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Actin-granule formation is an additional step in cardiac
myofibroblast differentiation
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Background: Atrial fibrillation is the most common and long-lasting cardiac arrhythmia, and profoundly
effects the daily lives of patients. The pathogenesis and persistence of atrial fibrillation is closely related to
the cardiac fibroblast and its myofibroblast differentiation as increased collagen synthesis and migration
capability. Thus better understanding of myofibroblast differentiation is essential for the prevention and
treatment of atrial fibrillation

Methods: Cardiac fibroblasts were isolated from neonatal rats and its actin structure was analyzed by
immunofluorescence staining. Myofibroblast differentiation was induced by Angiotensin II (Ang II)
and ROCK signaling related proteins were determined by western blot. Fasudil and Ricolinostat were
employed to abrogate ROCK signaling and their effects on myofibroblast differentiation were assessed by IF
microscopy and Celigo Image Cytometry.

Results: Stress actin fibers similar to actin filaments in myofibroblast differentiation are regulated by
ROCK signaling, and our results also suggested Guanine nucleotide exchange factor-H1 (GEF-H1)
phosphorylation could be induced by Ang II. In addition, Fasudil could down-regulate RhoA, GEF-HI,
and phosphorylated GEF-H1 to inhibit ROCK signaling and further reduce Col I expression and the
myofibroblast proportion.

Conclusions: An individual phase characterized by actin-granule formation was identified in cardiac
myofibroblast differentiation. In the meanwhile, myofibroblast differentiation and its F-actin assembly could

be detained in this phase by Fasudil abrogating the ROCK signaling pathway.
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Introduction

Atrial fibrillation (AF) is the most common cardiac
arrhythmia and raises concerns because of its fatal
complications and rising age incidence (1-3). Research
on the mechanisms of atrial fibrillation pathogenesis and
persistence has shown pathological fibrosis and cardiac
fibroblasts have an important role in initiating and
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sustaining cardiac remodeling in AF progression. The
differentiation of cardiac fibroblasts to myofibroblasts
has been the subject of much investigation into atrial
fibrillation related fibrosis and has been identified as a
consequence of the upregulated expression of Collagen
I (Col I) and TGF-B1 (transforming growth factor-p1)
accompanied with Alpha-smooth muscle actin (a-SMA)
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synthesis and assembly (4).

Angiotensin II (Ang II) has been identified as a potent
factor which initiates AF related fibrosis and myofibroblast
differentiation (5,6). It is mainly through an angiotensin
receptor type | that Ang II activates the JNK/STAT
signaling pathway to induce myofibroblast differentiation
and the secretion of T'GF-B1 along with other profibrotic
cytokines. This in turn activates smad2/3 signaling and
further promotes fibrosis (7,8). Aoki et /. and Barnes
et al. showed that Ang II also gives rise to stress actin
fiber assembly in cardiac myocytes, suggesting a possible
correlation between the microfilament remodeling of
myofibroblasts and stress fiber assembly (9-11).

Stress actin fiber formed in non-muscle cells will increase
their capacity of contraction and migration, in which the
activation of ROCK signaling is essential (12). As serine/
threonine kinases, ROCKI1 and ROCK2 are the main
effectors of ROCK signaling and are activated by RhoA
ROCK signaling related GTPase. Indirect evidence that
supports the correlation of myofibroblast differentiation
and stress actin fibers lies in the cross-regulation of different
cytoskeleton components. This is because histone deacetylase
6 (HDACG6) regulation of the balance of acetylation
and deacetylation of a-tubulin has been proven to be
highly relevant to atrial fibrillation related microfilament
remodeling, which could increase the release of tubulin-
bound Guanine nucleotide exchange factor-H1 (GEF-HI) to
activate ROCK signaling subsequently (13-16).

