.72,
and RNA sequencing metrics indicate an average Q30 of over 90%
indicating 99.9% base-call accuracy. After ﬁltering, 19,857 genes were
expressed in synovium. Sex, BMI (normal, overweight, obese), synovial
inﬂammation, 1 year response to surgical intervention (WOMAC MCID,
patient response), as well as baseline pain (WOMAC pain, stiffness,
function) distinguished a number of differentially expressed genes.
Multivariate analysis further indicated that subsets of genes can be
distinguished by synovial inﬂammation, and responder status after
adjusting for other factors. Unsupervised cluster analysis indicates that
molecular signatures between patients cannot be distinguished by
clinical variables alone, and these variables themselves do not selfsegregate patient clusters.
Conclusions: Transcriptomics of late-stage OA synovial tissue indicates a number of differentially regulated genes by demographic and
clinical variables. Phenotyping of these patients indicates that clinical
variables alone cannot distinguish sub-groups, but combinations of
these variables with molecular signatures or molecular signature
independent of clinical phenotype may be able to distinguish patient
sub-groups. Future directions include incorporation of long non-coding and circular RNA molecular signatures to form a comprehensive
molecular proﬁle of each patient, as well as RNA sequencing of other
joint tissues within the same cohort.
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IS THE PARADOXICAL INCREASE OF CARTILAGE THICKNESS IN CTGF
NULL MICE DUE TO COMPENSATION BY ACTIVIN A
H. Muhammad 1, J.M. Zarebska 1, M. Lai 1, A. Leask 2, B. Stott 1, I. Parisi 1,
C.d. Duarte 1, T.L. Vincent 1. 1 Kennedy Inst. of Rheumatology, Univ. of
Oxford, Oxford, United Kingdom; 2 Coll. of Dentistry, Univ. of
Saskatchewan, Saskatoon, SK, Canada, Saskatoon, SK, Canada
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IDENTIFYING MOLECULAR SIGNATURES UNDERLYING
OSTEOARTHRITIS THROUGH TRANSCRIPTOMICS

KNEE

A. Ratneswaran, P. Potla, O. Espin Garcia, S. Lively, A. Perrucio,
Y. Rampersaud, R. Gandhi, M. Kapoor. Arthritis Res. Program, Univ.
Hlth.Network, Toronto, ON, Canada
Purpose: Osteoarthritis (OA) is a pervasive, lifelong disorder targeting
joints, and is a leading cause of mobility-disability worldwide. Yet, there
are no successful pharmacological approaches that can stop its progression. This substantial unmet need can be attributed to the complex
and poorly understood molecular mechanisms which initiate and drive
this disease. Total RNA sequencing is a powerful technique which
enables the identiﬁcation of active genes driving disease progression, as

Purpose: Previously we identiﬁed connective tissue growth factor
(CTGF) by proteomic analysis of the pericellular matrix (PCM), and
showed that, like other PCM bound proteins, it was released upon
cartilage injury. Postnatal, pan tissue deletion of CTGF in adult mice
resulted in thicker knee cartilage which protected the mouse from
osteoarthritis. This appeared to contradict the predicted phenotype, as
we also showed that CTGF was covalently bound to latent TGFb
(transforming growth factor beta) and controlled the bioavailability of
TGFb (an anabolic factor) in cartilage. As loss of CTGF in vivo also caused
a paradoxical increase in canonical Smad2 signalling, we hypothesised
that another Smad2 activating ligand may be compensating for CTGF/
TGFb loss. The role for activin A was explored.
Methods: Ctgfﬂ/ﬂ and Inhbaﬂ/ﬂ mice were acquired under MTA, courtesy
of Andrew Leask and Marty Matzuk respectively. The mice were crossed
with Ubi-Cre/ERT2 line (Jackson Laboratories) to generate Ctgfﬂ/ﬂ;UbiCre/ERT2, Inhbaﬂ/ﬂ;Ubi-Cre/ERT2 and Ctgfﬂ/ﬂ;Inhbaﬂ/ﬂ;UbiCre/ERT2 lines.
Genetic deletion was induced at 4 weeks of age through daily injections
of tamoxifen (50 mg/kg) intraperitoneally on three consecutive days.
RT-PCR and western blot was used to conﬁrm efﬁciency of deletion.
Mice were culled at 6 weeks and auricular cartilage biopsy punches (4
mm diameter) were taken from the posterior distal ear region,
embedded in parafﬁn and sectioned. Slides were imaged and cartilage
thickness was measured using FIJI image processing package. For RNA
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and total protein isolation, skin was removed prior to cartilage extraction. PCR was performed using pre-printed Taqman microﬂuidic cards.
Extracellular matrix proteins were immunostained with ﬂuorescence
labelled antibodies.
Results: The auricular cartilage of CTGF null mice was signiﬁcantly
thicker compared with wild type (WT) in keeping with our previous
ﬁndings in joint articular cartilage. Double knockout mice (activin A and
CTGF) reversed this thickening, back to WT measurements. Deletion of
CTGF resulted in higher levels of type II collagen (but not aggrecan) by
PCR which was reversed by co-deletion of activin A. This was conﬁrmed
by immunohistochemistry. Activin A was up-regulated 1.7 fold in CTGF
null tissue, as was MMP13 (3.2 fold). There was a tendency for increased
Sox9 expression in CTGF KO mice.
Conclusions: Increased cartilage thickness and collagen II expression in
CTGF null animals appear to be compensated by the TGFb family ligand,
activin A. This data also suggest that the auricular (ear) cartilage can be
used as a surrogate tissue to investigate the cartilage homeostasis.
Analysis of the articular cartilage of these mice is underway.
84
THE CILIARY PROTEIN INTRAFLAGELLAR TRANSPORT 88 IS
REQUIRED
FOR
THE
MATURATION,
HOMEOSTASIS
AND
MECHANOADAPTATION OF ARTICULAR CARTILAGE
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weeks MC had continued to thin, but this was now associated with
surface damage and osteophyte formation. In the most extreme case,
MC was completely lost (Fig.1B). In contrast, lateral plateau thickness
and OARSI score was unaffected. At all time-points thinning was
attributable to loss of calciﬁed cartilage. IHC analyses revealed no
striking differences in collagen X expression, NITEGE neoepitope
staining or the expression of LRP-1b. 12 weeks post DMM, OARSI scores
were statistically signiﬁcantly higher in cKO mice.
Conclusions: Progressive thickening and calciﬁcation in the mouse medial
compartment illustrates the continued adaptation of adolescent and adult
articularcartilage,inthemedialloadingenvironment.IFT88deletioninhibits
MC thickening, leading to atrophy, which then predisposes the joint to
spontaneous OA as the mouse ages. The lateral compartment is relatively
unaffected. We propose this may be due, in part, to disruption of mechanotransduction and downstream anabolic remodelling in medial cartilage.
DeletionofIFT88impairstheprogressivecalciﬁcationofarticularcartilage,in
both compartments, which may be due to disruption of intrinsic cartilage Hh
signalling. Mechanistic experiments, dissecting the relative roles and integrationofIFT,mechanicsandHhinthecontextofadultcartilageareon-going.
We conclude that IFT88 maintains a profound inﬂuence in post-natal articular cartilage homeostasis and protection from OA.

