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Valsartan regulates TGF-b/Smads and TGF-b/p38 pathways
through lncRNA CHRF to improve doxorubicin-induced heart
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Abstract This study investigated the interaction among

valsartan (VAL), TGF-b pathways, and long non-coding

RNA (lncRNA) cardiac hypertrophy-related factor (CHRF)

in doxorubicin (DOX)-induced heart failure (HF), and

explored their roles in DOX-induced HF progression. HF

mice models in vivo were constructed by DOX induction.

The expression of CHRF and TGF-b1 in hearts was

detected, along with cardiac function, caspase-3 activity,

and cell apoptosis. Primary myocardial cells were pre-

treated with VAL, followed by DOX induction in vitro for

functional studies, including the detection of cell apoptosis

with terminal deoxynucleotidyl transferase dUTP nick-end

labeling and the expression of proteins associated with

TGF-b1 pathways. HF models were established in vivo and

in vitro. Expression of CHRF and TGF-b1 was up-regu-

lated, and cell apoptosis and caspase-3 activity were

increased in the hearts and cells of the HF models. VAL

supplementation alleviated the cardiac dysfunction and

injury in the HF process. Moreover, overexpressed CHRF

up-regulated TGF-b1, promoted myocardial cell apoptosis,

and reversed VAL’s cardiac protective effect, while inter-

ference of CHRF (si-CHRF) did the opposite. Down-reg-

ulation of CHRF reversed the increased expression of TGF-

b1 and the downstream proteins induced by pcDNA-TGF-

b1 in HL-1 cells, while overexpression of CHRF reversed

the VAL’s cardiac protective effect in vivo. In conclusion,

VAL regulates TGF-b pathways through lncRNA CHRF to

improve DOX-induced HF.

Keywords Heart failure � Valsartan � CHRF � TGF-b
pathway � Doxorubicin � HL-1 cell

Introduction

Cardiovascular disease is one of the most common chronic

diseases in clinic; it causes high morbidity and mortality

worldwide. When hearts suffer stress, the ‘‘cardiac

remodeling’’ characterized by typical pathological cardiac

hypertrophy occurs, resulting in heart failure (HF) (Viereck

et al. 2016). Patients with HF experience the progressive

deterioration of cardiac function (Sun et al. 2016). Dox-

orubicin (DOX), an anthracycline antibiotic commonly

used as chemotherapy medication, is commonly used to

establish cardiomyopathy in animal models (Houser et al.

2012) and acts as an important factor in dilated car-

diomyopathy-like congestive HF in clinic (Jain and Kish-

ore 2013; Nakamae et al. 2015). However, this widely

applicable and effective anti-cancer drug’s utility is limited

partly due to its cardiotoxicity and ability to induce severe

HF (Albini et al. 2010; Dhingra et al. 2014). At present,

common treatments mainly slow down the functional

decline but cannot prevent or reverse the HF reduced by

DOX. In addition, although the pathogenic factor of HF has
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been determined, the complex biology and underlying

molecular mechanisms have not yet been fully elucidated.

Long non-coding RNAs (lncRNAs) are RNA transcripts

with more than 200 nucleotides and without protein-coding

potential (Sun et al. 2015). Numerous studies have con-

firmed that lncRNAs play a critical role in cell proliferation

and differentiation (Cesana et al. 2011), chromatin modi-

fication (Kanduri 2011), and also serve as ‘‘miRNA spon-

ges’’ (Liang et al. 2015). Currently, compared with

lncRNAs’ well-reported dysregulation in various cancers,

their function in heart disease has seldom been investi-

gated. LncRNA myosin heavy chain-associated RNA

transcript (MHRT) prevented DOX-induced cardiac apop-

tosis by positively regulating nuclear factor erythroid

2-related factor (Nrf2) expression (Sui et al. 2016). The

mitochondrial lncRNA uc022bqs.1 (LIPCAR) was quickly

down-regulated after a myocardial infarction but up-regu-

lated during later stages of myocardial infarction; it acts as

a novel biomarker in HF patients (Kumarswamy et al.

