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Krüppel-like factor 4 (KLF4) is a zinc-fnger transcription factor which has various mechanisms in diferent tumors. Ursolic acid
(UA), a natural compound that exists in many herbs, is known to prevent tumor progression and has anticancer efects on many
human cancers.Te present study was to evaluate the antitumor efect of UA on gastric cancer (GC) through KLF4 and the Hippo
pathway. Our data showed that UA inhibited the growth of GC in vivo and in vitro. UA treatment signifcantly increased the
expression of KLF4 and decreased the expression of CTGF. Te overexpression of KLF4 inhibited the proliferation and cell
cycle of GC and decreased the expression of CTGF, whereas the knockdown of KLF4 attenuated the efects of UA. Furthermore,
the inhibition of CTGF arrested tumor cells in G2/Mwhich blocked proliferation progress. Confocal laser scanning andmolecular
simulation software MOE showed that KLF4 combined with YAP1 which may block the formation of the TEADs-YAP1 complex
to interrupt the expression of CTGF and the downstream oncogenic process. In conclusion, UA can inhibit GC growth both in
vivo and in vitro, and it activated KLF4 which may competitively bind with YAP1 against TEADs and block the oncogenic Hippo
pathways.

1. Introduction

GC is the ffth most common malignancy worldwide, and it
is the third most frequent cause of cancer-related death with
a high incidence rate [1, 2]. Tough emerging advances in
biological and surgical therapy have improved the cure rate
of GC patients, there was no notable improvement in overall
survival partly [3, 4]. Terefore, it is necessary to fnd the
molecular basis of GC tumorigenesis and progression to
obtain improved clinical results for GC patients.

Krüppel-like factor 4 (KLF4) is a zinc-fnger transcrip-
tion factor and has three zinc-fnger domains in its C-
terminus, and one of its zinc-fnger domains contains
a “PPGF” motif. KLF4 is a potential tumor suppressor in
gastrointestinal cancers [5, 6]. Decreased expression of KLF4
was found in gastrointestinal epithelial tumors [7] and
esophageal squamous cell carcinoma patients [8]. Te ab-
sence of KLF4 enhanced the occurrence of GC, while the
overexpression of KLF4 reduced cancer colony formation,

migration, and invasion [9]. Furthermore, KLF4 was re-
ported to inhibit the expression of a typical target gene of
YAP1 named CTGF [10]. Our preliminary work showed that
expression of KLF4 is related to the proliferation of GC
BGC-823 cells and that overexpression of KLF4 can inhibit
the expression of CTGF. However, how KLF4 inhibits CTGF
expression remains unknown.

Multiple pieces of evidence have uncovered the im-
portance of the Hippo signaling pathway in gastric tu-
morigenesis [11, 12]. As the key downstreammediator of the
Hippo pathway, YAP1, a transcriptional coactivator, is
frequently activated in GC patients. Te overexpression of
nuclear YAP1 is related to a poor prognosis [13], whereas
knockdown of YAP1 inhibits several stages of GC devel-
opment such as cell proliferation, migration, invasion, and
metastasis [14], suggesting that inhibition of YAP1 tran-
scriptional activity may prevent tumor progression in GC.
YAP1 locates in the nucleus where it binds with tran-
scription factor TEADs and activates its transcription
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process, thereby stimulating the expression of proliferative
genes such as connective tissue growth factor (CTGF) [15].
Based on the fact that KLF4 contains a “PPGF”motif and can
inhibit the expression of CTGF, we hypothesize that KLF4
may bind to YAP1 and hinder the binding of YAP1 to
TEADs, which requires further experimental validation.

Natural plants provide an important source for
obtaining novel therapeutic molecules for cancer treatment.
UA is a promising natural compound for cancer prevention
and therapy, and it has been demonstrated to possess
a number of anticancer activities, including the inhibition of
tumorigenesis, tumor promotion, and angiogenesis [16–18].
Our preliminary work showed that UA could inhibit the
growth of GC cells and regulate the expression of KLF4,
while the deepening mechanism remains unclear.

In the view of unsettled issues above, the aim of this
study was to further elucidate the efects of UA on GC, and
we emphatically investigated the interaction between KLF4
and YAP1. Our work demonstrated that UA could inhibit
gastric tumorigenesis both in vitro and in vivo, and the
inhibitory efects of UA were evaluated through KLF4 which
competitively binds with YAP1 and negatively inhibits
oncogenic gene CTGF.