C.R. Coveney, J. Miotla-Zabrebska, V. Batchelor, B. Stott, I. Parisi,
M. Curtinha, C. Duarte, T.L. Vincent, A.K. Wann. The Kennedy Inst. of
Rheumatology, Univ. of Oxford, Oxford, United Kingdom
Purpose: The development, maturation and maintenance of articular
cartilage depends on the integration of external cues, such as
mechanics, with intrinsic cell signalling programmes, such as hedgehog
(Hh) signalling. Aberrant mechanics and the post-natal activation of Hh
signalling have both been associated with the development of murine
and human OA. It remains to be fully elucidated how chondrocytes
transduce and integrate these cues in vivo. Chondrocytes assemble a
primary cilium, a microtubule-based organelle with a devoted trafﬁcking machinery, IntraFlagellar Transport or IFT. In vitro studies indicate ciliary IFT helps tune the chondrocyte response to Hh ligand and
the anabolic matrix response to cell compression. Recently, we have
shown loss of function of IFT88, inhibiting ciliogenesis in chondrocytes,
impairs LRP-1 mediated endocytotic clearance of proteases, resulting in
increased aggrecanolysis. While constitutive and peri-natal disruption
of ciliary proteins, Hh signalling and altered mechanics, all drastically
alter joint development in vivo, the inﬂuence of IFT in adult cartilage
homeostasis remains unknown.
Methods: IFT88 was targeted using a cartilage-speciﬁc, inducible
mouse line (ACANCreERT2;IFT88ﬂ/ﬂ : cKO hereafter). Cre activity was
validated by qPCR, and using a ROSA26tdtomato reporter line. IFT88ﬂ/ﬂ
mice, also receiving I.P injections of tamoxifen, were used as controls.
Tibial articular cartilage was assessed 2, 14 or 26 weeks post tamoxifen,
at 8, 10, 22 and 34 weeks of age respectively, using histomorphometric
analyses, including measurements of articular cartilage thickness, relative calciﬁcation, and OARSI score and by means of immunohistochemistry (IHC). The DMM model, which destabilising the joint, was
performed at 10 weeks of age. Means ± S.D are quoted throughout,
Mann-Whitney U-tests used for statistical comparisons.
Results: The Tdtomato reporter demonstrated ACANcre activity in hip
and throughout knee cartilage. Tamoxifen treatment of cKO mice
resulted in a 50% reduction of IFT88 mRNA in articular cartilage
(p¼0.02, n¼6 ctrl, 14 cKO). In control mice, tibial articular cartilage
thickens between 8 and 22 weeks of age, most notably on the medial
plateau. Calciﬁed cartilage (below the tidemark) progressively increases
on both plateaus, between 6 and 22 weeks of age. IFT88 depletion (cKO)
resulted in thinner medial articular cartilage (MC), compared with
controls, at all 5 time-points. Fig 1.A shows MC thickness in adult
control (crosses) and cKO (circles). In control mice, MC thickness
increased from 99.0 þ/- 9.2 mm at 8 weeks of age to 108.9 þ/- 7.2 mm at
10 weeks of age. Tamoxifen treatment, at 8 weeks of age, inhibited this
increase in cKO mice (MC thickness at 10 weeks was 96.2 þ/- 7.4 mm,
p¼0.02, compared with 10 week ctrl, n¼7). By 22 weeks of age mean
MC thickness in cKO was 90.2 þ/- 3.3 mm compared with 111.6 þ/- 10.1
mm in control animals (p¼0.0002, n¼ 7 and 10 respectively). By 34
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DISRUPTION OF ADOLESCENT GROWTH PLATE DYNAMICS
FOLLOWING
REMOVAL
OF
A
PUTATIVE
CHONDROCYTE
MECHANOSTAT
C.R. Coveney. The Kennedy Inst. of Rheumatology, Univ. of Oxford, Oxford,
United Kingdom
Purpose: As long bone elongation draws to a close, the dynamic landscape of the cartilaginous growth plate (GP) changes as endochondral
ossiﬁcation slows and the growth plates narrow. Whilst developmental
studies have described the complex differentiation programs and signal
pathway interactions that deﬁne endochondral ossiﬁcation in embryonic and peri-natal skeletal growth, our understanding of the cessation
of growth and GP closure is far less detailed. Developmental GP
dynamics rely upon a carefully controlled axis of Indian hedgehog (Ihh)
and parathyroid hormone-related peptide (PTHrP) signalling. GP
dynamics are grossly altered by the developmental disruption of Hh
signalling or proteins, such as intraﬂagellar transport protein (IFT88),
associated with the primary cilium, a singular microtubule-based
organelle responsible for tuning Hh signalling. Hh or ciliary targeting
results in reduced GP chondrocyte proliferation, accelerated GP closure
and inhibition of bone elongation. The primary cilium is also associated
with mechanotransduction in the GP and altered mechanics in development also disrupt GP dynamics. However, the inﬂuence of ciliary IFT,
Hh and mechanics in the adolescent GP has not been studied.
Methods: We used imaging, histology and an inducible aggrecan (ACAN)
cre model, enabling temporal deletion of IFT88 in cartilage, to investigate
GP dynamics and closure between 4 and 10 weeks of age in the mouse.
Control (IFT88ﬂ/ﬂ) and cKO (IFT88ﬂ/ﬂ;ACANCreERT2) were injected with
tamoxifen (I.P) at 4, 6, or 8 weeks of age. Joints were scanned by mCT
before histomorphometric analyses of tibial GP using Safranin-O/fast
green stained sections and IHC. Cre activity was validated using a
ROSA26TdTomato reporter line. To test the inﬂuence of mechanical load
in vivo sciatic and femoral neuroectomy was conducted in the right hind
limb, the contralateral limb being used as a control. Means ± S.D quoted
throughout, Mann-Whitney U-tests used for statistical comparisons.
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Results: By mCT analyses, GP length in wild-type mice reduces from ~260
mm to 130 mm between 4 and 10 weeks of age. Deletion of IFT88 at 4, 6 or
8 weeks of age resulted in longer GPs in cKO mice (solid bars) at every
timepoint compared with control mice (open bars, Fig 1A). Two weeks
after tamoxifen, cKO GP lengths were not statistically signiﬁcantly different to controls at time of treatment, indicating inhibition of growth
plate closure. No changes were observed in the epiphyseal plate but there
were increases in trabecular bone density immediately below the GP in
cKO mice. Interestingly, some cKO mice exhibited extremely long GP at
the edges of the tibia, which appeared as large holes by mCT (Fig 1B),
whilst the centre of the GP appeared less affected. Histological sections of
GP conﬁrmed longer growth plates with increases in both proliferative
but, most notably, hypertrophic chondrocyte populations. The large,
often bi-lateral holes, observed by mCT were largely ﬁlled with disorganised hypertrophic chondrocytes (Fig 1C), which IHC analysis indicates were expressing type X collagen (Coll X) (Fig 1D). Intriguingly,
double (femoral and sciatic) neurectomy, at 8 weeks of age, also resulted
in large, often bilateral, disorganised populations of hypertrophic chondrocytes, but only in the contralateral (loaded) limb.
Conclusions: In contrast to premature closure of the GP observed at
earlier timepoints in development, deletion of IFT88 in the adolescent
GP results in longer growth plates and inhibition of GP closure due to
the failure of ossiﬁcation. Histological analyses suggest deletion of IFT88
does not impair Hh-PTHrP stimulated proliferation or hypertrophic
differentiation, but interferes with the ossiﬁcation process at the
chondro-osseous junction. This phenotype is most pronounced in the
lateral edges of the GP, possibly supporting a role for IFT88 in GP
mechanotransduction. The role of mechanics in inﬂuencing GP ossiﬁcation is further supported by a similar phenotype seen in the contralateral limb of double neurectomised mice. Quite how mechanics and
IFT88 interact to control GP closure is currently unclear.
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KNEE JOINT DISTRACTION-INDUCED SHIFT FROM CATABOLIC TO
ANABOLIC STATE OCCURS AFTER THE DISTRACTION PERIOD
M. TEUNISSEN 1, J. POPOV-CELEKETIC 2, K. COELEVELD 2, B.P. MEIJ 1,
F.P. LAFEBER 2, M.A. TRYFONIDOU 1, S.C. MASTBERGEN 2. 1 UTRECHT
UNIV., UTRECHT, NETHERLANDS; 2 UNIV. MED. CTR. (UMC) UTRECHT,
UTRECHT, NETHERLANDS
Purpose: Knee joint distraction (KJD) is a validated joint-preserving
treatment strategy for severe osteoarthritis (OA) that provides longterm clinical and structural improvement. Data from both human
trials and animal models indicate clear cartilage regeneration from 6
months and onwards post-KJD. However, recent work showed that
during distraction, the balance between catabolic and anabolic indicators is directed towards catabolism, as indicated by collagen type 2
markers, proteoglycan (PG) turnover and a catabolic transcription
proﬁle [unpublished data]. The focus of the present study was to
investigate cartilage changes directly and 10 weeks after joint distraction in order to elucidate the shift from a catabolic to an anabolic
cartilage state.
Methods: Knee OA was induced bilaterally in 8 dogs according to the
groove model. After 10 weeks of OA induction, all 8 animals were

