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Abstract
Background

Hepatic Stellate Cell (HSC) represents a key factor in liver �brosis. Early-stage liver �brosis is still
reversible and is intimately associated with the state of HSC. KLF4 has been shown to play a pivotal role
in a wide array of physiological and pathological processes.

Methods

In this study, we examined the effect of Kruppel-like factor 4 (KLF4) on the proliferation, apoptosis and
phenotype of HSC in resting state in human HSC LX-2 cells, and the role KLF4 plays in the maintenance
of the resting state of HSC, with an attempt to provide an experimental basis for the diagnosis, treatment
and prognosis evaluation of liver �brosis. We designed a KLF4 lentiviral vector and a KLF4 shRNA
lentiviral vector, to up-regulate and silence KLF4 expression in LX-2 cells by transfection. We examined
LX-2 cell proliferation by plate cloning and CCK8 assay, �ow cytometrically detected cell cycle distribution
and cellular apoptosis rate and determined some quiescence and activation markers of HSC by Western
blotting.    

Results

Our result showed that E-cadherin and ZO-1, dubbed  quiescent HSC markers, were signi�cantly
increased. N-cadherin while a-AMA, known as activated HSC marker, was signi�cantly decreased. In
contrast, cell proliferation and apoptosis rate were elevated in LX-2 cells whose KLF4 expression had
been silenced.

Conclusions

Our results indicated that KLF4 inhibited the proliferation and activation of human HSC LX-2 and might
be a key regulatory protein in the maintenance of quiescence of HSC and might serve as a target for the
inhibition of hepatic �brosis.

Introduction
Hepatic stellate cells (HSC), or fat-storing cells, are normally localized in the perisinusoidal space and
produce only a small amount of extracellular matrix (ECM) components for the formation of the
basement membrane(Suarez-Cuenca et al., 2008). When exposed to soluble factors or changes in matrix
stiffness (Suarez-Cuenca et al., 2008), they morphologically transform to myo�broblast-like
cells (Anthony et al., 2010; Sako et al., 1987; Shields et al., 1996). In the trans-differentiation they lose
retinoid stores and acquire a myo�broblast phenotype, thereby becoming highly proliferative and
migratory and having type I collagen deposition in the parenchyma(Garrett-Sinha et al., 1996).
Transforming growth factor-β (TGF-β) is a central regulator in chronic liver disease and is implicated in all
stages of disease, ranging from initial liver injury to in�ammation and, eventually, �brosis. Mounting
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evidence showed that HSC plays a pivotal part in the development of hepatic �brosis, i.e., Quiescent
HSCs, after being activated by TGF-β/Smad3/ Snail1 signalling pathway, turned into myo�broblasts and
then produce �brous scars, a characteristic feature of liver cirrhosis.

Kruppel-like factor 4 (KLF4) is a recently cloned transcriptional factor and is highly expressed in the
gastrointestinal tract and other epithelial tissues, and is involved in the regulation of cell differentiation,
maturation and inhibition. Recent �ndings suggest that KLF4 contributed to the regulation of
proliferation, migration, differentiation and inhibition of epithelial-to-mesenchymal transition (EMT) in iPS
(induced pluripotent stem cells) cells, breast cancer cells and lung �broblast cells by inhibiting TGF-
β/Smad3/Snail signaling pathway. Whether KLF4 is involved in the inhibition of HSC activation in liver
�brosis remains poorly understood.

However, reports on the relationship between KLF4 and hepatic stellate cells and liver �brosis are scanty.
Our previous study found that the TGF-β-induced expression of KLF4 mRNA was signi�cantly down-
regulated in LX-2 cells. Transforming growth factor-β (TGF-β) is generally believed to promote liver
�brosis. Multiple studies demonstrated that TGF-β is the most important pro-�brogenic damage
stimulating factor in the liver (Forbes & Parola, 2011; Guyot et al., 2006; Moreira, 2007). TGF-β inhibits
HSC apoptosis, increases the number of activated HSC (George et al., 1999), and induced over-production
of extracellular matrix by sinusoidal endothelial cells (George et al., 2000). Animal studies exhibited that
therapeutic strategies involving TGF-β signaling pathway signi�cantly reduced liver �brosis. HSC
activation acts as the central link in the process of liver �brosis (Anthony et al., 2010; Zhao et al., 2013).
TGF-β can signi�cantly reduce the expression of KLF4 in LX-2 cells, suggesting that KLF4 may serve as
an important modulator of HSC activation and thereby regulate the liver �brosis.Therefor, we were led to
speculate that KLF4 might be a regulator that controls the activation of resting HSC, and might be used
as a molecular target for the inhibition of liver �brosis progression.