2. Materials and Methods

2.1.Cell Culture andReagents. Human GC cell line BCG-823
was obtained from the Central Laboratory of Putuo Hos-
pital, Shanghai University of Traditional Chinese Medicine.
Te BCG-823 cells were maintained in RPMI 1640 medium
(Hyclone, USA) containing 10% fetal bovine serum (FBS),
100U/ml penicillin, and 100 g/ml streptomycin (Hyclone,
USA). UA (Selleck, USA) was dissolved in dimethyl sulf-
oxide (DMSO, Sigma, USA) and stored at −20°C.

2.2. Cell Proliferation Assays. BCG-823 cells were harvested
and adjusted to 1× 104 cells/well and seeded in 96-well
culture plates. Te cells were treated with UA at diferent
doses with triplicates at 37°C in a 5% CO2 incubator.Te cell
proliferation assays were performed as previously
reported [19].

2.3. Cell Cycle Analysis. Cells were collected by centrifuging
for 5min at 1,000 rpm, 4°C and resuspended in cold PBS.
Ten, 100 μl of 200 μg/ml DNase-free RNaseA was added to
cell suspension and incubated for 30min at 37°C. Te cells
were stained with 100 μl of 1mg/ml propidium iodide. After
shaking, the cells were incubated in the darkness for 30min.
Flow cytometry was performed on BD FACS Calibur using
BD CellQuest Pro software. Data were analyzed by using
FlowJo software (Tree Star Inc., Ashland, USA).

2.4. Quantitative Real-Time PCR. Quantitative real-time
PCR was performed as previously reported [20]. Te ex-
pression levels of genes were normalized to GAPDH. Te
primers of genes are listed in Table 1.

2.5. Western Blot Analysis. Equal amounts of protein were
loaded and separated discontinuously on 12% sodium
dodecyl sulfate-polyacrylamide (SDS-PAGE) gels and sub-
sequently transferred onto a nitrocellulose membrane
(Amersham Pharmacia, UK). Te membrane was then in-
cubated in TBST blocking solution (Tris-bufered saline
including 0.1% Tween 20) containing 5% skimmilk for 2 h at
room temperature, followed by separate incubation with
primary antibodies against KLF4, CTGF, Akt and p-Akt
(CST), and β-actin (Beyotime, Jiangsu, China) overnight at
4°C. After washing, the membrane was incubated with re-
spective secondary antibodies for 2 h. Immunoblot was
detected with enhanced chemiluminescence (Pierce Bio-
technology) according to the manufacturer’s instructions.

2.6. Immunofuorescent Staining. Te cells were collected in
microcentrifuge tubes and washed with PBS 3 times. Te
cells were immobilized with immunol staining fx solution
(Beyotime, China) for 20min and washed with PBS 3 times.
Te cells were blocked with 5% BSA solution containing
0.1% Triton-X 100 for 40min at room temperature and then
incubated at 4°C overnight in the same solution containing
the antibody. After incubation, the cells were washed with
PBS 3 times and incubated with anti-mouse FITC-IgG (BD
Biosciences, USA) at 37°C for 2 h. After wash, the cells were
stained with DAPI for 5min, and the images were acquired
by using a fuorescence microscope (Leica, Germany).

2.7. Gold Yeast Two-Hybrid System. Te Matchmaker™
Gold Yeast two-hybrid system (Clontech) was used
according to the manufacturer’s instructions. To screen
protein-protein interactions, respective bait (pGBKT7) and
prey (pGADT7) plasmids were cotransformed into the yeast
strain Y2HGold (Clontech), and cotransformants were se-
lected on high-stringency double dropout (DDO) and
quadruple dropout (QDO) plates containing 0.04mg/ml 5-
bromo-4-chloro-3-indolyl-d-galactopyranoside (X-α-Gal)
and 0.2 μg/ml Aureobasidin A (ABA). Double dropout
plates were designed as SD/-Trp/-Leu/AbA/X-α-gal, and
quadruple dropout plates were designed as SD/-Trp/-Leu/-
His/-Ade/AbA/X-α-gal.

