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Abstract

Protein arginine methyltransferases (PRMTSs) catalyze symmetric and asymmetric methylation on
arginine residues of multiple protein targets including histones and have essential roles in
organismal development and disease. PRMT5 mediates symmetric di-methylation (sSDMA) of
arginine 2 (H3R2me2) and arginine 8 on histone 3 (H3R8me2), arginine 3 on histones 2A and 4
(H2A/H4R3me2) as well as several non-histone substrates like Sm proteins. Here, we found that
selective inhibition of Prmt5 in mesenchymal stromal cells (MSCs) led to a reduction in colony
forming units (CFUs) and increased osteoblast differentiation. Prmt5 inhibition blocked global
symmetric dimethylation of H3R8 and H4R3 but not H3R2. Genome-wide expression analysis by
total RNA sequencing of mesenchymal stromal cells undergoing osteogenic differentiation
revealed significant reduction in the intrinsic expression of several interferon-stimulated genes
(ISGs) upon Prmt5 inhibition. Effects of Prmt5 inhibition on basal I1SG expression and osteogenic
differentiation was effectively blocked by exogenous activation of type I IFN signaling. Together,
these results indicate important functions for Prmt5 in the regulation of basal interferon gene
expression in MSCs and in control of differentiation potential of MSCs during osteogenic
differentiation.

1. Introduction

Protein arginine methylation is a conserved and ubiquitous modification that plays important
roles in multiple biological processes. In mammals, monomethyl and asymmetric or
symmetric dimethyl arginine modifications are catalyzed by protein arginine
methyltransferase family (PRMTSs) [1]. Symmetric dimethyl arginine (SDMA) on histones
and other non-histone protein substrates is brought about by class Il PRMTs, PRMTS5,
PRMT9 and PRMT7. Prmt5 is required for most of the cellular sSDMA modification on
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histones H2A/H4R3, H3R8 and H3R2 as well as several non-histone substrates including
Sm proteins [2], P53, SPT5 etc. [3, 4]. Specific interaction of PRMTS5 with cooperator of
PRMTS5 (Co-Pr5) is required for PRMTS5 nuclear functions especially in symmetric arginine
dimethylation on histone H4 (H4R3me2s) [5]. Prmi5 deletion is embryonic lethal in mouse
and is required for proliferation and/or differentiation of several stem cell lineages including
ES cells [6], skeletal muscle stem cells [7-9], adipose stem cells [10], hematopoietic stem
and progenitors [11], chondrocyte progenitors [12] among others. PRMTS5 is also required
for important cellular processes such as maintenance of chromatin states [13], cell cycle and
RNA splicing [14]. Prmi5 expression is elevated in many transformed cells and its silencing
or blockade slowed cancer cell growth [15, 16]. Recently, a specific and potent inhibitor of
PRMTS5 has been shown to effectively inhibit tumor growth /n vitroand in vivo [17]. Here
we studied the effect of pharmacological blockade of PRMT5 in two different mesenchymal
stromal cell lines in steady state and during osteogenic differentiation. PRMTS5 inhibition led
to increased osteoblast differentiation and down modulation of several genes implicated in
basal interferon signaling pathway including several Gop family genes. This downregulation
is accompanied by promoter specific decreases in PRMT5 mediated arginine histone
methylation (H3R8me2s and H4R3me2s) at interferon stimulated gene loci. Together, our
results indicate an important role for PRMTS5 in basal interferon pathway gene expression,
MSC proliferation and critical regulator of osteogenic differentiation.