treated with knee joint distraction on the right side, employing the
left knee as an OA control. After 8 weeks of distraction, 4 dogs were
euthanized directly (KJDdirect), and after 10 weeks of follow-up the 4
remaining dogs (KJDþ10). Macroscopic and microscopic cartilage
degeneration was assessed using the OARSI canine scoring system.
RT-qPCR was used to determine relative expression of aggrecan
(ACAN)w collagen type II (COL2a1), cartilage oligomeric matrix protein
(COMP) and matrix metalloproteinase-3 (MMP3) in the cartilage. PG
content was determined by the Alcian Blue assay and the synthesis of
PGs was determined using 35SO24 as a tracer.
Results: Directly after KJD, macroscopic cartilage damage of the right
tibial plateau was higher as compared to the left OA control (OARSI
score KJDdirect : 1.7±0.2 vs 0.6±0.3; p < 0.001). 10 weeks post-KJD this
difference persisted (OARSI score KJDþ10: 1.4±0.6 vs 0.6±0.3; p ¼
0.05). Microscopically, an increase in the total OARSI score was seen
after 10 weeks post-KJD. This was mainly due to an increase of
chondrocyte clusters at 10 weeks of follow-up, resulting in an
increase in the sub score chondrocyte pathology. Remarkedly the sub
score intensity of proteoglycan staining decreased directly after KJD
(indicating a loss of PGs) but increased after 10 weeks of follow-up
(see also ﬁgure), suggesting a mixed response depending on the item
scored. Cartilage gene expression analysis showed downregulation of
COL2a1 (-1.3 ± 0.3), ACAN (-4.4 ± 1.0, p < 0.01) and COMP (-1.7 ± 0.5)
directly after knee joint distraction compared to the left OA control
suggesting enhanced catabolic activity during KJD. In contrast, after
10 weeks of follow-up the expression of COL2a1 and COMP were
increased in the right distracted knee as compared to the left OA
control (2.6 ± 1.1 and 2.5 ± 1.2 respectively) as well as compared to
the situation directly after KJD (3.3 ± 1.4 and 4.2 ± 2.0), though not all
changes reached statistical signiﬁcance. Similar, expression of MMP3
was upregulated directly after KJD (4.4 ± 0.8) and downregulated 10
weeks post-KJD (-3.3 ± 0.8). Biochemical analysis of the tibia cartilage
directly after KJD revealed a lower PG content compared to the OA
joint (20.1±10.3 mg/g vs 23.7±11.7 mg/g). At 10 weeks post-KJD this
difference in PG content was gone (24.8±6.8 mg/g vs 25.4±7.8 mg/g).
The PG synthesis rate directly after KJD appeared signiﬁcantly lower
vs. OA (1.4±0.6 nmol/h.g vs 5.9±4.4 nmol/h.g; p < 0.001)). Conversely,
10 weeks post-KJD this difference disappeared (3.7±1.2 nmol/h.g vs
2.9±0.8 nmol/h.g), and the synthesis rate in the distracted knee was
increased compared to directly after distraction (p < 0.01) indicating a
shift upon follow-up.
Conclusions: Further in-depth investigation of the material is ongoing
and also includes the other joint tissues such as the bone and the
synovial tissue. Irrespective, these ﬁrst results on cartilage changes
suggest that the shift from a catabolic to an anabolic state occurs within
the weeks after joint distraction. As such, the post-distraction period
seems to be essential in identifying key-players that support intrinsic
cartilage repair.
Acknowledgements: Financial support was received from: TTW
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MECHANOBIOLOGICAL RESPONSES IN SYNOVIUM: INSIGHTS INTO
THE BENEFITS OF EXERCISE AND THE ROLE OF INFLAMMATION IN
KNEE OSTEOARTHRITIS
H.T. Philpott 1, T. Birmingham 1, S. MacDonald 1, B. Lanting 1, B. Fiset 2,
L. Walsh 2, T. Appleton 1. 1 Western Univ., London, ON, Canada; 2 McGill
Univ., Montreal, QC, Canada
Purpose: Exercise improves pain and joint function in patients with
knee osteoarthritis (OA), including after total knee arthroplasty. However, many patients limit exercise due to pain, reporting increased pain
with activity and relieved with rest. The mechanisms leading to the
clinical beneﬁts of exercise over time despite pain during activity in
knee OA are poorly understood. Joint pain signals emanate from multiple innervated joint tissues, especially synovium. The synovium is a
critical tissue for maintenance of joint health and undergoes marked
changes during OA. Knee synovium is stretched during walking (ﬂexion-extension) at predictable frequencies, but the mechanobiology of
synovium during the gait cycle is unknown. Since synovial inﬂammation (synovitis) is strongly associated with pain symptoms and pain
sensitization in OA, responses to exercise may depend on the degree of
inﬂammation in OA joints. Here, we assessed synovial tissue mechanobiological responses to high and low frequency mechanical stretch
loading and whether these responses are altered by the burden of
inﬂammation.
Methods: Synovial tissue samples were collected during total knee
arthroplasty from 6 patients with end-stage knee OA. Each sample was
split into 3 equally matched pieces and subjected to cyclic mechanical
10% stretch for 30 minutes at low (20 Hz, to model very slow walking 40
steps/min) or high (60 Hz, to model fast, more painful walking 120
steps/min) frequency or static (non-stretch control). Inﬂammation
burden was determined as high (n¼3) or low (n¼3) using the semiquantitative OMERACT grading system for musculoskeletal ultrasound
and synovial tissue histology (sub-intimal leukocyte inﬁltration). Following mechanical stimulation, tissue samples were incubated in fresh
culture media for 6 hours prior to whole tissue RNA isolation for RNA
sequencing. RNA sequences were aligned and sorted by coordinates, to
the NCBI human genome. Quantiﬁcation of genes was performed in
featureCounts, DESeq2 was used to normalize feature counts and ﬁnd
differentially expressed genes, and pathway enrichment was determined using KEGG analysis.
Results: The mean age of patients included in the study was 66.5 (þ/9.65) and mean BMI was 36.1 (þ/- 5.61), with 4 males and 2 females.
All patients had end-stage knee OA with Kellgren-Lawrence grade 34. Gene lists were compared between stretch conditions (control vs
low frequency; control vs high frequency), and then within stretch
conditions and between tissues with high versus low levels of
inﬂammation. 1885 mechanoresponsive genes were signiﬁcantly
dysregulated by low frequency stretch versus 168 mechanoresponsive genes by high frequency stretch. Common pathways that
were highly enriched by both low and high frequency stretch were
genes involved in phagocytosis, Toll-like receptor signaling, NFkappa-B signaling, and TGF-beta signaling. Pathways uniquely
enriched by low frequency stretch include genes involved in osteoclast differentiation, necroptosis, NOD-like receptor signaling, and
those suggestive of adaptive immunity (Th1 and Th2 differentiation,
B cell receptor signaling). Pathways uniquely enriched by high frequency stretch include genes involved in innate immunity including
cytokine receptor interaction, chemokine signaling, and natural killer
cell-mediated cytotoxicity. In secondary analyses, we explored differences in mechanically-induced gene expression between patients
with high versus low burden of synovial tissue inﬂammation. Venn
analyses showed that only 1.8% (17) of genes are mechanoresponsive
in both low and high inﬂammation groups and are therefore purely
mechanoresponsive, while 98.2% (945) of signiﬁcantly mechanoresponsive genes are inﬂuenced by the inﬂammation status of the tissue.
Thus, suggesting that inﬂammation strongly inﬂuences gene
expression in response to stretch.
Conclusions: This work explores a mechanobiological basis for further understanding the clinically-relevant effects of exercise on knee
joints with OA, including mechanisms controlling joint homeostasis,
immune cell function and interaction, and pain. We provide evidence
that synovium is mechanoresponsive, with differential transcriptional network activation in response to mechanical loading frequencies that model less-painful (slow) vs painful (fast) walking.
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Further, we provide contextual understanding of these effects in the
presence of synovial inﬂammation, which affects a large proportion
of knee OA patients and appears to modulate synovial responses to
mechanical loading.
88
LONG-TERM EFFICACY AND SAFETY OF INTRA-ARTICULAR
SPRIFERMIN IN PATIENTS WITH KNEE OSTEOARTHRITIS: RESULTS
FROM THE 5-YEAR FORWARD STUDY
F. Eckstein 1, 2, M. Hochberg 3, J. Kraines 4, H. Guehring 5, F. Moreau 4,
V. Ona 4, A.R. Bihlet 6, I. Byrjalsen 6, J.R. Andersen 6, B. Daelken 5,
O. Guenther 5, C. Ladel 5, M. Michaelis 5, P.G. Conaghan 7. 1 Paracelsus
Med. Univ., Salzburg, Austria; 2 Chondrometrics GmbH, Ainring,
Germany; 3 Univ. of Maryland, Baltimore, MD, USA; 4 EMD Serono Res.
and Dev. Inst., Inc. (an afﬁliate of Merck KGaA), Billerica, Darmstadt,
MA, Germany; 5 Merck KGaA, Darmstadt, Germany; 6 Nordic BioSci.,
Herlev, Denmark; 7 Univ. of Leeds, Leeds, United Kingdom
Purpose: The 5-year Phase II FORWARD study assessed the efﬁcacy and safety of the potential disease-modifying osteoarthritis
drug (DMOAD) sprifermin (recombinant human ﬁbroblast growth
factor 18) in patients with symptomatic, radiographic knee
osteoarthritis (OA). The primary endpoint assessed at Year 2
showed dose-dependent modiﬁcation of total femorotibial joint
(TFTJ) cartilage thickness with sprifermin vs placebo (PBO) by
quantitative magnetic resonance imaging (qMRI), and this was
found to be sustained at Year 3 follow-up in a subsequent
exploratory analysis. Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) total scores improved by ~50% in
all cohorts, including PBO, at Years 2 and 3. Post-hoc exploratory
analyses identiﬁed a patient “subgroup at risk” of further structural and symptomatic progression, with thinner minimum joint
space width (mJSW) and greater WOMAC pain at baseline, which
displayed a clinically relevant differentiation in WOMAC pain
score changes between sprifermin (100 mg every 6 months
[q6mo]) and PBO at follow-up. Here, we report the long-term 5year efﬁcacy and safety results in the overall population and the
“subgroup at risk”.
Methods: Patients were randomised 1:1:1:1:1 to receive intra-articular
sprifermin 100 or 30 mg q6mo, 100 or 30 mg q12mo, or PBO, for 18 mo.
The treatment period-related analysis for the primary endpoint was 2
years, with follow ups over 3 years post treatment (at 3 and 5 years).
The intent-to-treat (ITT) population included all randomized patients;
the modiﬁed (m)ITT population all patients with a baseline and 1
qMRI reading up to Year 2. Post-hoc exploratory analysis was conducted
in the “subgroup at risk” (minimum medial or lateral JSW of 1.5-3.5 mm
and WOMAC pain 40-90 [0-100 scale; 100 ¼ worst pain] at baseline).
Treatment differences vs PBO were estimated using a repeated measures model controlling for baseline, treatment, time, pooled country
and treatment by time interaction. Conﬁdence intervals (CIs) were
adjusted for multiplicity of treatments using Dunnett adjustment. Linear dose-effect trend tests were performed exploratively at each
timepoint.
Results: 474 (86.3%) patients completed the primary 2-year observation period (including 18 mo of active treatment); 442 (80.5%)
and 378 (69%) patients completed the 3 and 5-year extended follow-up periods, respectively. The signiﬁcant dose-response effect of
sprifermin on TFTJ cartilage thickness change seen at Year 2 was
preserved to Year 5 (trend test, p<0.001), and the 0.05 mm greater
mean increase in TFTJ cartilage thickness with sprifermin 100 mg
q6mo vs PBO seen at Year 2 was sustained to Year 5 (95% CI 0.004,
0.095; p¼0.015; Table 1). WOMAC pain scores were improved by
~50% from baseline to Year 5 in all cohorts, including PBO (Figure 1). Post-hoc analysis of the “subgroup at risk” (n¼161) identiﬁed a potential differentiation in WOMAC pain scores between the
sprifermin 100 mg q6mo (highest dose) and PBO groups at Year 2
(-5.82; 95% CI -18.87, 7.23), Year 3 (-8.75; CI -22.42, 4.92) and Year
5 (-10.08; 95% CI -25.68, 5.53; Figure 2). At Year 5, there was no
notable difference in the incidence of adverse events (AEs), serious
AEs or study discontinuation due to AEs in any sprifermin group vs
PBO in the overall population or the “subgroup at risk”. AEs were
mostly moderate in severity. A total of 181 patients (33%) reported
serious AEs, but none were deemed related to treatment by the
investigators. Withdrawals from the study due to AEs were <10%,
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the majority of which were musculoskeletal and soft tissue
disorders.
Conclusions: FORWARD is the longest DMOAD study reported, with
an extended 3-year observation period after the primary 2-year
treatment period. The 5-year analysis showed that sprifermin maintained long-term structural modiﬁcation of articular cartilage vs PBO
in the mITT population despite a 3-year treatment-free period. Most
importantly, clinically relevant pain improvement vs PBO was sustained in a patient “subgroup at risk” of structural and symptomatic
progression, with an acceptable safety proﬁle. These ﬁndings suggest
potential sprifermin beneﬁt and disease modiﬁcation with delayed
knee OA progression, and have identiﬁed a target dose and patient
population for future Phase III trials.