2014). Moreover, inhibiting the lncRNA NON-

RATT021972 may rescue the decreased heart rate vari-

ability in diabetic rats in superior cervical ganglia (Xu et al.

2016). A recent report also indicated that a lncRNA cardiac

hypertrophy-related factor (CHRF) is directly bound to

miR-489 and regulated MyD88 expression in cardiac

hypertrophy (Wang et al. 2014), implying that CHRF plays

a role in heart diseases.

A growing body of evidences link elevated levels of

TGF-b super-family ligands to the progression of HF (Sun

et al. 2016). TGF-b1 is a locally generated cytokine that

has been implicated as a major contributor to myofibroblast

proliferation and tissue fibrosis in diverse organ systems.

Numerous reports have demonstrated the functional out-

comes of TGF-b1 in HF, and these results have shown that

TGF-b antagonism could inhibit fibrotic processes and

provide salutary cardiac effects (Ikeuchi et al. 2004).

Another study found that cardiac transplantation corrected

the dysregulated. A low level of TGF-b1 was associated

with HF, which may result from higher consumption of

TGF-b1 within the impaired myocardium or antifibrotic

functions of natriuretic peptides (Behnes et al. 2011).

Recently, CHRF has been shown to regulate MyD88 and

Smad3 by targeting miR-489, and overexpression of CHRF

led to increased expression of TGF-b1 protein levels in

silica-induced pulmonary fibrosis (Wu et al. 2016). Thus,

CHRF may also influence the TGF-b1 pathway in HF.

Valsartan (VAL) is a kind of anti-hypertensive drug and

licensed for the treatment of patients with symptomatic HF

(Chaplin 2016), and it plays an important role in the pro-

cess of HF injury. For example, compared to a placebo

added to a prescribed therapy, VAL slowed progressively

deteriorating quality of life in HF patients (Majani et al.

2005). In addition, adding VAL to a prescribed therapy

could significantly reduce the incidence of atrial fibrillation

(Maggioni et al. 2005). In the PARADIGM-HF trial

(Prospective Comparison of angiotensin receptor neprilysin

inhibitor (ARNI) with angiotensin converting enzyme

inhibitor (ACEI) to determine impact on global mortality

and morbidity in heart failure), the risk of death from

cardiovascular causes from worsening HF was significantly

reduced with VAL compared to the ACE inhibitor enalapril

in patients with chronic HF (Keating and McCormack

2016). Therefore, VAL represents effect approach in the

treatment of HF; it is commonly used in clinical practice

and is known to have heart–lung protective effects (Jasmin

et al. 2003).

The current study sought to determine the expression

and function of CHRF and TGF-b1 pathways in the tissues

and cells of patients with HF. It also sought to detecte the

protective effect of VAL in regulating HF malignant pro-

cesses and the underlying mechanisms involved.

Materials and methods

Ethics statement

The present study was approved by the Institutional Ani-

mal Care and Use Committee (IACUC number:

2014-0072) of the First Affiliated Hospital of Zhengzhou

University, and the protocols of the animal experiment

were conducted according to the Guide for the Care and

Use of Laboratory Animals.

Animals and treatment

To construct the mouse model of HF, eighteen C57BL/6

male mice aged 8 weeks were purchased from Henan

Research Center of Laboratory Animals (Zhengzhou,

China). These mice were randomly divided into three

groups (n = 6 in each group) : Group 1 was used as a

control and mice were treated with an equivalent volume of

sterile saline solution; mice in Group 2 were intraperi-

toneally injected with 2.5 mg/kg of DOX six times in

2 weeks; animals in Group 3 were also intraperitoneally

injected with 2.5 mg/kg of DOX six times in 2 weeks, but

then were treated with 30 mg/kg/days of VAL for 4 weeks

by oral gavage. All mice were housed in appropriately

sized cages and allowed food and water ad libitum. After

treatment, these mice were sacrificed under anesthesia to

relieve pain. Heart tissues were excised and immediately

stored at - 80 �C for further analysis.
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Injection of adenovirus vector with CHRF