2.8. Homology Modeling. Te target sequence of KLF4 was
obtained from UniProt, with the UniProt ID of Q6TH77.
Template crystal structures were identifed through BLAST
and downloaded from RCSB Protein Data Bank (PDB ID:
2WBU). Homology modeling was conducted in MOEv2015.
Te protonation state of the protein and the orientation of
hydrogens were optimized by using LigX, at a pH of 7 and
a temperature of 300K. First, the target sequence was aligned
to the template sequence, and ten independent intermediate
models were built. Tese diferent homology models were
the result of the permutational selection of diferent loop
candidates and side-chain rotamers. Ten, the intermediate
model that scored best according to the GB/VI scoring
function was chosen as the fnal model, subject to further
energy minimization using the AMBER12/EHT force feld.
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2.9. Protein-Protein Docking. Te protein-protein dock
module in MOEv2015 was used for protein-protein docking
simulations of KLF4 and YAP1. Te 3D structure of KLF4
was predicted through homology modeling as mentioned
before. Te 3D structure of YAP1 was downloaded from
RCSB Protein Data Bank (PDB ID: 4REX), which reported
the crystal structure of the frst WW domain of human
YAP1, with a resolution of 1.6 Å. Ten, the protonation state
of the enzyme and the orientation of hydrogens were op-
timized by using LigX, at a pH of 7 and a temperature of
300K. Prior to docking, the force feld of AMBER12: EHT
and the implicit solvation model of reaction feld (R-feld)
were selected. KLF4 and YAP1 were defned as a receptor
and ligand, respectively.Te PPGF in KLF4 was selected and
defned as a ligand site. Te docking workfow followed the
“induced ft” protocol, in which the side chains of the re-
ceptor pocket were allowed to move according to ligand
conformations, with a constraint on their positions. Te
docked poses were refned with top 100 poses retained by
a rescoring of GBVI/WSAdG. Te detection and analysis
were conducted by Shanghai PSI Biotechnology Co., Ltd.

2.10. Coimmunoprecipitation Assay. Lentivirus-containing
human KLF4-Flag cDNA was designed and constructed by
Genechem using lentiviral vector GV358 (Genechem,
Shanghai, China). Te BGC-823 cells with overexpression of
KLF4 were harvested and lysed with IP lysis bufer (20mMTris
pH 7.5, 150mM NaCl, 1% TritonX-100, 1mM EDTA, and
protease inhibitors) and immunoprecipitated with anti-Flag
magnetic beads overnight at 4°C to pull down KLF4 protein.
Tese beads were washed three times with lysis bufer. After
separation by SDS-PAGE, the immunoprecipitates were sub-
jected to immunoblotting analysis with an anti-YAP antibody.

2.11. Orthotopic Tumor Transplantation Models and
Treatments. Male athymic nude mice (6weeks old) were
purchased from the Shanghai Experimental Animal Center
of Chinese Academic of Science (Shanghai, China). Mice
were maintained under specifc pathogen-free conditions in
the animal facility of Putuo Hospital, Shanghai University of
Traditional Chinese Medicine. Te BCG-823 cells (1× 106)
were injected subcutaneously into the right fank of mice.
Tumors were collected and cut into small pieces less than
1mm3 after the size of tumors was determined, and then,
purse-string sutures were performed on the anterior wall of
the stomach. Tese mice were randomly divided into 2
groups, 8 in each group, one group received UA (50 ug/g) for
8weeks and the other group received DMSO. In addition,

the BGC-823 cells infected with lentivirus encoding KLF4
(BGC-823-KLF4) and negative control (BGC-823-NC) were
injected into the right fank of the mouse, 8 in each group.
Te body weight and the tumor volume of the mice were
measured by using a caliper on the sacrifced day. All
procedures were approved by the Animal Experimentation
Ethics Committee of Putuo Hospital Afliated to Shanghai
University of Traditional Chinese Medicine.

2.12. Statistical Analysis. Data were analyzed for statistical
signifcance using Student’s t-test for the diference between
two groups. All analyses were calculated by using GraphPad
and SPSS 21.0 Software. p< 0.05 was considered statistically
signifcant.

3. Results

3.1. Efects of UA on the Proliferation and Cell Cycle of GC
BGC-823 Cells. To validate the inhibitory efects of UA on
GC cells, we measured the proliferation of the BGC-823 cells
which were treated with UA at various concentrations for
24 h. Te data confrmed that UA inhibited the proliferation
of the BGC-823 cells with efects proportional to incubation
dosage, and the doses of IC50 of UA for 24 h were 52.75 µM
in the BGC-823 cells (Figure 1(a)). As cell proliferation was
signifcantly suppressed by UA at concentrations less than
50 µM, this dosage range was used in subsequent
experiments.

