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KLF16 promotes proliferation in gastric
cancer cells via regulating p21 and CDK4
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Abstract: Krippel-like factors (KLFs), such as KLF4, KLF2, KLF5 and KLF15, have been extensively investigated in
multi-cancers. However, KLF16, a member of KLFs, hasn’t been well identified in cancer, especially in gastric can-
cer (GC). Here, we investigated the roles of KLF16 in GC. In present study, we found that KLF16 expression levels
were significantly up-regulated in GC tissues compared to adjacent normal tissues both in protein and mRNA levels
by using immunohistochemistry assays (IHC) and real-time quantitative PCR (qPCR). And KLF16 expression levels
were positively correlated to tumor size, invasion depth, lymphatic metastasis and TNM stage. Furthermore, KLF16
expression also could predict prognosis in patients with GC. Moreover, the knock-down of KLF16 could significantly
suppress proliferation via increasing p21 expression and decreasing CDK4 expression in GC cell lines. In summary,
these findings demonstrate that KLF16 plays a significant role in GC progression and could be a new therapeutic

target for GC patients.
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Introduction

Gastric cancer (GC) has been one of the most
frequent diseases which contributes to millions
of deaths all over the world [1, 2]. It was esti-
mated that there were about 679,100 people
who were diagnosed with GC and almost
498,000 people died from GC in China in 2015
[3]. Most of patients were too late to receive
surgical treatment when they were first diag-
nosed with GC, and the clinical benefits of
treatment for unrespectable or advanced GC
patients have great room for improvement [4,
B]. Therefore, it is extremely urgent for clini-
cians and scientists to develop novel biomark-
ers and targets for diagnosis and treatment of
GC patients. Molecular diagnosis and targeted
treatment have been a flourishing field with the
high-speed development of genomics and

molecular biology [6-8]. Hence, it’s necessary
to identify tumor-related candidate genes and
further clarify their functions and mechanisms
in GC development.

The Kruppel-like factors (KLFs), one type of
transcription factors, have been extensively
investigated in various diseases [9-16]. KLFs
can bind different GC-rich DNA elements where
they can regulate transcription in a cell cycle
and promoter-dependent manner [17]. Most
members of KLFs function as suppressors
which can inhibit proliferation, migration and
invasion and induce apoptosis [15, 18-23],
while several members of KLF family act as
oncogenic roles [24, 25]. Their function and
mechanism in tumor progression have been
commonly recognized in cancer [26-29]. We
previously revealed that KLF2 could repress
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Table 1. Correlation between KLF16 expression and
clinicopathological characteristics of gastric cancer

cohort(n=60)

oncogenic-mutant cancer cells [40]. So
far, however, the expression and function
of KLF16 have not been elucidated in GC.

KLF16 expression

Clinical parameter

x>-test

High (n=49) Low (n=11) P-value

Hence, we measured the protein and
mMRNA expression of KLF16 in gastric can-

Gender

Male 35 8

Female 14 3
Age (years)

<50 15 4

>50 34 7
Tumor size

<5cm 12 7

>5cm 37 4
Histologic differentiation

Well 11 3

Moderate 30 5

Poor 5 1

Undifferentiated 3 2
Invasion depth

T1 2 3

T2 10 4

T3 18 3

T4 19 1
Lymphatic metastasis

Yes 40 5

No 9 6
TNM stages

| 6 5

Il 9 4

I 34 2

1.000

0.990

0.030°

0.508

0.004°

0.034°

0.049°

cer tissues and explored the essential
function and underlying mechanism of
KLF16 in GC.

Material and methods
Patients and specimens

All gastric adenocarcinoma tissue and
adjacent normal tissue samples were
obtained from the First Affiliated Hospital
of Nanjing Medical University between
2013 and 2014 and all patients have writ-
ten informed consent. The research was
approved by the Research Ethics
Committee of the First Affiliated Hospital
of Nanjing Medical University (Nanjing,
China).

Cell lines and cell culture

The human normal gastric epithelial cell
line GES-1 and the human gastric adeno-
carcinoma cell lines BGC-823, SGC-7901,
MGC-803, AGS and HGC-27 were obtained
from the Chinese Academy of Science
Committee on Type Culture Collection Cell
Bank (Shanghai, China). Cells were cul-
tured at 37°C in an atmosphere of 5% CO,

@0verall P<0.05.

tumor proliferation by up-regulating p15 and
p21 expression [27]. Besides, KLF4 also dis-
plays its anti-oncogenic role in diverse cancers
[30-34]. KLF5 could promote cell survival in
lung cancer and GC [26, 35, 36]. And KLF6 pro-
motes cell cycle arrest via regulating cyclin D1,
thereby disrupting the phosphorylation of reti-
noblastoma protein [37].

KLF16 has been reported to be involved in
metabolism and endocrinology [38]. And,
KLF16 can suppress neurite outgrowth and
enhance growth cone collapse in response to
exogenous ephrinA5 ligands in retinal ganglion
cells [39]. Besides, KLF16 inhibits cell growth,
suppresses transformation mediated by onco-
genic KRAS and increases apoptosis in KRAS
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in Dulbecco’s modified Eagle’s medium

(Gibco, USA) or PRIM 1640 medium (Gibco,

USA) supplemented with 10% fetal bovine
serum, and 100 IU/ml penicillin, and 100 ug/
ml streptomycin (Gibco, USA).

Immunohistochemistry

Gastric adenocarcinoma tissue and adjacent
normal tissue samples were immunostained
for KLF16 (1:50, ab175892, abcam) and Ki-67
(1:50, ab15580, abcam). Expression was con-
sidered to be positive when 50% or more can-
cer cells were stained.

