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ABSTRACT

Myosin 1c (Myo1c) is an unconventional myosin that modulates signaling pathways
involved in tissue injury and repair. In this study, we observed that Myo1c expression is
significantly upregulated in human chronic liver disease such as nonalcoholic
steatohepatitis (NASH) and in animal models of liver fibrosis. High throughput data from
the GEO-database identified similar Myo1c upregulation in mice and human liver fibrosis.
Notably, TGF-B stimulation to hepatic stellate cells (HSCs, the liver pericyte and key cell
type responsible for the deposition of extracellular matrix upregulates Myo1c expression,
while genetic depletion or pharmacological inhibition of Myo1c blunted TGF- induced
fibrogenic responses, resulting in repression of a-SMA and Col1a1 mRNA. Myo1c
deletion also decreased fibrogenic processes such as cell proliferation, wound healing
response and contractility when compared with vehicle treated HSCs. Importantly,
phosphorylation of SMAD2 and SMAD3 were significantly blunted upon Myo1c inhibition
in GRX cells as well as Myo1c-KO MEFs upon TGF- stimulation. Using the genetic
Myo1c knockout (Myo1c-KO) mice, we confirmed that Myo1c is critical for fibrogenesis
as Myo1c-KO mice were resistant to CCIl4 induced liver fibrosis. Histological and
immunostaining analysis of liver sections showed that deposition of collagen fibers and
a-SMA expression were significantly reduced in Myo1c-KO mice upon liver injury.
Collectively, these results demonstrate that Myo1c-mediates hepatic fibrogenesis by
modulating TGF-B signaling and suggest that inhibiting this process may have clinical

application in treating liver fibrosis.
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INTRODUCTION

Chronic liver injury triggers a repair response that leads to liver fibrosis (i.e., liver scarring),
which is characterized by the excessive accumulation of collagenous extracellular
matrices (ECMs). This repair response occurs as a result of various insults including
toxins, autoimmune disorders, cholestatic or metabolic diseases or viral infections, and
leads to the development of fibrosis, cirrhosis, and cirrhosis-associated complications
such as portal hypertension, hepatocellular carcinoma, and liver failure (1-3). Hepatic
stellate cells (HSCs) are the liver pericytes which are considered the principal source of
extracellular matrix proteins including collagen in the liver. Complex molecular
mechanisms and signaling pathways play critical roles in the fibrogenic process and
transforming growth factor-B1 (TGF-B1) is a prototypical profibrogenic cytokine which
activates HSC and promotes collagen deposition (4). Intracellular signal transducers
Smads whose phosphorylation and subsequent translocation into the nucleus upon TGF-
B1 activation regulate expression of profibrotic target genes that contributes to collagen

synthesis and liver fibrosis (5, 6).

Myo1c is an unconventional class | myosin and an actin-based molecular motor, which is
actively involved in various cellular functions including intracellular trafficking, cell
adhesion, motility and maintenance of membrane tension (7-10). Myo1c is expressed in
various cell types and is generally associated with actin-rich cortical membrane structures
such as filopodia, lamellipodia, and ruffles (11). The Myo1c gene has two isoforms, which
are referred to as cytoplasmic (cMYO1C) and nuclear Myo1c (NM1) (12). NM1 differs

from cMYO1C by the presence of 16 or 35 additional amino acids at the N-terminus. While
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the cMYO1C interacts with various proteins and participates in cellular functions, NM1 is
involved in chromatin remodeling, transcription, mMRNA maturation, and chromosome
movement (12-14). Our previous study showed that NM1 targets TGF-3 responsive gene
GDF-15 that contributes to the fibrogenic process in podocytes (10). Various cellular and
signaling functions were also observed that confirmed the role of cMYO1C in fibrosis.
Notably, another study showed that the Myo1c inhibitor Pentachloropseudilin (PCIP)
inhibited TGF- activity by accelerating TGF-3 receptor turnover. PCIP attenuated TGF-
B-induced smad2/3 phosphorylation and repressed expression of vimentin, N-cadherin,
and fibronectin and, thus, blocking TGF-B-induced epithelial to mesenchymal transition
(EMT) (7). Since TGF-B-signaling plays a major role in hepatic fibrogenesis, we evaluated
the pathophysiological significance of Myo1c in hepatic fibrogenesis using in-vitro and in-

vivo models.

