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Abstract: The dysregulation of mitochondrial dynamics in cardiac fibroblasts (CFs) is closely linked to myocardial 

fibrosis, which can induce cardiac dysfunction and even lead to heart failure. As an essential multifunctional zinc-finger 

transcriptional factor of cardiovascular remodeling, the role of KLF6 mediating the link between mitochondrial fission 

and myocardial fibrosis remains unclear. Next, we want to explore whether the effect of KLF6 on mitochondrial fission 

might influence cardiac fibroblasts, we established a model of Transforming growth factor β1 (TGF-β1) and Isoprenaline 

(ISO)-induced myocardial fibrosis. Here, we found that KLF6 up-regulation in CFs is correlated with myocardial fibrosis. 

While knockdown of KLF6 suppresses mitochondrial fission and the Keap1/Nrf2 pathway molecules, which alleviates 

myocardial fibrosis induced by TGF-β1. Our findings not only clarified the regulation mechanism of mitochondrial 

fission by KLF6 but also provided a potential therapeutic target for cardiovascular disease. 
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INTRODUCTION 
 

Mitochondria, as organelles, play crucial roles in various 

cellular processes (Chen W, et al., 2023; Giacomello M, 

et al., 2020), including energy metabolism and the 

regulation of reactive oxygen species (ROS) production 

(Liu Y et al., 2023; Andrieux P et al., 2021). These 

processes are tightly regulated by mitochondrial dynamics, 

which involve the continuous processes of fission and 

fusion. Fusion, the process by which mitochondria merge 

together, is mediated by proteins such as mitofusin 1 

(MFN1) and mitofusin-2 (MFN2). These proteins 

accelerate the fusion of the mitochondrial outer 

membranes, allowing the exchange of contents and the 

maintenance of mitochondrial integrity. On the other hand, 

fission, the division of mitochondria into smaller units, is 

primarily regulated by dynamin-related protein 1 (Drp1). 

Drp1 is recruited from the cytoplasm to the mitochondrial 

outer membrane (Vasquez et al., 2016), where it constricts 

and divides the mitochondria. 

 

The balance between fusion and fission is crucial for 

maintaining mitochondrial morphology, distribution and 

function within the cell. The dysregulation of 

mitochondrial dynamics has been associated with various 

pathological conditions, such as neurodegenerative 

diseases, cancer, and metabolic disorders. Mitochondria 

can maintain the balance of dynamics by continuously 

regulating fission and fusion (Adebayo et al., 2021; 

Rodrigues et al., 2020), changing the morphology and 

number of mitochondria to meet the metabolic needs of 

cells (Chan, 2020; Lin et al., 2022). Mitochondrial 

homeostasis is disrupted when cells are subjected to 

metabolic or environmental stress and have been closely 

related to various diseases (Chen et al., 2023; 

Zacharioudakis et al., 2023), particularly cardiovascular 

diseases (Forte et al., 2021). 

 

KLF6 is a multipotent zinc finger transcription factor (Li 

et al., 2023; Syafruddin et al., 2020; Chen et al., 2022). 

The N-terminal of KLF6 protein contains a domain 

related to transcriptional activation (Syafruddin et al., 

2020), which can participate in phosphorylation (Mertins 

et al., 2013), acetylation (Li et al., 2005) and other post-

transcriptional regulation. Previous studies have reported 

that Ang II can specifically up-regulate the expression 

level of the KLF6 gene in mouse cardiomyocytes and 

increase KLF6 recruitment on the TSP4 promoter, thereby 

activating fibroblasts (Sawaki et al., 2015). Knockdown 

of KLF6 in mice can alleviate the development of cardiac 

fibrosis compared with wild-type mice (Sawaki et al., 

2015). 

 

However, the role of KLF6 in regulating mitochondrial 

dynamics is unclear and its precise molecular mechanisms 

need to be urgently investigated. Therefore, this study 

focused on whether and how KLF6 influences myocardial 

fibrosis by regulating mitochondrial dynamics. In our 

study, we interpreted that KLF6 accelerated mitochondrial 

fission. We explore its possible mechanism and found that 

Keap1/Nrf2 pathway could be regulated by KLF6 in 

cardiac fibroblasts. In addition, KLF6 was associated with *Corresponding author: e-mail: aiyingli1963@163.com 
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myocardial fibrosis markers. These results revealed that 

KLF6 was a new regulator of mitochondrial dynamics and 

might be used as a new aim molecule for the treatment of 

heart disease.  
 