While the definition of myofibroblast differentiation
incorporates o-SMA filament formation and fibrosis
upregulation, the relationship between the two remains
unclear. During our research on the effects of specific
pathogens on cardiac fibroblasts, we found that despite low
collagen levels, in many fibroblasts a-SMA was expressed.
However instead of direct assembly, these monomers
were condensed into a perinuclear region spared by the
rearrangement of the vimentin (intermediate filament)
network. Since fibroblasts were present, we presumed
this to be an individual phase of cardiac fibroblast
development in the early period of differentiation. This
caused us to question whether a-SMA synthesis and the
assembly of myofibroblast differentiation is relevant
to the simultaneous upregulation of Collagen I and
TGF-B1, or programmed in the process ahead of it. To
date, neither the involvement of ROCK signaling in
myofibroblast differentiation nor the relationship of its
a-SMA and pro-fibrotic transition have been elucidated.
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We present the following article in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-8231).

Methods
Ethical statement

Animal protocols were approved and animal experiments
were supervised by Animal Ethics Committee of West
China Hospital and the Research Core Facility of West
China Hospital, in compliance with the guidelines of Ethics
Committee of West China Hospital for the care and use of
animals.

Experimental animals

We purchased 1-day old neonatal SD rats from the Dashuo
Biomedical Technique Company.

Fibroblasts isolation and culture

Cardiac fibroblasts were isolated from the hearts of the
neonatal SD rats. The harvested hearts were cut into patches
of 1 mm’ then repeatedly digested in 3—-5 mL Phosphate
Buffer Saline (PBS) containing 1% trypsin (Gibco, USA)
and collagenase II (Gibco, USA) at 37 °C for 10 min. This
was stopped by transferring the supernatants to an equal
volume of Dulbecco’s modified eagle medium (DMEM)
(Gibco, USA) with 10% fetal bovine serum (FBS) (Gibco,
Australia). The cell suspension was centrifuged at 1,000 rpm
for 10 min. and cells were re-suspended in a 4 mL medium,
from which the fibroblasts were purified by 1.5-hour
differential adherence. The obtained fibroblasts were
cultured in DMEM containing 10% FBS and 1% penicillin-
streptomycin antibiotic solution (Gibco, USA) at 37 °C and
5% CO,.

Fibroblasts treatment

Before any treatment, all cells were serum starved for
24 hours. Ang II (Harveybio, China) was added reaching
a concentration of 10 pmol/mL. At the same time,
5 pM Ricolinostat and 50 pM Fasudil were adopted.
All treatments lasted 24 hours and for co-incubation,
Ricolinostat or Fasudil were added 6 hours before the
addition of Ang II.
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Immunofluorescence staining and microscopy

Cells were fixed with 4% paraformaldehyde for 15 min,
followed by permeabilizing with 0.5% Triton-X-100
(Biofroxx, German) for 10 min and sealing with
corresponding serum (Solarbio, China). For the
identification of fibroblasts, the primary antibodies included
rabbit monoclonal [EPR3776] to vimentin (Abcam, UK,
ab92547), mouse monoclonal [1A4] to alpha smooth muscle
Actin (Abcam, UK, ab7817), and rabbit monoclonal [E184]
to alpha smooth muscle Actin (Abcam, UK, ab32575).
The involved secondary antibodies in all included A488-
conjugated donkey anti-rabbit IgG(H+L) (Invitrogen, USA,
A32790), A594-conjugated donkey anti-mouse IgG(H+L)
(Invitrogen, USA, A32744), and A594-conjugated goat anti-
Mouse IgG1(Invitrogen, USA, A21125). All the antibodies
were diluted to the working concentration recommended by
the manufacturer. The primary antibodies were incubated
overnight at 4 °C while the secondary antibodies were
incubated at room temperature for 1 hour avoiding direct
light. Finally, 4-6-diamidino-2-phenylindole (DAPI) at a
concentration of 10 pg/mL were used to stain the nucleus.
PBST washing for 5 minutes each was used between each
step of this process. Photographs of stained images were
taken using Zeiss instruments (Zeiss Germany).