Materials And Methods
1.1 Primary reagents and Cells

DMEM/High-sugar medium was bought from HyClone, and fetal bovine serum (FBS) was from Gibco.
Penicillin/streptomycin double antibody was procured from Hydone. Diethypyrocarbonate (DEPC), Triton-
X, DAPI (4, 6-diamidino-2-phenylindole) and crystal violet were products of Sigma. PCR primer and Trizol
Reagent came from Invitrogen. Transwell Chamber was produced by BD. E-cadherin antibody, vimentin
antibody, Z0-1 antibody, KLF4 antibody and Snail antibody were all from CST. Lentivirus-KLF4+,
Lentivirus-Con+, Lentivirus-siKLF4 and Lentivirus-siCon were purchased from ShangHai JiKai. Flow
cytometry buffer was from eBioscience. RNA transcription kit and SYBR Green Real-time PGR Mix were
bought from Takara. GAPDH antibody was procured from Wuhan Boshide. CCK-8 kit  was from DOJINDO.
PMSF, RIPA Lysate and BCA Protein concentration assay kit        came from Biyuntian. Human hepatic
stellate cells LX-2 was kindly provided by Dr. Leng Zhengwei.

1.2 Reagent preparation
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Preparation of phosphate buffer saline: NaCl 8.00 g, KCl 0.4 g, Na2HPO4 0.78 g, Na2HPO4 3.6 g were put
in 700 ml of triple-distilled water, fully stirred, allowed to dissolve, with pH set at 7.4. The result sample
was added to a �nal volume of 1000 ml with triple-distilled water and then routinely autoclaved.

Preparation of 0.25% trypsin (total volume 200 ml):  0.5 g of trypsin, 0.4 g of glucose and 0.04 g of EDTA
were put into 200 ml of PBS, stirred gently and slowly, allowed to dissolve, and �ltered through a 0.22 μm
�lter on a clean bench.

Preparation of complete medium (total volume 100 ml): Under sterile conditions, 90 ml of DMEM high-
sugar medium stock solution, 10 ml of Gibco fetal bovine serum, 1 ml of penicillin/streptomycin were put
into a sterile bottle and fully mixed. The samples were labeled and stored at 4°C. 

0.1% crystal violet alcohol solution: 50 mg crystal violet was dissolved in 10 ml absolute ethanol to
prepare 0.5% mother liquor, and the mother liquor and physiological saline were mixed at 1:4 to obtain
0.1% crystal violet staining solution.

0.1% DEPC water: 100 μl DEPC was added to 100 ml ddH2O, allowed to dissolve at 37°C, and shaken at
80 rmp overnight. 

75% ethanol:  Absolute ethanol was mixed with DEPC water at 3:1 and stored at  -20°C for later use.

1.3 Cell Culture

LX-2 cells were cultured in a complete medium under saturated humidity, at 37 ° C and in 5% C02. Under a
microscope, when the cell density reached 70-80%, the culture solution was discarded. Then trypsin
(0.25% trypsin + 0.02% EDTA) or PBS was added and the sample was gently rinsed once, and the rinsing
solution was thrown away. Afterwards, trypsin-digested cells were put into the cell culture incubator
(digestion time varied, usually lasting 1~5 min). Then, complete medium was added to terminate
digestion, evenly blow. Then the sample was centrifuged at 1000 rpm for 5 min to collect appropriate
amount of cells. continue to culture. Cells at the logarithmic growth phase with good growth state were
taken, and then suspended in a frozen solution (90% FBS + 10% DMSO). After routine digestion, the
sample was stored at 4 ° C for 30 min at -20 ° C for 60 min, and then preserved at -80 ° C. The samples
were stored in a liquid nitrogen tank for over 2 months. Then, the frozen cells were taken out and quickly
placed in a 37 ° C water bath. After being thawed, they were centrifuged at 800 rpm for 5 min. The
supernatant was discarded and the cells were suspended in a 10% FBS medium and incubated. The
counting plate was rinsed with double-distilled water, with the residues removed, and and absorbed with
absorbent paper. A new coverslip was taken in the middle of the counting plate.  Single cells were isolated
and Trypan blue staining solution was mixed suspension at 1:1 (v/v). After full mixing, 20 μl of the mixed
suspension was taken and carefully put between the counting plate and the coverslip, and the samples
were left undisturbed until the cell suspension was evenly distributed. Under a 10× inverted microscope,
the living cells were unstained, and the non-viable cells were stained blue.