89
A POPULATION-DRIVEN FRAILTY AND PHYSICAL ACTIVITY ANALYSIS
AMONG INDIVIDUALS WITH OSTEOARTHRITIS AND COMORBIDITIES
R. Moyer, C. Hubley-Kozey, O. Theou, M.U. Perez-Zepeda, D.S. Kehler,
K. Rockwood. Dalhousie Univ., Halifax, NS, Canada
Purpose: Osteoarthritis is a serious, multifactorial disease associated
with multi-morbidity, low physical activity and a high risk of premature
mobility-related disability. Frailty, a decline across multiple physiological systems in the body, is associated with higher risk of adverse
health outcomes and presents as a potential modiﬁable risk factor
among individuals with osteoarthritis. Despite their overlap, few
investigations have been dedicated to clarifying the role of frailty in
complex osteoarthritis populations. The objective of this study was to
investigate the relationship between osteoarthritis and frailty in middle-aged to older adults by quantifying the effect of multi-morbidity,
duration of disease, multi-joint pathology and physical activity levels.
Methods: Population data was included from 47,261 individuals participating in the Canadian Longitudinal Study on Aging (CLSA baseline
cohort) and 27,211 individuals participating in the US National Health
and Nutrition Examination Survey (NHANES 1999-2016 cohorts). Across
both databases, individuals aged 45-85 years with self-reported
osteoarthritis were included. To quantify multi-morbidity status,
osteoarthritis plus one or more co-morbidities was determined and
included individuals with cardiovascular disease (including heart failure, angina, and acute myocardial infarction), stroke, diabetes, chronic
obstructive pulmonary disease, cancer, kidney problems, thyroid
problems (including hyperthyroidism and hypothyroidism), and other
arthritis. The number of years lived with osteoarthritis was categorized
into four durations: less than 5 years, 5 to 9 years, 10 to 19 years, and
greater than or equal to 20 years. Moderate-to-vigorous physical
activity levels were separated into four groups: less than 75 min/week,
75-149 min/week, 150-299 min/week, and greater than or equal to 300
min/week. A Frailty Index, quantiﬁed as an accumulation of health
deﬁcits across multiple physiological systems, was constructed for each
population dataset using 40-items from the CLSA data and 37-items
from the NHANES data, and both indices excluded all items related to
osteoarthritis and the eight co-morbidities identiﬁed.
Results: The prevalence of individuals with osteoarthritis alone was
8.5% in the CLSA and 4.8% in the NHANES cohorts, which increased more
than 2-fold to 22.5% and 9.8% for individuals with osteoarthritis plus
one or more co-morbidities, respectively. The Frailty Index weighted
mean (± standard error) for individuals with osteoarthritis alone was
0.07±0.001 (CLSA) and 0.15±0.004 (NHANES); and for individuals with
osteoarthritis plus one or more co-morbidities the Frailty Index
increased to 0.09±0.001 (CLSA) and 0.22±0.003 (NHANES). Consistently
across datasets and individuals with osteoarthritis (with or without
additional co-morbidities), increases in age were directly proportional
with the Frailty Index. The percentage of individuals reporting longer
duration of disease also increased with age; however, a large percentage
of individuals less than 65 years reported disease exposure for ten or
more years (20-30%). Across all age groups, frailty levels were highest
among individuals with 20 or more years lived with osteoarthritis.
Similarly, increasing frailty levels were linearly associated with more
complex presentations of the disease across all age groups. For example,
individuals that reported osteoarthritis in the knee, hip and hand had
the highest frailty levels, followed by individuals reporting any combination of two affected joints, with the lowest frailty levels quantiﬁed
for individuals with only single joint pathology. Importantly, individuals
with osteoarthritis (with or without additional co-morbidities)
reporting more time spent in physical activity had lower frailty levels
such that individuals who participated in more than 300 minutes per
week of moderate-to-vigorous activity had the lowest frailty levels
across all age groups.
Conclusions: Individuals with osteoarthritis have a high level of frailty,
which increases in the presence of one or more co-morbidities. Multimorbidity, duration of osteoarthritis and multi-joint involvement were
associated with higher levels of frailty. Although these relationships
existed for all individuals with osteoarthritis, individuals who were also
physically active had notable improvements in their level of frailty
compared to individuals who were not physically active.
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OMERACT-OARSI RESPONDER ANALYSIS AFTER MEDIAL OPENING
WEDGE HIGH TIBIAL OSTEOTOMY AND PREDICTORS OF RESPONSE
C.A. Primeau 1, 2, T.B. Birmingham 1, 3, C.T. Appleton 4, 2, K.M. Leitch 3, 5,
J.R. Gifﬁn 4,5. 1Sch. of Physical Therapy, Western Univ., London, ON,
Canada; 2 Bone and Joint Inst., Western Univ., London, ON, Canada;
3
Wolf Orthopaedic Biomechanics Lab., Western Univ., London, ON,
Canada; 4 Schulich Sch. of Med. & Dentistry, Western Univ., London, ON,
Canada; 5 Fowler Kennedy Sport Med. Clinic, London, ON, Canada
Purpose: 1) To investigate the proportion of responders 24 months
after medial opening wedge high tibial osteotomy (HTO) according to
the OMERACT-OARSI responder criteria, and 2) To investigate preopervative predictors of response.
Methods: We conducted a prospective cohort study evaluating patients
who underwent medial opening wedge HTO for knee OA with varus
malalignment primarily affecting the medial compartment. Patients
were classiﬁed with clinical knee OA according to the American College
of Rheumatology criteria. We asked patients to complete the Knee injury
and Osteoarthritis Outcome Score (KOOS) questionnaire within 3 months
prior to surgery and at subsequent clinic follow-up visits after their HTO
(i.e. 6, 12, 18 and 24 months). Within the ﬁrst 24 months after the HTO,
we identiﬁed responders to treatment using the OMERACT-OARSI criteria
for KOOS Pain and Function in Daily Living (i.e. function) subscales
(scores ranging from 0 to 100). We deﬁned a responder as 1) 50%
improvement in pain or function with an absolute change 20 points
from baseline, or 2) 20% improvement with an absolute change 10
points from baseline in both pain and function subscales. We excluded
patients who underwent major concomitant procedures with HTO such
as anterior cruciate ligament reconstruction, as the extended rehabilitation time could alter response to treatment. We calculated the percentage of responders to treatment within 24 months of HTO. We also
performed logistic regression to evaluate the association of predictors
with responder status at 24 months (i.e. yes/no - binary outcome)
including sex, age, body mass index (BMI), preoperative mechanical axis
angle (MAA - i.e. measure of lower limb alignment), size of osteotomy
correction, radiographic disease stage (Kellgren Lawrence [KL]; divided
into KL grade  2 and KL 3 or 4) and baseline KOOS pain and function. We
reported the results as odds ratios (OR) with 95% CIs.
Results: The cohort included 400 patients; 311 patients (78%) were male.
Mean age was 48.0 ± 8.7 years, BMI was 30.0 ± 5.0 kg/m2, MAA was -8.3 ±
3.7 degrees, size of osteotomy correction was 12.0 ± 3.1 mm, baseline
KOOS pain score was 50.6 ± 18.5 points and baseline KOOS function score
was 59.6 ± 20.6 points. 132 patients (33%) had KL grade  2 and 268
(67%) had KL grade 3 or 4. 291 patients (73%) met the OMERACT-OARSI
responder criteria at 24 months. Older age (odds ratio [OR] ¼ 1.04 [95%CI,
1.02 to 1.07, p<0.01]), higher BMI (OR ¼ 1.05 [95%CI, 1.01 to 1.10, p¼0.04])
and lower baseline KOOS function (i.e. reduced function) (OR ¼ 0.97 [95%
CI, 0.94 to 0.99, p<0.01]) were signiﬁcantly associated with increased
odds of achieving the responder criteria, although the reported OR were
small. Sex, preoperative MAA, the size of osteotomy correction, radiographic disease stage and baseline KOOS pain score were not signiﬁcantly
associated with the odds of responding to HTO.
Conclusions: These ﬁndings suggest 73% of patients undergoing HTO
meet the pain and function OMERACT-OARSI responder criteria 2 years
after surgery. Contrary to the often published perception that HTO is
best reserved for younger active patients, this study suggests HTO
patients who are older and overweight have increased odds of sizeable
pain and function responses to the surgery.
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A
MULTICENTRE
RANDOMISED
DOUBLE-BLIND
PLACEBOCONTROLLED
TRIAL
OF
ZOLEDRONIC
ACID
FOR
KNEE
OSTEOARTHRITIS - THE ZAP2 TRIAL
D. Aitken 1, G. Cai 1, L.L. Laslett 1, C. Hill 2, L. March 3, F. Cicuttini 4,
A.E. Wluka 4, Y. Wang 4, B. Antony 1, L. Blizzard 1, T. Winzenberg 1,
J. Martel-Pelletier 5, J.-P. Pelletier 5, G. Jones 1. 1Menzies Inst. for Med. Res.,
Univ. of Tasmania, Hobart, Australia; 2 The Queen Elizabeth Hosp., Univ. of
Adelaide, Adelaide, Australia; 3 The Univ. of Sydney, Royal North Shore
Hosp., Sydney, Australia; 4 Dept. of Epidemiology and Preventive Med.,
Monash Univ., Alfred Hosp., Melbourne, Australia; 5 Osteoarthritis Res. Unit,
Univ. of Montreal Hosp. Res. Ctr. (CRCHUM), Montreal, QC, Canada
Purpose: A proof of principle study suggests that zoledronic acid may
reduce knee pain and size of bone marrow lesions (BMLs) in people
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with knee osteoarthritis, but data from large trials is lacking. The aim of
this study was to compare the efﬁcacy of zoledronic acid vs placebo on
knee cartilage volume, knee pain and BML size in patients with
symptomatic knee osteoarthritis and BMLs.
Methods: The Zoledronic Acid for Osteoarthritis Knee Pain (ZAP2)
study was a 24-month multicentre, randomised, parallel-group,
double-blind, placebo-controlled trial conducted in Hobart, Melbourne, Adelaide and Sydney, Australia. Participants aged  50 years
with knee pain (deﬁned as a pain score  40mm on a 100mm Visual
Analogue Scale [VAS]), meeting the American College of Rheumatology (ACR) criteria for symptomatic knee osteoarthritis, and having
a subchondral BML present on MRI, were eligible to participate. The
study protocol and detailed exclusion criteria have been published
previously (Aitken & Laslett et al. BMC Musculoskelet Disord.2018.19(1):217). Participants were randomly assigned in a 1:1
ratio to receive a single intravenous infusion of either zoledronic acid
(5mg in 100ml saline) or identical placebo (100ml saline) at baseline
and 12 month visits and were followed until 24 months. The primary
outcome was absolute change in tibiofemoral cartilage volume (mm3)
assessed using MRI over 24 months. Secondary outcomes were
change in total BML size (mm2) after 6 and 24 months, and change in
knee pain (assessed using a VAS [0-100mm] and the Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC) pain score
[0-500mm]) after 3, 6, 12, 18 and 24 months. The sample size calculations were modelled based on the assumption that a decrease in
BML size will translate to a reduction in cartilage volume loss over
time. 132 participants recruited to each arm would provide 80%
power with 5% probability of type I error (alpha¼0.05) to detect a
difference in tibiofemoral cartilage loss between the two groups
(-824.0 mm3 (SD 273.0) in the zoledronic acid group and -928.3 mm3
(SD 272.3) in the placebo group). This allows for 20% drop out over 24
months. Analysis was by intention to treat. Change in tibiofemoral
cartilage volume, knee pain and BML size were analysed using linear
mixed-effects models.
Results: 408 participants were screened and 223 randomised (mean
age 62.0 years, 52% females) to receive either zoledronic acid (n¼113) or
placebo (n¼110). 190 participants (85%) completed the trial. Change in
tibiofemoral cartilage volume was similar between groups over 24
months (zoledronic acid, -729.6 mm3; placebo, -767.0 mm3, p¼0.51).
Figure 1 (A-C) shows the change in knee pain and BML size over the
course of the study. Knee pain improved in both groups over 24 months,
with no between-group difference observed at any time point (VAS
pain: zoledronic acid -11.5 vs. placebo -16.8, p¼0.17; WOMAC pain:
zoledronic acid -37.5 vs. placebo -58.0, p¼0.21 at 24 months). BML size
changed little in both groups and no between-group difference was
observed (zoledronic acid -32.6 mm2 vs. placebo -5.7 mm2, p¼0.60 at
24 months). Adverse events, mainly acute phase reactions, were more
common with zoledronic acid than placebo.
Conclusions: Two once-yearly infusions of zoledronic acid did not signiﬁcantly reduce cartilage volume loss, knee pain or BML size in patients
with symptomatic knee osteoarthritis over 24 months. While we did not
achieve the desired sample size, the small effect size on cartilage and knee
pain shows no suggestion that zoledronic acid is effective. These ﬁndings
do not support use of zoledronic acid for slowing structural progression or
alleviating knee pain in knee osteoarthritis.
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IMPACT OF TOTAL KNEE REPLACEMENT ON TRAJECTORIES OF
STRUCTURE AND SYMPTOMS IN KNEE OSTEOARTHRITIS - DATA
FROM OSTEOARTHRITIS INITIATIVE
J.E. Collins, E. Losina. Brigham and Women's Hosp., Boston, MA, USA
Purpose: Understanding patterns of symptomatic and structural
progression has been a major research focus in knee osteoarthritis
(OA). Latent class growth analysis is a statistical approach that aims
to identify clusters of subjects with similar progression trajectories.
This approach has been used recently in knee OA to uncover longitudinal trajectories of both structural (e.g., quantitative MRI, joint
space width (JSW), bone shape) and symptom (e.g., WOMAC Pain)
progression. In longitudinal studies, it is common for subjects to drop
out before the scheduled end of follow-up. Previous studies have
shown that subjects undergoing total knee replacement (TKR) progress more quickly in the years leading up to TKR than subjects not
undergoing the procedure. By not accounting for dropout due to TKR
in estimating disease trajectories, we may fail to identify a trajectory
of rapid progressors. Our objective was to evaluate the impact of
incorporating TKR on estimates of structure (JSW) and symptom
(WOMAC Pain) trajectories in knee OA.