Celigo Image Cytometer instrumentation, data acquisition,
and analysis

In several related experiments, a Celigo Image Cytometer
instrument has been used for high-throughput cell-based
assays (17-19). In brief, a transmission and epifluorescence
optical setup for one bright-field (BF) and four fluorescence
(FL) imaging channels (Blue, Green, Red, and Far Red)
were included and considered optional for analysis. The
fluorescence filter was set for the corresponding colors as
follows: Blue (EX: 377/50 nm, EM: 470/22 nm), Green (EX:
483/32 nm, EM: 536/40 nm), Red (EX: 531/40 nm, EM:
629/53 nm), and Far Red (EX: 628/40 nm, EM: 688/31 nm).
Auto and manual focus were provided, with which the focus
could be found in BE. After focus was registered, highly
uniform images of entire well plates (6, 12, 24 and 96 wells)
of different channels could be rapidly captured.

Before imaging, preparation including plate washing,
fixing, permeabilizing, sealing, and antibody and fluorescein
incubating similar to the process of immunofluorescence
staining were made in wells. Subsequently, sample plates
with stained cells treated differently were placed into the

© Annals of Translational Medicine. All rights reserved.

Page 3 of 12

instrument for a new scan. This began with parameter
setting for focus and exposure times for different channels,
and then the candidate wells were selected for scanning.
After scanning, analysis could be made based on the
images taken. The software used allows different patterns
of selected channels for analysis. In this study, we adopted
“Target 1 + Mask”, in which we chose a nucleus with DAPI
to identify a cell and to be the mask channel, and parameters
of DAPI were set as 4 for as the Intensity Threshold, 10 pm
for Cell Diameter, and 10 pm for the Dilation Radius to
enlarge the calculated area. As we defined the actin-granule
positive rate, we moved to “Gate” function provided by the
software. A histogram of DAPI was made to include all cells
for analysis, and a plot graph including the fluorescence
data of Red (a-SMA) and Green (Vimentin) similar to
flow cytometry (FCM) was made to assist creating a gate
to determine whether a cellular actin-granule positive or
negative was present.

Flow cytometry and apoptosis analysis

Fibroblasts were harvested by Ethylene Diamine Tetraacetic
Acid (EDTA)-trypsin digestion, washed with PBS, stained
with Propidium lodide (PI, red, China, 4abio, Annexin
V-Alexa Fluor488 /PI Apoptosis Detection Kit) and A488
conjugated anti-Annexin V antibody (green, China, 4abio,
Annexin V-Alexa Fluor488/PI Apoptosis Detection Kit),
then subject to flow cytometry for apoptosis analysis.

Western Blot analysis

Fibroblasts lysates were subjected to WB analysis to survey
changes to their Col I, GEF-H1, p-GEF-H1, and a-SMA
under different circumstances. As the landmark molecules of
fibrosis and ROCK signaling, Col I, GEF-HI, p-GEF-H1,
and a-SMA were separated from the lysates, transferred
to PVDF film, and determined by chemiluminescence.
The employed antibodies included rabbit anti-o-Tubulin
antibody (Proteintech, China, 11224-1-AP), rabbit anti-
Collagen I antibody (Proteintech, China, 14795-1-AP),
rabbit monoclonal [E184] to alpha smooth muscle Actin
antibody (Abcam, UK, ab32575), mouse monoclonal
[1A4] to alpha smooth muscle Actin antibody(Abcam, UK,
ab7817), rabbit monoclonal [EPR18134] to RhoA antibody
(Abcam, UK, ab187027), rabbit monoclonal [EPR17963] to
GEF H1-C-terminal antibody (Abcam, UK, ab201687), and
rabbit monoclonal to Phospho-GEF-H1 (Ser886) antibody
(CST, USA, 14143).
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Statistical analysis

Results are presented as mean = standard deviation. Groups
were compared by analysis of variance and the student
t test, and a P value less than 0.05 was recognized as the
statistically significant.