Materials and Methods

2.1 Cell lines and treatments

W-20-17 (W-20) murine bone marrow stromal cells were described in [18] and were Kindly
provided by V.Rosen. ST-2 cells were purchased from RIKEN. Proliferating ST-2 and W-20
cell lines were maintained in Dulbecco’s modified Eagle’s medium (Gibco) supplemented
with 10% fetal bovine serum (Gibco). Mouse embryonic fibroblasts were established from
13.5 dpc embryos and maintained in Dulbecco’s modified Eagle’s medium (Gibco)
supplemented with 15% fetal bovine serum (Gibco). Osteoblast differentiation was induced
by culturing the stromal cell lines in osteogenic differentiation medium (OM) containing 10
mM beta-glycerol phosphate(sigma) and 100 pg/ml ascorbic acid (Sigma Aldrich) for 8-10
days with medium changes every 48 h. For PRMTS5 inhibition, mesenchymal stromal cells
(with or without differentiation medium) were treated with either DMSO (Sigma Aldrich) or
PRMTS5 inhibitor, GSK3235025 (Cayman chemical) at a final concentration of 0.625 UM or
1.25 uM for 10 days. Cells were replenished with fresh medium containing either DMSO or
PRMTS5 inhibitor every 48h. For exogenous activation of type I IFN signaling, cells were
either treated alone or in combination with vehicle, or PRMTS5 inhibitor and type 1 IFN
agonist RO8191, at a concentration of 50 uM.

2.2 Real time PCR quantification

Total RNA was prepared from cultured cells using RNeasy kit (Qiagen). DNA
contamination was eliminated by DNasel digestion. Complementary DNA was prepared
using multiscript reverse transcription system (Applied biosystems). The reverse transcribed
cDNA was subjected to gPCR using a Sybr green based detection system (Qiagen). Relative
levels of transcripts were normalized to NATZ levels and quantified based on 27AACT
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method. The primers were used in the study were described in supplementary table 2. A
minimum of 3-5 independent biological replicates were analyzed.

2.3 Alkaline Phosphatase staining

W-20 or ST-2 cells were seeded on to 6 well or 12 well plates and cultured in osteogenic
differentiation medium (OM) with medium changes every 48 hrs. In the experiments that
included inhibitor treatment (see figure legend for details), OM also included DMSO or
GSK3235025 alone or in combination with RO8191. On day 10 post incubation, cells were
washed twice with PBS and fixed in 4% (v/v) paraformaldehyde (sigma) for 5 min. Cells
were washed and incubated with alkaline phosphatase substrate solution (SigmaFast BCIP-
NBT; Sigma Aldrich) for 10-20 min in dark.

2.4 Alizarin red staining

For Alizarin red staining, cells were cultured and differentiated as described above and on
day 20 post culturing, cells were washed twice with PBS and fixed in 4% (v/v)
paraformaldehyde (sigma) for 15 min. Cells were washed 5 times with deionized water and
incubated with 2% alizarin red solution for 20 min and washed 5 times with water to remove
excess staining solution.

2.5 Immunofluorescence analysis

Cell lines (W-20, ST-2) were grown on coverslips and treated with either vehicle control
(DMSO) or PRMTS5 inhibitor (GSK325025) for 10 days. Cells were fixed with 4%
paraformaldehyde, followed by permeabilization with 1% Triton X-100. Cells were
incubated for 2 h with the following antibodies, Histone H3R8 symmetric dimethyl
(H3R8me2s; Epigentek- Cat # A-3706), Histone H4R3 symmetric dimethyl (H4R3me2s;
Sigma Aldrich- Cat # SAB4300870), Histone H3R2 symmetric dimethyl (H3R2me2s;
Epigentek- Cat # A-3705). Appropriate fluorescent-tagged secondary antibodies were used
to detect antibody specific signals.

2.6 Western blotting analysis

Total cell lysates were prepared using RIPA lysis buffer supplemented with protease
inhibitor cocktail. Equal amounts of protein samples were separated on a 4-12%
polyacrylamide gel (Bio-Rad), blotted onto polyvinylidene difluoride membrane, and probed
with different antibodies as indicated [anti-Prmt5 (Santa cruz- Cat # 376937), anti-Gapdh
(Santa cruz- Cat # 25778), anti-H3R8me2s (Epigentek- Cat # A-3706), anti-H4R3me2s
(Sigma aldrich- Cat # SAB4300870), anti-H3R2me2s (Epigentek- Cat # A-3705), anti-
H3K4me3 (Cell signaling technology- Cat #: 9751), anti-Histone H3 (Cell signaling
technology- Cat #: mAb 4499). Appropriate horseradish peroxidase conjugated secondary
antibodies were used and signals were developed using chemiluminescent substrates
(Amersham ECL prime detection reagents). A minimum of 2 or more independent
biological experiments were analyzed. Band densities were calculated using ImageJ
software.
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2.7 Chromatin Immunoprecipitation (ChIP) analysis

