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Abstract---Rheumatic heart disease is a late complication of valvular
inflammation caused by rheumatic fever. Studies have shown that the
differentiation of valvular interstitial cells (VIC) into fibroblasts plays
an important role in valvular remodeling and fibrosis. Various
strategies to minimize valvular fibrosis has increased recently. This
study aims to analyze the effect of dexamethasone, olmesartan, and its
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combination in inhibiting TGF-fl-induced VIC differentiation into
myofibroblast. In vitro laboratory experimental-posttest only control
group design was conducted. Isolated VIC of Oryctolagus cuniculus
was pretreated using 2,5 ng/mL of TGF-B1 and divided into groups of
dexamethasone (0.1 uM/L), olmesartan (100 nmol/L), and its
combination. Inhibition of myofibroblast differentiation was quantified
by the expression of a-SMA levels detected by immunofluorescence.
Dexamethasone, olmesartan, and its combination administration were
significantly reduced TGF-Bl-induced VIC differentiation into
myofibroblast expressed by a-SMA levels (dexamethasone 6823 =
1735.3, olmesartan 6683.7 + 2795.05). Combination of
dexamethasone and olmesartan exhibit the most potent inhibition
compared to control (5051.87 = 1612.210 vs 22286.73 + 2780.2; p <
0.000). In conclusion, dexamethasone, olmesartan, and the
combination can significantly reduce the differentiation of VIC into
myofibroblasts. The greatest potential is the combined effect of
dexamethasone and olmesartan, while dexamethasone and
olmesartan have the same potential.

Keywords---Valvular interstitial cell, myofibroblast, a-Smooth
muscle actin, dexamethasone, Olmesartan

Introduction

Rheumatic heart disease (RHD) is a sequela of acute rheumatic fever with serious
long term complication and morbidity which still a significant public health
problem with 33.4 million cases and mortality rate up to 319,400 in
2015.(Guilherme & Kalil, 2020; Ordunez et al., 2019; Watkins et al., 2017) One of
the serious sequela of RHD is the progression of mitral valve damage in 50-60% of
cases, multivalvular and mixed lesions are found in 20%, with the most common
pathology being stenosis (34% mitral; 9% aortic). The long-term effectiveness of
mitral valve surgery, both mitral valve replacement and mitral valve repair, has
not shown satisfactory results with 10-year survival rate of 62% in the mitral
valve replacement group and 46% in the mitral valve repair group.(Thourani et
al., 2003) Meanwhile, in individuals undergoing percutaneous mitral
commissurotomy (PMC), prior prospective cohort study showed a survival rate of
68% at 20 years and only 16% of patients did not require reinvention.(Bouleti et
al., 2013)

The use of PMC and valve replacement or repair surgery as the currently available
standard therapy, shows the low long-term effectiveness of valve intervention
measures. Interventions using surgery and minimally invasive procedures are
practically only focused on the valve leaflets and annulus, even though the
pathological process also occurs at the cellular level, especially fibrosis in the
sub-valvular apparatus, ventricular, and atrial myocardial remodeling due to
pressure/volume overload exposure and chronic inflammation.(Yankah et al.,
2011) Intervention in the early inflammatory phase using antifibrotic agents is a
new hope to break the bridge of acute rheumatic fever into valvular pathology in
RHD. Chronic inflammatory exposure involving TGF-B1 in valve interstitial cells
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(VIC) due to cross-reactivity of group A streptococcal M protein, induces activation
of the Smad signaling pathway, mitogen-activated protein kinase (MAPK), and
extracellular signal-regulated kinase 1/2 (ERK1/2) will cause myofibroblastic
differentiation, induction of extracellular matrix synthesis resulting in fibrosis
and distortion of valve architecture.(Vaideeswar & Butany, 2016)

Valve stenosis is a terminal process of the acute phase of valvular disease
inflammatory response. Various methods of treating valve stenosis surgically and
minimally invasive methods have been developed, but limitations in terms of long-
term benefit, survival, patient selection, and complications limit the application of
this method. This issue has recently attracted interest to find novel
antiremodelling agents. The antifibrotic effect of angiotensin receptor blockers
(ARBs) are demonstrated through antagonism of the angiotensin II type I receptor
(AT1R) on local Ang II exposure in inflamed tissues, resulting in inhibition of
myofibroblast growth and induction of extracellular matrix synthesis.(Yang et al.,
2005) In addition, early studies revealed that glucocorticoids also may exert some
anti-atherosclerosis effects with reduced atherosclerosis severity in animal
model.(Asai et al., 1993; Makheja et al., 1989) The onset of atherosclerosis is
triggered by proinflammatory mediators, which induce adhesion molecules in
endothelial cells by activating MAPK, especially p38 MAPK.