Results
An individual phase of myofibroblast differentiation

We isolated and cultured cardiac fibroblasts, which were
identified by immunofluorescent staining (Figure 1A). As
the differentiation from cardiac fibroblast to myofibroblast
could be induced by FCS, profibrotic cytokines autocrine/
paracrine, and physical injury from passaging, we then
inspected the phenotype of Passage 1 (P1) and Passage 2
(P2) cells and found that myofibroblasts, with a limited
percentage (around 15%) in P1, accounted for more than
40% in P2 (Figure 1B) (20-22). To verify this difference
between P1 and P2 cells, Western Blot (WB) was employed
to compare their Col-I and 0-SMA expression. However,
WB results demonstrated the upregulation of Col-I in P2
and an unexpected high level of o-SMA in P1 (Figure 1C).
To clarify the discordance of Col-I and a-SMA expression,
the phenotype identification of P1 was retrospectively
performed, revealing that in a number of P1 cells a-SMA
was also synthesized. In addition, rather than being
assembled into a filament immediately, these monomers
were condensed as a granule into a perinuclear hollow in
the vimentin (intermediate filament) network (Figure 1B).
To examine these granules in more detail, we again
captured several fibroblasts with unassembled o-SMA after
incubation, as well as myofibroblasts with actin-bundles
(Figure 2A4). The unassembled a-SMA was seen to be
different from actin filaments through the cell connecting
focal adhesions and was condensed into a granule with
higher fluorescence intensity than actin filaments. In
addition, it was always located in a circular hollow in the
vimentin network and near the nucleus to which it was

usually notched (Figure 2B).

Ang II induces myofibroblast differentiation and GEF-H1
Ser886 phosphorylation

As we identified the actin granule rather than assembled
filament was quite common in P1 fibroblasts, we presumed
ROCK signaling which regulates stress actin fiber assembly
might play a possible role in myofibroblast differentiation.

© Annals of Translational Medicine. All rights reserved.

He et al. An early landmark of myofibroblast differentiation

To verify its involvement, myofibroblast differentiation was
induced by Ang II in P1 cells (Figure 34). Rather than the
conventional 24 hours, the incubation time was narrowed
down to 8 hours to reveal the early phase of differentiation.
Subsequently, WB was employed to investigate Collagen I,
a-SMA, p-GEF-HI, and GEF-Hl1changes after Ang II
induction, resulting in a unanimous increase (Figure 3B).
This suggested Ang II could upregulate Collagen I and
the phosphorylation of GEF-H1 on Ser886 to activate the
ROCK signaling pathway.

Fasudil prevents actin fiber assembly and myofibroblast
differentiation by blocking ROCK signaling

On the basis of our discovery of the actin-granule phase
of myofibroblast differentiation and that p-GEF-H1,
GEF-H1, and a-SMA could be upregulated by Ang II,
we hypothesized that the HDAC6—acetylated a-tubulin
deacetylation—GEF-H1—ROCK signaling axis played
a role in the process and could potentially be blocked
to prevent it. The HDACG6 inhibitor Ricolinostat and
ROCK inhibitor Fasudil were then applied, however in
contrast to Ricolinostat, Fasudil apparently reshaped the
outlook of cardiac fibroblasts, raising concern about its
apoptosis induction capability (Figure 44). Therefore, we
performed CCK-8 and flow cytometry analysis and found
that while 50 uM Fasudil did alter the shape of cells, it did
not threaten their survival (90% free from death and early
apoptosis) (Figure 4B). In reference to the unexpected WB
results of Col I, Ricolinostat failed to prevent the enhanced
expression of Col I induced by Ang II. However, Fasudil,
which is supposed to have influences on downstream
effectors, succeeded to limit Col I upregulation (Figure 4C).
With regard to Rho A and GEF-H1 quantity and GEF-H1
phosphorylation as other factors affecting ROCK signaling,
we found that Fasudil, rather than Ricolinostat significantly
diminished RhoA, GEF-H1, and phosphorylated GEF-H1
demolishing the ROCK signaling pathway (Figure 4C).
Immunofluorescent staining was again utilized to
investigate the effects of Ricolinostat and Fasudil at
the cellular level. In cells without Ang II incubation,
Ricolinostat and Fasudil evidently increased the proportion
of fibroblasts with actin-granules. In addition, Fasudil
still prevented actin assembly after Ang II incubation; in
contrast to Ricolinostat which again failed to attenuate
Ang II-induced actin assembly (Figure 5A4). To quantify this
difference, actin-granule positive rates were determined
by Celigo image cytometer. As actin-granules were always
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Figure 1 Myofibroblast differentiation could be seen in P2 while a-SMA synthesis occurred in P1. (A) Immunofluorescent staining of