overexpressed

Twenty-four C57BL/6 mice were randomly divided into

four groups (n = 6 in each group): control, VAL,

VAL ? Ad-control, and VAL ? Ad-CHRF. The aden-

oviral vector (Ad-control or Ad-CHRF) injections were

based on previous research (Wang et al. 2015). Briefly,

after entering the chest through a small left anterior tho-

racotomy, the pericardial sac was removed. Then 2 9 1011

multiplicity of infection (moi) adenoviruses of Ad-CHRF

or equal amounts of Ad-control were injected with a

catheter from the apex of the left ventricle into the aortic

root while the aorta and pulmonary arteries were cross-

clamped. The clamp was maintained for 20 s while the

heart pumped against a closed system. After removing air

and blood, the chest was closed, and the mice were

returned to their cages for recovery. The VAL treatment

method was the same as described above. After the VAL

treatment, the mice were sacrificed, and the hearts were

isolated and stored at - 80 �C.

Cell culture and transfection

Primary cardiomyocyte cells were isolated, and the mouse

myocardial cell lines HL-1 used in this study were obtained

from American Type Culture Collection (USA). Cells were

cultured in Dulbecco’s Modified Eagle Medium (DMEM)

supplemented with 10% fetal bovine serum (FBS) (Gibco,

USA), 100 U/mL of penicillin, and 100 lg/mL of strep-

tomycin. The cell lines were cultured in a humidified

atmosphere containing 5% CO2 at 37 �C. Cells in different

groups were transfected or co-transfected with pc-DNA-

CHRF, si-CHRF, pc-DNA TGFb1, or the corresponding

controls using Lipofectamine 2000 (Invitrogen, USA)

according to the manufacturer’s instructions.

Quantitative real-time PCR (qRT-PCR)

Total RNA from the cultured cells and mouse tissues was

extracted using Trizol (Life Technologies, USA) according

to the manufacturer’s protocol. The concentration and

quality of the RNA were confirmed using a Thermo Sci-

entific NanoDrop 2000 spectrophotometer. To quantify the

CHRF, 500 ng of total RNA was reverse-transcribed using

random primers in a 10 ll reaction system. The cDNA was

obtained from the RNA via reverse transcription by using a

PrimeScript RT reagent kit. The SYBR Premix Ex Taq II

kit (TaKaRa Bio Inc, Japan) was used for CHRF amplifi-

cation. Quantitative real-time PCR analysis was performed

using an Applied Biosystems 7500 Real-Time PCR System

(Applied Biosystems, USA). CHRF expression was nor-

malized to that of glyceraldehyde 3-phosphate

dehydrogenase (GAPDH). The relative mRNA expression

levels were analyzed using the 2�DDCt method.

Western blot analysis

The proteins in the heart tissues and cultured cells were

determined by western blot analysis. Protein concentration

was determined via a bicinchoninic acid (BCA) protein

assay kit (Beyotime, Shanghai, China). A total of 80 lg of

protein extracts were electrophoresed on 12.5% polyacry-

lamide gradient gels and then transferred onto a poly

vinylidene fluoride (PVDF) membrane. The membranes

were incubated in a blocking buffer (5% non-fat milk) prior

to incubation with primary antibodies at 4 �C overnight.

Antibodies specific to total Smad3, p-Smad3, total Smad2,

p-Smad2, p38, p-p38, TGF-b1, and b-actin were obtained

from Cell Signaling Technology, Inc. After incubation with

the secondary antibody for 1 h, the blots were visualized

with a PowerOpti-ECL kit according to the recommended

procedure, and protein bands were quantified using NIH

ImageJ software. b-actin was used as an internal control.

TUNEL assay

Cell apoptosis was determined via a (TUNEL) staining

assay. Cells were stained with 3, 3-diaminobenzidine

(DAB) as a substrate for the peroxidase at room tempera-

ture for 10 min. For each section, 10 different fields were

randomly selected for counting a minimum of 150 cells

from at least 3 separate experiments per condition. The

number of TUNEL-positive cells was analyzed using a

light microscope system at 9400 magnification in a blin-

ded manner. Positive apoptotic cells were stained with

claybank (Wang et al. 2013).