MATERIALS AND METHODS 
 

Animals 

6-8-week-old male wild-type (WT) C57BL/6J mice (18-

23 g) were purchased from the Liaoning Changsheng 

Biotechnology Co., Ltd, (License No. SCXK Liaoning 

2020-0002). All procedures were approved by the 

Institutional Animal Care and Use Committee of Hebei 

University of Chinese Medicine authorized all processes 

(No. DWLL2020018). During the 7-day experimental 

period, all mice were kept at 21-27°C and given free food 

and water. Myocardial fibrosis models were made 

according to the literature previously reported (Wan et al., 

2018). In summary, mice were injected subcutaneously 

with ISO (5 mg/kg/day) for 7 days. Finally, mice were 

humanely killed, then their heart was collected for further 

experiment. 
 

HE and masson staining 

Initially, the hearts were fixed using 4% 

paraformaldehyde (Servicebio, G1101, Wuhan, China) for 

pathological examination. The fixed hearts were 

processed with paraffin and sectioned into slices 5μm 

slice. Then, we stained the slices with HE and Masson 

trichrome staining (Solarbio, G1120, Beijing, China). A 

light microscope was used to capture pictures (Leica, 

DM6B, Germany). The remainder was stored at −80°C. 
 

Immunohistochemistry 

The heart slides (5 μm) were de-paraffinized to water. 

Using sodium citrate buffer (PH=6.0) (Servicebio, Wuhan, 

China) to repair epitopes and then naturally cooled to 

room temperature. After blocking endogenous peroxidase, 

5% goat serum (Zhongshan Golden Bridge Biotechnology, 

Beijing, China) was used to block the heart slides. The 

primary antibody KLF6 (Proteintech; 14716-1-AP, 1:100) 

incubated overnight at 4°C.  
 

The second day, we using PBS to wash slices. We useing 

secondary antibody to incubate the slices at room 

temperature for half an hour. A diaminobenzidine kit 

(Zhongshan Golden Bridge Biotechnology, Beijing, China) 

was used to Immunohistochemical staining following the 

product manual. Hematoxylin staining was then 

performed to visualize the nuclei in the sections. 
 

Cell culture 
Human cardiac fibroblasts (HCFs) were obtained from 

Shanghai Honsun Biological Technology Co., Ltd (China). 

The high-glucose medium (Gibco, USA) replenished with 

1% penicillin-streptomycin (Gibco, USA) and 10% fetal 

bovine serum was used to culture HCFs. The cells were 

cultured in a cell incubator at 37°C with 5% CO2. 

 

Cell transfection 
The siKLF6 siRNA sequences were purchased from 

GenePharma (Shanghai, China). We used the 

Lipofectamine 3000 reagent (Invitrogen) to transfect the 

siRNAs. The sequences used are shown in table 1. 

 

Table 1: siRNA sequences for siKLF6 
 

siRNA Sequence 

siRNA 1-sense(3’-5’) GAAUCCGAACUGAAGAU

AUTT 

siRNA 1-antisense(5’-3’) AUAUCUUCAGUUCGGAU

UCTT 

siRNA 2-sense(3’-5’) GACAGCUCCGAGGAACU

UUTT 

siRNA 2-antisense(5’-3’) AAAGUUCCUCGGAGCUG

UCTT 

siRNA 3-sense(3’-5’) GCCAGGUGACAAGGGAA

AUTT 

siRNA 3-antisense(5’-3’) AUUUCCCUUGUCACCUG

GCTT 

 

Western blot 

Proteins were incubated with primary antibody of KLF6 

(Proteintech, 14716-1-AP, 1:1000), MFN1 (Proteintech, 

13798-1-AP, 1:1000), MFN2 (Proteintech, 12186-1-AP, 

1:1000), Drp1 (Proteintech, 12957-1-AP, 1:1000), 

Collagen Ⅰ (abcam, ab270993, 1:1000), Collagen Ⅲ 

(abcam, ab7778, 1:1000), α-SMA (abcam, 32575, 1:4000), 

Keap1 (Proteintech, 10503-2-AP, 1:1000), Nrf2 

(Proteintech, 16396-1-1AP, 1:1000), GAPDH 

(Proteintech, 60004-1, 1:10000), incubated overnight at 

4°C. The following day, the proteins were exposed to a 

secondary antibody at room temperature for 1.5 hours. 