Methods: We used data from the Osteoarthritis Initiative (OAI), a multicenter, longitudinal, observational study of knee OA. We selected knees
with radiographic, symptomatic OA at baseline (KL 2þ, WOMAC Pain
greater than 0). Eligible subjects had at least one follow-up visit. To assess
joint structure we used serial measures of ﬁxed JSW at x¼0.25 in the
medial tibiofemoral compartment, measured annually from baseline to
year 4, and at years 6 and 8. WOMAC Pain was used to assess symptoms (0 100, 100 worst), assessed annually through year 9. After selecting patients
with baseline pain, we modeled trajectories starting at year 1 to avoid
modeling regression to the mean. We used latent class growth analysis
(LGCA) to identify distinct subgroups, separately for JSW and pain. While
LCGA can handle missing data under the missing at random assumption,
these models on their own do not accommodate informative dropout.
Thus, we used an extension of the LCGA framework to jointly model
longitudinal outcome and time to TKR using joint latent class mixed
models. We used the BIC, posterior group membership probability, and
sufﬁcient sample size per group (n¼50) to select the ﬁnal models.
Results: We used data from 1,578 subjects with radiographic,
symptomatic knee OA at baseline. 157 (10%) of subjects underwent
TKR, with median time from baseline to TKR 5.5 years. On average,
subjects undergoing TKR increased in pain by 2.3 points per year (19
points over 8 years) while subjects not undergoing TKR increased by
0.21 points per year (1.7 points over 8 years). Subjects undergoing
TKR decreased in JSW by 0.31mm per year (2.5mm over 8 years)
while subjects not undergoing TKR decreased in JSW by 0.09mm per
year (0.75mm over 8 years). We found three distinct JSW trajectories.
In our ﬁnal model the majority (84%) of the cohort was in a stable
trajectory, 5.9% of the cohort was in a late progression trajectory, and
8.4% of the cohort was an early progression trajectory (Figure 1).
While the number and shape of trajectories was largely unchanged
when we moved from the initial JSW model to the ﬁnal joint JSW and
TKR model, 32% of TKRs were re-classiﬁed, most from the stable to a
progressing trajectory. In our initial model of pain trajectories we
found 4 distinct trajectories: stable low pain (70%), rapidly increasing
pain (13%), rapidly decreasing pain (5%) and increasing high pain
(12%) (Figure 2a). After incorporating TKR our model identiﬁed a ﬁfth
trajectory. The increasing high pain trajectory (year 1 WOMAC pain
40) was split into a moderate increasing pain trajectory (year 1
WOMAC pain 28) and a high pain trajectory (year 1 WOMAC pain 52)
(Figure 2b). 68% of TKRs were re-classiﬁed, most from the stable to
increasing pain trajectory, stable to moderate pain, or the high to
moderate pain. In the ﬁnal model, only 2% of TKRs are in the stable
pain trajectory, compared to 42% in the initial model.
Conclusions: In longitudinal studies restricting analysis to completers
may lead to underestimation of disease progression. In analyses seeking
to uncover latent subgroups this could result in subjects being misclassiﬁed or entire trajectories being missed. Investigators studying
disease progression in OA should consider the potential impact of
dropout due to TKR, particularly when a large proportion of subjects
undergo the procedure.
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Methods: Patients with knee OA were assessed one month prior to and
at 12 months following TKA. Standardized questionnaires assessed
demographic and clinical characteristics. Participants reported if they
were limited in their walking ability (yes/no) and if yes, if this was “due
to your knee problem”. Participants performed a 6MWT at both visits.
At 12 months, patient-reported perceived change in walking ability was
assessed as: worse (extremely, a lot or somewhat worse), unchanged or
insigniﬁcant change (unchangedor a little better), deﬁnitely better(somewhat better or a lot better), or extremely better (extremely better).
Paired t-test compared 6MWT distance prior to and at 12 months following TKA. Kruskal-Wallis test compared the change in 6MWT distance across the four groups. We used the patient-reported criterion of
walking somewhat or a lot betterto deﬁne the threshold for MCID, and
then compared this anchor-based estimate to a distribution-based
estimate using 0.50 of the pre-TKA standard deviation of 6MWT distance, corresponding to a “moderate effect”. In secondary analyses we
included only participants who reported pre-operative walking limitation attributable to their knee OA.
Results: 278 participants were included. Mean age was 67.1 (SD 8.5)
years and 65.5% female. 83.5% of participants reported they were
limited in their walking ability pre-operatively; 93.5% of whom indicated it was due to knee OA. Mean (standard deviation [SD]) preoperative 6MWT distance was 323.1 (104.6) m, and mean (SD) distance
at 12 months was 396.0 (111.9) (p<0.001). Mean (SD) change in 6MWT
distance incrementally increased across the four groups: worse (n¼8):
-6.8 (106.5) m; unchanged or insigniﬁcant change (n¼ 34): 45.2 (88.6)
m; deﬁnitely better (n¼124): 66.9 (82.4) m; and extremely better
(n¼110): 94.9 (94.2) m (p<0.001). The anchor-based MCID was 66.9 m.
The MCID calculated using distribution-based method was 52.3 m.
Restricting analysis to participants who pre-operatively self-reported
walking limitation secondary to knee OA (n¼ 216), the anchor-based
MCID was 73.6 m and distribution based MCID was 50.7 m.
Conclusions: In patients with knee OA, the mean improvement in
6MWT distance after TKA that corresponded to reporting walking
somewhat or a lot betterwas 67 m. Among patients who pre-operatively reported walking limitation secondary to knee OA, the value
was similar (73.6 m). Using patient perceived change in walking
ability to anchor the MCID may better assess what constitutes a
minimum important change to patients compared to distributionbased methods.
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SERPINA3N LIMITS CARTILAGE DESTRUCTION IN OSTEOARTHRITIS
BY INHIBITING MACROPHAGE-DERIVED LEUKOCYTE ELASTASE
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WHAT CHANGE IN SIX-MINUTE WALK TEST INDICATES A CLINICALLY
MEANINGFUL IMPROVEMENT IN MOBILITY TO PATIENTS WITH
KNEE OSTEOARTHRITIS AFTER TOTAL KNEE ARTHROPLASTY?
1