RESULTS

Myo1c expression was significantly increased with hepatic fibrosis: The first
evidence for the involvement of Myo1c in hepatic fibrosis came from high throughput data.
We first examined the gene expression omnibus (GEO) database (GEO # GDS3087)
(15), where microarray and next generation analysis were performed in livers of animals
lacking Trim24 (a ligand-dependent nuclear receptor transcriptional co-regulator) and
control liver tissue, where the loss of Trim24 was associated with the development of liver
fibrosis and HCC (15, 16). We found that Myo1c expression was significantly upregulated
in liver tissues with fibrosis and HCC when compared with the normal liver (Fig. 1A). In

another throughput data (GEO # GSE49541) (17) which included patients with a full
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spectrum of nonalcoholic fatty liver disease (NAFLD) severity, Myo1c expression was
significantly higher among those with advanced NAFLD (fibrosis stage 3-4), compared

with early NAFLD (fibrosis with stage 0-1) (Fig. 1B).

Further, Myo1c expression was analyzed through immunohistochemistry in
representative liver tissues from humans and animal models of liver fibrosis. Myo1c
expression was found to be significantly increased in human non-alcoholic steatohepatitis
(NASH) fibrosis when compared with the healthy liver (Fig. 1C-D). In mice fed the
methionine-choline deficient (MCD) diet (a well characterized model of NASH fibrosis)
(18) and mice treated with carbon tetrachloride (CCIl4) (another model of liver fibrosis)
(19), Myo1c expression were also significantly upregulated, when compared to normal
chow-fed or vehicle-treated animals, respectively (Fig. 1E-H). Increased Myo1c
expression in CCl4 treated mice were further confirmed by western blot (Supplemental
Fig. 1A-B). Prolonged feeding with the high-fat-diet (HFD) also induces hepatic
fibrogenesis (20), thus we also examined the expression of Myo1c in these tissues. We
found that Myo1c mRNA was significantly increased in livers from mice fed the HFD,

which mirrored a-SMA expression (Supplemental Fig.1 C-D).

Since TGF-B signaling is a prototypical cytokine involved in tissue fibrogenesis, we next
evaluated if TGF-B modulated expression of Myo1c. Treatment of the mouse hepatic
stellate cells (HSC) line, GRX (21) significantly increased the Myo1c expression (Fig. 1l-
J). We also evaluated responses of mouse embryonic fibroblasts (MEFs) to TGF-3

stimulation. Whilst MEFs are not tissue pericytes, they resemble fibroblasts in culture (22,
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23), and were used as another model. We noted similar increases in Myo1c mRNA when

mouse MEFs were treated with TGF-B (Fig. 11-J).

Targeting Myo1c attenuated the fibrogenic response: Since TGF-3 signaling is the
primary driver of fibrogenesis (24) and we have shown that Myo1c is upregulated with
liver fibrosis, we next evaluated if loss of Myo1c directly inhibits fibrogenesis. To this end,
we infected GRX with Myo1c-specific short hairpin RNA (shMyo1c-GRX) (which
knockdown Myo1c gene expression); we observed >90% repression of Myo1c mRNA
(Fig. 2A-B). Treatment with TGF-§ significantly upregulates fibrogenic gene expression
(a-SMA and Col1a1) in normal GRX cells, but these changes were significantly blunted
in shMyo1c-GRX cells when compared with control (shScr-GRX) (i.e., GRX cells infected
with scrambled short hairpin RNA) (Fig. 2C-D). To confirm these findings, we repeated
experiments using a pharmacologic approach. Pentachloropseudilin (PCIP) is a known
Myo1c inhibitor, and the treatment of GRX cells with PCIP similarly, led to an attenuated

fibrogenic response to TGF-( treatment (Fig. 2E-F).