Proteins bands were detected by ECL (NCM Biotech, 

Suzhou, China) and the image was captured by the 

chemiluminescence imager Omegalum W (USA). 

 

Measurement of Mitochondrial reactive oxygen species  

Using kit to conduct Mitochondrial reactive oxygen 

species staining according to instructions. Add 1 mL of 

37°C pre-warmed probe working solution (10 μmol/L) 

(Beyotime, Shanghai, China) to the cells and incubate for 

20 minutes at 37°C in the dark with 5% CO2. Then, the 

above staining solution was replaced with a fresh medium. 

Finally, the cells were examined under a fluorescence 

microscope. 

 

STATISTICAL ANALYSIS 
 

All data were evaluated using GraphPad Prism 8 software 

(San Diego, CA) and the mean is shown as mean ± 

standard deviation (SD). The one-way analysis of 

variance (ANOVA) was used to determine statistical 

significance among groups. Multiple comparison testing 

was performed using the Bonferroni method. P<0.05 was 

judged as statistically significant. 
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RESULTS 
 

Myocardial fibrosis induces upregulation of KLF6 

expression and promotes mitochondrial fission 

To illustrate the significant role of mitochondria dynamics 

in the pathological process of myocardial fibrosis, we 

established a myocardial fibrosis model induced by ISO. 

Then, we found that the ISO group significantly increased 

Collagen disorder and deposition of Collagen as shown by 

HE and Masson staining (fig. 1A-B). These results 

showed that the myocardial fibrosis model in mice was 

successfully built. Immunohistochemical stains of KLF6 

showed that compared with the control group, KLF6 

expression increased and mainly enriched in the nucleus 

in the ISO group (fig. 1C). Next, the Western blot 

confirmed that the ISO group significantly increased the 

expression of KLF6 and Drp1 protein. On the contrary, 

MFN1 and MFN2 significantly decreased (P<0.001) (fig. 

1D-E). These results showed that myocardial fibrosis 

induced upregulation of KLF6 expression and promotes 

mitochondrial fission. 

 

(A-B) Representative images of HE and Masson staining 

of left ventricular tissue in different groups. Scale 

bars=100 μm. (C) Immunohistochemical analysis of 

KLF6 protein expression in heart cross sections of 

different groups on day 7. Scale bars=50 μm. (D-E) Mice 

were treated with ISO, and the expression of KLF6, Drp1, 

MFN1, and MFN2 was analyzed by Western blot. The 

data are presented as the mean ± SD. Data are analyzed 

using one-way ANOVA followed by Tukey’s post-hoc test. 

***P<0.001 versus the corresponding control. 

 

Down-regulation of KLF6 inhibits myocardial fibrosis 

induced by TGF-β1 

To further clarify the relationship between KLF6 and 

myocardial fibrosis, we observed a significant reduction 

in KLF6 expression in cardiac fibroblasts (CFs) following 

the knockdown of KLF6 expression. CFs transfected with 

different fragments of KLF6 siRNA exhibited decreased 

KLF6 expression compared to controls (P<0.01, P< 0.001) 

(fig. 2A-B). Then, KLF6 was knocked down and treated 

with TGF-β1 in CFs. The Western blot revealed that TGF-

β1-induced elevation of Collagen I, Collagen Ⅲ, and α-

SMA were severely diminished (P<0.01, P<0.001) (fig. 

2C-D). These results suggest that siKLF6 suppressed 

myocardial fibrosis induced by TGF-β1. 

 

(A-B) CFs were transfected with si-KLF6 and the 

expression of KLF6 was analyzed by Western blot. (C-D) 

CFs were transfected with si-KLF6 and then treated or not 

with TGF-β1 (10 ng/mL) for 24h. The expression of 

Collagen I, Collagen III and α-SMA was analyzed by 

Western blot. The data are presented as the mean ± SD. 

Data are analyzed using one-way ANOVA followed by 

Tukey’s post-hoc test. **P<0.01, ***P<0.001, ## P< 0.01, 

###P<0.001 versus the corresponding control. 

KLF6 induced mitochondrial dynamics disorder 

The above-mentioned data illustrated that KLF6 was 

closely related to mitochondrial dynamics. In order to 

further explore the relationship between KLF6 and 

mitochondrial fission, we over expressed KLF6 

expression in CFs.  
 