Chromatin Immunoprecipitation (ChlP) analyses were performed using EZ-ChIP kit
according to manufacturer’s protocol (Millipore). Briefly, cells were cross-linked with
paraformaldehyde, lysed and chromatin were prepared by sonication. Immunoprecipitation
of chromatins were performed using antibodies specific to H3R8me2s (Epigentek- Cat #
A-3706), H4R3me2s (Sigma aldrich- Cat # SAB4300870). DNA were purified from the
immunoprecipiated chromatin and subsequently analyzed by gPCR using promoter specific
primers (Supplementary table 2). Data were analyzed following percent input method as
described below. ACt [normalized ChIP] = (Ct [ChIP] - (Ct [Input] - Log2 (Input dilution
factor))), where Input Dilution Factor = (fraction of the input chromatin saved)™. In our
analyses, 1/100th of the chromatin used for immunoprecipitation was used as input. Finally,
the percentage (Input %) value for each sample is calculated as follows: Input % = 100/2
ACt [normalized ChIP] The “Input %" value represents the enrichment of certain histone
modification on specific region. Three independent biological replicates were analyzed.

2.8 RNA sequencing analysis

RNA sequencing was performed on total RNA isolated from W-20 stromal cells grown in
osteogenic differentiation medium for 10 days treated with either DMSO or PRMT5
inhibitor (1.25 uM) (GSK3235025) from 2 independent experiments. Library preparation
and sequencing were performed by the Biopolymers Facility at Harvard medical school.
Data was processed using a standard RNA -seq pipeline that used STAR aligner to align the
reads to mm10. Cufflinks suite and cuffdiff2 was used to calculate differential expression
[19-21]. List of genes that were 1.5 fold up or downregulated (log2FC) in PRMTS5 inhibitor
treated samples with a q value (FDR corrected P value of the test statistic) of < 0.05 were
chosen for further analysis. Same gene lists were used to identify gene set enrichment
analysis as described in enrichr [22]. Results of Reactome pathway term [23] output for the
up- or down-regulated genes sorted based on P values <0.01 are indicated as bar graphs.

2.9 Statistical analysis

All comparisons were performed with a two-tailed unpaired Student’s t test. The data are
expressed as mean + SEM. For data that are normalized, data analyses were performed
following the method described by Valcu and Valcu [24]. Briefly, values for control and
experimental samples were divided by the mean of the control sample, which conserves the
distribution and the relative variance of the samples, allowing the subsequent use of a t test:
mean (k * X) = k * mean(X); std error(k * X) = k * std error(X), where X is the sample and
k = 1/mean of the control and is a normalization factor. p values are indicated by * for
p<0.05; ** for p<0.01; *** for p<0.001.