Dysregulation in cell proliferation and migration are associated with fibrogenesis (25, 26),
and Myo1c has been reported to play key roles in cell motility, trafficking, cell migration
and/or differentiation (8, 11, 27). shScr-GRX (control) and shMyo1c-GRX were analyzed
for cell proliferation using the cell counting kit-8 (CCK-8) assay. We found that loss of
Myo1c was associated with significantly reduced number of viable cells in shMyo1c-GRX
(Fig. 2G). Sulforhodamine B (SRB) based cell proliferation assay further confirmed the

significant reduction in cell proliferation upon Myo1c knockdown (Fig. 2H). Abnormal
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wound healing results in tissue fibrosis (28, 29), and the scratch assay is widely used to
evaluate the wound healing response(30). We found that wound healing was significantly
inhibited in shMyo1c-GRX cells compared with control shScr-GRX (Fig. 2I-J). Semi-
quantitative analysis confirmed a significant reduction in cell migration distance (in pM) in
shMyo1c-GRX cells: shScr-GRX (0.418uM) vs shMyo1c-GRX (0.254uM). The collagen
gel contraction (CGC) assay is another established method to study the fibrogenic
response in presence of various stimuli including TGF-B (31, 32). It also provides
information about the collagen remodeling in these cells (32). The effects of Myo1c loss
on collagen gel contraction was performed in GRX cells either in presence of TGF-§3 or
vehicle. TGF-3 stimulation induced 54% of gel contraction in shScr-GRX (control) cells
compared to 17% in shMyo1c-GRX (Fig. 2K-L). Semi-quantitative analysis confirmed a

significant reduction in TGF-B1 induced cell contraction upon Myo1c deletion.

To further validate our findings, we generated MEFs from 13.5 days embryos of Myo1c
flox/flox mice. We treated these MEFs with either B-gal or Cre virus to generate control
and Myo1c knockout MEFs, respectively. Whilst MEFs are not tissue pericytes, they
resemble fibroblasts in culture (22, 23). We observed a significant loss of Myo1c protein
in MEFs treated with the cre virus (Fig. 3A). Control (Myo1c"-MEFs+BGal) and Myo1c-
KO (Myo1c"i-MEFs+Cre) MEFs were then treated with TGF-B and fibrogenic response
analyzed through gPCR and immunofluorescence. gPCR analysis showed a significant
upregulation of a-SMA and Col1a1 expression in control MEFs, but this was attenuated
in Myo1c-KO MEFs (Fig. 3B-C), consistent with changes observed in shMyo1c-GRX cells

(Fig. 2C-D). Immunofluorescence imaging followed by quantitative analysis corroborated
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our findings, where significant increases in a-SMA protein was detected in control MEFs,

but not in Myo1c-KO MEFs (Fig. 3D-E).

Loss of Myo1c attenuated TGF-B-signaling: We next evaluated if attenuation of
fibrogenic responses observed with Myo1c inhibition (pharmacologic) and Myo1c deletion
(genetic) were associated with the changes in downstream components of the TGF-3
signaling pathway. GRX cells were treated with TGF-3 or vehicles in presence or absence
of PCIP, a pharmacological inhibitor of Myo1c (33). Western blotting analysis showed
significant reduction in phosphorylation of SMAD2 and SMAD3 upon Myo1c inhibition in
GRX cells. (Fig. 4A-B). Control or Myo1c-KO MEFs were similarly treated with TGF-(3 for
48 hours; at the end of treatment, cells were harvested, and western blot performed. We
detected a comparable reduction in levels of phosphorylated SMAD2 and SMAD3 in
Myo1c-KO MEFs (Fig. 4C-D). These results in aggregate, confirm that loss Myo1c inhibits

liver fibrogenesis.

Myo1c deletion attenuated CCI4 induced liver fibrosis: To understand the
physiological significance of Myo1c, we used global Myo1c knockout mice as described
in our previous work (10). In brief, Myo1c flox/flox mice were crossed with CMV cre mice
obtained from the Jackson laboratory (B6.C-Tg(CMV-cre)1Cgn/J; Stock No: 006054). Cre
recombination deletes the critical 5-13 exon of Myo1c as presented in fig. 5A. Deletion
of Myo1c was confirmed through the western blotting analysis using specific Myo1c
antibody (Fig. 5B). Wild-type and Myo1c-KO mice were treated with either CCl4 (0.7ul/g