To analyze how UA regulated the proliferation of the
BGC-823 cells, DNA fow cytometric analysis was performed
to determine the efect of UA on the cell cycle of the BGC-
823 cells. We found that after treatment with UA, the S phase
of cells decreased signifcantly and the G2/M phase increased
(Figures 1(b) and 1(c)). Furthermore, we tested the protein
level of P21 and P27, and it showed that the expression of P21
and P27 increased signifcantly after treatment with UA
(Figure 1(d)). Te results determined the efect of UA on the
cell cycles of the BGC-823 cells.

3.2. UA Inhibited the Growth of GC BGC-823 Cells through
Upregulation of KLF4. In our previous study, we found that
KLF4 played an important role in inhibiting tumor
growth, to explore whether UA inhibited GC growth by
targeting KLF4 in the BGC-823 cells, we evaluated the
efects of UA on the expression of KLF4, and the results
showed that the mRNA and protein level of KLF4 in BGC-
823 cells after treatment with UA increased signifcantly
compared to those in the BGC-823 control cells

Table 1: Nucleotide sequences of primers used for qRT-PCR reactions.

Genes Forward Reverse
KLF4 5′-CGGAGAGAGACCGAGGAGTT-3′ 5′-AAGAGGAGGCTGACGCTGA-3′
CTGF 5′-TACCAATGACAACGCCTCCT-3′ 5′-TTGGGAGTACGGATGCACTT-3′
P21 5′-CGACTGTGATGCGCTAATGG-3′ 5′-CTCCAGTGGTGTCTCGGTGA-3′
P27 5′-GCTCCGGCTAACTCTGAGGA-3′ 5′-AAGAATCGTCGGTTGCAGGT-3′
Gli2 5′-GAGCCATCAAGACCGAGAGC-3′ 5′-CATCTCCACGCCACTGTCAT-3′
GAPDH 5′-GAAGGTGAAGGTCGGAGTC-3′ 5′-GAAGATGGTGATGGGATTTC-3′
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(Figures 2(a) and 2(b)). Also, the expression of CTGF
decreased, and the expression of P21 and P27 increased
signifcantly (Figure 2(c)).

To confrm the efcacy of KLF4 in inhibiting GC cells, we
used a lentivirus expressing KLF4 to achieve the over-
expression of KLF4 in the BGC-823 cells. qRT-PCR and
western blot analysis showed that the KLF4 level in the
BGC-823 cells transfected with the KLF4 overexpression
vector was notably higher than that in the BGC-823
control cells (Figure 2(d)). Te proliferation of the BGC-
823 cells with overexpression of KLF4 was signifcantly
inhibited (Figure 2(e)). Tese results suggest that the
overexpression of KLF4 could inhibit the growth of the
BGC-823 cells.

To further verify the efcacy of UA in inhibiting the
BGC-823 cells by targeting KLF4, we transfected the BGC-
823 cells with a lentivirus to stably suppress KLF4 expression
in the BGC-823 cells. qRT-PCR and western blot analysis
showed that the KLF4 level signifcantly decreased in the

BGC-823 cells transfected with the KLF4 lentivirus com-
pared with the level in the BGC-823 control cells
(Figure 2(f)). Te CCK-8 results showed that the inhibition
of BGC-823 cell proliferation in cells with lower KLF4 was
decreased compared to that of the control cells after the UA
treatment (Figure 2(g)). Te results indicated that UA was
unable to efectively inhibit the growth of the BGC-823 cells
when the expression of KLF4 was suppressed. It was con-
ceivable that UA inhibited the growth of the BGC-823 cells
through the regulation of KLF4 expression.