Caspase-3 activity assay

Caspase-3 is closely related to cell apoptosis, and caspase-3

activity is usually used to reflect apoptosis status (Porter

and Janicke 1999). The caspase-3 activity was determined

by using a caspase-3 activity kit (Beyotime Institute of

Biotechnology, Nanjing, China) per the manufacturer’s

protocol. To evaluate the caspase-3 activity, primary car-

diomyocyte cell lysates were prepared subsequent to vari-

ous designated treatments. Assays were performed on

96-well plates by incubating 10 lL of cell lysate protein

per sample in 80 lL of reaction buffer that contained

10 lL of caspase-3 substrate. Lysates were incubated at

37 �C for 4 h. Samples were measured with an enzyme-

linked immunosorbent assay (ELISA) reader at an absor-

bance of 405 nm.
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Statistical analysis

All data were expressed as mean ± standard error of the

mean (SEM) of three independent experiments. Results

were analyzed with independent-samples of student t-tests

between two groups and one-way analysis of variance

(ANOVA) for more groups with Dunnett’s test. A value of

P\ 0.05 was considered significant.

Results

The expression of CHRF and TGF-b1 in the hearts

of DOX-induced HF models

Compared with the control mice (Group 1, n = 6), the

levels of left ventricular systolic pressure (LVSP), left

ventricular end-diastolic pressure (LVEDP), and ± dp/dt

max parameters were aberrant in the HF mice (Group 2,

n = 6) (Fig. 1a), implying seriously dysregulated cardiac

function. In addition, the activity of caspase-3 and cleaved

caspase-3 were significantly increased in the HF mice

compared to the control group (Group 1, n = 6) (Fig. 1b).

Compared with the control group (Group 1, n = 6), CHRF

expression was greatly boosted in the hearts of the HF mice

(Fig. 1c). Western blotting results showed that TGF-b1

expression was also markedly increased in the heart tissues

of the HF mice (Group 2, n = 6) compared to the control

mice (Group 1, n = 6) (Fig. 1d). However, VAL at a

dosage of 30 mg/kg/d (Group 3, n = 6) significantly mit-

igated the adverse DOX-induced effects noted above

(Fig. 1a, b, c, d). These data indicate that while CHRF and

TGF-b1 were abnormally expressed in the process of HF,

VAL relieved those effects.

The expression of CHRF and TGF-b1 in mice

primary myocardial cells

To confirm the dysregulation of CHRF, TGF-b1, and cas-

pase-3 activity in the HF mice, the primary myocardial

cells were pretreated with 1 lM of VAL for 12 h, followed

by 2 lM of DOX. As shown in Fig. 2a, compared with the

control, CHRF was significantly up-regulated in the DOX

group. In addition, the protein level of TGF-b1 was higher

in the DOX treatment group than in the control group

(Fig. 2b), and the activity of caspase-3 and cleaved cas-

pase-3 were markedly increased in the DOX group com-

pared to the control group (Fig. 2c). TUNEL assay results

also indicated that DOX treatment significantly promoted

the apoptosis of primary myocardial cells (Fig. 2d).

Importantly, all these DOX-induced changes were effec-

tively reversed by VAL (Fig. 2a, b, c, d). These data

Fig. 1 Effects of VAL on the expression of CHRF, TGF-b1, and caspase-3 activity in DOX-induced HF mice. Mice were randomly divided into

three groups (n = 6 in each group): Group 1 was used as a control and treated with an equivalent volume of sterile saline solution; mice in Group

2 were intraperitoneally injected with 2.5 of mg/kg DOX six times in 2 weeks; animals in Group 3 were intraperitoneally injected with 2.5 mg/kg

of DOX six times in 2 weeks, and then given 30 mg/kg/d of VAL for 4 weeks by oral gavage. a Cardiac function was evaluated via LVSP,

LVEDP, and ± dp/dt max parameters detection; b Caspase-3 activity was detected to assess cell apoptosis, and the cleaved caspase-3 was

analyzed by western blot; c Relative CHRF expression was determined by qRT-PCR; d The level of TGF-b1 protein was analyzed by western

blot. All data were expressed as the mean ± SEM of three independent experiments. b-actin was used as an internal control in the western blot,

and GAPDH acted as the control in qRT-PCR. *P\ 0.05 versus Group 1; #P\ 0.05 versus Group 2
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indicate that VAL, CHRF, TGF-b1, and cell apoptosis

might be related to the development of HF.

