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Inhibition of Fibroblast Activation Protein
Restores the Homeostatic Phenotype of
Mechano-activated Synovial Fibroblasts

Introduction

Osteoarthritis (OA) is a major source of
pain and disability and current treatments are
limited to symptom management. Recently,
synovial fibrosis has been identified as a
potential driver of disease. Pro-inflammatory
cytokines and extracellular matrix (ECM)
stiffening in the synovium activate fibroblast-
like synoviocytes (FLS), priming them to
differentiate into myofibroblasts. These
activated cells secrete additional ECM and
inflammatory mediators, creating a vicious
cycle of stiffening, inflammation, and
degeneration. Fibroblast activation protein
(FAP) is expressed in the synovium of
patients with OA and contributes to disease
progression, but the mechanisms by which it
does so are undefined. This study sought to
determine whether FAP inhibition can reverse
the activation of FLS seen in OA.

Methods

Minipigs underwent destabilization of
the medial meniscus (DMM). Synovium was
harvested at 6 weeks and 6 months and scored
or analyzed for FAP and aSMA expression. An
invitro model of FLS activation was established
by culturing bovine FLS on glass with TGFb-1.
FAP inhibitor (FAPi) and Fasudil, a Rho/ROCK
inhibitor that inhibits cell contractility, were
added to activated FLS. After 6 days, cells
were stained for actin, aSMA, paxillin, and
FAP. Cell area, actin:aSMA colocalization, and
focal adhesions were quantified, as was the
expression of FAP, ACTA2, FN1, and CCN2.
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FAP Intensity vs Inflammation

To assess contractility, FLS were seeded in
collagen gels and percent initial area was
quantified over time. Correlations between
IF and synovitis scores were determined
by linear regression. Other outcomes were
compared by two-way ANOVA.

Results

FAP expression correlates with aSMA,
inflammation, and hyperplasia in OA
synovium. FAP and aSMA staining intensity
increased in DMM synovium at both 6 weeks
(p<0.01, p = 0.0004) and 6 months (p<<0.05,
p<<0.0001) (Figure 1A), with a positive
correlation between FAP and aSMA staining
intensity for individual donors (R2 = 0.4294,
p<0.001). FAP intensity was also correlated
with synovial inflammation (R2 = 0.33,
p<0.01) and hyperplasia (R2 = 0.22, p<0.05)
(Figure 1B).

FAP inhibition rescues mechano-activated
FLS. Activation of FLS on glass with TGFb
increased cell spreading, actin:aSMA
colocalization (p<<0.0001), and expression
of FAP, aSMA (p<<0.0001), CTGF (P<<0.0001),
and FN (p<0.001) (Figures 2A, 2C, 2D, 2E).
Treatment with FAPi significantly reduced
actin:aSMA colocalization (p<<0.01) and aSMA
expression (p<0.001) and decreased cell area
and expression of FAP, CTGF, and FN (Figures
2A, 2C, 2D, 2E). FAP inhibition also reduced
focal adhesion number (p<<0.0001) and area
(p<<0.0001) (Figures 2B, 2F) and contraction
of FLS-embedded collagen gels (p<<0.05)
(Figure 3).
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Figure 1. (A) Images of porcine synovium. Scale = 100mm. (B) Correlation of FAP staining intensity and synovial scoring.
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Figure 3. Quantification of collagen gel contraction. *p<<0.05. ***p<<0.001.
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Discussion

Our findings show that FAP inhibition can rescue the
transcriptional and functional profile of activated FLS.
Our in vivo porcine data indicate that the upregulation
of FAP seen in human OA synovium is replicated in our
large animal model and is correlated with progression
of synovial pathology. The correlation of FAP and aSMA
suggests that more mechano-activated cells express higher
levels of FAP. In vitro, FAPi reversed the activated FLS
phenotype, and did so to an equivalent or greater extent

than Fasudil. FAPi’s reduction of focal adhesion quantity
and size implies that FAP may contribute to FLS activation
by promoting focal adhesion initiation and maturation.

Significance

These data reveal a role for FAP in FLS mechanobiology,
offering a potential mechanism by which this protein
contributes to OA. The finding that FAPi effectively rescued
the homeostatic phenotype of activated FLS indicates that
it is a promising therapeutic for treating OA.
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