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ABSTRACT

Background and Objective: The TLR4 plays an important role in the development of cardiovascular
disease and is closely related to cardiac inflammation. This study aimed to investigate the role of TLR4 in
Ang ll-induced cardiac hypertrophy. Materials and Methods: The Ang ll-induced cardiac hypertrophy
model in C57BL/6 male mice was established and treated with TAK-242 for 4 weeks. The cross-sectional
area of cardiomyocytes was evaluated by Hematoxylin and Eosin (H&E) staining. Cardiac fibrosis was
measured with Masson staining. Vimentin expression was detected by immunohistochemistry. The mRNA
expression of TLR4 was analyzed by RT-qPCR. Results: The Ang Il-increased cardiac mass index, cardiac-
tibial ratio, cross-sectional area of cardiomyocytes and cardiac fibrosis as well as vimentin and TLR4
expression. Administration of TAK-242 attenuated these effects induced by Ang Il. Conclusion: The TLR4
plays a vital role in Ang ll-induced cardiac hypertrophy. It provides a new target for the future treatment
of cardiac hypertrophy.
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INTRODUCTION

Myocardial hypertrophy is a common morphological change in cardiovascular disease’. Although, the early
physiological myocardial hypertrophy is the adaptive compensation of the heart to the hemodynamic load
and can temporarily maintain the need for blood supply to the body, with the extension of time. The
structure and function of cardiomyocytes have changed significantly, from physiological myocardial
hypertrophy to pathological myocardial hypertrophy, resulting in heart failure and even sudden cardiac
death’.

As a pattern recognition receptor, Toll-Like Receptors (TLRs) are widely expressed in many human tissues.
It can participate in the pathological process of cardiovascular diseases such as coronary heart disease and
heart failure, inflammatory diseases such as severe septicemia and chronic infection, tumors and other
diseases by recognizing corresponding ligands, among which TLR4 plays a particularly significant role®*.
Toll-Like Receptor 4 (TLR4) mediates cardiac inflammation, which plays an important role in the
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development of cardiovascular disease and the increase of its level is a strong risk factor for cardiovascular
disease®®. Liu et al.” found that in congestive heart failure caused by myocardial infarction, inflammatory
cytokines are increased in serum and heart and the expression of TLR4 is increased. Injection of lentivirus
shRNA targeting TLR4 into the infarcted heart can reduce the production of inflammatory cytokines,
reduce the infarct size and improve cardiac function. Dange et al® reported that in the hypertensive
model, male SD rats treated with the TLR4 inhibitor showed a significant decrease in myocardial
inflammation and iNOS expression, indicating that TLR4 blockade inhibited the hypertensive response,
resulting in a down-regulation of myocardial inflammatory activity.

The TAK-242 is a specific inhibitor of TLR4, which can block the transmission of TLR4 signal to the cell and
weaken the inflammatory response’. Studies show that TAK-242 can prevent tissue damage mediated by
inflammatory response'. Wang et al. "' and Su et al.'?> found that TAK-242 significantly inhibited
TLR4/MyD88/NF-kB signal transduction, decreased the expression of TLR4 in the myocardium, decreased
the expression of inflammatory cytokines such as TNF-q,, IL-1 and IL-18, reduced the activation of NLRP3
inflammasome and improved cardiac function. The aim of this experiment was to study the role of TLR4
in Angiotensin Il (Ang Il)-induced cardiac hypertrophy by applying TAK-242, which provided new ideas
for inhibiting cardiac hypertrophy in clinical practice.

MATERIALS AND METHODS

Reagents and solutions: This study was conducted from 1st May, 2017 to 1st May, 2018, in the Dalian
Central Hospital Central Laboratory of Dalian Medical University. Experimental animals (C57BL/6) were
purchased from the Institute of Genetic Engineering Model Animals for Major Diseases of Dalian Medical
University. The H&E staining kit (G1076), Masson staining kit (G1006), Immunohistochemical kit (G1215)
and DAB chromogenic kit (G1212-200T) were purchased from Servicebio Biological Technology Co., Ltd.
(Wuhan, China). The TAK-242 (614316) and Ang Il (05-23-0101) was purchased from Sigma (Saint Louis,
Missouri, USA). ALZET osmotic pumps (Model 2004) were purchased from DURECT Corporation
(Cupertino, CA, USA). Anti-Vimentin Antibody (10366-1-AP) was purchased from Protein Tech (Wuhan,
China). The Reverse Transcription kit was purchased from Thermo Fisher Scientific (Shanghai, China). The
SYBR GREEN PCR master mix was bought from Roche (Basel, Switzerland).