The effect of CHRF on the expression of TGF-b1
in primary myocardial cells

Primary myocardial cells were transfected with si-CHRF,

and the levels of TGF-b1 and caspase-3 activity were

determined. As shown in Fig. 3a, si-CHRF transfection

partly reversed the DOX-induced up-regulation of CHRF.

As shown in Fig. 3b and c, the TGF-b1 protein level and

activity of caspase-3 and cleaved caspase-3 clearly

decreased in the cells transfected with si-CHRF compared

with the si-control group. In addition, the number of

apoptosis cells was also synchronously reduced in the

CHRF interference group compared to the cells transfected

with the si-control (Fig. 3d). However, overexpression of

CHRF (with pcDNA-CHRF transfected) reversed the

VAL’s inhibitory effect on CHRF (Fig. 3e). While treat-

ment with VAL reduced the DOX-induced up-regulation of

the TGF-b1 protein level, this effect was reversed by

pcDNA-CHRF transfection (Fig. 3f). Furthermore,

pcDNA-CHRF transfection significantly increased the

activity levels of caspase-3 and cleaved caspase-3 (Fig. 3g)

as well as cell apoptosis number (Fig. 3h) that was

inhibited by VAL. All these results show that CHRF

influenced the expression of TGF-b1 and cell apoptosis.

Down-regulation of CHRF reversed the increased

expression of TGF-b1 and downstream proteins

induced by pcDNA-TGF-b1 in HL-1 myocardial

cells

HL-1 cells were transfected or co-transfected with si-

CHRF and pcDNA-TGF-b1, and the protein expressions

of TGF-b1, p-Smad2, p-Smad3, and p-p38 were detected

by western blot. In HL-1 cells transfected with si-CHRF,

the levels of TGF-b1 (Fig. 4a), p-Smad2, p-Smad3,

(Fig. 4b) and p-p38 (Fig. 4c) were significantly decreased

compared with the si-control; however, expression of the

abovementioned proteins was clearly reversed by pcDNA-

TGF-b1, while the increased TGF-b1 (Fig. 4a), p-Smad2,

p-Smad3 (Fig. 4b), and p-p38 (Fig. 4c) protein expres-

sions in the pcDNA-TGF-b1 group were further reversed

by si-CHRF (Fig. 4a, b, c). HL-1 cells were transfected

with pcDNA, pcDNA-CHRF, pcDNA-CHRF ? si-NC

(si-negative control) or DMSO, pcDNA-CHRF ? si-

SMAD2/3, or SB202190 (p38 inhibitor, 5 lM, 24 h), then

the cells were treated with 1 lM of VAL for 12 h, fol-

lowed by 2 lM of DOX. The results showed that

inhibiting of SMAD2/3 (Fig. 4d) or p38 (Fig. 4e) reversed

Fig. 2 Effects of VAL on the expression of CHRF, TGF-b1 and caspase-3 activity in primary myocardial cells. Cells were pretreated with 1 lM

of VAL for 12 h, followed by 2 lM of DOX to establish a HF model in vitro. a The expression of CHRF was determined by qRT-PCR; b The

protein expression of TGF-b1 was analyzed by western blot; c Caspase-3 activity was detected to assess cell apoptosis, and the cleaved caspase-3

was analyzed by western blot; d Cell apoptosis was examined by TUNEL. All data were expressed as the mean ± SEM of three independent

experiments. b-actin was used as the internal control in the western blot and GAPDH was acted as the control in the qRT-PCR. *P\ 0.05 versus

control; #P\ 0.05 versus DOX
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the up-regulation of cell apoptosis induced by pcDNA-

CHRF. These results demonstrate that CHRF regulated

the expression of TGF-b1 and its target genes through

TGF-b1/Smads and TGF-b1/p38 pathways.