3.3. KLF4 Inhibited the Growth of GC Cells through Down-
regulation of CTGF. CTGF plays a key role in the regulation
of cell growth; to assess whether KLF4 was involved in the
regulation of CTGF expression in BGC-823 cells, we de-
tected the expression level of CTGF by qRT-PCR analyses.
As shown in Figure 3(a), the expression level of CTGF
signifcantly decreased in the BGC-823 cells overexpressing
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Figure 1: Efects of UA on the proliferation and cell cycle of GC BGC-823 cells. (a) Te inhibition of cell proliferation by UA in BGC-823
cells. (b) G2/M and S-phase analysis of the cell cycle of BGC-823 cells treated with UA. (c) Flow cytometric analysis of the cell cycle of BGC-
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KLF4 compared to the expression level in the control cells.
In addition, there was a signifcant increase in the P21 and
P27 expression level (Figure 3(a)). Te results were in-
dicative of the ability of KLF4 to alter CTGF expression
levels in the BGC-823 cells. To further verify the efcacy of
CTGF in inhibiting the BGC-823 cells, we transfected the
BGC-823 cells with a lentivirus to stably suppress CTGF
expression in the BGC-823 cells. Te CCK-8 results showed
that the proliferation of the BGC-823 cell cells with lower

CTGF decreased compared to that of the control cells
(Figure 3(b)). DNA fow cytometric analysis showed that the
G2/M phase increased when CTFG translation was blocked
(Figures 3(c) and 3(d)). Furthermore, the downstream AKT
signaling pathways genes such as P21 and P27 signifcantly
increased with the downregulation of CTFG (Figures 3(e)
and 3(f )). It is conceivable that UA inhibits the growth of the
BGC-823 cells through the regulation of KLF4/CTGF
expression.
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Figure 2: UA inhibited the growth of GC BGC-823 cells through upregulation of KLF4. (a) Changes of KLF4mRNA levels in BGC-823 cells
after treatment with UA. (b) Changes of KLF4 protein levels in BGC-823 cells after treatment with UA. (c) Changes of CTGF, P21, and P27
mRNA levels in BGC-823 cells after treatment with UA. (d) Real-time PCR and western blot analyses of KLF4 expression levels after
transfection of the KLF4 overexpression lentivirus in BGC-823 cells. (e) Te inhibition of cell proliferation in BGC-823 cells after
overexpression of KLF4. (f ) Real-time PCR and western blot analyses of KLF4 expression levels after transfection of KLF4 RNAi in BGC-823
cells. (g) Te inhibition of cell proliferation in BGC-823 cells after downregulation of KLF4.
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3.4. KLF4 and TEADs Compete for Interaction with YAP1
Protein. Given that CTGF negatively correlated with KLF4,
we tested whether KLF4 may physically interact with up-
stream YAP1. By performing immunofuorescent staining in

the BCG-823 cells, we found hyperactivation of KLF4 may
combine with YAP1 (Figure 4(a)). Subsequently, we dem-
onstrated that YAP1 can interact with KLF4 and TEAD4 by
using a yeast two-hybrid system (Figure 4(b)). Tus, we
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speculated that KLF4 and TEAD4 competitively bind to
YAP1, leading to reduced transcription of CTGF.

Furthermore, we calculated and analyzed the protein
interaction sites between KLF4 and YAP1 using MOE 2015
docking software. Te crystal model of KLF4 (Figure 4(c))
and the score of the KLF4 model (Figure 4(d)) are according
to the GB/VI score function, where the dark green dots
represent the residue of the most favorable region, the yellow
dots represent the residues in the additional allowed area,
and the small red crosses represent the residues in the
prohibited area. Figure 4(e) represents the docking site
between KLF4 and YAP1. Te indole ring of Trp199 in the
“WW” domain of YAP1 interacts with Phe340 in the
“PPGF” sequence of KLF4 to form van der Waals and hy-
drophobic interactions. Trp199 also forms hydrogen bonds
with the carboxyl group of Glu323. In addition, residues
Tr196, Asp194, and ALA205 in YAP1 form hydrogen
bonds with residues Leu325, Arg370, and His385 in KLF4,
respectively. Te hydrophobic residues Trp177, Leu207,
Phe165, and Met163 in YAP1 and the hydrophobic residues
Leu325, Phe386, Met391, Met392, and Leu393 in KLF4 form
van derWaals forces.Te carboxyl group of Asp194 in YAP1
forms an electrostatic force with protonated guanidine
Arg370 in KLF4 (Figures 4(f) and 4(g)). Furthermore, the
interaction of KLF4 and YAP1 was validated by coimmu-
noprecipitation (co-IP) experiments in the BGC-823 cells.
Te overexpression constructs of KLF4 and the control were
designated as Flag-KLF4 and GV358. Te results showed
that KLF4 can interact with YAP1 in the BGC-823 cells with
overexpression of Flag-KLF4 compared to the control group
(Figure 4(h)).