Animal experiments: Twenty-one SPF C57BL/6 male mice, aged 8-10 weeks and weighing 20-25 g, were
randomly divided into three groups: Control group (n = 7), Ang Il group (n = 7) and Ang I1+TAK-242
group (n = 7). The animal study was reviewed and approved by the animal ethics Committee of the
Affiliated Dalian Central Hospital of Dalian Medical University. Osmotic pumps were implanted
subcutaneously in all three groups. Normal saline was pumped continuously at the speed of 1.3
mg/kg/day in the control group. Ang Il was pumped continuously at the speed of 1.3 mg/kg/day in Ang
Il and Ang ll+TAK-242 groups®. The TAK-242 was injected intraperitoneal twice a week in Ang |1+ TAK-242

group.

Determination of whole heart mass index and cardio-tibial ratio: After 4 weeks of treatment, the mice
were weighed and then killed by cervical dislocation. The heart was removed and weighed. The tibia was
measured. The heart mass index = heart mass/body mass. The unit was mg g~'. The cardiac-tibial

ratio = heart mass/tibia length. The unit was mg mm~".

H&E staining: As 5 um thick sections were prepared by gradient ethanol dehydration and routine paraffin
embedding. After removing paraffin with xylene, the sections were stained with hematoxylin for about
3 min, differentiated with 1% dihydrochloride. The sections were then placed in eosin dye solution for
15-30 sec. The sections were dried and sealed with xylene clear and neutral resin. The morphology of the
myocardial tissue was observed by light microscope (IX51, Olympus, Tokyo, Japan). Ten visual fields were
randomly selected and 10 cells were selected from each visual field. The cross-sectional area of
cardiomyocytes was measured using Image J software (1.49 version, NIH, Bethesda, Maryland, USA).
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Masson staining: Thick sections of 5 um were cut and stained. Paraffin sections were dewaxed with xylene
and descending gradient alcohol, then treated with potassium dichromate mordant for 12-18 hrs and
differentiated with 1% hydrogen chloride (HCI) alcohol until weak ammonia returned to blue. The slides
were stained with ponceau acid fuchsin staining solution for 10 min and then treated with
phosphorolybdic acid solution for 2 min. The slides were directly stained with aniline blue for 7 min, dried
and sealed with xylene clear and neutral resin. Staining of collagen fibers was observed by light
microscopy and five fields were randomly selected at high magnification. The staining results were
quantified using image J. Masson staining analysis usually calculates the collagen volume fraction, namely
the percentage of the collagen-positive blue area in the total tissue area.

Immunohistochemistry: The sections were cut at 3 um and stained for immunohistochemistry. After
dewaxing the paraffin sections, the paraffin sections were rehydrated in an antigen restoration instrument
for approximately 2 hrs. After the anti-vimentin antibody was dropped on the slides, they were incubated
at room temperature for 1 hr and the second antibody was dropped and then incubated at room
temperature for 1 hr. Then the DAB (3,3 -Diaminobenzidine) chromogenic solution was added for 3-5 min.
The nuclei were re-stained with hematoxylin, 1% hydrochloric acid alcohol and weak ammonia water,
respectively. The slides were dried and sealed with xylene transparent and neutral resin. Vimentin staining
was observed under a light microscope, five visual fields were randomly selected by high-power
microscope and the staining results were quantitatively analyzed using Image J.

RT-gqPCR: Thirty milligrams of mouse heart tissue were collected. Total RNA was extracted with Trizol
lysate and reverse transcribed using the Reverse Transcription kit. The PCR experiment was
performed according to the manual of the SYBR GREEN PCR master mix kit. The PCR reaction
conditions were as follows: 95°C, 10 min, cycle 40 times at 95°C, 15 sec, 60°C, 60 sec. Using
(Glyceraldehyde-3-phosphate dehydrogenase) as the reference gene, the PCR data were analyzed
according to the 2" method. The nucleotide sequences of TLR4 and GAPDH primers were as follows:
TLR4 forward, GTGAGTAACCTTCTCCATGAGAGA and reverse, GCACTCTTAGCAAACCTCAGG; GAPDH
forward, AGGTGGTGAAGCCGGCATCT and reverse, GGCATCGAAGGTGGAAGAGT.

Statistical analysis: GraphPad Prism 8.0 was used to analyze the data. Measurement data which followed
a normal distribution were expressed as Mean+SEM. Comparison between groups was analyzed by t-test.
The p<0.05 means the difference is statistically significant.

RESULTS

TAK-242 attenuates the increases of the cardiac mass index and cardiac-tibial ratio induced by
Ang lI: Compared with the control group, the heart mass index of the Ang Il group was significantly
higher (5.710+£0.332 vs 4.386+0.222, **p<0.01, Fig. 1a). The heart mass index of the Ang 11+ TAK-242 group
was lower than that of the Ang Il group (4.900+0.157 vs 5.710+0.332, *p<0.05, Fig. 1a). The cardiac-tibial
ratio in the Ang Il group was obviously higher than that in the control group (9.327+0.408 vs 6.456+0.352,
**p<0.01, Fig. 1a). After TAK-242 treatment, the cardiac-tibial ratio decreased (7.559+0.369 vs
9.327+0.408, *p<0.01, Fig. 1b).