Over-expression of CHRF prevented the cardiac

function improvement induced by VAL in vivo

To explore whether CHRF’s overexpression moderated

VAL’s effect on HF, the animals were randomly divided

into four groups: control, VAL, VAL ? Ad-control, and

VAL ? Ad-CHRF. Compared with the control, the levels

of LVSP (Fig. 5a), ? dp/dt max (Fig. 5c), and—dp/dt max

(Fig. 5d) were elevated by VAL but reversed by Ad-CHRF

injection, while the LVEDP level was sharply decreased by

VAL but reversed by Ad-CHRF injection (Fig. 5b). These

results suggest that while cardiac function clearly improved

after treatment with VAL, those effects were reversed by

Ad-CHRF. All the data suggest that overexpression of

CHRF reversed VAL’s cardiac protective effects.

Discussion

In the present study, up-regulation of CHRF, TGF-b1, and

increased cell apoptosis were observed in HF animals and

primary myocardial cells treated with DOX. However, in

mice or cells treated with VAL, the expression of CHRF

and TGF-b1 decreased, and cell apoptosis reduced. Si-

CHRF decreased the expression of TGF-b1 and inhibited

myocardial cell apoptosis, while pcDNA-CHRF exhibited

the opposite outcomes. Moreover, overexpression of CHRF

inhibited VAL’s protective effects on cardiac function

in vivo. Further, the results showed that CHRF regulated

the expression of TGF-b1 and its target genes through

TGF-b1/Smads and TGF-b/p38 pathways. Thus, VAL

regulated TGF-b pathways through lncRNA CHRF to

improve DOX-induced HF.

The functions of lncRNAs in heart diseases have been

with the focus of increased researches. For example,

microarray analysis has identified five significantly

increased or decreased lncRNAs that are aberrantly

expressed in patients, which may be used as novel

Fig. 3 Effect of si-CHRF or pcDNA-CHRF on the expression of TGF-b1 and caspase-3 activity in primary myocardial cells. a, e Relative CHRF

expression was determined by qRT-PCR; b, f Expression of the TGF-b1 protein was analyzed by western blot; c, g Caspase-3 activity was

detected to assess cell apoptosis, and the cleaved caspase-3 was analyzed by western blot; d, h Cell apoptosis was examined by TUNEL. All data

were expressed as the mean ± SEM of three independent experiments. b-actin was used as the internal control in the western blot, and GAPDH

acted as the control in the qRT-PCR. *P\ 0.05 versus control; #P\ 0.05 versus DOX ? si-control or DOX; &P\ 0.05 versus

DOX ? VAL ? pcDNA
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Fig. 4 CHRF regulated the TGF-b/Smads and TGF-b/p38 pathways to affect cell apoptosis and related protein expressions in HL-1 cells. a The

TGF-b1 protein was analyzed by western blot; b The protein levels of p-Smad2 and p-Smad3 were analyzed by western blot; c The protein level

of p-P38 was analyzed by western blot; d, e Cells were treated with si-Smad2 or SB202190, and cell apoptosis was examined by TUNEL. All

data were expressed as the mean ± SEM of three independent experiments. b-actin was used as the control in the western blot and GAPDH acted

as the control in the qRT-PCR. In Figures A-C, *P\ 0.05 versus si-control; #P\ 0.05 versus si-CHRF. In Figures D-E, *P\ 0.05 versus

pcDNA; #P\ 0.05 versus pcDNA-CHRF ? si-NC (si-negative control) or pcDNA-CHRF ? DMSO

Fig. 5 Overexpression of CHRF reversed the cardiac protective effect of VAL in vivo. Mice were randomly divided into four groups: control,