3.5. UA Inhibited the Growth of Gastric Cancer In Situ in
Mice. We have proved that UA inhibited the growth of the
BCG-823 cells through activating KLF4 expression. More-
over, we suggested UA can restrain tumor growth in vivo. As
a result, we designed a successful orthotopic tumor trans-
plantation model on nude mice (Figure 5(a)). Te tumor

weight and volume were analyzed, and we found over-
expression of KLF4 as well as UA treatment signifcantly
inhibited the growth of tumors in this model (Figures 5(b)
and 5(c)). Furthermore, we detected the mRNA expression
levels of CTGF and KLF4 in the tumor tissue and found that
CTGF was negatively correlated with KLF4 as expected
(Figure 5(d)).

4. Discussion

GC is a common malignant tumor which seriously afects
people’s life and health. Te occurrence of cancer is mainly
caused by the activation of tumor promoting genes or the
inhibition of tumor suppressor genes. Terefore, there is
a need to fnd a key gene that can be used as a target for the
treatment of GC. Here, we demonstrated that KLF4 plays
a key role in inhibiting the growth of GC and that KLF4
could interact with YAP1 to interrupt the oncogenic tran-
scriptional process. In addition, UA could efectively inhibit
the growth of GC by increasing KLF4 expression.

Many studies have shown that KLF4 plays a role of
a tumor suppressor gene in many tumors [21, 22]. It has
been reported that KLF4 decreased in lung adenocarcinoma
[23], colorectal cancer [24], and hepatocellular carcinoma
[25]. Moreover, studies have indicated that KLF4 plays a key
role in inhibiting tumor growth [26, 27]. In our study, we
found that the overexpression of KLF4 can efectively inhibit
the proliferation and cell cycle of the BGC-823 cells. Fur-
thermore, the tumor xenograft model showed that over-
expression of KLF4 in the BGC-823 cells dramatically
inhibited GC growth in nude mice. In addition, to clarify the
mechanism of KLF4 inhibiting the growth of GC, we de-
tected the changes of related genes after overexpression of
KLF4, and we found that overexpression of KLF4 can de-
crease the expression of CTGF, which was consistent with
the fndings by others that KLF4 could decrease the ex-
pression of CTGF [28]. Also, we found that the expression of
P21 and P27, which were the downstream of CTGF, in-
creased after overexpression of KLF4. High CTGF
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Figure 4: KLF4 and TEADs compete for interaction with YAP1 protein. (a) Cell immunofuorescence assay of KLF4 and YAP1 in BGC-823.
(b) 1–5: yeast cotransformed with pgadt7 + pgbkt7 (blank control), pgadt7-t + pgbkt7-lam (negative control, large t antigen does not bind to
lam protein), pgadt7-t + pgbkt7-P53 (positive control, large t antigen can bind to p53 protein), pgadt7-yap1 + pgbkt7-klf4 (experimental
group 1), and pgadt7-yap1 + pgbkt7-tead4 (experimental group 2). Above: fve groups of plasmid transfected Y2hgold were coated on the
double defcient plate (SD/-Trp/-Leu/AbA/X-α-Gal), below: fve groups of plasmids were transfected with Y2hgold and coated on the four
defcient plates (SD/-Trp/-Leu/-His/-Ade/AbA/X-α-Gal). (c) Te crystal model of KLF4. (d) Te score of the KLF4 model according to the
GB/VI score function. (e–g) Te docking site between KLF4 and YAP1. (h) Co-IP assay indicated binding of KLF4 and YAP1 in BGC-
823 cells.
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expression in tumor tissues was associated with an increased
desmoplasia in cancers [29]. Clinical evidence showed
upregulation of CTGF correlates with gastric tumor growth,
invasion, and poor survival in patients [30, 31]. To confrm
the efcacy of CTGF in inhibiting growth in GC cells, we
used a lentivirus to achieve the downexpression of CTGF in
the BGC-823 cells. We found that after downexpression of
CTGF, the proliferation of the BGC-823 cells was inhibited
and the cell cycle of BGC-823 cells was blocked in the G2/M
stage, and the expression of P21 and P27 increased. Te
results indicated that the inhibitory efect of KLF4 on GC
growth may be fulflled by CTGF.