Vimentin (upper panel, red), fibroblast-specific protein-1 (FSP-1) (lower panel, red), and a-SMA (green) for phenotype identification of

fibroblasts isolated from neonatal rats. Scale bar 50 pm. (B) Immunofluorescent staining of Vimentin (red) and a-SMA (green). Scale bar

50 pm. Cells after the first passage (upper panel) and second passage (lower panel) were compared and showed that myofibroblasts with actin

filaments and of irregular shapes could be seen in P2 cells while a number of P1 cells maintain the fibroblast-specific shuttle shape with a-SMA

synthetized and condensed into the perinuclear region. (C) Representative Western blot gel depicts the different levels of Col I and a-SMA in

P1 and P2 cells. The mean value of the protein expression level of Col-1 and 0-SMA in P1 and P2 cells. Compared to P2, Col I expression was

limited in P1 cells while a-SMA was with similar concentration (*, P<0.05, n=3). Arrows indicate actin granule in vimentin hollow.

placed in the peri-nuclear region, the number of cells was
counted by reference to the nucleus with DAPI, while the
calculated area of the nucleus appeared bigger than it really
was. Accordingly, a-SMA was then detected and marked
as (actin-granule) positive (Figure S1). With or without
Ang II, the addition of Fasudil led to an increase in the
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positive rate to more than 40%. However, the percentage
of cells pre-treated with Ricolinostat was drawn back by
Ang IT from over 40 percent to 20 percent (Figure 5B),
which is consistent with the effects of both on GEF-HI
phosphorylation and Col I upregulation. Together this
demonstrated that Fasudil abrogated the ROCK signaling
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F-Actin

Figure 2 Actin granule formed before cardiac myofibroblast differentiation. (A) Immunofluorescent staining of Vimentin (green), alpha-

smooth muscle actin (a-SMA) (red), and nucleus (DAPI, blue). Scale bar 50 pm. Unassembled a-SMA was condensed into a granule with

higher fluorescence intensity than actin filaments. (B) Immunofluorescent staining of Vimentin (green), alpha-smooth muscle actin (0-SMA)

(red), and nucleus (DAPI, blue). Magnification x400. Actin granule is always located in a circular hollow in the vimentin network and beside

the notched nucleus. Arrows indicate actin granule located in vimentin hollow besides cell nucleus.

pathway from multiple levels and neutralized Ang II
induction, by which myofibroblast differentiation could be
obstructed at the actin-granule phase and Col I upregulation
suspended thereafter.

Discussion

Pathological fibrosis is highly relevant to AF as it could
stabilize re-entrant drivers leading to the perpetuation
of this arrhythmia (23). Many mechanisms have been
shown to promote fibrosis in AF, including calcium
overload, oxidative stress, inflammation, and RAAS

© Annals of Translational Medicine. All rights reserved.