Furthermore, inhibition of fibrogenesis via transforming growth factor (TGF-f1)
pathway using various agents has been investigated in pulmonary alveolar cells
(Guzy, 2020), renal glomerular cells (Isaka, 2018), hepatocytes(Masuda et al.,
2020), myocytes (Parichatikanond et al., 2020), and fibroblasts ventricles(Peng et
al., 2010; Zhou et al., 2015). However, to the best of our knowledge, there have
been no studies examining the antifibrotic properties of ARBs and steroids on
VIC. Based on these considerations, this study aimed to assess the effectiveness
of dexamethasone and olmesartan in inhibiting fibrogenesis of VIC in the early
inflammatory phase, so that the process of valve fibrosis can be prevented in the
acute phase of the disease and patients can avoid long-term sequelae.

Method
1.1 Study design and animal model

This in vitro post-test control group only study was conducted in Institute of
Tropical Disease, Universitas Airlangga, Surabaya, Indonesia. Some of the
interventions given were (1) Dexamethasone; (2) Olmesartan; (3) Dexamethasone-
Olmesartan combination. The experimental subject used in this study was
valvular interstitial cell (VIC) induced by TGF-B1l. The experimental unit was
obtained from VIC cultures taken from the valves of New Zealand rabbits
(Oryctolagus cuniculus), aged 12-13 weeks with weight of 2.5-3 kg. The model
then divided into three groups, namely the dexamethasone group, olmesartan
group, and a combination group. The sample size calculated using the Higgins
and Klinbaum formula was 6 replications.
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1.2 Isolation, culture, and characterization of VIC

Isolation of rabbit VIC was performed as previously described by Linn et.al with
some modification on animal model selection.(Lin et al., 2017) Rabbits which met
the standardized inclusion criteria were terminated by lethal injection using
midazolam 5 mg/kg and phenytoin 125 mg/kg intraperitoneally. Surgically
extracted rabbit leaflets were then separated from myocytes and valvular
endothelial cells by digestion method using collagenase II enzyme followed by
centrifugation and seeding of cell suspensions. Adhered cells after centrifugation
at 100g were transferred to culture media.

Disintegrated VIC cells were cultured in Dulbecco's Modified Eagle Medium
(DMEM; Gibco BRL, Grand Island, NY, USA) with supplementation of 10% foetal
bovine serum (FBS), and 1% penicillin/streptomycin solution at 37°C with 95%
humidity and 5% CO,. After reaching 80% confluency, cells from the second
passage were then transferred to non-coated six wells with DMEM and 10% FBS
at a density of 2600 cells/dish. After 24 hours, the media was replaced with new
DMEM containing 10% FBS and TGF-p1 (2.5 ng/ml) and then incubated for one
to seven days.

Characterization of VIC was done through measuring vimentin expression. After
washing with phosphate buffer saline (PBS), cells were fixed with 3%
formaldehyde for 15 minutes. In order to inhibit non-specific binding, PBS
containing 1% serum was added for 15 minutes and washed again using PBS.
Subsequently, the fluorescein isothiocyanate (FITC)-labeled anti-vimentin from
Thermo Fisher Scientific (Schwerte, Germany) reagent was added, and washed
again with PBS. Vimentin expression was documented by fluorescent microscopy.

1.3 Intervention and myofibroblast differentiation assessment protocol

After the cells reached 80-90% confluency, the medium was replaced with serum
free DMEM. Afterwards, pre-treatment condition was carried out with Olmesartan
100 nM, Dexamethasone 1000 nM, along with antifibrotic combination for 3
hours followed by incubation with TGFB1 2.5 ng/ml for 24 hours. Myofibroblast
characterization was carried out by fixation with 2% paraformaldehyde/PBS and
1% Triton X-100/PBS for 30 minutes. Then the cells were blocked with 2%
BSA/PBS and incubated with mouse monoclonal antibody against FITC-labeled
a-SMA, then washed again with PBS. a-SMA expression was documented by
fluorescent microscopy.