The results demonstrated that the expression of KLF6 was 

elevated compared to the control group. (P<0.001) (fig. 

3A-B). Next, we utilizing loss and gain-of-function 

experiments, we verified that over expression of KLF6 

inhibited MFN1 and MFN2 protein levels as well as 

increased Drp1 protein levels (P<0.001) (fig. 3C-D). 

Moreover, mitochondrial swelling, rupture, and 

vacuolation occurred when KLF6 was over expressed 

compared with the control group (fig. 3E). Nevertheless, 

the knockdown of KLF6 had the reverse effect (P<0.001) 

(fig. 3F-G). Therefore, the results confirmed that KLF6 

can promote mitochondrial fission. 
 

(A-D) CFs were transfected with pcDNA3.1-KLF6 and 

the expression of KLF6, Drp1, MFN1 and MFN2 was 

analyzed by Western blot. (E) CFs were transfected with 

pcDNA3.1-KLF6 and the morphology of mitochondria 

was observed by electron microscope. (F-G) CFs were 

transfected with si-Ctl or si-KLF6 for 24 h. The 

expression of Drp1, MFN1 and MFN2 was analyzed by 

Western blot. The data are presented as the mean ± SD. 

Data are analyzed using one-way ANOVA followed by 

Tukey’s post-hoc test. ***P<0.001 versus the 

corresponding control. 
 

(A-B) CFs were treated with TGF-β1 (10 ng/mL) for the 

indicated times. The expression of Drp1, MFN1 and 

MFN2 was analyzed by Western blot. (C-D) CFs were 

treated with different doses of TGF-β1 for 24 h. The 

expression of Drp1, MFN1 and MFN2 was analyzed by 

Western blot. (E) CFs were treated with TGF-β1 and the 

morphology of mitochondria was observed by electron 

microscope. (F-G) CFs were treated with Mdivi-1 and 

then treated or not with TGF-β1 (10 ng/mL) for 24 h. The 

expression of Drp1, Collagen I, Collagen III and α-SMA 

was analyzed by Western blot. The expression of Drp1, 

MFN1, and MFN2 was analyzed by Western blot. The 

data are presented as the mean ± SD. Data are analyzed 

using one-way ANOVA followed by Tukey’s post-hoc test. 

*P<0.05, **P<0.01, ***P<0.001, ###P<0.001 versus the 

corresponding control. 
 

Mdivi-1 inhibits TGF-β1-induced myocardial fibrosis 

and mitochondrial division 

The above results confirmed that myocardial fibrosis 

increased the expression of KLF6 and promoted 

mitochondrial fission. We would like to further explore 

whether myocardial fibrosis induced by TGF-β1 is related 

to mitochondrial fission. Then, we found that TGF-β1 

increased Drp1 expression at the protein levels in a 

manner dependent on both the dose and time of exposure. 

In addition, TGF-β1 decreased MFN1 and MFN2 
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expressions (P<0.05, P<0.01, P<0.001) (fig. 4A-D). In 

addition, mitochondrial swelling, rupture and vacuolation 

occurred after TGF-β1 treatment (fig. 4E). Next, we 

observed that the Collagen I, Collagen III, α-SMA and the 

mitochondrial fission protein Drp1, were down regulated 

in the Mdivi-1 group compared to the control group. 

Whereas the expression of myocardial fibrosis markers 

and mitochondrial fission protein was markedly augment 

in the Mdivi-1+TGF-β1 group (P<0.001) (fig. 4F-G). The 

results suggested that TGF-β1-induced myocardial 

fibrosis is associated with mitochondrial fission. 
 

KLF6 induces mitochondrial dysfunction and 

accelerates the progression of myocardial fibrosis  

To illustrate that KLF6 induces mitochondrial dysfunction 

and promotes the advancement of myocardial fibrosis, we 

conducted KLF6 knockdown experiments and treated the 

cells with Mdivi-1. The Western blot analysis revealed 

that the Collagen I, Collagen III and α-SMA were 

markedly reduced in the Mdivi-1 group compared to the 

control group. (P<0.001) (fig. 5A-B). Moreover, the 

knockdown of KLF6 could further inhibit the expression 

of myocardial fibrosis markers. The results revealed that 

siKLF6 can suppress myocardial fibrosis by inhibiting 

mitochondrial fission.  
 