1

2

1

3

L.K. King , E.J. Waugh , L. Woodhouse , G.A. Hawker , A. Jones .
1 Univ. of Toronto, Toronto, ON, Canada; 2 Curtin Univ., Perth, Australia;
3
Univ. of Alberta, Edmonton, AB, Canada
Purpose: Walking ability is instrumental to physical function, and
improvement in walking ability is a primary reason patients with knee
osteoarthritis (OA) seek total knee arthroplasty (TKA). Six-minute walk
test (6MWT) is an excellent predictor of functional walking ability following TKA. Data estimating the minimal clinically important difference (MCID) are emerging, although no deﬁnitive estimates exist, and
few studies have assessed the change in 6MWT after TKA that is
meaningful to patients. The objectives of this study were, in patients
with knee OA, to determine: 1) the relationship between self-reported
change in walking ability at 12 months following TKA with change in
walking performance measured by the 6MWT; and 2) the minimal
threshold for improvement in 6MWT that is meaningful for patients.

A. Latourte 1, 2, A. Combier 2, S. Jaulerry 1, C. Cheriﬁ 2, Y. Jouan 2,
H.-K. Ea 1,2, M. Cohen-Solal 1, 2, E. Hay 2, P. Richette 1, 2. 1 Hosp.
Lariboisiere, Paris, France; 2 Inserm U1132 - BIOSCAR, Paris, France
Purpose: Interleukin-6 (IL-6) plays an important role in osteoarthritis
(OA). Transcriptomic analyses (RNAseq) revealed that SerpinA3N, a serine
protease inhibitor, is a key target of IL-6 in chondrocyte. This studyaimed to
examine the role of SerpinA3N and Leukocyte Elastase (Elane), a serine
protease targeted by SerpinA3N, in cartilage destruction during OA.
Methods: The role of SerpinA3N was investigated in the destabilization of medial meniscus (DMM) model of murine OA with 1) mice
with conditional inducible knockdown of Serpina3n in cartilage
(Col2CreER;Serpina3nﬂ/ﬂ mice [DSerpina3nCol2]) and 2) C57BL/6 wild
type (WT) mice treated with weekly intra-articular injection of
SerpinA3N (1,5 or 15 nM). OA joint lesions were assessed by histology (OARSI and synovitis scores) and micro-CT analysis (osteophyte volume, subchondral bone remodeling). Because serine
proteases targeted by SerpinA3N are not produced by murine
chondrocytes, Elane expression (qRT-PCR) was determined in murine macrophages (Raw cell line) stimulated or not by IL-6 (100 ng/
ml). Recombinant SerpinA3N (30 nM) and a speciﬁc Elane inhibitor,
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Sivelestat (100 mg/ml), were used on cartilage explants treated by
conditioned medium of macrophages pre-treated or not by IL-6
(CM-IL-6). Cartilage catabolism was determined by histology, and
matrix metalloproteinase MMP-3 production was evaluated by
Western Blot and immunohistochemistry (IHC). Weekly intraarticular injections of Sivelestat (1mM) were performed in the DMM
to determine the role of Elane in OA.
Results: DSerpina3nCol2 mice had more severe OA lesions than control
littermates 6 weeks after DMM, with greater cartilage damage (mean±SD
OARSI score: 5.6±0.4 vs 3.4±0.5, p¼0.01), increased synovitis scores
(3.0±0.3 vs 1.9±0.3, p¼0.03) and bigger osteophytes (7.2±0.8x107 vs
3.8±0.8x107 m3, p¼0.048). Conversely, WT mice treated with intraarticular injections of SerpinA3N 15nM exhibited less severe cartilage
loss than mice treated with PBS after DMM (OARSI score: 2.1±0.4 vs
3.9±0.5, p¼0.02). Elane mRNA expression was increased in macrophages
upon IL-6 stimulation. In cartilage explants, CM-IL-6 activated cartilage
catabolism and MMP-3 production, and effect that was blunted by SerpinA3N and Sivelestat. Finally, mice treated with intra-articular injections of Sivelestat had less severe cartilage damage than those treated
with PBS after DMM (OARSI score: 3.3±0.5 vs 5.8±0.5, p¼0.0046).
Conclusions: SerpinA3N protects against experimental OA via the
inhibition of Elane, a pro-catabolic serine protease produced by macrophages upon IL-6 stimulation. This results describe a novel mechanism by which macrophages drive cartilage catabolism and open up
new therapeutic perspectives.

increase in IL-10, CCL18 and CCL22 and a signiﬁcant decrease in TNF-a
and CCL3 in gene expression. When macrophages were incubated in
vitro with a-defensin, increased M2 polarization was conﬁrmed by an
increase in the M2 population (change in CD11bþ/CD16þ cells from
57.5±1.9% to 12.3±0.7%). Compared to OA chondrocytes cocultured with
non-polarized macrophages, OA chondrocytes cocultured with adefensin polarized macrophages showed signiﬁcantly increased Col2a
and Acan and signiﬁcantly decreased Mmp3, Adamts4 and Adamts5 gene
expression; expression results were conﬁrmed by western-blot. Macroscopic grading demonstrated better cartilage morphology of rats
injected with a-defensin. Both x-ray and mCT showed osteophyte formation only in rats of the DMMþ/a-defensinþ group. Both OARSI score
and synovitis scorez were lower in the DMMþ/a-defensinþ group
compared to the DMMþ/Salineþ group.
Conclusions: Alpha-defensin can promote M1 to M2 macrophage
polarization in vitro, can promote beneﬁcial effects on chondrocytes
indirectly via M2 macrophage polarization, and attenuate severity of OA
in vivo. Immunomodulation via a-defensin appears to have indirect
chondroprotetive effects that warrant further research.