1.4 Statistical analysis

After each experiment was carried out six times, the data were then collected and
tabulated using Microsoft Office Excel 2016 and were further processed using
IBM SPSS ver.26 for Windows (SPSS Inc, Chicago, IL). After the data cleaning,
descriptive analysis was performed to calculate the mean, standard deviation, and
box-plot diagrams for each group. In addition, unpaired numerical comparative
statistical analysis in both groups was carried out using unpaired T-test for
normal distributed data, otherwise the Mann-Whitney test was used. For
comparison among three or more groups, one way analysis of variance (ANOVA)
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with post hoc Bonferroni was conducted for the same variance, otherwise ANOVA
with post hoc Games Howell was performed, but if the data not normally
distributions then Kruskal-Wallis with post hoc Mann-Whitney will used. p-value
<0.05 was considered as statistically significant.

Discussion

The results of the cultured and isolated rabbit Oryctolagus cuniculus valvular’
cells in this study showed islands of cuboidal-spindle shape elongated cells with
regular cell membranes that visually under light microscope, as demonstrated in
figure 1. The characterization of VIC was carried out with positive markers of
vimentin through immunocytochemical examination. Immunocytochemical
analysis showed that there was a positive expression (luminescence above 95% of
cell luminescence per field of view) of vimentin. Immunocytochemical staining
results showed positive markers for vimentin which is a marker of valve
interstitial cells (figure 2). The vimentin marker expression in the process of VIC
isolation after incubation on the 9t day was detected with median of 6,585.4 (384
- 16,909).

A B

Figure 1 Valve Interstitial Cell Morphology A) Magnification 4 x 10; B)
Magnification 10x10. The spindle-elongated cells are seen as valve interstitial
cells.

B

Figure 2 Vimentin Expression in Valve Interstitial Cells A) Magnification 4 x 10; B)
Magnification 10 x 10. Valve interstitial cells appeared evenly distributed across
the visual field tightly with strong luminescence
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Subsequently, after exposure to TGF-1, VIC differentiated into myofibroblasts
with characterized as irregular surfaces and cytoplasm filled with stress fibers.
The Wilcoxon test results showed in the group exposed to TGF-f1 were
significantly different (p < 0.001) compared to the control group. This suggests
TGF-B1 as a potent cytokine that induce VIC differentiation into myofibroblasts.
Furthermore, immunocytochemical staining after exposure to TGF-f1 showed a
significant increase in a-SMA expression (fluorescence above 95% luminescence
of cells per field of view) when compared to controls. This indicates the process of
differentiation of VIC into myofibroblasts (figure 3). The median quantity value of
a-SMA expression in VIC exposed to TGF-f1 as an inductor of myofibroblastic
differentiation obtained a median of 23,474 (18,452 — 25,671), whereas in the
control group the median expression of a-SMA was only 1,075 (118 — 7,696).

B B

Figure 3 A) Myofibroblast Cell Morphology and a-SMA Expression in
Immunocytochemistry with TGF-B1 Induction B) Myofibroblast Cell Morphology
and a-SMA Expression in Control Group Immunocytochemistry

Quantity of a-SMA expression in VIC exposed to TGF-f1 and treated with
dexamethasone, olmesartan, and combination showed that the lowest a-SMA
expression was observed in the combination group of dexamethasone and
olmesartan with a mean of 5,051.8 * 1,612.2. The a-SMA expression in the
dexamethasone group was 6,823 + 1735.3 and the a-SMA expression in the
olmesartan group was 6,942.7 £ 2,455.9. Statistical analysis using Kruskal-Wallis
showed significant difference in these groups (p-value < 0.001).