body weight) or Vehicle (corn oil) and tissue were harvested at 5" week (19, 34, 35).
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Schematic figure of experimental design is presented in fig. 5C. At the end of study, livers
were harvested and stained with Masson’s trichrome and Sirius-red to assess the degree
of fibrosis (Fig. 5D-F). Loss of Myo1c resulted in significantly less liver fibrosis compared
with control mice (Fig. 5D). Semi-quantitative analysis of Masson’s trichrome images
showed 8.2 % of area with collagen deposition in control vs 3.37% in Myo1c-KO mice
(p<0.001) (Fig. 5E). Similar changes were seen with Sirius-red staining: 9.7 % of area

with collagen deposition in control vs 5.7% in Myo1c-KO mice. (Fig. 5G).

a-SMA is an actin isoform and a specific marker for HSC activation and fibrogenesis (36).
Loss of Myo1c was associated with significantly fewer a-SMA positive cells by
immunofluorescence and immunohistochemistry (Fig. 6A-C). Analysis of mean pixel
intensity in fluorescence images and a-SMA positive area also confirmed the significant
increase of a-SMA protein expression in CCl4-treated wild-type mice but this was
significantly repressed in Myo1c¢c-KO mice (Fig. 6B-D). Collectively, these results showed

that loss of Myo1c attenuated CCl4 induced liver fibrosis in mice.

DISCUSSION

The mechanisms of tissue fibrogenesis is complex and TGF-B1 dependent signaling is a
prototypical pathway involved in liver fibrosis. In this study, we showed that the
unconventional class | myosin and actin-based molecular motor is a key modulator of liver
fibrosis. In a series of in vitro and in vivo studies, we showed that Myo1c is upregulated

in liver fibrosis, where it enhanced canonical TGF-B signaling. Conversely, targeting
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Myo1c pharmacologically or genetically significantly reduced levels of phosphorylated

Smads and alleviated the liver repair response.

This novel role of Myo1c in tissue fibrogenesis simply recapitulates its function in cell
adhesion, motility and maintenance of membrane tension (8, 9, 11). Interestingly, Myo1c
is also highly expressed in adipocytes where it facilitates recycling of the glucose
transporter (37); specifically, by regulating the trafficking of intracellular GLUT4-
containing vesicles to the plasma membrane in response to insulin (37). This is relevant
to fibrogenesis because recent data show that metabolic reprogramming can regulate
HSC activation and fibrogenic responses (38). Myo1c also stabilizes actin and
participates as an important mediator of VEGF-induced VEGFR2 delivery to the cell
surface and plays a role in angiogenic signaling (39), a feature characteristic of liver
fibrosis. These studies in aggregate, support the role for Myo1c in hepatic fibrogenesis,
and is consistent with our previous study where we had shown that Myo1c regulates
fibrogenesis in kidney podocytes (10), and another group had reported that treatment with

PCIP repressed TGF-B-induced epithelial to mesenchymal transition (EMT) (7).

Although Myo1c appears to be a critical modulator of canonical TGF-f signaling, the
mechanisms by which Myo1c effects changes in the levels of Smad phosphorylation is
unclear, butis likely to involve both isoforms of the Myo1c protein. Studies to date suggest
that the cytoplasmic isoform is involved in intracellular trafficking and the stabilization of
key cellular proteins, while the nuclear isoform regulates chromatin remodeling and gene

expression (8, 12, 14, 27, 37, 40). It is therefore, possible that Myo1c could regulate



256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

adaptor proteins or surface expression of TGF-f3 receptors (similar to its regulation of
VEGFR2 expression). As growth differentiation factor (GDF)15 is a downstream effector
of Myo1c (10), and has recently been shown to directly activate lung fibroblasts and
macrophages (41), future studies will be needed to determine if Myo1c-associated
GDF15 secretion also contributes to the profibrogenic milieu in chronic liver disease.
These latter studies are important because Myo1c is ubiquitously expressed and the
generalized targeting of Myo1c would likely lead to adverse clinical outcomes; targeting
downstream effectors such as GDF15, and/or in a tissue-/cell-selective manner would

significantly mitigate side effects.