CTGF is a typical downstream oncogene of Hippo
pathways, which is considered as a therapeutic target of
tumors [32]. In order to further clarify how KLF4 afected
the expression level of CTGF, we tried to explore the re-
lationship between KLF4 and the Hippo pathway. Te core
set of Hippo pathways was composed of 4 tumor sup-
pressors, transcriptional coactivator (YAP), and transcrip-
tional factor TEADs [33]. YAP has been identifed as
a terminal efector of the Hippo pathway because it is the

most pivotal step for the core kinase cassette of the pathway
[34, 35]. YAP shuttles from the cytoplasm to the nucleus,
where it induces the expression of proliferation-promoting
and antiapoptotic genes through interaction with TEADs
[36, 37]. TEADs are considered key transcription factor
partners for YAP in regulation of gene expression.
Knockdown of TEADs or disruption of the interaction of
YAP-TEADs diminished YAP-dependent gene transcrip-
tion and oncogenic transformation both in vitro and in vivo
[38, 39]. Tere are WW domains at the N-terminal of YAP,
and the WW domains specifcally recognize and bind to
proline-rich motif [40]. It mediated protein-protein in-
teractions in many cases. TEADs contain an N-terminal
TEA DNA-binding domain which contains a “PPXY” se-
quence that contributes to YAP1 interaction [41]. We an-
alyzed the amino acid sequence and found that KLF4
includes “PPGF” instead of “PPXY.” A yeast two-hybrid
system proved that KLF4 and YAP1 did combine with each
other in vitro. We further used molecular docking to predict
the binding sites. Terefore, the WW domains of YAP1
might recognize the “PPGF” sequence as a binding signal as

Ctrl

UA

KLF4-NC

KLF4-OE

(a)

Ct
rl

UA

KL
F4

-N
C

KL
F4

-O
E

*
**

0

500

1000

1500

2000

2500

Tu
m

or
 v

ol
um

e (
m

m
3 )

(b)

*

*

Ct
rl

UA

KL
F4

-N
C

KL
F4

-O
E

0.0

0.5

1.0

1.5

2.0

2.5

Tu
m

or
 w

ei
gh

t (
g)

(c)

KL
F4

CT
G

F

P2
1

P2
7

Ctrl
UA

KLF4-NC
KLF4-OE

25

20

15

4

2

0

Re
la

tiv
e q

ua
nt

ity
 o

f m
RN

A

**

**

*
*

*

***
**

(d)

Figure 5: UA inhibited the growth of gastric cancer in situ in mice. (a) Pictures of tumors were taken at the same scale on the 28th day after
inoculation. (b) Tumor volume on the 28th day after implantation. (c) Tumor weight on the 28th day after implantation. (d) Real-time PCR
analysis of KLF4, CTGF, P21, and P27 mRNA levels extracted from the nude mouse’s tumor. ∗P< 0.05, ∗∗P< 0.01 versus the control group.
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well. KLF4 may competitively interact with YAP1 protein to
block the formation of the YAP1-TEADs complex, which is
a novel breakthrough in the Hippo pathway participants in
cell growth regulation. To show the interaction of KLF4 to
YAP1 in human cells, we performed co-IP experiments. Te
results showed that KLF4 can interact with YAP1 in the
BGC-823 cells which further supported our conclusion.
However, it needs more evidence, such as it is important to
perform pulldown to prove direct protein-protein interplay
and the binding sites between KLF4 and YAP1, and we will
demonstrate it in future experiments.

UA is a pentacyclic triterpenoid compound that is de-
rived from a range of medicinal herbs. Several studies have
confrmed that UA has antiproliferative properties in a va-
riety of cancer cell lines [42–44]. To investigate the mech-
anism of UA in inhibiting the growth of GC, we determined
the role of UA in regulating the expression of KLF4 and
CTGF. We found that UA could signifcantly increase the
expression of KLF4 and decrease the level of CTGF. UA
inhibits the growth of GC through regulating KLF4. Simi-
larly, it needs further experiment to support the conclusion,
such as it is better to compare the growth inhibitory efect of
UA onWTand KLF4-KD cells to show that KLF4 is a target
of UA.

In conclusion, although multiple signaling pathways
have been demonstrated to be involved in anticancer efects,
our results presented here are particularly novel because the
data revealed that KLF4 as a tumor suppressor, which
interacted with YAP1, negatively inhibited oncogenic gene
CTGF. Moreover, we also demonstrated that UA, a natural
compound, can block the oncogenic pathway of GC through
activating KLF4 both in vivo and in vitro. Our studies may
provide novel therapy for GC patients.
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