Visual expression of a-SMA were shown in figure 4. These data were further
analyzed by the Mann-Whitney post hoc test, and it was found that there were
significant differences between the dexamethasone and control groups (p<0.001),
dexamethasone in combination (p<0.001), olmesartan with control (p<0.001),
olmesartan with combination (p<0.004) and combination with control (p<0.001),
but there was no difference between the dexamethasone and olmesartan groups
(p<0.705) (figure 5). According to these results, it demonstrated that the
combination of dexamethasone and olmesartan can significantly reduce the
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differentiation of rabbit VIC into myofibroblasts based on the expression of a-
SMA, while dexamethasone and olmesartan alone have same potential

Figure 5 (A) Dexamethasone Group in Phase Contrast. (B) a-SMA Immunofluorescence
Expression Group in the Dexamethasone Group. (C) Olmesartan Group in Phase Contrast.
(D) Expression of a-SMA Immunofluorescence in the Olmesartan Group. (E) Combination
Group in Phase Contrast. (F) Expression of a-SMA Immunofluorescence in the
Combination Group. (G) Control Group on Contrast Phase, (H) Expression of a-SMA
Immunofluorescence on contrast phase microscope.

30000

20000+

00

10000+

N

T T T T
Deksametason Olmesartan Kombinasi Kontrol

Figure 4 Comparison of each intervention treatment group on a-SMA
expression. It can be seen that there is a significant difference between the
groups against the control.
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To the best of our knowledge, this is the first research that used rabbit VIC to
make in vitro fibrosis models with single induction using TGF-f1. This study
proved the role of TGF-B1 as an inductor of VIC differentiation as evidenced by
changes in cell morphology and the presence of significant quantity of a-SMA
luminescence. TGF-f1 can activate the small-mothers-against-decapentaplegic
(Smad) transduction pathway and initiate transcription of myofibroblastic pro-
differentiation genes.(Cucoranu et al., 2005) TGF-f1 has been shown to act as a
key profibrogenic cytokine in vitro and in vivo studies(Bujak, 2001; Calderone et
al., 2001; Frangogiannis et al., 2000), as well as an increase in TGF-$1 levels in
fibrotic heart organs.(Kim et al., 1995; Kupfahl et al., 2000) Prior study also
revealed the effect of TGF-1 exposure on ventricular fibroblast cells to induce the
fibrosis process through induction of collagen production by fibroblasts,
myofibroblasts, and induction of fibroblast differentiation into
myofibroblasts.(Lijnen et al., 2000; Petrov et al., 2002) Our study was
successfully able to produce VIC isolates similar to the method used by Lin et al
(2017), but with a lower potential for contamination of ventricular or atrial
myocytes and fibroblasts through rational selection of experimental animals.(Lin
et al., 2017)

TGF-B1 as one of the main profibrotic cytokines is widely involved in the
pathogenesis of RHD. This cytokine has the ability to stimulate myofibroblastic
differentiation which will functionally increase the upregulation of a-SMA, to
produce inflammatory mediators, growth factors, and increase the production of
extracellular matrix such as the secretion of collagen I, III, and fibronectin which
amplify the fibrosis process. Induction of TGF-B1 will initiate signaling cascades
through cell membrane and intracellular protein receptors Smad 2/3, the
Mitogen-Activated Protein Kinase (MAPK) pathway, and the c-Jun N-terminal
kinase (JNK) pathway.(Du et al., 2020; Heldin et al., 1997) The characteristics of
myofibroblast cells that we found were similar to previous result reported with
high content of exocytic vesicles, irregular cell membranes, and stress fibers in
the cell cytoplasm.(Baum & Duffy, 2011; Petrov et al., 2002)

Myofibroblastic differentiation is a physiological response of VIC after exposure to
pathological injury. This induces TGF-B1 expression and initiates smooth muscle
actin transcription. Myofibroblasts will increase the ability of collagen production
and molecular adhesion (paxilin, tensin, ED-A fibronectin).(Frangogiannis et al.,
2000; Gabbiani, 2003) Myofibroblasts also have high levels of microfilaments with
abundant extracellular fibronectin, which can cause traction on histological
tissue structures.(Gabbiani, 2003) The transformation of VIC into myofibroblasts
will then cause excessive collagen deposition, thereby increasing the distance
between functional VIC and disrupting cell-cell adhesion junctions (Connexin 43
and Connexin 45), as well as the effect of tissue contraction, which will bind to
impaired valve function at the macroscopic level.(Baum & Duffy, 2011)