1.4 RNA extraction, reverse transcription and real-time PCR
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RT-PCR can quantitatively detect the mRNA expression level of a certain gene in real time.
Methodologically, the RNA extracted from the sample is added to a speci�c primer and then reversely
transcribed into cDNA for real-time PCR reaction. With RT-PCR, the reaction product is detected by SYBR
GreenI. The �uorescent SYBR GreenI can bind to double-stranded DNA. SYBR GreenI combined with
double-stranded DNA is separated from the double-stranded DNA, and the �uorescent signal is released
and detected on a PCR machine, and the amount of DNA synthesis is calculated according to �uorescein
intensity detected. PCR was performed on the following thermal cycling pro�le: 45 cycles of denaturation
at 95℃ for 30 s, annealing at 60 ℃ for 60 s, and extension at 95℃ for 5 s. For each sample, reactions
were duplicated and the average mRNA level of each gene was determined by using the ΔΔCt method.
The primer pairs for measuring the levels of each gene are listed as below.

KLF4-Forward CGAACCCACACAGGTGAGAA

KLF4-Reverse TACGGTAGTGCCTGGTCAGTTC

GAPDH-Forward GGGGAGCCAAAAGGGTCATCATCT

GAPDH-Reverse GACGCCTGCTTCACCACCTTCTTG

1.5 Western Blot Analysis 

Protein extracts were electrophoresically separated on SDS-polyacrylamide gels of various
concentrations, depending on the expected sizes of measured proteins,  and were then transferred to
PVDF membranes (Millipore, USA). After blockade with 5% nonfat milk and 0.1% Tween 20 in TBS for 1 h,
the membrane was then incubated, at 4℃ overnight, with the primary antibodies and then with goat anti-
rabbit secondary antibodies. Primary antibodies used in this analysis included: rabbit anti-E-cadherin,
rabbit anti-N-cadherin, rabbit anti-ZO-1, and rabbit anti- a-SMA, rabbit anti-KLF4 antibodies (Santa Cruz
Biotec).

1.6 Colony Formation Assay

Colony formation assay was performed for adherent LX-2 cells as previously described (Novo et al.,
2014). Brie�y, single cells (500 cells per well) were plated into 6-well plates and cultured for 10 days. After
stained with violet, cells were photographed and examined for their proliferation and colony formation
e�ciency. All the experiments were performed at least three times.

1.7 Lentiviral Infection of LX-2

LX-2 cells at logarithmic growth phase were routinely digested, put into complete medium to make single-
cell suspension and counted. 1×107 cells per well were suspended in 3 ml complete medium, and
cultured in an incubator for 12~16 h, until the cells reattached to the wall (LX-2 proliferation time is
17~24 h). At 1 ml complete medium per well, with MOI (virus number/cell number) = 10, the cells were
transfected with corresponding amount of lentivirus and were cultured for 24 h.
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1.8 Annexin-V APC/PI method for apoptosis detection

Cell were collected, washed with phosphate-buffered saline (PBS) and stained with Annexin-V APC
(Keygen, China) and PI (Sigma) both for 10 min at room temperature in the dark according to the
manufacturer’s instructions. All stained cells were then �ow cytometrically examined.

1.9 CCK-8 assay

CCK-8 assay was used to determine the effect of KLF4 on the proliferation of human LX-2 cells. (CCK-8
assay kit , DOJINDO, molecular technolonies, Inc, Japan) by following manufacturer’s instructions. Brie�y,
5,000 cells were seeded into each well of 96-well plates. 7 wells were inoculated with each cell, and
another 2 wells were added with the cell-free complete medium. All the wells were incubated at 37℃ and
in 5% CO2 in a humidi�ed condition for 12-16 hours. The absorption of each well was read at 450 nm on
a plate reader. Cell viability was calculated as follows: Absorption of experiment-Absorption of
blank)/(Absorption of control-Absorption of blank) ×100%.

1.10 Statistical Analysis

Data obtained were expressed as mean ± standard deviation, and Student's t test was used. A P < 0.05
was considered to be statistically signi�cant.

Results
2.1 KLF4 mRNA expression in LX-2 cells cultured with different concentrations of TGF-β was decreased
after 24 hours.