3. Results and Discussion

To understand the function and modulation of PRMT5 in mesenchymal stromal cells
(MSCs) in steady state and during osteogenic differentiation, expression kinetics of Prmt5,
Co-Pr5 and Prmt7 was investigated in two mesenchymal stromal cell lines, W-20 and ST-2.
Prmt7 encodes for protein arginine methyl transferase that has specific activity against
histones and capable of generating both monomethyl as well as symmetric dimethyl
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arginines similar to Prmt5 [25, 26]. All three genes, Prmt5, Prmt7 and Co-Pr5 are expressed
in MSCs during steady state as well as during osteogenic differentiation (Fig 1). To delineate
the biological functions of PRMT5 expression on proliferation and differentiation in MSCs,
ST-2 and W-20 cells were treated with GSK3235025, a selective and potent inhibitor of
PRMTS5. Blockade of PRMT5 in W-20 and ST-2 mesenchymal stromal cells resulted in
decreased colony forming units (CFUs) compared to vehicle only treatment (Fig 2A and B).
We also analyzed the effects of PRMT5 inhibition on the osteogenic differentiation of the
MSC by culturing W-20 and ST-2 cells in the presence of osteogenic induction medium
containing 10 mM beta-glycerol phosphate and 100 pg/ml ascorbic acid. Alkaline
phosphatase staining of MSCs cultured in OM in the presence of vehicle (DMSO) or
GSK3235025 (P5i) on Day 10 post-treatment showed significantly increased enzyme
activity in PRMTS5 inhibitor treated cells (Fig 2C and D, Fig S1A). Quantitative RT-PCR
assessment of osteogenic differentiation markers revealed significant increases in the
transcript levels of alpha-1 type | collagen (Collal) and Osteocalcin (Ocn) and an increasing
trend in the transcript levels of Runt Related Transcription Factor 2 (Runx2) and Osterix
(Osx) upon PRMTS5 inhibition compared to vehicle control at Day 10 (Fig 2E, Fig S1B).
Thus, blockade of PRMT5 reduced MSC proliferation but aided their differentiation into
osteogenic lineage.

In order to delineate the effects of PRMT5 on MSC proliferation, we evaluated the protein
levels of cell cycle regulators. Although we did not observe a significant change in the
protein levels of p21 (data not shown), there was a downregulation of cyclin D1 upon
PRMTS5 inhibition in both W-20 and ST-2 cell lines (Fig S2). Prior studies in cancer cells
demonstrated that PRMTS5 directly upregulated cyclin D1 and inhibition of PRMT5 leads to
cell cycle arrest [27, 28]. Similar to these studies, our data shows that PRMTS5 is required for
MSC proliferation via control of cyclin D1 levels in mesenchymal stem cells. To understand
whether PRMTS5 inhibition has effects on PRMT5 protein levels or function, W-20 and ST-2
cells were treated with DMSO and two different concentrations of PRMTS5 inhibitor,
GSK3235025 0.625 uM and 1.25 pM. GSK3235025 mediated inhibition of PRMT5 in
MSCs did not alter PRMTS5 protein levels (Fig 3A, 3B). Further, to understand whether
inhibitor treatment altered PRMTS5 function, analyses of PRMT5 catalyzed symmetrical
dimethyl arginine modifications on histones were performed in the same cells. Symmetrical
dimethyl arginine on histone H4 (H4R3me2s) and histone H3 (H3R8me2s) were
significantly reduced in GSK3235025 treated cells whereas Histone H3 (H3R2me2s) levels
were not altered compared to vehicle treated cells (Fig 3C). The differential inhibition of
PRMT5 mediated methylation of arginine residues on histones H4 (H4R3) and H3 (H3R8
and H3R2) by GSK3235025 were corroborated by immunofluorescence analysis using
methylation specific antibodies (Fig 3D).

In order to delineate the dynamics of PRMT5 functions on histone symmetric arginine
modifications during osteogenic differentiation, day 0 and day 14 cultures of MSCs cultured
in osteogenic medium were analyzed by western blot. There was a 12% decrease in the
protein levels of PRMT?5 levels upon differentiation in both ST-2 and W-20 cell lines (Fig
S3A). We also observed a decrease in the global levels of H4R3me2s as well as H3R8me2s
during osteogenic differentiation of W-20 cells (Fig S3B). To understand the specificity of
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PRMTS5 inhibitor, in addition to chemical inhibition of PRMT5, effects of ShRNA mediated
silencing of Prmt5were evaluated in W-20 cells. Silencing of Prmt5 by shRNA reduced the
levels of Prmt5 RNA but did not alter the transcript levels of Co-Pr5 (Fig S4A). Decrease in
histone H4R3me2s levels were also observed in the same cells following Prmt5 silencing
(Fig S4B). Similar to P5i, W-20 Prmt5shRNA cells showed increased alkaline phosphatase
staining in the presence of osteogenic medium (Fig S4C). The results from these studies
substantiated the functional specificity of the small molecule inhibitor (GSK3235025) and
thus we employed PRMT5 inhibitor (P5i) in all our subsequent analyses.