(A-B) CFs were transfected with si-KLF6 and then treated 

or not with Mdivi-1 (10 mM) for 24 h. The expression of 

Collagen I, Collagen III and α-SMA was analyzed by 

Western blot. The data are presented as the mean ± SD. 

Data are analyzed using one-way ANOVA followed by 

Tukey’s post-hoc test. ***P<0.01, ###P<0.001 versus the 

corresponding control. 
 

Down-regulation of KLF6 can inhibit Keap1/Nrf2 

signaling pathway activation 

Oxidative stress is closely related to mitochondrial 

dynamics (Ma et al., 2021). In further experiments, we 

investigated the potential molecular pathways associated 

with KLF6 in regulating oxidative stress and Keap1/Nrf2 

pathway was detected. We confirmed that the TGF-β1 

group markedly increased the expression of the Keap1 

protein and reduced the expression of the Nrf2 protein. In 

addition, KLF6 knockdown suppressed the Keap1 protein 

level. However, Nrf2 was obviously increased (P<0.05, 

P<0.001) (fig. 6A-B).  
 

Next, we examined the impact of siKLF6 on 

Mitochondrial ROS generation. Immunofluorescence 

staining demonstrated that the level of Mitochondrial 

reactive oxygen species in TGF-β1-treated CFs was 

markedly increased. On the contrary, the KLF6 

knockdown inhibited the level of Mitochondrial reactive 

oxygen species (fig. 6C). These results suggested that 

siKLF6 can inhibit Keap1/Nrf2 signaling pathway and 

inhibited the production of Mitochondrial reactive oxygen 

species. The above results suggested that knocked-down 

KLF6 can inhibit myocardial fibrosis by inhibiting 

mitochondrial division and reducing ROS production. 

(A-B) CFs were transfected with si-KLF6 and then treated 

or not with TGF-β1 (10 ng/mL) for 24 h. The expression 

of Keap1 and Nrf2 was analyzed by Western blot. The 

data are presented as the mean ± SD. Data are analyzed 

using one-way ANOVA followed by Tukey’s post-hoc test. 

*P<0.05, ***P<0.001, ###P<0.001 versus the 

corresponding control. (C) Immunofluorescent staining of 

mitochondria ROS and the cells treated or not with KLF6 

and TGF-β1. Scale bars=200μm. 
 

DISCUSSION 
 

Mitochondria are highly dynamic organelles that respond 

to cellular stress by maintaining structural and functional 

integrity through continuous fusion and fission 

(Giacomello et al., 2020; Tokuyama et al., 2023). A lot of 

studies have verified that oxidative stress and 

inflammation are the core events of MF (Yang et al., 2021; 

Zhou et al., 2014; Suthahar et al., 2017). After myocardial 

infarction, aseptic inflammation and oxidative stress of 

myocardial tissue were induced, which activated CFs and 

then induced MF (Prabhu and Frangogiannis 2016; 

Talman and Ruskoaho, 2016; van and Turner 2013). 

Mitochondria serve as both the primary source of reactive 

oxygen species and the principal target of oxidative 

damage (Kokkinopoulou et al., 2021; Rizwan et al., 2020; 

Kasai et al., 2020). Therefore, the intervention of CFs' 

mitochondrial dynamic balance is an effective treatment 

strategy to inhibit the formation of fibroblasts in heart 

disease.  
 

KLF6 is an intercellular communication signaling 

molecule between cardiomyocytes and cardiac fibroblasts 

(Balligand 2015), which plays a complex regulatory role 

in the process of cardiac fibrosis (Cullingford et al., 2008). 

Compared with the wild type, the degree of cardiac 

fibrosis in KLF6+/- mice was reduced (Sawaki et al., 

2015). In this study, we observed a significant 

upregulation of KLF6 and Drp1 in ISO-induced 

myocardial fibrosis models, while MFN1 and MFN2 were 

significantly down-regulated. In addition, knocking down 

KLF6 inhibited TGF-β1-induced myocardial fibrosis. 

These results suggested that KLF6 is involved in the 

regulation of mitochondrial homeostasis induced by 

myocardial fibrosis. 
 

Mitochondrial division inhibitor 1 (Mdivi-1), a 

quinazolinone derivative, has been employed as an 

inhibitor of mitochondrial fission protein. Mdivi-1 

effectively suppressed the expression of Collagen I, 

Collagen III, α-SMA and Drp1 induced by TGF-β1. This 

study demonstrates that Mdivi-1 can inhibit myocardial 

fibrosis and mitochondrial fission. These findings are 

consistent with previous studies (Ding et al., 2022). 