activation (24-29) with fibroblasts playing a central role in
each. The primary function of fibroblasts is to maintain
ECM homeostasis and sustain myocytes, while in AF
their fibrotic potency increases significantly leading to
atrial fibrosis (29). While the differentiation of cardiac
myofibroblasts is the most important cellular mechanism
in atrial fibrosis and remodeling, in addition to cardiac
fibroblasts, myofibroblasts could be derived from epithelial
cells, endothelial cells, and circulating fibrocytes (30). Pro-
fibrotic and pro-inflammatory cytokines including TGF-p1,
Ang II, and IL-6 have been documented as initiators of this
differentiation.
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Figure 3 Ang II upregulated Collagen I, a-SMA, and p-GEF-H1 and induced myofibroblast differentiation. (A) Immunofluorescent staining
of Vimentin (green), a-SMA (red), and nucleus (DAPI, blue). Scale bar 100 pm. Angiotensin II (Ang IT) incubation for 8 hours successfully

induced myofibroblast differentiation in some P1 cells. (B) Representative Western blot images demonstrate the different levels of Collagen I,
a-SMA, GEF-H1, and p-GEF-HI in P1 activated by Ang II for 8 hours or not. The mean value of the protein expression level of Collagen I,
a-SMA, GEF-H1, and p-GEF-H1 in cells treated under the same conditions (*, P<0.05; **, P<0.01, n=3).

The two prominent characters of myofibroblasts are
the formation of actin filaments and upregulation of
fibrotic capability. As a-SMA expression is not seen in
the original status of cardiac fibroblasts, it is treated as a
marker of myofibroblast differentiation (31). In this study,
we described the conflicting phenomenon of limited
Col I and significantly increased a-SMA in P1 cells and
discovered an individual phase of actin-granule formation
settled in myofibroblast differentiation. As cells in the actin-
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granule phase maintain their shuttle shape and barren Col I
expression, it is now debatable whether a simple definition
of myofibroblast differentiation with the occurrence of
a-SMA synthesis is still acceptable. Moreover, few studies
have addressed the relationship between the a-SMA and
fibrosis aspect of myofibroblast differentiation in the
past because an intermediate step was assumed not to be
present. In addition to discovering this special phase, we
also revealed a proportion (around 25%) of P1 cells were
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Figure 4 Fasudil abrogated Ang II induced ROCK signaling activation and Col I upregulation. (A) Immunofluorescent staining of
Vimentin (green), and nucleus (DAPI, blue). Scale bar 100 um. P1 cells incubated with Fasudil for 24 hours were reshaped significantly,
while Ricolinostat increased the intensity of the vimentin network. (B) CCK-8 analysis (upper panel) and flow cytometry analysis (lower
panel) of Fasudil’s effects on fibroblast viability. (C) Representative Western blot gel depicts the protein expression of Col I, p-GEF-H1,
and GEF-HI. Cells were treated with Fasudil, Ricolinostat, AngIl, Fasudil + Ang II, and Ricolinostat + Ang II for 24 hours. Fasudil and

Ricolinostat were added 6 hours before the addition of Ang II.

in this phase, suggesting it may be of sufficient duration for
us to block F-actin assembly and estimate its effect on Col 1
expression.

The concept of stress actin fibers has a long history and
proposes that in response to stress, actin filaments may form
in non-muscle cells, and when this occurs in fibroblasts,
three different categories—dorsal fibers, ventral fibers and

© Annals of Translational Medicine. All rights reserved.

transvers arcs may form (32,33). First formed are the dorsal
fibers as short F-actins oriented from focal adhesion and
inserted by actinin. Then the bundles were elongated by
the assembly of more F-actins and myosin clusters to form
transverse arcs. At last, the ventral stress fibres as the most
common were realized by the free F-actin tip blocked by
another focal adhesion. The core of focal adhesion is the
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Figure 5 Fasudil prevented Ang II induced actin filament assembly and myofibroblast differentiation. (A) Immunofluorescent staining

of Vimentin (green), a-SMA (red) and nucleus (blue). Scale bar 50 pm. Cells were treated with Fasudil, Ricolinostat, Ang II, Fasudil +
Ang II, and Ricolinostat + Ang II for 24 hours. Fasudil and Ricolinostat were added 6 hours before the addition of Ang II. Fasudil and
Ricolinostat both attenuated actin filaments assembly, while only Fasudil could prevent Ang II induced F-actin assembly and myofibroblast

differentiation. (B) Whole view analysis of actin-granule positive rate by Celigo image cytometer. Mean value of actin-granule positive rate
of cells treated with the same conditions as A (*, P<0.05; **, P<0.01; ***, P<0.001, n=3).