After the human hepatic stellate cell line LX-2 were cultured with different concentrations of TGF-β for 24
hours, RT-PCR showed that KLF4 mRNA level was signi�cantly decreased (P<0.05) (�g. 1).

2.2 The expression of KLF4 in LX-2 cells transfected with KLF4 lentiviral vector and KLF4 siRNA lentiviral
vector experienced signi�cant change.

KLF4 lentiviral vector and siRNA lentiviral vector labeled with enhanced green �uorescence (eGFP) were
used to transfect human hepatic stellate cell line LX-2 in vitro, and KLF4 expression was up-regulated and
down-regulated, respectively (�g.2) after the transfections.

LX-2 cells were transfected with empty virus and cultured for 10 days (�uorescence imaging). D: KLF4
overexpression group: LX-2 cells were transfected with KLF4 and cultured for 10 days (�uorescent
imaging). E: KLF4 down-regulation group. LX-2 cells were transfected with empty virus and cultured for
10 days (�uorescence imaging). F: KLF4 down-regulation group. LX-2 cells were transfected with siRNA
virus and cultured for 10 days (�uorescence imaging).

2.3 The proliferation of LX-2 cells after KLF4 treatment was signi�cantly changed. 
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KLF4 lentiviral vector was transfected into LX-2 cells. CCK8 detection showed  showed that the up-
regulated KLF4 expression signi�cantly inhibited the proliferation of LX-2 cells (P<0.05). After
transfection with siRNA lentiviral vector, CCK8 detection revealed that the proliferation of LX-2 cells was
signi�cantly enhanced after KLF4 expression was silenced (P<0.05) (�g.3).

A . Effect of KLF4 overexpression on LX-2 cell proliferation B. Effect of inhibited KLF4 expression on LX-2
cell proliferation

2.4 Signi�cant changes in cell proliferation ability after KLF4 intervention.

KLF4 lentiviral vector was transfected into LX-2 cells. Plate cloning exhibited  that the number of clones
per unit area of LX-2 cells was signi�cantly decreased after KLF4 expression was up-regulated (P<0.05).
siRNA lentiviral vector was transfected into LX-2 cells. The plate cloning showed that the number of
clones per unit area of LX-2 cells was increased signi�cantly after KLF4 expression was silencing
(P<0.05) (�g. 4).

A. KLF4 overexpression group, empty virus was transfected into LX-2 cells. B. KLF4 overexpression group,
KLF4 virus was transfected into LX-2 cells. C. KLF4 down-regulation group, empty virus was transfected
into LX-2 cells.D. KLF4 down-regulation group, siRNA virus was transfected into LX-2 cells. E. KLF4
overexpression group: plate cloning. F. KLF4 down-regulation group: plate cloning.

2.5 After up-regulation of KLF4 expression, the number of LX-2 cells in G0/G1 phase and S phase was
increased.

KLF4 lentiviral vector was transfected into LX-2 cells, which up-regulated KLF4 expression. Flow
cytometry showed that overexpression of KLF4 in LX-2 cells signi�cantly increased G0-G1 phase cells
(P<0.05). The number of S phase cells was signi�cantly reduced, and no signi�cant change was found in
the number of G2/M phase cells (�g. 5, table 1).

Table 1 Effect of KLF4 on cell cycle of human hepatic stellate cell LX-2

2.6 After KLF4 intervention, LX-2 cells experienced signi�cant changes in apoptosis.
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KLF4 lentiviral vector was transfected into LX-2 cells, which up-regulated KLF4 expression. Flow
cytometry showed that the apoptosis of LX-2 cells overexpressing KLF4 was decreased at both the early
and late stages (P<0.05). siRNA lentiviral vector was transfected into LX-2 cells, which down-regulated
KLF4 expression. Flow cytometry exhibited that the apoptosis of LX-2 cells with KLF4 down-regulated by
silencing was increased at the early stages (P<0.05) (�g 6. �g 7).

A. KLF4 up-regulation group: Flow cytometrical results of LX2 cells transfected with empty virus. B. KLF4
up-regulation group: Flow cytometrical results of  LX-2 cells overexpressing KLF4. UL stands for early
apoptotic cells and UR for late apoptotic cells.

A. KLF4 inhibition group: LX-2 cells transfected with empty virus (control). B. KLF4 inhibition group: LX-2
cells with KLF4 down-regulation. UL stands for early apoptotic cells and UR for late apoptotic cells.