In conclusion, we showed for the first time that Myo1c plays an important role in regulating

hepatic fibrogenesis, and that targeting Myo1c protects mice from liver fibrosis.
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METHODS

Cell culture: The clonally-derived rat myofibroblastic hepatic stellate cell (HSCs/GRX)
(21) were cultured in DMEM media supplemented with 10% FBS and 1% pen/strep as
described earlier (42). Mouse embryonic fibroblasts (MEFs) were isolated from Myo1c-
flox/flox mice using embryos at E13.5 from the pregnant females as described earlier
(23). MEFs were also cultured in DMEM medial and supplemented with 10% FBS, 1%
penicillin/streptomycin, and 1% Non-Essential Amino Acids. All these cells were plated
on a 10 cm? dish and incubated at 37 °C in the presence of 5% CO2. The Myo1c inhibitor
PCIP was used at a concentration of 1 uM (33). These cells were stimulated with TGF-3
as described (10). Briefly, cells were incubated overnight in DEME medium with 0.1%

FBS and stimulated with 5ng/ml of TGF-f in the same medium for a period of 48hours.

Generation of Myo1c-knockdown and knockout cells: Myo1c knockdown in GRX cells
were generated using lentiviral vector carrying Myo1c shRNA (TRCN0000100742,
Sigma) and control knockdown cells were generated using scramble lentiviral vector
(SHCO016V, Sigma). MEFs Myo1c-KO and control-KO cells were generated by
transducing adenovirus either adeno-cre or adeno-B-gal virus for 24 hours and

experiments were performed after 72-96 hours of post transduction.

Quantitative Reverse-Transcription Polymerase Chain Reaction (QRT-PCR): Total
RNA was isolated from cultured cell using Trizol method (Life Technologies, Carlsbad,
CA) as per manufacturers guidelines with some modification as described earlier (43).

First strand cDNA was synthesized using the iScript Select cDNA Synthesis Kit and 1.0
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Mg of total RNA was used (Bio-Rad Laboratories, Hercules, CA) according to the
manufacturer’s instructions. Quantitative real-time PCR was performed with iQ SYBR
Green super mix, using the iCycler iQ Real time PCR Detection System (Bio-Rad). Details
of the primers used for Myo1c, a-SMA and Col1a1 are described earlier (10, 44). Mouse
ribosomal protein S9 (RPS9) primer was used as a control to normalize the expression

(44).

Western Blot Analysis. Cultured cells were lysed in RIPA buffer and protein estimation
was performed using the BCA method. 20ug total protein samples from lysates were
used for western blotting analysis as described earlier (10). Mouse monoclonal Myo1c
antibody was used as reported earlier (10), whereas other antibodies, including GAPDH
(Sigma # G8795), a-SMA (Santa Cruz # ¢-53142) and Actin (Santa Cruz # sc-47778)
were commercially obtained. Western blotting image acquisition and densitometric

analysis was performed using LI-CORE imaging station as described earlier.

Cell Migration Assay: Cell migration assay was performed as described earlier with
some modification (45). Briefly, control and Myo1c knockdown GRX cells were grown in
35-mm glass-bottom culture dishes (Mat-Tek Corporation) until they reached confluence.
Scratches were created using a 200-ul sterile pipette tip and images were taken at Oh,
8h, 16h and 24h. ImagedJ (National Institutes of Health) was used to calculate the length
of the wound's closure. The experiment was performed more than three times, and the

distance (uM) of migration was calculated.
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Cell Proliferation Assay: Cell proliferation was determined using Cell Counting Kit-8
(CCK-8) as per manufacturer's instruction. Briefly, cells were plated in 96-well plates and
incubated with CCK-8 solution for different time points such as 17 hours, 41 hours and
65 hours for GRX cells. Absorbance at 450 nm was measured using a microplate reader
and extent of proliferation was measured. Cell proliferation was also determined using
SRB Assay / Sulforhodamine B Assay Kit as per manufacturer's instruction. Briefly, in the
assay, cultured GRX cells were fixed on plates and stained with Sulforhodamine B.
Further, cells were washed and dried, then the bound dye was solubilized and the

absorbance at 565 nm was measured.