Importantly, we found that the knockdown of KLF6 

enhanced the inhibitory effect of Mdivi-1 on myocardial 

fibrosis, suggesting that KLF6 can play an anti-

myocardial fibrosis role by mediating mitochondrial 

division. 
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Fig. 1: ISO-induced myocardial fibrosis models induced KLF6 upregulation and mitochondrial division 
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Fig. 2: siKLF6 can inhibit myocardial fibrosis 

 
Fig. 3: siKLF6 inhibits mitochondrial division 
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Fig. 4: Inhibition of mitochondrial division can inhibit myocardial fibrosis 
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Oxidative stress is defined as a state in which cell damage 

and excessive production of ROS in the body exceed the 

inherent antioxidant defense ability of cells, thereby 

damaging proteins and DNA (Li et al., 2019). Previous 

studies have confirmed that ROS can produce pro-fibrosis 

factors, such as Transforming growth factor β (TGF-β). 

Further promoting the phenotype transformation of 

fibroblasts into myofibroblasts. Here, we found that the 

activation of the Keap1/Nrf2 signaling pathway induced 

by TGF-β1 resulted in a significant upregulation of Keap1 

expression and a significant downregulation of Nrf2 

expression. Knocking down KLF6 inhibited the 

expression of Keap1 and significantly alleviated the 

inhibition of Nrf2. Next, we examined the effect of KLF6 

on mitochondrial reactive oxygen species and observed in 

CFs that knocking down KLF6 could inhibit TGF-β1-

induced mitochondrial reactive oxygen species expression. 

However, oxidative stress can destroy the Dynamic 

equilibrium of mitochondria and aggravate the occurrence 

of myocardial fibrosis. Therefore, the above results 

indicate that KLF6 can regulate the Dynamic equilibrium 

of mitochondria by targeting the Keap1/Nrf2 signal 

pathway to improve myocardial fibrosis. 

 

 

Fig. 5: siKLF6 inhibits mitochondrial division and thus myocardial fibrosis 

 

Fig. 6: siKLF6 inhibits myocardial fibrosis by inhibiting Keap1/Nrf2 pathway 
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The major findings in the present study are that 1) 

myocardial fibrosis induces upregulation of KLF6 

expression and promotes mitochondrial fission. 2) KLF6 

promotes mitochondrial fission. 3) knocked down of 

KLF6 can inhibit myocardial fibrosis by inhibiting 

Keap1/Nrf2 pathway and mitochondrial division. 

 

Investigating the molecular mechanism of mitochondrial 

fission is beneficial for understanding and potentially 

preventing or treating myocardial fibrosis. As a 

Multifunctional zinc-finger transcription factor, the 

function of KLF6 in the mitochondrial fission of CFs is 

not clear. The aim of this research was to elucidate the 

function and molecular mechanism of KLF6 in regulating 

mitochondrial fission. Mitochondrial dynamics-related 

marker proteins and signaling molecules were assessed 

via Western blot analysis following knockdown and 

overexpression of KLF6 in CFs. The results indicated that 

KLF6 could aggravate mitochondrial fission and the 

Keap1/Nrf2 pathway molecules. To further explore 

whether the influence of KLF6 on mitochondrial fission 

might impact cardiac fibroblasts, we constructed TGF-β1-

induced CFs and ISO-induced mouse models. The results 

showed that KLF6 can inhibit myocardial fibrosis by 

inhibiting mitochondrial division and reducing ROS 

production. These findings underscore the regulatory 

mechanism of mitochondrial fission by KLF6 and suggest 

the potential utility of this gene as a target for preventing 

heart disease (fig. 7). 

 

 
Fig. 7: Schematic representation for KLF6-mediated Keap1-Nrf2 signaling pathway inhibiting mitochondrial 

dynamic imbalance during myocardial fibrosis. 



KLF6 aggravates myocardial fibrosis by promoting mitochondrial division 

Pak. J. Pharm. Sci., Vol.37, No.3, May 2024, pp.669-679 678 

ACKNOWLEDGMENTS 
 

This work was supported by grants from the National 

Natural Science Foundation of China (82174080 and 

81573698), Key Research and Development Program 

Project of Hebei Province (20372501D), Hebei Natural 

Science Foundation (H2022423333 and H2021423069), 

Science and Technology Project of Hebei Education 

Department (BJ2021031 and QN2021106), Graduate 

Innovation Funding Projects of Hebei University of 

Chinese Medicine (XCXZZSS2022005). 