TAK-242 reduces cardiomyocyte cross-sectional area increased by Ang II: The HE staining showed
that the cross-sectional area of cardiomyocytes in the Ang Il group was larger than that in the control
group (2926.089+417.838 vs 1387.924+202.383 pum?®, **p<0.01, Fig. 2a-b). Compared with the Ang Il
group, the cross-sectional area of cardiomyocytes was reduced in the Ang II+TAK-242 group
(1785.695+125.688 vs 2926.089+417.838 um?, *p<0.01, Fig. 2a-b).

TAK-242 inhibits myocardial fibrosis induced by Ang II: Masson staining indicated that the collagen
volume fraction in the Ang Il group was significantly higher than that in the control group (6.810+0.656
vs 1.890+0.031, **p<0.01, Fig. 3a-b). The collagen volume fraction in the Ang II+TAK-242 group was less
than that in the Ang Il group (5.01+0.097 vs 6.810+0.656, "p<0.01, Fig. 3a-b).
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Fig. 1(a-b): TAK-242 decreases Ang ll-induced increases in heart mass index and cardiac-tibial ratio,
(a) TAK-242 decreased Ang ll-induced increase of heart mass index and (b) TAK-242 reduced
increase of cardiac-tibial ratio induced by Ang Il

**p<0.01 vs Con group, *p<0.05, #¥p<0.01 vs Ang Il group (n = 7), Con: Control, Ang lI: Angiotensin Il and
Ang I1+TAK-242: Angiotensin |1+ TAK-242
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Fig 2(a-b): TAK-242 reduces Ang ll-induced increase in cardio myocyte cross-sectional area, (a) Results

of HE staining in the hearts of mice in each group and (b) Cross-sectional area of cardio

myocytes in each group was calculated

**p<0.01 vs Con group, ¥p<0.01 vs Ang Il group (n = 7), Con: Control, Ang Il: Angiotensin Il and
Ang I1+TAK-242: Angiotensin Il+TAK-242

TAK-242 inhibits the increase of vimentin expression induced by Ang lI: After immune histochemical

staining, the expression of vimentin in the Ang Il group was significantly higher than that in the control
group (0.213+0.007 vs 0.112£0.004, **p<0.01, Fig. 4a-b). The expression of vimentin in the Ang |1+ TAK-
242 group was lower than that in the Ang Il group (0.136+0.002 vs 0.213+0.007, *p<0.01, Fig. 4a-b).
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Fig. 3(a-b): TAK-242 inhibits Ang ll-induced myocardial fibrosis, (a) Results of Masson staining in the hearts

of mice in each group and (b) Collagen volume fraction in each group was calculated

**p<0.01 vs Con group, ¥p<0.01 vs Ang Il group (n = 7), Con: Control, Ang Il: Angiotensin Il and
Ang II+TAK-242: Angiotensin [I+TAK-242
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Fig. 4(a-b): TAK-242 inhibits Ang ll-induced increase in vimentin expression, (a) Immunohistochemical

staining of vimentin and (b) Average optical density of vimentin was calculated

**p<0.01 vs Con group, ¥p<0.01 vs Ang Il group (n = 7), Con: Control, Ang II: Angiotensin Il and
Ang [1+TAK-242: Angiotensin |1+ TAK-242
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Fig. 5: TAK-242 inhibits TLR4 mRNA expression, relative expression of TLR4 mRNA in the hearts of mice

in each group
**p<0.01 vs Con group, ¥p<0.01 vs Ang Il group (n = 7), Con: Control, Ang Il: Angiotensin Il and Ang
[1+TAK-242: Angiotensin |1+ TAK-242

TAK-242 inhibits the increase of TLR4 expression induced by Ang ll: Compared to the control group,
the expression of TLR4 was significantly increased in the Ang Il group (2.310+0.096 vs 1.000+0.028,
**p<0.01, Fig. 5) and the expression of TLR4 was decreased after TAK-242 application (1.330+0.042 vs
2.310+0.096, #p<0.01, Fig. 5).

DISCUSSION

The Ang Il caused the increases of whole heart mass index, cardiac-tibial ratio, cross-sectional area of
cardiomyocytes, collagen fiber content, vimentin and TLR4 expression. The TAK-242, an inhibitor of TLR4,
reduced these effects induced by Ang Il. It suggests that TAK-242 may ameliorate cardiac hypertrophy
induced by Ang Il. The TLR4-mediated inflammation is involved in the regulation of myocardial
remodeling during hypertrophy'. The TLR4 may act through MyD88 -dependent and TRIF-dependent
pathways'™.