To understand the genome-wide molecular changes that occur upon PRMTS5 inhibition
during osteoblast differentiation, RNA sequencing was performed on total RNA isolated
from W 20 cells following osteoblast differentiation (Day 10) and treated with either
DMSO or GSK3235025. Principal component and dendrogram analyses of RNA sequencing
data revealed separation of samples predominantly based on biological variation (Fig S5).
Transcripts levels that were altered more than 1.5-fold up or down (log2FC, q<0.05) upon
PRMTS5 inhibition were deduced by differential gene expression analysis using Cuffdiff.
Interestingly, PRMT5 inhibition down modulated a set of genes regulated by basal interferon
signaling during osteogenic differentiation (Fig 4A). Gene set enrichment analysis using
reactome pathway further revealed alteration in type | interferon pathway genes as
significant enriched term in the downregulated gene list following PRMTS5 blockade (Fig
4B). Similar analysis of genes upregulated 1.5-fold or more (log2FC) upon PRMT5
inhibition (Fig S6) revealed that extracellular matrix organization (Mfap4, Ctsk, Col7al,
/tgb3) and genes involved in elastic fiber formation were significantly enriched terms for
upregulated gene set (Fig S7).

To validate the candidates obtained in RNA-sequencing, RT-qPCR analysis was performed
on randomly chosen set of genes that were downregulated more than 1.5-fold or more upon
PRMTS5 inhibition and with a statistical significance of <0.05. These genes included
interferon-stimulated genes including Gbp family proteins (Gbpl, Gbp2, Gbp7) as well as
Adar and Oas3. Expression analyses of these genes performed in mouse embryonic
fibroblasts (MEFs) (Fig 5A) as well as in W-20 (Fig 5B) and ST-2 (Fig 5C) cells undergoing
osteogenic differentiation revealed significant decrease in the transcript levels of these genes
upon PRMTS5 inhibition. Guanylate binding protein (Gbp) family proteins are classical
interferon stimulated genes, and are members of intrinsic IFN signaling pathway. Silencing
of Gbp1 has also been shown to alter osteogenic differentiation of MSCs [29]. Interestingly,
significant increase in the transcript levels of interferon stimulated gene (ISGs) and
interferon signaling pathway genes including members of Gbp family genes was observed
during osteogenic differentiation (Fig S8A and S8B). This increase in the expression of ISGs
during differentiation is consistent with prior studies indicating the occurrence of enhanced,
differential, cell-type specific IFN signaling response in differentiated cells in comparison to
intrinsic signaling that occur in pluri- and multi-potent stem cells [30].

Further, we tested if loss of PRMT5 mediated methylation of arginine residues on histones
H4 (H4R3me2s) and histone H3 (H3R8me2s) were linked to the downregulation of basal
interferon-stimulated gene expression using locus specific chromatin immunoprecipitation
analysis. PRMTS5 inhibition resulted in decreased enrichment of H4R3me2s and H3R8me2s
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marks on GhpZ2 (Fig 5D) and Gbp7 (Fig 5E), two genes whose transcript levels were
significantly down regulated by Prmt5 inhibition in both ST-2 and W-20 cell lines during
osteogenesis. Thus, Prmt5 mediated histone arginine methylation sustains basal levels of
interferon signaling in MSCs and in osteoblast lineage cells. We also analyzed enrichment of
H4R3me2s and H3R8me2s on the promoters of Gop2and Gbp7during osteogenic
differentiation. Both these histone modification marks were less pronounced in differentiated
cells compared to MSCs (Fig S8C and S8D). These findings suggest that besides
transcriptional regulation, some of the functions of PRMT5 on ISG expression might be post
transcriptional, affecting splicing and or RNA stability. Consistent with this notion, blockade
of PRMTS5 in undifferentiated cells (Fig 5) as well as continued blockade of PRMTS5 during
the process of osteogenic differentiation (Fig S9), led to significant decline in ISG transcript
levels.