integrins constituted by heterodimers of a5p1 or avp3. On
the external surfaces integrins bind to integrin receptors
clinging on to fibronectin, and on the cytoplasmic surfaces
assembled is the focal adhesion complex with both integrin-
interacting and actin-interacting domains.

In cardiac research, myofibroblast differentiation is
widely accepted to describe the formation of microfilaments
in cardiac fibroblasts, which seems to be another description
of a stress actin fiber (especially for ventral fibers) assembly.
Despite the different contraction modes of different stress
fiber kinds, most researchers agree that stress actin fibers
could increase the contraction and migration capability
of non-muscle cells (34-36). ROCK signaling is essential
for stress actin fiber assembly, of which ROCK-1 and
ROCK-2 are the main effectors phosphorylating myosin
light chain 2 and promoting stress fiber formation, which
in turn is activated by small GTPase RhoA (26,37).
Additionally, cross regulation is a common phenomenon
between cytoskeleton departments. Rho-specific GEF-H1
is normally fixed to microtubules, and when microtubule
stability is impaired it will be released to activate Rho
A and ROCK signaling. In addition, overexpression of
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GEF-H1 will give rise to deacetylation and instability
of microtubules. However, unlike the release and
overexpression of GEF-H1 which simply facilitate stress
actin fiber assembly, the effect of GEF-H1 phosphorylation
seems to be controversial. Yamahashi et 2/. demonstrated
that PAR1D induces phosphorylation of GEF-H1 at Ser885
and Ser959 inhibiting its RhoA-specific GEF activity. In
contrast, phosphorylation at Ser886 by vimentin depletion
will increase its activity to RhoA15 (38). Accordingly, a-SMA
expression, F-actin assembly, and GEF-H1 phosphorylation
at Ser886 were detected by us after Ang II activation.
Recently HDACG6 has been verified to deacetylate
acetylated tubulin and disrupt cardiomyocyte microtubule
system. We also found that HDAC 6 was elevated in the
left atrial appendage of AF patients (data no shown) (14). In
Staphylococcus aureus infection, GEF-H1 activity was blocked
by HDACG6 down-regulation, and HDACG6 knockout and
inhibition diminished ROCK-induced vascular leakage
and inflammation (39). As a selective inhibitor of HDACS6,
Ricolinostat has been proven to be of value attenuating
oxidative stress to diminish inflammation and inducing
apoptosis to inhibit tumor growth through various signaling
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pathways (40-43). However, in this study Ricolinostat failed
to prevent Ang II induced myofibroblast differentiation
(a process accompanied by fibroblasts proliferation) and
was discovered to promote GEF-HI1 phosphorylation on
Ser886 with enhanced activity of RhoA. We also observed
the intensity of the vimentin network to be increased
by Ricolinostat. Even though vimentin depletion could
activate the ROCK signaling pathway, the effect of its
overexpression on GEF-H1 activity and the ROCK
signaling pathway remains unclear (15). Additionally, we
also employed the ROCK inhibitor Fasudil in our study.
Santos et al. have reported Fasudil suppresses cardiac
myofibroblast function and Shimizu er 4/. have addressed
the possible correlation between the ROCK signaling
pathway and pathologic cardiac fibrosis. However, in the
present study we found, for the first time, that Fasudil could
downregulate GEF-H1 expression and its phosphorylation
on Ser886, through which it abrogated the ROCK signaling
pathway, actin filament assembly, and pro-fibrotic potency
upregulation of myofibroblast differentiation (44,45).
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Figure S1 Celigo analysis of actin granule positive rate.
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