Gel Contraction Assay: Contractility of control and Myo1c-KD GRX cells were evaluated
using collagen gel lattices (PureCol, Advanced Biomatrix) as described earlier (46). Cells
were cultured in 24-well culture plates in collagen gel lattice, where it was serum starved
and after the dislodgement of the lattice, cells were incubated in DMEM with/without TGF-
B1 (5 ng/mL) for 24 h. Collagen gel lattice size was determined at 0 hour as well as 24

hours post TGF- treatment and area of gel contraction were calculated.

Treatments of animals: All experiments were performed in 8-12 weeks old mice. A
Detailed experimental plan for animal treatment is given in figure 5C (19, 34). Wild-type
and Myo1c-KO mice were treated with CCIl4 (0.7ul/g body weight) or Vehicle (corn oil)
through the intraperitoneal (i.p.) injection. Mice were randomly divided into 4 groups (n=5
for each group): (1) wild-type control group; treated with vehicle; (2) wild-type

experimental group, treated with CCl4; (3) Myo1c-KO control group, treated with vehicles;
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(4) Myo1c-KO experimental group, treated with CCl4. At 5" week of the treatment tissues

were harvested for the experimental purpose.

Histology and Immunohistochemistry: Mice liver were perfused and washed with 1X
PBS and transected, fixed for 4 to 12 h in 4% paraformaldehyde, rinsed, and sequential
alcohol treatments were performed and submitted to the Histology Core facility at Medical
University of South Carolina (MUSC) for embedding and sectioning. The paraffin
embedded sections were deparaffinized and stained with Masson's trichrome and Sirius
Red for histological analysis. Immunohistochemistry was performed as described earlier
(10). Briefly, liver sections were deparaffinized and incubated with Tris-EDTA (pH 9.0)
buffer for antigen retrieval at 65°C overnight. The sections then blocked with 5% BSA for
1 h at room temperature. Primary antibodies for a-SMA (1:50 dilution) were diluted in 10%
goat serum and incubated overnight at 4°C. The sections were washed with 1x TBS five
times and then incubated with Alexa Fluor-labeled secondary antibodies at a dilution of
1:500 for 1 h at 37°C. After washings with TBS these sections were mounted with DAPI
and left overnight in the dark for drying and images were collected using fluorescence
microscope. Horseradish peroxidase—conjugated anti-mouse or anti-rabbit antibodies
were used for detection for non-fluorescence staining. All parameters were maintained
constant throughout the image acquisition, including the exposure time. The image J

software was used for quantitative analysis.

Human and Animal Study approval: De-identified, formalin fixed paraffin embedded

liver tissue sections (n=5) from Dr. A Canbay (09-4252 & 12-5232-BO, Ethics
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Commission, Medical Faculty of the University of Duisburg-Essen) were stained using
established immunohistochemistry protocols. All animal studies were conducted as per
the protocol approved by the MUSC, Institutional Animal Care and Use Committee and
NIH guidelines for the Care and Use of Laboratory Animals (Protocol # IACUC-2018-
00360). Treatment of mice, including housing, injections and surgery was in accordance
with the institutional guidelines. Isoflurane anesthesia (5% induction, 2% maintenance)

was used to perform all surgeries.
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FIGURE LEGENDS

Figure 1: Myo1c upregulated during fibrotic injury: (A) The GEO profile GDS3087 of
Myo1c in hepatocellular tumors of Trim24 deficient mice was retrieved from GEO
database and expression pattern of Myo1c was analyzed in normal liver vs hepatocellular
tumors. Both, the expression level and rank of Myo7c were significantly increased in
hepatocellular tumor as compared to normal liver. (B) GEO high throughput data (GEO #
GSE49541), where mild NAFLD patients (with fibrosis stage 0-1) and advanced NAFLD
(with fibrosis stage 3-4) were analyzed. We retrieve the data and Myo1c expression
patterns were analyzed. Expression of Myo1c is found to be significantly upregulated in
advanced NAFLD as compared to mild NAFLD. (C-D) Representative images of liver
sections from NASH and normal subjects showed increased Myo1c expression in NASH.
Images magnification, 10x (upper panel) and 40x (lower panel). Quantitative analysis of
immunofluorescence images showed that Myo1c expression was elevated in NASH as
compared to normal liver. P<0.0001 NASH vs Normal. Data presented in meanzSD. (E-
F) Representative images of liver sections from MCD-diet and normal chow diet showed
increased Myo1c expression in MCD-diet mice. Images magnification, 10x (upper panel)
and 40x (lower panel). Quantitative analysis of immunofluorescence images showed that
Myo1c expression was elevated in MCD-diet liver as compared to normal chow-diet liver.
P<0.0001 MCD-diet vs Chow-diet. Data presented in meantSD. (G-H) Representative
images of liver sections from CCl4-induced mice model and control vehicle treated mice
showed increased Myo1c expression in CCl4-induced mice. Images magnification, 10x
(upper panel) and 40x (lower panel). Quantitative analysis of immunofluorescence