This study demonstrated the potential antiremodelling properties of
dexamethasone and olmesartan as well as their combination in successfully
inhibit VIC differentiation into myofibroblastic. Previous study has shown that
dexamethasone treatment resulted in high extracellular matrix deposition.(Lo et
al., 2003) It was also described that several components of the myofibroblast
process could be inhibited by dexamethasone as well as inhibit a-SMA
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amplification in endothelial injury.(Gu et al., 2010) Actin has been implicated as a
major element in cellular movement and is associated with increased cellular
migration.(Christian et al., 2001) Consequently, it is reasonable to assume that
decreased expression of one of its isoforms would lead to decreased cell motility.
In the study by Tsai et.al, cell migration decreased in parallel with decreased a-
SMA expression after administration with dexamethasone.(Tsai et al., 2003) These
findings demonstrate a direct relationship between cell migration and a-SMA
expression and suggest that this protein plays a crucial role in driving cell
migration. Moreover, the antifibrotic properties of dexamethasone can also be
achieved through the induction of the MKP-1 pathway through increased levels of
15-deoxy-delta -12,14-PGJ2 (15DPGJ2), an endogenous MKP-1 ligand, via the
p38-MAPK pathway. Activation of the MKP-1 pathway then act as an inhibitor of
NF-kB pathway activation.(Almawi et al., 1996)

Angiotensin receptor blocker (ARB) drugs, one of which is olmesartan, has an
antiremodelling effect through inhibition of the RAAS system which suppresses
the production of Angll. Angll has the role in enhancing the process of
fibrogenesis in various organs has been demonstrated in various studies.
Likewise, inhibition of the RAAS hormone using ARB has been shown to provide
benefits in the process of organ fibrosis.(Kim et al., 1995) This Inhibition effect
can be an intervention target to suppress the process of fibrosis and inflammation
in VIC. Our results also in accordance with a previous study revealed that
administration of 10 nM olmesartan was shown to reduce the levels of TGF-1
and a -SMA in cardiac fibroblasts.(Zhou et al., 2015) In addition, olmesartan
administration 5 mg/kg/day in rats showed changes in profibrotic parameters,
including: decreased activation of the TGF-1/Smad signaling pathway, increased
levels of ACE2 and TNF- Converting Enzyme (TACE), and inhibition of apoptotic
effects characterized by decreased levels of Caspase 3, BAX, Bcl-2.(Suh et al.,
2019) The study using ARB as an inhibitory agent of fibroblast cell differentiation
and its equivalent, is similar to the findings in this study, which showed that
administration of olmesartan at a dose of 10 nanomol/L could significantly inhibit
the differentiation of VIC.

In this study, the strongest potential in inhibiting myofibroblastic differentiation
of VIC was found in the dexamethasone-olmesartan combination group. This is
because the combination mechanism of action through different pathways that
mutually potentiate each other. Olmesartan inhibits the interaction of ATII
molecules at the ATII type 1 receptor, thereby reducing the synthesis of Ras
molecules and activation of the JAK/STAT pathway, while dexamethasone acts as
a negative inhibitor and regulator of Smad 2/3, TNFa, IL-1 and downstream NF-
KB signaling pathways. pro-myofibroblast differentiation. The combination of
these different working points is mutually potentiating so that it provides the
most potent inhibition effect of myofibroblast differentiation compared to the use
of a single agent.

To date, there is no combination tested in the context of in vitro VIC model with
TGF-f1 induction. The finding of this potential inhibitory effect of VIC
differentiation into myofibroblasts, especially the dexamethasone-olmesartan
combination that we chose with in-depth consideration of its simultaneous and
potentiating effects through various cell differentiation pathways, can be a
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reference for further research in exploring more deeply the antifibrotic potential of
dexamethasone, olmesartan, and dexamethasone. The combination in order to be
an alternative to pharmacological therapy to inhibit the fibrosis process in RHD.

Conclusion

Dexamethasone and olmesartan has inhibitory effects on the differentiation of
rabbit VIC induced by TGF-B1 into myofibroblasts based on the expression of a-
SMA. The combination of both drugs has a better potentiating effect in the ability
to inhibit VIC differentiation into myofibroblasts. The combination of these two
agents has great potential as an antiremodelling agent, especially in valvular
disease due to RHD.
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