2.7 LX-2 cells overexpressing KLF4 underwent signi�cant changes in indicators of quiescence and
activation states.

KLF4 lentiviral vector was transfected into LX-2 cells, which up-regulate KLF4 expression. Western
blotting that the expression of HSC quiescence-associated proteins, i.e., E-cadherin and ZO-1, was up-
regulated while the expression of HSC activation-associated proteins, i.e., a-SMA and N-cadherin was
down-regulated (P<0.05) (�g. 8).

A. Western blot bands B. Western blotting chart

Discussion
Hepatic �brosis is a chronic pathological change of the liver caused by the simultaneous injury and repair
of the liver in the presence of chronic injury factors. The process is characterized by the abnormal
deposition of matrix components in the liver, which further triggers aberrant structural and functional
changes and thereby leads to progression of chronic liver disease to cirrhosis. The mechanism of liver
�brosis is multi-factorial, and is associated with alcoholic liver disease, viral hepatitis, autoimmune
diseases, fatty liver, among others. Multiple studies have con�rmed that the core event of the liver �brosis
is the activation of hepatic stellate cells (HSC) (Zhao et al., 2013). Activated HSC promotes self-
proliferation and synthesizes a large amount of extracellular matrices that deposits in the liver, through
autocrine and paracrine effects, eventually resulting in liver �brosis.

Hepatic stellate cells (HCS), also known as Ito cells, lipocytes or perisinusoidal cells, are predominantly
located in the Divine's space, between the liver cells and the sinusoidal endothelium, and are rich in
vitamin A lipid droplets. They are the main source of myo�broblasts during injury (about 70-80%). Other
sources of HSC include:  hilar �broblasts (Jhandier et al., 2005; Wells et al., 2004), hematopoietic stem
cell-derived �broblasts (Kisseleva et al., 2006), bone marrow (Forbes et al., 2004) and epithelial stromal
cell transformation (Zeisberg et al., 2007). Under physiological conditions, hepatic stellate cells are at
quiescent state. HSCs in quiescent (resting) state showed low proliferative capacity and low �brosis
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tendency, and virtually secreted no cytokines and lacked contractility (Maher et al., 1994; Rockey et al.,
1993). Their principal function to store and metabolize vitamin A lipid droplets (Blomhoff & Wake, 1991).
When liver �brosis progresses, the HSC phenotype is constantly altering with the change in the
microenvironment, such as decreased cell junctions, increased migration capacity, elevated a-SMA
expression in HSC, reduced vitamin A lipid droplets, and transdifferentiation into myo�broblasts. which
are activated (Senoo et al., 2010; Tsukamoto, 2005).

The activation of hepatic stellate cells mainly consists of two phases: the initiation phase and the
duration (Minar, 1987). The initiation phase, also known as the pro-in�ammatory phase, is characterized
by early gene expression and phenotypic changes in HSC, resting state-speci�c markers, i.e., glial �brillary
acidic protein (GFAP) and peroxisome proliferator-activated receptor (PPAR-γ), ZO-1, E-cadherin, vitamin A
lipid droplets are loss, original stellate cells morphological changes, showing migration and
differentiation and proliferation.  “Duration” is also known as continuous activation phase, including at
least seven HSC biological behavioral changes in this stage: cell proliferation, chemotaxis, �brosis,
contractility, changes in matrix degradation, loss of retinoids, and changes in in�ammatory signals
(Ghiassi-Nejad & Friedman, 2008). When stimulation persists, HSC proliferates, transforms into
myo�brolasts, expresses activation markers, such as N-cadherin, a-SMA, desmin and secretes a large
amount of ECM (Eng & Friedman, 2000; Friedman, 2000), which is involved in the liver �brosis. When
stimulatory factors are removed, the activated HSC can be cleared by the apoptotic mechanism or re-
converted to resting HSC (Lee & Friedman, 2011). 

This study found that HSC activation and differentiation into myo�broblasts is the core event of the liver
�brosis (Anthony et al., 2010; Novo et al., 2014; Zhao et al., 2013). On the one hand, activated HSC
participates in the remodeling of intrahepatic structures and the formation of HF by self-proliferation and
secretion of extracellular matrix components. On the other hand, the hepatic sinus pressure is increased
due to cell contraction, and these two changes morphologically and pathologically underlie the
pathogenesis of liver �brosis and cirrhosis.