images showed that Myo1c expression was elevated in CCl4-induced liver as compared
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to normal vehicle treated liver section. P<0.0001 MCD-diet vs Chow-diet. Data presented
in meanzSD. (I-J) The hepatic stellate cells line (GRX) and mouse embryonic fibroblasts
(MEFs) were treated with TGF-3 for 48hours and expression of Myo1c was assessed by
gPCR and normalized to ribosomal protein S9. Quantitative analysis showed the
increased expression of Myo1c in both the cell lines upon TGF-f3 treatment. Data are from

3 independent experiments presented as mean+SD. TGF-B (-) vs. TGF-3 (+); P<0.01.

Figure 2: Myo1c deletion attenuates fibrogenic response: (A&B) Myo1c knockdown
in GRX cell was induced by the lentiviral transfection of Myo1c shRNA, whereas scramble
(SCR) transfection was done for controls. Stable transfection was achieved through the
puromycin selection and the extent of the Myo1c protein knockdown was assessed by
western blotting (A), whereas qPCR (B) was performed to check knockdown at mRNA
level. (C&D) To test the TGF-B induced activation then control and Myo1c knockdown
GRX cells were investigated for the expression of the fibrogenic genes. TGF-
significantly upregulates the a-SMA (C) and Col1a1 (D) in control cells, whereas
upregulation of these genes were blunted in Myo1c knockdown cells. (E&F) Effect of
Myo1c inhibitor PCIP (0.1Mm) on TGF-$ induced fibrogenic response was analyzed
through the gPCR. PCIP treatment significantly blunted the a-SMA expression upon TGF-
B, whereas, significant differences were observed in Col1a1 expression. Myo1c also
contributes dysregulation of cell proliferation, abnormal wound healing and collagen gel
contraction. Cell Counting Kit-8 (CCK-8) was used to measure cell proliferation in control
and Myo1c knockdown GRX cells. (G) Absorbance at 450 nm, which a readout of the

number of viable cells is significantly reduced upon Myo1c knockdown at 41 and 65 hours.
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(H) Analysis of SRB based cell proliferation further confirmed that there is a significant
reduction in cell proliferation in Myo1c knockdown cells. Data are from 3 independent
experiments. The collagen gel contraction (CGC) assay was performed to analyze the
fibrogenic response in presence TGF-B stimulation in GRX cells. (3K&L) TGF-3
stimulation induced 54% of gel contraction in shScr-GRX (control) cells compared to 17%

in shMyo1c-GRX.

Figure 3: (A) MEFs were isolated from Myo1c flox/flox mice and treated with either (3-gal
or Cre virus to generate control and Myo1c knockout MEFs, respectively. Western blotting
analysis showed that Myo1c proteins were completely knockout after 96 hours of post
viral treatment. (B&C) Control (Myo1cfl/fl-MEFs+BGal) and Myo1c-KO (Myo1cfl/fl-
MEFs+Cre) MEFs were treated with TGF-8 expression of a-SMA and Col1a1 genes were
analyzed, where significant upregulation of these genes were observed in control MEFs
but attenuated in Myo1c-KO MEFs. (D) TGF-B induced expression of a-SMA was
analyzed through immunofluorescence staining, where cells MEFs were stained with a-
SMA (Green) antibody and mounted with DAPI (Blue). (E) Quantitative analysis of
fluorescence means pixel intensity showed increased expression of a-SMA in control
MEFs as compared to Myo1c-KO MEFs (n = 50 cells). Data are from 3 independent
experiments presented as meantSD. SCR: scramble; N.S: non-significant. p<0.05,

Significant.