To gain further insights into whether exogenous activation of type | IFN signaling has effects
on osteogenic differentiation and also counter the effects of PRMT5 inhibition, we employed
a potent type | IFN receptor agonist, RO8191. Addition of RO8191 to osteogenic medium
led to decreased alkaline phosphatase and alizarin red staining and was sufficient to block
the increased differentiation that was seen with Prmt5 inhibition, corroborating the
inhibitory effect of interferon signaling activation on osteogenic differentiation potential (Fig
S10). Prmt5 inhibition alone led to a decrease in transcript levels of multiple 1SGs (Fig 6).
Stat1 levels were also decreased both at transcript and protein levels in MSCs upon PRMT5
inhibition during OB differentiation (Fig 6, Fig 7A and B). Co-treatment with RO8191
significantly increased the transcript levels of many IFN pathway genes including ISGs and
Stat1 and rescued the effects of PRMTS5 inhibition under the same conditions (Fig 6).
RO8191 treatment did not alter histone symmetric arginine modifications mediated by
PRMTS5 (Fig 7C and D). Previously, Kim et al [31] have shown that STAT1 interferes with
nuclear localization of RUNX2 a key transcriptional regulator of osteoblast differentiation.
To test whether downregulation of Statl levels (Fig 6 and Fig 7A) seen with PRMT5
inhibition had effects on RUNX2 levels and localization, WB and immunofluorescence
analyses were performed on W-20 cells undergoing osteogenic differentiation (day 12) in the
presence of P5i and P5i+R08191. Western blot analysis revealed increased RUNX2 protein
levels upon PRMTS5 inhibition were abrogated by R08191 (Fig S11A and S11B). RUNX2
protein is predominantly nuclear localized in DMSO as well as PRMTS5 inhibitor treated
cells in contrast to cytoplasmic RUNX2 that was evident only upon treatment with type IFN
agonist R08191 (Figure S11C).

Interferon response is required for antiviral responses and recent evidence suggests the
involvement of the intrinsic interferon signaling in stem cell functions and distinctly active
ISG expressions in stem cells and terminally differentiated cells [30]. Our study has revealed
a role for PRMTS5 in the homeostatic regulation of basal interferon signaling in MSCs and
during their differentiation into osteoblasts. Involvement of the immune system and
cytokines including interferons in bone homeostasis, specifically the blockade of RANKL
signaling and osteoclastogenesis by type | and type Il interferons, have been studied in detail
[32]. Interferon alpha and beta receptor subunit 1 (IFNARZ1) null mice did not display
deficiency in osteoblast formation /7 vivo [33]. However, recent studies have revealed a role
for basal interferon signaling in osteoblast biology. STATL1, a critical transcription factor
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involved in IFN alpha/ beta signaling that also act as bridge between type | and type 1l
interferon signaling pathways, [34] plays a critical role in osteoblast differentiation. StatZ
knockout mice displayed increased bone formation rate and Sfat! deletion favored osteoblast
formation in /n vitro differentiation studies [31]. Similarly, sSiRNA mediated inhibition of
Gbpl, an interferon inducible gene enhanced osteogenic differentiation of human bone
marrow derived MSCs [29]. Overall, the above studies reveal a negative correlation between
IFN signaling and osteogenic differentiation. Our study has identified PRMTS5 as a key
player in the cell intrinsic mechanisms regulating basal interferon pathway gene expression
in MSCs and during their differentiation into osteoblasts, in turn serves as an internal brake
against osteogenic lineage differentiation (Fig 8).

Treatment of human pre-osteoblasts with IFN beta inhibited osteoblast mediated
mineralization [35]. Exploring the role of 1 alpha, 25- Dihydroxyvitamin D3 on bone
mineralization, the existence of basal interferon signaling in human osteoblasts and
expression of interferon beta itself by these cells were recently reported [36]. Treatment of
human pre-osteoblasts with vitamin D3 resulted in down-modulation of interferon-
stimulated genes with a concomitant up-regulation of extracellular matrix genes. Thus, there
appears to be a direct negative feedback loop between interferon signaling and expression of
extracellular matrix genes by osteoblasts. Interestingly, PRMTS5 has been shown to repress 1,
25-dihydroxy vitamin D3 (1,25(0OH),D3 ) catabolism by negatively regulating Cyp24al, a
25-hydroxyvitamin D3 24-hydroxylase [37]. Upon PRMTS5 inhibition, levels of Cyp39al,
24 S-hydroxycholesterol 7-alpha-hydroxylase, an enzyme involved in Vitamin D precursor
metabolism were increased (0.9 fold, log2FC). Potential roles of PRMTS5 in vitamin D3
dependent calcium homeostasis and VDR mediated gene expression /in vivo require further
exploration.