 

REFERENCES 
 

Adebayo M, Singh S, Singh AP and Dasgupta S (2021). 

Mitochondrial fusion and fission: The fine-tune balance 

for cellular homeostasis. FASEB J., 35(6): e21620.  

Andrieux P, Chevillard C, Cunha-Neto E and Nunes JPS 

(2021). Mitochondria as a Cellular Hub in Infection 

and Inflammation. Int. J. Mol. Sci., 22(21):11338. 

Balligand JL (2015). KLF6 orchestrates cardiac myocyte-

to-fibroblast communication: He who has ears to hear, 

let him hear. Cardiovasc. Res., 107(4): 397-399. 

Chan DC (2020). Mitochondrial dynamics and its 

involvement in disease. Annu Rev Pathol., 24(15): 235-

259. 

Chen W, Zhao H and Li Y (2023). Mitochondrial 

dynamics in health and disease: Mechanisms and 

potential targets. Sig. Transduct. Target Ther., 8(1): 333. 

Chen Z, Wu W, Zheng C, Lan Y, Xie H and Xie Z (2022). 

KLF6 facilitates differentiation of odontoblasts through 

modulating the expression of P21 in vitro. Int. J. Oral 

Sci., 14(1): 20. 

Cullingford TE, Butler MJ, Marshall AK, Tham EL, 

Sugden PH and Clerk A (2008). Differential regulation 

of Krüppel-like factor family transcription factor 

expression in neonatal rat cardiac myocytes: Effects of 

endothelin-1, oxidative stress and cytokines. 

Biochimica Et Biophysica Acta., 1783(6): 1229-1236. 

Ding J, Zhang Z, Li S, Wang W, Du T, Fang Q, Wang Y 

and Wang DW (2022). Mdivi-1 alleviates cardiac 

fibrosis post myocardial infarction at infarcted border 

zone, possibly via inhibition of Drp1-Activated 

mitochondrial fission and oxidative stress. Arch. 

Biochem. Biophys., 718(2022): 109147. 

Forte M, Schirone L, Ameri P, Basso C, Catalucci D, 

Modica J, Chimenti C, Crotti L, Frati G, Rubattu S, 

Schiattarella GG, Torella D, Perrino C, Indolfi C and 

Sciarretta S (2021). Italian Society of Cardiology 

Working group on Cellular and Molecular Biology of 

the Heart. The role of mitochondrial dynamics in 

cardiovascular diseases. Br. J. Pharmacol., 178(10): 

2060-2076. 

Giacomello M, Pyakurel A, Glytsou C and Scorrano L 

(2020). The cell biology of mitochondrial membrane 

dynamics. Nat. Rev. Mol. Cell Biol., 21(4): 204-224.  

Kasai S, Shimizu S, Tatara Y, Mimura J and Itoh K (2020). 

Regulation of Nrf2 by mitochondrial reactive oxygen 

species in physiology and pathology. Biomolecules, 

10(2): 320. 

Kokkinopoulou I and Moutsatsou P (2021). Mitochondrial 

glucocorticoid receptors and their actions. Int. J. Mol. 

Sci., 22(11): 6054. 

Li C, Zhang J, Xue M, Li X, Han F, Liu X, Xu L, Lu Y. 

Cheng Y, Li T, Yu X, Sun B and Chen L (2019). SGLT2 

inhibition with empagliflozin attenuates myocardial 

oxidative stress and fibrosis in diabetic mice heart. 

Cardiovasc. Diabetol, 18(1): 15. 

Li D, Yea S, Dolios G, Martignetti JA, Narla G, Wang R, 

Walsh MJ and Friedman SL (2005). Regulation of 

Kruppel-like factor 6 tumor suppressor activity by 

acetylation. Cancer Res., 65(20): 9216-9225. 

Lin J, Duan J, Wang Q, Xu S, Zhou S and Yao K (2022). 

Mitochondrial dynamics and mitophagy in 

cardiometabolic disease. Front Cardiovasc. Med., 9: 

917135.  

Li J, Yu D, He C, Yu Q, Huo Z, Zhang Y and Zhang S 

(2023). KLF6 alleviates hepatic ischemia-reperfusion 

injury by inhibiting autophagy. Cell Death Dis., 14(7): 

393. 