95
ALPHA DEFENSIN (HUMAN NEUTROPHIL PEPTIDE-1) SLOWS
SURGICALLY-INDUCED OSTEOARTHRITIS IN ASSOCIATION WITH
PROMOTING M1 TO M2 MACROPHAGE POLARIZATION
Z. Huang 1, 2, J. Xie 1, V. Kraus 3, F. Pei 1. 1 West China Med. Sch., SiChuan
Univ., ChengDu, China; 2 Duke Univ. Sch. of Med., Durham, NC, USA;
3
Duke Molecular Physiology Inst., Duke Univ. Sch. of Med., Durham, NC,
USA
Purpose: Emerging evidence suggests that macrophages play an
important part in the low-grade inﬂammation implicated in the
pathogenesis of osteoarthritis (OA). a-defensins are a group of low
molecular weight molecules, released from apoptotic human neutrophils, which augment the antimicrobial capacity of macrophages
while also having a signiﬁcant ability to inhibit the biosynthesis of
proinﬂammatory cytokines. In the current study, we evaluated the in
vitro and in vivo effects of a-defensin (Human Neutrophil Peptide-1,
HNP-1) on macrophage polarization and OA.
Methods: Synovial tissue was biopsied and synovial ﬂuid was collected
from 6 patients with Kellgren-Lawrence (KL) grade 3-4 knee OA. Synovitis was scored on haematoxylin and eosin (H&E) stained slides. The
abundance of M0, M1 and M2 macrophage was evaluated by synovial
tissue immunoﬂuorescence (IF) using CD68, CD16 and CD206, respectively. The proportion of M1 and M2 macrophages isolated from
synovial ﬂuid and synovium was also qualiﬁed by ﬂow cytometry using
CD68þ/CD16þ and CD68þ/CD206þ, respectively. We evaluated the
ability of different concentrations of a-defensin to polarize THP-1
activated monocytes from M1 to M2 macrophages in vitro. These adefensin stimulated macrophages were cocultured with OA chondrocytes followed by evaluation of chondrocyte gene and protein
expression by RT-qPCR and western blot for Col2a1, Acan, Mmp3,
Mmp13, Adamts4 and Adamts5. To test a-defensin in vivo, 24 Wistar rats
were divided into three groups; sham or surgical destabilization of the
meniscus (DMM) was followed one week later by intra-articular
injection (250 mL) weekly for 8 weeks: Group 1-Shamþ/Salineþ , Group
2-DMMþ/a-defensinþ (10ng/mL*250mL), Group 3-DMMþ/Salineþ. Nine
weeks after the surgery, X-ray and mCT were performed, joints were
evaluated for OA and synovitis on safranin O and H&E stained central
sections, respectively. Data were analyzed using one-way ANOVA.
Results: By immunoﬂuorescence, synovial M1 macrophages were more
abundant than M2 (456.5±28.7 vs. 125.3±47.9, p<0.001, Figure 1). By
ﬂow cytometry, M1 macrophages (CD68þ/CD16þ) were also more
abundant than M2 (CD68þ/CD206þ) in both synovial tissue (24±1.3% vs.
2.9±1.0%, p<0.001) and OA synovial ﬂuid (13.4±1.0% vs. 10.4±1.2%,
p¼0.03). Optimal in vitro polarization of M1 to M2 macrophages was
achieved by a-defensin 10 ng/mL for 48 hours yielding a signiﬁcant
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PAIN, INFLAMMATION, AND THE ENDOCANNABINOID SYSTEM IN
MURINE POST-TRAUMATIC OSTEOARTHRITIS
P. Rzeczycki, L. Junginger, S. Goldman, L. Lammlin, C. Rasner,
S. Redding, G.R. Rosania, D. Clauw, T. Maerz. Univ. of Michigan, Ann
Arbor, MI, USA
Purpose: There is increasing evidence of chronic, low-grade
inﬂammation associated with PTOA and idiopathic OA, causing joint
breakdown and pain. One system that regulates inﬂammation and
nociception is the endocannabinoid system (ECS), which has two
receptors (CB1 and CB2). The involvement of the ECS in PTOA and
OA, and speciﬁcally how it may regulate inﬂammation and catabolism is almost entirely unknown. Our laboratory employs a noninvasive ACL rupture (ACLR) model of murine PTOA, but no data
exists on its acute nociceptive response. CCL2 and CCL5 are chemokines implicated in inﬂammatory cell recruitment and pain in
PTOA, and we seek to determine how the ECS regulates their
expression. The purpose of this study was to longitudinally phenotype pain and determine how the ECS is perturbed in murine
ACLR-induced PTOA. Further, we sought to assess how ﬁbroblastlike synoviocytes (FLS) from healthy and injured joints differentially
regulate ECS-related targets following inﬂammatory stimulation,
and to elucidate how targeting CB receptors modulates the inﬂammatory response in human OA FLS.
Methods: With IACUC approval, adult male C57BL/6 mice (n¼3-6 per
group) underwent tibial compression overload to induce ACLR or a
sham procedure. Mechanical allodynia and knee hyperalgesia were
measured over 28 days using von Frey testing and Randall-Selitto
pressure application test, respectively. At 3d and 28d post-ACLR, RNA
was isolated from synovium and RT-PCR was performed to quantify
expression of CB1 (CNR1) and 2 (CNR2). IHC of CB1, CB2, and macrophage marker F4/80 was performed. To assess if ACLR-associated
inﬂammation “reprograms” the FLS, FLS were isolated from 7d ACLR
and contralateral synovia, treated with TNF-a (10 ng/mL) or IL-1b (10
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ng/mL), and assessed for CNR1, CNR2, CCL2, and CCL5 expression.
Human OA FLS were obtained from clinical biopsies, stimulated with IL1b, and treated with CB1-agonist ACEA (1 uM) or CB2-agonist HU308 (1
uM) and assessed for CCL2 and MMP3 expression. Data was compared
using Student’s paired T-Test for paired data or ANOVA for multiple
groups.
Results: ACLR led to a signiﬁcant nociceptive response as early as 24h
post-ACLR, with a nearly 50% reduction in paw withdrawal threshold
(p¼.038, 24h) and response to applied pressure (p<.001 at 7d), which
was maintained over 28 days (Fig 1A,B). Synovia from injured knees
showed a signiﬁcant up-regulation of CNR2 (p¼.023), but not CNR1
(p¼.32) at 3d (Fig 2A,B), with similar expression at 28d (p>.05) (Fig
2A,B). IHC conﬁrmed this, with the posterior (p¼.003) and anterior
(p¼.025) synovial compartments showing increased CB2, but not CB1
(p¼.23, p¼.34) (Fig 2C-G). As a cellular source for increased CB2, there
were increased F4/80(þ) cells in injured synovia (Fig 2H) and extensive
co-localization with CB2. Mouse FLS strongly upregulate CCL2 and CCL5
in response to TNF-a and IL-1b (Fig 3A,B); interestingly, there was no
difference in expression of any gene studied between FLS from ACLR or
uninjured knees following stimulation with TNF-a (Fig 3A) or IL-1b (Fig
3B). A slight, but not signiﬁcant, reduction in CNR1 and CNR2 expression
was seen following TNF-a stimulation, which requires further study. In
human OA FLS, CB1 agonism did not reduce expression of CCL2 (p¼.37)
or MMP3 (p¼.39) (Fig 3C), but targeting the CB2 receptor marginally
reduced CCL2 expression (p¼.15) and signiﬁcantly reduced MMP3
expression (p¼.02)(Fig 3C). These results point to CB2 as a potential
regulator of inﬂammatory and catabolic gene expression in PTOA, and
the increased CB2 observed early in injury provides a molecular target
for the reduction of inﬂammation and catabolism.
Conclusions: We present the ﬁrst characterization of nociception in a
noninvasive mouse model of ACLR to induce PTOA. Both allodynia and
hyperalgesia increase immediately following ACLR, persisting 28d postinjury. ACLR induces upregulation of synovial CNR2, and IHC conﬁrmed
this, with macrophages contributing to this increased expression. The
precise role of CB2 in regulating inﬂammation in PTOA remains to be
established, but our results indicate CB2-activation can reduce catabolism and inﬂammation in human OA FLS. Mouse FLS from ACLR and
uninjured joints had similar cytokine responses in vitro, with CCL2 and
CCL5 upregulation, suggesting that acute in vivo inﬂammation does not
permanently alter FLS transcription. Future studies will assess FLS from
timepoints of chronic PTOA. Determining how ECS signaling is involved
in the inﬂammatory and nociceptive processes underlying PTOA can
facilitate the development of novel therapies to reduce pain and
inﬂammation following joint trauma.

S83

S84

Abstracts / Osteoarthritis and Cartilage 28 (2020) S20eS85

97
INCREASED ALARMIN LEVELS AFTER KNEE INJURIES SUGGESTS
CONTRIBUTION
TO
OSTEOARTHRITIS
DEVELOPMENT
AND
POTENTIAL THERAPEUTIC POSSIBILITIES
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OBESE SYNOVIAL FIBROBLASTS EXHIBIT SINGLE CELL SUBSETS WITH
SPECIFIC
PATHOLOGICAL
INFLAMMATORY
FUNCTIONS
IN
OSTEOARTHRITIS PATIENTS

C. Aulin 1, H.E. Harris 1, S. Larsson 2, A. Struglics 2.
Stockholm, Sweden; 2 Lund Univeristy, Lund, Sweden

S.N. Wijesinghe 1, A. Badoume 2, D.E. Nanus 1, E.T. Davis 3,
M.A. Lindsay 2, S.W. Jones 1. 1 Univ. of Birmingham, Birmingham, United
Kingdom; 2 Univ. of Bath, Bath, United Kingdom; 3 The Royal
Orthopaedic Hosp., Birmingham, United Kingdom

1

Karolinska Inst.,

Purpose: Alarmins is a group of endogenous molecules, including
high mobility group box 1 (HMGB1), S100 family and heat-shock
proteins, which are released into the extracellular space upon trauma
or infection. Extracellular alarmins initiates innate and adaptive
immune responses that triggers inﬂammation or tissue repair.
HMGB1 is the prototypical alarmin and has been demonstrated to
play a pivotal role for the inﬂammatory state of cells and tissues.
When released from activated or dying cells, extracellular HMGB1
induces diverse inﬂammatory responses such as induction of chemokine and cytokine production, cell migration and differentiation of
stem cells. Furthermore, HMGB1 has osteoclast activating features,
contributing to joint degradation and is a mediator of pain, the main
symptom of OA. Knee injury is a known risk factor for development of
OA and transecting the cruciate ligament in mice causes OA development. We hypothesize that alarmins play an important role in
human OA disease development after injury and that therapy targeting alarmins could inhibit both cartilage destruction and reduce
pain. We therefore set out to investigate whether alarmins are a
contributing factor to OA development in the human setting and
investigated the potential of the alarmin HMGB1 as therapeutic target in animal models of OA.
Methods: Synovial ﬂuid concentrations of HMGB1 and S100A8/A9 were
determined by ELISA in 18 knee healthy reference subjects, 45 patients
with OA and 214 knee injured subjects. Total heme (QuantiChrome
Heme Assay, BioAssay Systems) was measured in synovial ﬂuid samples
from the OA and knee injured patients. Since the data was not normally
distributed, two-tailed Mann Whitney test (GraphPad Prism 5 for
Windows) were used for group comparisons. Log10 transformed data
was used for correlation analyses using Spearman (SPSS statistics 24.0).
In vivo, OA was induced in mice by surgically destabilizing the knee
joint through anterior cruciate ligament transection. For therapy evaluation, a monoclonal antibody neutralizing HMGB1 in a saline vehicle
or encapsulated in an injectable drug delivery vehicle (hyaluronan gel)
was injected intraarticularly. Animals were sacriﬁced after 8 weeks,
serum obtained and knee specimens processed for histology and
immunohistochemistry.
Results: Median HMGB1 and S1008/A9 levels were increased in knee
injured patients compared to healthy references (13.2 vs 6.7 ng/ml,
p¼0.023 and 1811 vs 25 ng/ml, p<0.001). Median levels from OA
patients were also increased (11.4 vs 6.7 ng/ml and 211 vs 25 ng/ml )
although it did not reach statistical signiﬁcance. To investigate the
contribution of increased alarmin levels from tissue trauma we examined associations between alarmin levels and total heme. Heme concentrations were signiﬁcantly increased in the knee injury group
compared to the OA group. Heme levels were negatively correlated to
time after injury (r ¼ -0.500, p < 0.001), whereas alarmins did not
associate with time after injury. In preclinical evaluation, HMGB1
immunostaining of mouse OA joints demonstrated intra- and pericellular expression in chondrocytes, overlapping with proteoglycan
depleted areas. Therapeutic evaluation of intra-articular injection of
anti-HMGB1 antibodies had cartilage-protective effects, comparable to
treatment with a TNF inhibitor. Direct and vehicle-based delivery had
similar ameliorating effects and the effect of a single, early injection
could not be enhanced by repeated injections.
Conclusions: HMGB1 and S100A8/A9 levels were increased in knee
injuries and associated to joint bleeding, suggesting that alarmin
release is an early event after knee trauma and that the main source
early after injury is dead or dying cells due to the trauma. Alarmins
detected in synovial ﬂuid at later time points may be due to active
release from immune cells. Taken together with our mouse data, these
results suggest that alarmin release into synovial ﬂuid may be essential
to the early inﬂammatory response to knee trauma and that HMGB1 is a
potential target for future post-traumatic OA therapeutics.