The Ang Il can induce the overexpression of Transforming Growth Factor-1 (TGF-1) in both autocrine and
paracrine manner, induce the proliferation of cardiomyocytes and cardiac fibroblasts, promote the
deposition of extracellular matrix proteins such as collagen and promote ventricular remodeling and
hypertrophy'. The Ang Il can induce cardiac hypertrophy through the oxidative stress pathway, an
inflammatory response stimulated by increased Nuclear Transcription Factor kB (NFkB) activity and
inhibition of the Mitogen-Activated Protein Kinase Pathway (MAPK)'""**. The Ang Il has been shown to
increase blood pressure and produce positive isotropic effects in addition to inducing myocardial growth
(adaptive cardiac hypertrophy) and promoting angiogenesis, but long-term exposure to Ang Il can lead
to pathological cardiac hypertrophy and heart failure®. Vimentin is a component of fibroblasts and has
been widely used to identify fibroblasts in vitro and in vivo®'?. Activation of fibroblasts is related to the
severity of fibrosis. Cardiac fibroblasts are present in large numbers in the myocardium and are primarily
involved in the myocardial fibrotic response, where they differentiate into synthetic and contractile
myofibroblasts to maintain the structural integrity of the myocardium in response to injury such as
inflammation or aging®#. In this study, Ang Il induced an increase in collagen fibers and vimentin content
in the myocardium of mice and the TLR4 inhibitor was able to alleviate these effects. It suggests that TAK-
242 can ameliorate Ang ll-induced cardiac fibrosis and vimentin expression.

The TLRs are members of the pattern-recognition receptors (PRRs) family?. There are thirteen TLRs in
mammals, which are expressed in almost all cells of the cardiovascular system. The TLR4 is mainly
distributed in the cytoplasm of cardiomyocytes. The TLR4-mediated cytokines are involved in the
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pathogenesis of cardiovascular disease®®?’. Short-term activation of TLR4 has a protective effect on the
cardiovascular system, but long-term or over-activation can induce the production of a variety of
cytokines in the tissue, leading to myocardial remodeling®. Li et al.”® found that the expression of TLR4
is significantly increased in patients with hypertension, myocardial hypertrophy and heart failure.
Activation of the TLR4/NF-kB signal is involved in the pathological process of hypertension, myocardial
hypertrophy and heart failure. Inhibition of this signal may be one of the mechanisms by which telmisartan
exerts its pharmacological effects. Jiang and Qu* found that under the stimulation of LPS, the expression
of TLR4 increased and myocardial remodeling occurred, while Ginkgo biloba Extract (GBE50) could inhibit
myocardial remodeling by inhibiting the TLR4/NF-kB signal transduction system. EiBler et al.*" found that
the expression of TLR4 and heart to body mass ratio increased with blood pressure elevation in
hypertensive rats, suggesting that increased TLR4 expression and activity promotes global myocardial
hypertrophy in established and progressive hypertension. This study showed that the cross-sectional area,
fibrosis, vimentin expression and TLR4 expression of cardiomyocytes were increased by Ang Il. While, TAK-
242 decreased these effects. It suggests that inhibition of TLR4 may inhibit myocardial hypertrophy.

This study provides a reference for the clinical treatment of cardiac hypertrophy, but the depth of the
study is insufficient. Measurement of MYD88 and related indices of downstream inflammatory factors such
as IL-1p and TNF-a may be considered in future studies to further explore the molecular mechanism of
the TLR4 inhibitor in the treatment of cardiac hypertrophy.

CONCLUSION

In a word, the application of TAK-242 reduced heart mass index and cardiac-tibial ratio, decreased
cardiomyocyte cross-sectional area, ameliorated fibrosis, inhibited vimentin and TLR4 expression and
ameliorated Ang ll-induced cardiac hypertrophy. This research confirms that TLR4 is involved in cardiac
hypertrophy and its inhibitor can reduce myocardial hypertrophy and provides a new breakthrough for
clinical inhibition of myocardial hypertrophy.

SIGNIFICANCE STATEMENT

This experiment was mainly based on TAK-242 to investigate the role of TLR4 in Ang ll-induced cardiac
hypertrophy and to provide new ideas for clinical treatment of cardiac hypertrophy. This suggests that
TLR4 is a key target in cardiac hypertrophy. It may help researchers to further investigate the role of other
TLRs in Ang ll-induced cardiac hypertrophy. This study provides a reference for the development of drugs
related to inhibiting cardiac hypertrophy and the search for alternative drugs.
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