Liu Y and Birsoy K (2023). Metabolic sensing and control 

in mitochondria. Mol. Cell., 83(6): 877-889. 

Ma T, Huang X, Zheng H, Huang G, Li W, Liu X, Liang J, 

Cao Y, Hu Y and Huang Y (2021). SFRP2 Improves 

mitochondrial dynamics and mitochondrial biogenesis, 

oxidative stress and apoptosis in diabetic 

cardiomyopathy. Oxid. Med. Cell Longev., 9265016. 

Mertins P, Qiao JW, Patel J, Udeshi ND, Clauser KR, 

Mani DR, Burgess MW, Gillette MA, Jaffe JD and Carr 

SA (2013). Integrated proteomic analysis of post-

translational modifications by serial enrichment. Nat. 

Methods, 10(7): 634-637. 

Prabhu SD and Frangogiannis NG (2016). The biological 

basis for cardiac repair after myocardial infarction: 

from inflammation to fibrosis. Circ. Res., 119(1): 91-

112. 

Rizwan H, Pal S, Sabnam S and Pal A (2020). High 

glucose augments ROS generation regulates 

mitochondrial dysfunction and apoptosis via stress 

signalling cascades in keratinocytes. Life Sci., 241: 

117148. 

Rodrigues T and Ferraz LS (2020). Therapeutic potential 

of targeting mitochondrial dynamics in cancer. 

Biochem. Pharmacol., 182: 114282. 

Sawaki D, Hou L, Tomida S, Sun J, Zhan H, Aizawa K, 

Son BK, Kariya T, Takimoto E, Otsu K, Conway SJ, 

Manabe I, Komuro I, Friedman SL, Nagai R and 

Suzuki T (2015). Modulation of cardiac fibrosis by 

Krüppel-like factor 6 through transcriptional control of 

thrombospondin 4 in cardiomyocytes. Cardiovasc. Res., 

107(4): 420-430. 

Suthahar N, Meijers WC, Sillje HHW and de Boer RA 

(2017). From inflammation to fibrosis-molecular and 

cellular mechanisms of myocardial tissue remodelling 

javascript:;


Tingting Zhang et al 

Pak. J. Pharm. Sci., Vol.37, No.3, May 2024, pp.669-679 679 

and perspectives on differential treatment opportunities. 

Curr. Heart Fail. Rep., 14(4): 235-250. 

Syafruddin SE, Mohtar MA, Wan Mohamad Nazarie WF 

and Low TY (2020). Two sides of the same coin: The 

roles of KLF6 in physiology and pathophysiology. 

Biomolecules, 10(10): 1378. 

Talman V and Ruskoaho H (2016). Cardiac fibrosis in 

myocardial infarction-from repair and remodeling to 

regeneration. Cell Tissue Res., 365(3): 563-581. 

Tokuyama T and Yanagi S (2023). Role of mitochondrial 

dynamics in heart diseases. Genes (Basel), 14(10): 

1876.  

van Nieuwenhoven FA and Turner NA (2013). The role of 

cardiac fibroblasts in the transition from inflammation 

to fibrosis following myocardial infarction. Vascul. 

Pharmacol., 58(3): 182-188. 

Vasquez-Trincado C, Garcia-Carvajal I, Pennanen C, 

Parra V, Hill JA, Rothermel BA and Lavandero S 

(2016). Mitochondrial dynamics, mitophagy and 

cardiovascular disease. J. Physiol., 594(3): 509-525.  

Wan Y, Xu L, Wang Y, Tuerdi N, Ye M and Qi R (2018). 

Preventive effects of astragaloside IV and its active 

sapogenin cycloastragenol on cardiac fibrosis of mice 

by inhibiting the NLRP3 inflammasome. Eur. J. 

Pharmacol., 833: 545-554. 

Yang J, Villar VAM, Jose PA and Zeng C (2021). Renal 

dopamine receptors and oxidative stress: Role in 

hypertension. Antioxid. Redox Signal., 34(9): 716-735. 

Zacharioudakis E and Gavathiotis E (2023). 

Mitochondrial dynamics proteins as emerging drug 

targets. Trends Pharmacol. Sci., 44(2):112-127. 

Zhou S, Sun W, Zhang Z and Zheng Y (2014). The role of 

Nrf2-mediated pathway in cardiac remodeling and 

heart failure. Oxid Med. Cell Longev., 260429. 

 