Purpose: Increasing evidence ﬁnds synovitis is a signiﬁcant driver of
osteoarthritis (OA) joint pathology by promoting cartilage damage and
increasing joint pain. Despite this, clinical trials in OA patients with
anti-inﬂammatory drugs have disappointed, which may be due to the
lack of patient stratiﬁcation based on having overt synovitis. We
recently reported that joint lining synovial ﬁbroblasts exhibit a more
inﬂammatory phenotype in obese patients with hip OA, compared to
those that are normal-weight. Determining the nature of this inﬂammatory synovial ﬁbroblast phenotype may help to better stratify OA
patients for clinical trials and identify targets for the development of
new therapeutics. Therefore the aim of this study was to perform single-cell RNA-sequencing (scRNA-seq) analysis of synovial ﬁbroblasts
from hip OA patients who are either obese (BMI > 30) or of normalweight (BMI 18.5 - 24.9) in order to identify speciﬁc ﬁbroblast subsets
that may exhibit disease-associated inﬂammatory functions.
Methods: Synovial joint tissue was obtained from hip OA patients
undergoing elective joint replacement surgery (N¼8). scRNA-seq was
performed on a total of 2400 ﬁbroblasts using Chromium 10X.
Sequencing data was analysed using Seurat and Monocle software.
Cytokines in synovial ﬂuid and cell supernatants were quantiﬁed by
Luminex.
Results: scRNA-seq identiﬁed eight OA synovial ﬁbroblast clusters, with
distinct differences between obese and normal-weight patients.
Fibroblast clusters in obese OA patients included subsets with differentially expressed gene signatures related to immune cell regulation
and inﬂammatory signalling, with high expression of CXCL12, CFD and
CHI3L1. Several cytokines and secretory factors were also differentially
expressed between normal-weight and obese ﬁbroblast populations.
Luminex validation of these secretory factors conﬁrmed that CHI3L1
was highly detected in obese OA ﬁbroblast conditioned media whilst
INHBA was predominantly secreted by normal-weight ﬁbroblasts
Conclusions: This study is the ﬁrst to utilise single-cell RNA-sequencing
to identify differences in synovial ﬁbroblast subsets between obese and
normal-weight patients with hip OA. Our ﬁndings demonstrate the
existence of multiple synovial ﬁbroblast subsets, with distinct differences between OA patients who are normal-weight and those who are
obese. These speciﬁc subsets may mediate increased joint inﬂammation
in obese OA patients, and could provide a rationale for the therapeutic
targeting of these subsets in this patient population.
99
IN-VIVO EVALUATION OF THE IMPACT OF A LOCO-REGIONAL AND
SYSTEMIC T-CELL RESPONSE DURING THE ONSET AND
DEVELOPMENT OF POSTTRAUMATIC OSTEOARTHRITIS IN MICE
P. Haubruck 1, 2, A.C. Colbath 3, Y. Liu 1, S. Stoner 1, C. Shu 1, C.B. Little 1.
1 Raymond Purves Bone and Joint Res. Lab., Inst. of Bone and Joint Res.,
Kolling Inst., Royal North Shore Hosp., Univ. of Sydney, St Leonards,
Australia; 2 HTRG e Heidelberg Trauma Res. Group, Ctr. for Orthopedics,
Trauma Surgery and Spinal Cord Injury, Trauma and Reconstructive
Surgery, Heidelberg Univ. Hosp., Heidelberg, Germany; 3 Dept. of Large
Animal Clinical Sci., Coll. of Vet. Med., Michigan State Univ., East
Lansing, MI, USA
Purpose: Post-traumatic osteoarthritis (ptOA) occurs after a joint injury
and accounts for at least 12% of all OA and up to 25% of OA in susceptible
joints such as the knee. Growing evidence implicates a signiﬁcant role
of inﬂammation including activation of the adaptive immune system in
the pathogenesis of ptOA. Pre-clinical studies have to date largely used
surgical interventions to induce ptOA, leaving uncertainty around the
contribution of the operative trauma as a confounding factor. ACL
rupture (ACLR) can be induced in mice non-surgically causing
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reproducible ptOA. This model provides the opportunity to evaluating
the ptOA inﬂammatory and immune response without the initial incision and wound healing response. In the current study we investigated
the systemic (spleen and bone marrow) and loco-regional (synovial
tissue and draining lymph node) T-cell (TC) response following unilateral ACLR through the development of ptOA.
Methods: 10-week-old male C57BL/6 mice were randomly assigned
to be naïve non-operated controls (NOC), unilateral subcritical ACL
injury (ACLS) or ACLR. ACLR and ACLS animals were anaesthetized
and received a single compressive load (1mm/sec) to the ﬂexed
knee to displace the femur posteriorly relative to the tibia until
loading to 75% of the ACL rupture load based on body mass (ACLS;
~8N) or until rupture (ACLR). Animals were sacriﬁced after 1 and 3
days as well as 1, 2, 4, 6, 8, 10 and 16 weeks (n¼12/group/time)
and the contralateral femoral bone marrow, spleen, ipsilateral
inguinal and illiac lymph nodes, and synovial tissue (en-bloc fatpad, synovium and joint capsule anterior to the co-lateral ligaments) were harvested. Single cell suspensions were generated,
total mononuclear cells (MNC) counted with a hemocytometer, and
TCs characterized utilizing a multi-color ﬂow cytometry experiment
for extracellular surface markers (CD3, CD4, CD8, CXCR3, CD25,
CCR4, NK1.1) and intracellular transcription factors (FoxP3 and
RORgt). ptOA was evaluated by histopathology. Data is expressed as
mean ±SEM; and analyzed using mixed model ANOVA and Tukey
post-hoc test; a was set at 5%.
Results: Progressive ptOA was only seen with ACLR, with cartilage
erosion (from wk-1), osteophyte development (from wk-1), and posterior osteochondral damage (from wk-2). There was no difference
between groups in splenic or bone-marrow TCs or subtypes. Total MNC
number increased signiﬁcantly in draining lymph nodes 1-day after
ACLR compared with NOC and ACLS, with a cyclical increase thereafter
until return to baseline by wk-16 (Fig 1A). Over 50% of these cells were
CD4 lymphocytes, and the ratio of Th1/Th2 was signiﬁcantly higher in
the ACLR group compared to both ACLS and NOC (Fig 1B).

Figure 1: TC response in draining lymph nodes. A) Absolute MNC

numbers counted manually on a hemocytometer. B) Ratio of
parental percentages of Th1 and Th2 cells based on a hierarchical
gating strategy (*¼ p<0.05, **¼ p<0.01, ***¼p<0.001,
****¼p<0.0001).
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Total MNC number in the synovial tissues also increased signiﬁcantly 1day after ACLR compared with NOC and ACLS and remained elevated
thereafter (Fig 2A). While the proportion of synovial TCs, T-helper cells
and cytotoxic TCs was not different between groups, Th1/Th2 was
increased at day 3 and 7 post-ACLR but then returned to baseline (Fig
2B). While unchanged in lymph node (not shown) the ratio of Th17/
Tregs was increased in synovium in ACLR and ACLS compared with NOC
at day-1 and 7, and then from wk-8 onwards (Fig 2C).

Figure 2. TC response in synovium. A) Absolute MNC numbers

counted manually on a hemocytometer. Ratio of parental percentages of Th1 and Th2 cells (B) and Th17 and Treg cells (C) based on a
hierarchical gating strategy (*¼ p<0.05, **¼ p<0.01, ***¼p<0.001,
****¼p<0.0001).

Conclusions: To the best of our knowledge this is the ﬁrst study
investigating the TC response in a non-surgical murine ptOA model.
Recent studies in surgical models have indicated that abnormalities
in CD4þ and CD8þ TC proﬁles may play a role in ptOA, with changes
in synovial but not splenic Th1, Th2, Th17 and T-regulatory populations compared with sham surgery. The results of the current
study also show a local joint-lymph-node rather than systemic
response. However, in the absence of surgery the pro-inﬂammatory
TC response is characterized by a persistent higher expression of Th1
in lymph nodes and Th17 in the synovium, with absolute TC numbers
higher in both tissues after ACLR. Thus, the results of this study
indicate a potential contribution of TC induced pro-inﬂammatory
loco-regional microenvironment towards the development and onset
of ptOA.