Together, our studies have revealed that PRMT5 acts as an endogenous block towards MSC
osteogenic differentiation. PRMT5 has multifunctional roles in the regulation of gene
expression at the transcriptional level via histone methylation as well as during RNA
splicing via sm protein methylation. H4R3 methylation at multiple loci has been associated
with transcriptional repression [38, 39] whereas H3R8 methylation is associated with gene
activation including during skeletal muscle stem cell differentiation by mediating myogenin
transcription via recruitment of chromatin remodeling machinery [9]. During myogenic
differentiation, PRMT5 mediated enrichment of H4R3me2s was observed on osteoblast
specific Runx2 promoter element, but it was not an essential epigenetic modification for
Runx2 gene repression [40]. In our study, blockade of methyl transferase activity of PRMT5
led to global loss of both H3R8me2s and H4R3me2s as well as at specific interferon
stimulated gene promoters. As the osteogenic differentiation specific increase in the levels of
subset of ISGs was susceptible to PRMTS5 functional inhibition that is independent of
promoter H4R3me2s levels, we surmise that additional factors including RNA metabolism
and cell cycle regulation mediated by PRMTS5 enzymatic activity may also play a role in
determining the outcome of gene regulation at distinct genes. It remains to be investigated if
the increased expression of extracellular matrix genes upon PRMTS5 inhibition results from
either direct genomic and / or non-genomic actions of PRMTS5 or as a result of relief from
negative feedback loop from IFN signaling. Recently, Dong Y et al [41] demonstrated that /n
vivo administration of PRMTS5 inhibitor prevented ovariectomy-induced bone loss by
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blocking osteoclast differentiation and increased bone volume. Since bone remodeling is a
multi-cellular process involving osteoblasts and osteocytes that also modulate osteoclast
formation and function, it is important to understand the effects of PRMTS5 inhibition on
mesenchymal precursor cells and osteoblast lineage cells /n7 vivo during development as well
as ageing induced bone loss. Thus, our current study has implications in gaining a
comprehensive understanding of the effect of PRMTS5 inhibition on bone biology /in vivo as
symmetric histone arginine methylation catalyzed by PRMT5 has distinct effects on various
cell types involved in bone formation and metabolism.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Osteogenic differentiation is regulated by interferon signaling

Prmt5 inhibition leads to decreased basal/intrinsic ISG (interferon stimulated
gene) expression both in MSCs and during differentiation

Prmt5 is an endogenous block towards MSC osteogenic differentiation
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cooperator of Prmt5(Co-Pr5) in W-20 and ST-2 mesenchymal stromal cells in steady state and
during osteoblast differentiation.

Kinetics of Prmt5, Prmt7 and Co-Pr5 gene expression analyzed by gRT-PCR in
undifferentiated state (Day 0) as well as during osteogenic differentiation (Day 6, Day 12

and Day 18) in (A) W-20 and (B) ST-2 cells (Both Co-Pr5 and Prmt7: DO vs D12 as well as

DO vs. D18, p =<0.01). Results are from three independent biological experiments.
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Figure 2. Effect of pharmacological inhibition of PRMTS5 in mesenchymal stromal cells (MSCs)

during steady state and following osteoblast differentiation.

