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siRNA and knockdown was confirmed via RT-
qPCR at 48 hours. 

Immuno-fluorescence
Cells were fixed and stained for actin, 

aSMA, FAP, and paxillin. 

Morphometric analysis 
Cell area and solidity were quantified using 

CellProfiler. 

In vivo assessment of recombination
Prg4CreERT2;Ai9 reporter mice 

received 1 intraarticular injection of PBS, 
4-hydroxytamoxifen (4-OHT), or TAT-Cre. 
After 7 days, hind limbs were cryo-sectioned 
and imaged for tdTomato. Additional 
Prg4CreERT2;Ai9 mice received 1 injection of 
PBS or TAT-Cre 3 days prior to DMM and were 
imaged at 4 weeks to confirm persistence of 
targeted cells. 

In vivo NM-II knockdown
Myh9f/f;Myh10f/f mice received 2 

intraarticular injections of PBS or TAT-Cre 3 
days and 1 day prior to DMM. 

Synovial Analysis
Myh9f/f;Myh10f/f hind limbs were scored8 for 

synovitis and stained for Collagen I, aSMA, 
and F4/80. 

Statistics
In vitro and in vivo outcomes were 

compared using paired and unpaired t-tests, 
respectively.

Results
Myh9 and Myh10 expression is elevated in 

OA synovium. scRNA-seq 8 weeks post-DMM 
showed expression of Myh9 and Myh10 in 
a cluster of persistent, proliferative FLS not 
seen in unoperated or sham-operated knees 
(Figure 1A). The number of Myh9- and Myh10-
positive FLS was greatly increased after DMM 
(Figure 1B). 

Introduction
Osteoarthritis (OA) is a chronic degenerative 

joint disease for which there are no disease-
modifying therapeutics1. Fibrosis of the 
synovium is a potential driver of disease2 and 
our work shows that the synovial extracellular 
matrix (ECM) stiffens as OA and fibrosis 
develop3. Matrix stiffening pushes fibroblast-
like synoviocytes (FLS) towards a contractile, 
myofibroblastic phenotype4 characterized 
by increased ECM secretion and decreased 
production of joint-lubricating factors5,6. 
Non-muscle myosin II (NM-II), a motor 
protein required for cell contractility, is thus 
a potential target to attenuate myofibroblast-
mediated fibrosis7. We therefore developed a 
mouse double-floxed for the genes Myh9 and 
Myh10, which encode NM-IIA and NM-IIB 
respectively. We hypothesized that inhibition 
of contractility via NM-II deletion would 
mitigate FLS myofibroblastic differentiation, 
thereby slowing the development of synovial 
fibrosis after injury.

Methods
All animal work was IACUC approved. 

Destabilization of the medial meniscus (DMM)
To induce OA, DMM was performed on the 

right hind limb of adult mice. 

Fibroblast-like synoviocytes (FLS) isolation
After 8 weeks, FLS were isolated for scRNA-

seq from the knees of unoperated, sham-, and 
DMM-operated WT mice. Additional naïve 
FLS were isolated from the hind paws of 
unoperated mice for in vitro studies. 

Single-cell RNA sequencing (scRNA-seq)
FLS were sequenced using the 10x 

Genomics pipeline and data was processed 
using Seurat. 

In vitro NM-II knockdown 
FLS were transfected with non-targeting, 

Myh9, Myh10-, or Myh9- and Myh10-targeted 
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an effective method of inducing genetic recombination 
specifically in the synovium. Intraarticular injection of TAT-
Cre resulted in a greater number of tdTomato synovial 
cells than tamoxifen (Figures 2A-F). Recombination was 
targeted to the synovium, with little signal present in the 
cartilage, meniscus, or cruciates (Figures 2G-L). TAT-Cre 
targeted-tdTomato cells persisted 4 weeks post-DMM 
(Figures 3A-B). 

NM-II knockdown may reduce synovial pathology. 
While not reaching the level of significance, given the 
low sample size and early time point, pilot data showed a 
subtle decrease in sublining cellularity and fibrosis, as well 

NM-II knockdown disrupts mechanoactivation of FLS. 
Next, we evaluated whether NM-II depletion could reduce 
the myofibroblastic and fibrogenic propensity of naïve FLS. 
Transfection with siRNA resulted in an 81% (p  0.02) 
and 78% (p  0.01) reduction in Myh9 and Myh10, 
respectively. NM-II knockdown significantly reduced cell 
spreading (p  0.009) and solidity (p  0.02), as well 
as focal adhesion number (p  0.002) and area per cell 
(p  0.002) (Figures 1D-F). Knockdown also decreased 
actin (p=0.02) and aSMA intensity (p  0.03) (Figure 1G). 

Intraarticular TAT-Cre allows for efficient local genetic 
modulation of the synovium. Next, we sought to establish 

Figure 1. (A) Expression of Myh9 in 
the FLS cluster assessed via scRNA-
seq. A similar pattern was observed for 
Myh10. Number of (B) Myh9 and (C) 
Myh10 positive FLS cells. (D) Images 
of cells transfected with non-targeting 
(NTC) or Myh9Myh10 siRNA (Myh9/10 
KD). Scale  50mm. (E) Cell area, (F) 
Focal adhesions per cell, and (G) actin 
and aSMA fluorescence. *p0.05. 
**p0.01.

Figure 2. Images of Prg4CreERT2;Ai9 reporter mouse knees injected with (A,D) PBS, (B,E) 
4-hydroxytamoxifen, or (C,F) TAT-Cre. Images of (G,H,I) menisci and (J,K,L) cruciates. Scale  
250mm.
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as aSMA and F4/80 staining, at 4 weeks post-DMM in knee 
joints treated with TAT-Cre (Figures 3C-F).

Discussion
Here, we show that NM-II is enriched in the synovium 

after injury and that knockdown of NM-II disrupts focal 
adhesion formation, cell spreading, and aSMA expression 
of FLS – critical events in myofibroblastic differentiation 
and fibrosis.5,9,10 We also demonstrate that intraarticular 
delivery of TAT-Cre is an effective method for genetic 
ablation in synovial cells. Applying this to the knee joints of 
Myh9f/f;Myh10f/f mice in the context of DMM suggests that 
suppressing mechanoactivation through NM-II knockdown 
may reduce synovial fibrosis and inflammation. Future 
studies will include an increased sample size, additional 
time points, and broader outcomes examining the effect 
of NM-II knockdown on cartilage and subchondral bone.

Significance/Clinical Relevance
These data show that NM-II is highly expressed in OA 

synovium and is required for FLS mechanoactivation, 
validating NM-II as a potential therapeutic target. We also 
present a novel method to achieve spatial and temporal 
control of Cre-mediated recombination in the synovium.

Figure 3. (A) Whole mount fluorescence and (B) sections of Prg4CreERT2;Ai9 reporter mouse knees 4 weeks post-DMM and TAT-Cre injection. Scale bar  250mm. H&E (C) and IF (D) of Myh9f/f;Myh10f/f 
mouse knees 4 weeks post-DMM and PBS or TAT-Cre injection. Scale  100mm. (E) Synovial scoring and (F) aSMA and F4/80 staining intensity.
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