Figure 4: TGF-B induced signaling is blunted upon Myo1c inhibition and in Myo1c-

deletion: (A&B) The signaling components of TGF-f signaling pathways in vehicle and
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PCIP treated GRX cells were screened using western blotting. Quantitative analysis
showed reduced phosphorylation of SMAD2 and SMAD3 expression in Myo1c-KO MEFs.
Data are presented in meantSD. (C-D) Similarly, the signaling components of TGF-3
signaling pathways in control and Myo1c-KO MEFs were screened using western blotting.
Quantitative analysis showed reduced phosphorylation of SMAD2 and SMAD3

expression in Myo1c-KO MEFs. Data are presented in meantSD.

Figure 5: Myo1c deletion attenuates CCI4 induced liver fibrosis in mice: (A) Global
Myo1c mice were generated using Myo1c flox/flox mice as presented in schematic figure.
Myo1c flox/flox mice were crossed with CMV cre (B6.C-Tg(CMV-cre)1Cgn/J; Stock No:
006054), which eventually leads to deletion of the critical 5-13 exon of the Myo1c. (B)
Deletion of Myo1c was confirmed through the western blotting analysis using specific
Myo1c antibody, which showed complete knockout of Myo1c in liver and kidney. (C)
Schematic figure showing experimental design including timelines of CCl4 treatment and
end of the study. (D) Increased Masson’s trichrome staining was noted in the liver of wild-
type mice as compared to Myo1c-KO mice treated with CCI4. Scale bars: 50um. (E)
Fibrotic area assessment from the Masson’s trichrome stained liver of wild-type mice
showed ~8.2% fibrosis, whereas the Myo1c-KO showed ~3.37% fibrosis. P<0.001, wild-
type-CCl4 vs Myo1c-KO-CCl4, n=5 mice in each group using manual outlining method.
Data presented in meanzSD. (F) Increased Sirius-red staining was also noted in the liver
of wild-type mice as compared to Myo1c-KO mice treated with CCI4. Scale bars: 50um.
(G) Fibrotic area assessment from the Sirius-red stained liver of wild-type mice showed

~9.7% fibrosis, whereas the Myo1c-KO showed ~5.7% fibrosis. P<0.001, wild-type-CCl4
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vs Myo1c-KO-CCl4, n=5 mice in each group using manual outlining method. Data

presented in mean+SD.

Figure 6: (A) Immunostaining of liver sections using a-SMA antibody and DAPI (blue)
showed increased a-SMA expression in wild-type mice in response to CCl4 induced
injury. Scale bars: 20um (B) Quantitative analysis of immunofluorescence images
showed that CCH4 injury-induced a-SMA expression was elevated in wild-type mice when
compared to Myo1c-KO mice. P<0.01 wild-type (CCI4) vs Myo1c-KO (CCl4). n=5 mice in
each group. Data presented in meantSD. (C) Immunostaining of liver sections using a-
SMA antibody and HRP conjugated secondary antibody showed increased a-SMA
positive area in wild-type mice in response to CCl4 induced injury. (upper panel 10x; lower
panel 40x magnification) (D) Quantitative analysis of a-SMA positive area showed that
CCl4 injury-induced significant increase in a-SMA positive area in wild-type mice when

compared to Myo1c-KO mice. Data presented in meantSD.

Supplemental Figure 1: (A&B) Upregulation of Myo1c in CCI4 induced liver injury was
further confirmed through the western blotting. Quantitative analysis showed the
increased expression of Myo1c in CCIl4 induced liver as compared to vehicle treated.
P<0.04, CCl4 induced liver injury vs vehicle treated controls. Data presented in meantSD.
(C&D) The expression analysis of Myo7c and a-SMA in HFD and LFD mice liver were
analyzed using qPCR. Expression of Myo1c was significantly upregulated in the HFD liver
compared to LFD. Data are from 3 independent experiments presented as meantSD.

HFD vs. LFD; P<0.05.
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