Enzymatic activity of PRMT5 in ST-2 and W-20 cells was inhibited using GSK3235025, a
selective and potent inhibitor (P5i). PRMT5 inhibition led to decrease in colony forming
units (CFU) of ST-2 cells as assessed by crystal violet staining (a representative image is
shown, N=4) (A) and CFU quantification (N=4) (B). Inhibition of Prmt5 during
differentiation of W-20 cells into osteoblast lineage led to increased alkaline phosphatase
activity as assessed by staining (a representative image is shown, N=4) (C), alkaline
phosphatase concentration based on enzymatic activity (N=4) (D) and increased transcript
levels of osteoblast lineage markers as assessed by gRTPCR analysis (N=3) (E).
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Figure 3. Pharmacological inhibition of PRMTS5 resulted in STAT1 downmodulation and
differential blockade of histone symmetric dimethyl arginine modifications in mesenchymal
stromal cells, ST-2 and W-20.

Inhibition of methyl transferase activity of PRMT5 (using GSK3235025) led to a
downmodulation of STAT1 protein levels but not the levels of PRMTS5 (A: western blot and
B: protein band density quantitation). Decrease in global levels of symmetric dimethyl
arginine marks on H4R3me2s and H3R8me2s but not H3R2me2s as assessed by western
blot (C) as well as immunofluorescence (D) analyses. P5i: PRMTS5 inhibitor (0.625 uM and
1.25 uM). *indicates non-specific band.
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Figure 4. RNA-sequencing analysis of W-20 MSCs undergoing osteoblast differentiation.
PRMT5 enzymatic activity was inhibited using GSK3235025 (1.25 uM) in W-20 cells

during osteogenic differentiation. Total RNA was collected upon treatment with vehicle
control (DMSO) and PRMTS inhibitor (P5i) at Day 10 and RNA sequencing was performed.
(A) Heatmap of genes downregulated 1.5-fold or more (log2FC, q<0.05) upon Prmt5
inhibition in W-20 cells following differentiation into osteoblasts. (B) Reactome pathway
term analysis(p<0.01) of RNA-seq data revealed that interferon pathway gene set to be
primarily modulated by Prmt5 inhibition in MSCs during osteogenic differentiation.
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Figure 5. Prmt5 plays a role in the regulation of basal interferon pathway gene expression.
Quantitative RT-PCR analysis of interferon stimulated gene (ISG) expression upon PRMT5

blockade (P5i at a concentration of 1.25 uM) in (A) mouse embryonic fibroblasts (MEFs)
and in MSCs undergoing osteoblast differentiation (Day 10) (B) W-20 and (C) ST-2 cells.
Chromatin Immunoprecipitation (ChlP) analyses of the promoter regions of two interferon
pathway genes Gbp2and Ghp7 revealed decreased enrichment of arginine methylation
marks on H4R3 and H3R8 upon PRMTS5 inhibition (P5i —1.25 uM) in both ST-2 (D) and
W-20 (E). PRMTS5 inhibitor (1.25 uM). (N=3)
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Figure 6. Overriding effects of type | IFN receptor agonist RO8191 over PRMTS5 inhibition
during OB differentiation.
Continued blockade of PRMT5 during OB differentiation led to decreased expression of IFN

signaling pathway genes but was rescued by type | IFN receptor agonist RO8191 (50 uM).
PRMTS5 blockade led to increased expression of osteocalcin and RO8191 treatment did not
overcome effects of PRMTS5 inhibition. P5i: PRMTS5 inhibitor (1.25 uM). (N=3)
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Figure 7. Analysis of protein changes upon cotreatment with type | IFN receptor agonist RO8191

and PRMTS5 inhibitor.

(A and B) PRMTS5 inhibition alone did not alter the protein levels of PRMTS5 but co-
treatment with RO8191 led to a decrease in PRMT5 levels. PRMTS5 inhibition mediated
down modulation of STAT1 protein levels was reversed by cotreatment with RO8191. (C).
However, cotreatment with RO8191 (50 uM) did not rescue the decrease in histone arginine
metylation marks, H4R3me2s and H3R8me2s mediated by the blockade of PRMT5. PRMT5

inhibitor (1.25 uM).
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Model depicting the PRMT5 functions in gene regulation in MSCs and during osteogenic

differentiation.
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