Gressner et al (Gressner et al., 2002) found that TGF-β is the most important regulatory factor that
induces the transformation of HSC into myo�broblasts, increases the level of activation markers, and up-
regulates collagen expression. Domitrović R et al. showed that excessive ECM could cause hepatocyte
damage (Domitrovic et al., 2009), and the hepatic parenchymal damage triggers HSC activation. At the
same time, activated HSCs differentiated into myo�broblasts, which can abundantly secrete collagen and
migrate to necrotic and in�ammatory areas. Excessive deposition of ECM can damage liver cells and
affect their metabolic function (Domitrovic et al., 2009). Therefore, HSC plays an important role in the
development of liver �brosis. HSC is a major source of  tissue metalloproteinase inhibitors, which can
inhibit matrix metalloproteinase activity and regulate the balance between synthesis and degradation of
ECM (Ramachandran & Iredale, 2012). Fibrosis is characterized by excessive accumulation of the
extracellular matrix (ECM) when the imbalance was upset between synthesis and degradation of ECM
(Schnaper, 1995). HSCs release a variety of cytokines that regulate gene expression and cell phenotypes
at the early stages of �brosis via paracrine pathway (Heymann et al., 2009). Both experimental and
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clinical studies demonstrated that reduced number of activated HSC is an important indicator of liver
�brosis reversal, and the self-repair from liver �brosis mainly relies on apoptosis of activated
HSC(Gonzalez et al., 2009; Suarez-Cuenca et al., 2008). The early �brosis is reversible, and
myo�broblasts can be re-transformed to an inactive state during the reversal of liver �brosis (Kisseleva et
al., 2012). Activated HSCs play an important role in the mediation of liver immune response. Stellate cells
produce a series of chemotactic peptides (especially chemokines), which amplify the in�ammatory
effects of in�ammatory cells and also directly interact with lymphocyte subsets, including natural killer
cells, to participate in the in�ammatory process (Wang et al., 2013). These studies suggested that HSC is
not only the central link in the progression of liver �brosis, but also may serve as target for reversing liver
�brosis.

Krüppel-like factor 4 (KLF4) is a eukaryotic zinc �nger protein transcription factor that is widely expressed
in various tissues of mammals and can bidirectionally regulate the activation and inhibition. It plays an
important role in cellular proliferation, apoptosis, migration, differentiation, phenotype and embryo
development. 

Conclusion
The expression level of KLF4 mRNA in LX-2 cells cultured with transforming growth factor-β (TGF-β) was
decreased signi�cantly. Transforming growth factor-β (TGF-β) induced a signi�cant decrease in KLF4
mRNA expression in cultured LX-2 cells. TGF-β is widely believed to promote liver �brosis, and hepatic
stellate cell activation is a central event of the liver �brosis, suggesting that there might be a relationship
between KLF4 and HSC activation. After overexpression of KLF4, LX-2 cell proliferation was inhibited and
apoptosis was reduced. After silencing KLF4 expression, LX-2 cells proliferation was enhanced and early
apoptosis increased.

After KLF4 expression was up-regulated, the expression of epithelial markers E-cadherin and ZO-1 in LX-2
cells were increased, and the expression of interstitial markers -SMA, N-cadherin and vimentin were
decreased. These �ndings con�rmed that KLF4 can inhibit the proliferative ability of activated LX-2 cells
and promote the change of activated LX-2 cells back to resting state. These results led us to theorize that
KLF4 may be a functional regulator of quiescent HSC and may serve as novel molecular target for
stopping liver �brosis from deterioration and may provide a new approach for the treatment of liver
�brosis.
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Figure 1

KLF4 mRNA expression in LX-2 cells cultured with different concentrations of TGF-β was decreased after
24 hours.
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Figure 2

Transfection of LX-2 cells with lentiviral vector. A: LX-2 cells overexpressed KLF4. B Silencing of KLF4
expression in LX-2 cells. C: KLF4 overexpression group.
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Figure 3

CCK8 detection of LX-2 cell proliferation
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Figure 4

Plate clone map and chart.
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Figure 5

Flow cytometrical detection of cell cycle. A. The control group transfect by empty virus. B. The LX-2 group
up-regulated KLF4 expression.

Figure 6
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Flow cytometrical detection of apoptosis of cells with KLF4 overexpression

Figure 7

Flow cytometrical detection of apoptosis in KLF4 inhibition group.
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Figure 8

Western blotting results
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