VAL, VAL ? Ad-control, and VAL ? Ad-CHRF. After injection of adenovirus vectors, mice were treated with VAL by oral gavage. Four

weeks later, LVSP (a), LVEDP (b), and ± dp/dt max (c, d) parameters were detected to assess the mice’s cardiac function. LVSP: left

ventricular systolic pressure; LVDEP: left ventricular end-diastolic pressure; ?dp/dtmax: the maximal rate of the increase of left ventricular

pressure; -dp/dtmax: the maximal rate of the decrease of left ventricular pressure. All data were expressed as the mean ± SEM of three

independent experiments. *P\ 0.05 versus control; #P\ 0.05 versus VAL ? Ad-control
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biomarkers for prenatal diagnosis of fetuses with congen-

ital heart defects (Gu et al. 2016). The circulating lncRNA

LIPCAR level can identify patients developing cardiac

remodeling and predict future death in HF patients (Ku-

marswamy et al. 2014). In this study, CHRF was up-reg-

ulated in DOX-induced HF and may influence the process

of HF. Furthermore, overexpression of CHRF promoted

myocardial cell apoptosis and dysregulated cardiac func-

tion. This study is the first to demonstrate the functional

significance of CHRF in HF; it indicates that CHRF

functions as a positive regulator to accelerate HF pro-

gression. However, more efforts are needed to develop

CHRF as a novel therapy to treat HF.

TGF-b1 plays a critical role in cardiovascular systems.

Expression of TGF-b1 leads to the activation of fibroblasts

in the heart by promoting the differentiation of cardiac

fibroblasts and the synthesis of extracellular matrix pro-

teins (ECM), thereby regulating cardiac remodeling or HF

(Kapur et al. 2012; Ieronimakis et al. 2013). Inhibiting the

TGF-b1 pathway reduced left ventricular remodeling and

systolic and diastolic dysfunction (Villar et al. 2013).

Although the role of TGF-b1 in fibrotic cardiac remodeling

has been established, its regulatory effects on HF have not

been investigated. This study confirms that overexpressed

TGF-b1 reverses the decreased expression of TGF-b1 and

its target factors p-Smad2, p-Smad3, and p38 induced by

si-CHRF in HL-1 cells. Other reports have indicated that

TGF-b1 induces growth arrest and apoptosis in normal

epithelial cells in vitro (Leight et al. 2012) and increases

the resistance of NIH/3T3 fibroblasts toward apoptosis by

activating the Smad2/3 and ERK1/2 pathways (Negmad-

janov et al. 2016). The p38/MAPK signaling is activated by

TGF-b1, and it regulates epithelial to mesenchymal tran-

sition (EMT)-related changes in pulmonary epithelial cells

(Kolosova et al. 2011). Consistent with these findings, this

study’s results showed that TGF-b1 and its downstream

transcription factors p-Smad2, p-Smad3, and p38 are

increased in HF, as is cell apoptosis. Similar levels of TGF-

b1, caspase-3 activity, and numbers of cell apoptosis were

observed after TGF-b1 overexpression. Moreover, the

increased levels of TGF-b1, p-Smad2, p-Smad3, and p38

induced by overexpression of TGF-b1 were partly reversed

by si-CHRF. These results indicate that the function

mechanism of CHRF is involved in the regulation of TGF-

b1 and apoptosis in HF progression.

This study also demonstrated that VAL is a key regu-

lator of HF development. VAL mitigates DOX-induced HF

by regulating TGF-b1 pathways. These findings are con-

sistent with previous studies. One study found that high

dosages of VAL significantly decreased TGF-b1 produc-

tion and protected against peritoneal fibrosis induced by

chlorhexidine digluconate (Subeq et al. 2011). Another

showed that low dosages of VAL inhibited interstitial

fibrosis by promoting apoptosis of the fibroblasts (Aka-

shiba et al. 2008). Moreover, VAL’s renoprotective effects

may be related to its potential in decreasing oxidative stress

and the expressions of TGF-b1 in glomerular mesangial

cells and glomerular epithelial cells (Jiao et al. 2011).

Thus, identifying these target genes and determining the

underlying pathways may shed new light on VAL’s roles in

DOX-induced HF. Furthermore, this study found that while

VAL improves cardiac dysfunction in HF mice, overex-

pression of CHRF may reverse the VAL’s cardiac protec-

tive effects.

In summary, VAL functions as a protective agent to

regulate TGF-b/Smads and TGF-b/p38 pathways through

CHRF to improve DOX-induced HF. The significant cor-

relation among VAL, CHRF, and TGF-b1 pathways in HF

was highlighted for the first time. However, further studies

should further explore the mechanisms of HF to develop

new therapies.
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