Quantitative real-time PCR

Total RNA was extracted from cultured cells
using TRIzol reagent (Invitrogen, USA) accord-
ing to the manufacturer’s instructions, and a
total of 500 ng RNA was reversely transcribed

Am J Transl Res 2017;9(6):3027-3036



KLF16 promotes proliferation in GC

Table 2. Univariate and multivariate Cox regression analyses of KLF16 for DFS of patients in study

cohort (n=60)

Variables

DFS
HR 95% ClI P value

Univariate analysis
Gender (female vs. male)
Age (<50 years vs. 250 years)
Tumor size (<5 cm vs. 25 cm)

1.233  0.643-2.365 0.529
0.851  0.522-3.282 0.618
0.701  0.372-1.322 0.273

Histological differentiation (poor + undifferentiated vs. well + moderate) 1.395 0.645-3.013 0.398

Invasion depth (T3 + T4 vs. T1 + T2)

Lymphatic metastasis (Yes vs. No)

TNM stage (Il vs. | +11)

KLF16 expression (Low vs. High)
Multivariate analysis

Invasion depth (T3 + T4 vs. T1 + T2)

Lymphatic metastasis (Yes vs. No)

TNM stage (Il vs. | +1I)

KLF16 expression (Low vs. High)

4.157 1.915-9.024  <0.001°
3.402 1.431-8.089 0.006°
5.144 2.436-10.862 <0.001*
0.221  0.084-0.580 0.002°

1.728  0.601-4.972 0.310
0.854  0.267-2.728 0.790
2.965 1.031-8.523 0.0442
0.369 0.358-2.747 0.060

@0verall P<0.05; HR: hazard ratio; Cl: confidence interval.

Table 3. Primers used in gRT-PCR

Primer Name Primer Sequences (5’-3")

KLF16 Forward CAAGTCCTCGCACCTAAAGTC
KLF16 Reverse AGCGGGCGAACTTCTTGTC
CDNK1A/p21 Forward TGTCCGTCAGAACCCATGC
CDNK1A/p21 Reverse AAAGTCGAAGTTCCATCGCTC
CDK4 Forward ATGGCTACCTCTCGATATGAGC

CDK4 Reverse CATTGGGGACTCTCACACTCT
GAPDH Forward GCTCTCTGCTCCTCCTGTTC
GAPDH Reverse CCAAATCCGTTGACTC

in a final volume of 10 pl using PrimeScript RT
Reagent Kit (Takara, Dalian, China) according
to the manufacturer’s instructions. The GAPDH
was used as internal control. The primers used
for gqRT-PCR were shown in Table 3. The qu-
antitative Real-time PCR (gRT-PCR) and data
collection were acquired on ABI 7900 HT real-
time using SYBR Green Reagent (Vazyme,
Nanjing, China) following the manufacturer’s
instructions.

Plasmid construction and cell transfection

We obtained KLF16 short hairpin RNA (shRNA)
plasmid and empty vector from Genechem
(Shanghai, China). KLF16 shRNA target sequ-
ences were shown as follows: sh-KLF16 1#:
5-AGCGCTTCACCCGCAGTGA-3’; sh-KLF16 2#:
5-CGCACCTAAAGTCGCACCT-3’; sh-KLF16 3#:
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5-GTGCTCATGGCCATCTCTT-3". Plasmid vector
for transfection were prepared using DNA
Midiprep kits (Qiagen, Germany), and 2.5 ug
plasmids were transfected into cells using
X-tremeGENE HP DNA Transfection reagent
(Roche, Switzerland) according to the manufac-
turer’s instruction. Transfected cell lines were
further selected with puromycin (1 yg/ml) for 4
weeks. The stably interfering cell lines were
identified using real-time PCR and western
blotting.

Cell proliferation

The cell proliferation assay was carried out with
Cell Counting Kit-8 (CCK8, Biotool, China)
according to the manufacturer’s instruction. A
total of 2x10°2 per well transfected cells were
seed into 96-well plates in 200 pl of medium
supplemented with 10% FBS and incubated at
37°C in an atmosphere of humidified air 5%
CO, incubator. Cell viability was assessed ever
24 h following the manufacturer’s protocol. For
colony formation assay, a certain number
(n=500) of transfected cells were placed into
6-well plates and cultured in medium supple-
mented with 10% FBS for 14 days, and medium
was replaced every 4 days. Colonies were fixed
by methanol and stained with 0.05% crystal
violet (Sigma). Each experiment was performed
in triplicated and repeated three times.

Am J Transl Res 2017;9(6):3027-3036
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Figure 1. KLF16 expression in patients with GC was significantly up-regulated and positively associated with progno-
sis. A. Representative KLF16 protein expression levels in GC tissues and adjacent normal tissues were analyzed by
immunohistochemistry. B. KLF16 mRNA expression levels in GC tissues and adjacent normal tissues were analyzed
by gPCR. C. Kaplan-Meier analysis of Disease-free survival based on KLF16 expression in all the 60 patients. D, E.
Online Kaplan-Meier plotter analysis of OS and first-progression survival (FPS) in patients with GC from TCGA and

GEO datasets.

Flow cytometry

MGC-803 and SGC-7901 cells transfected with
sh-KLF16 were harvested 48 h after transfec-
tion by trypsinisation. After double staining with
FITC-Annexin V and propidium iodide (PI) using
the FITC Annexin V Apoptosis Detection Kit (BD
Biosciences) according to the manufacturer’s
recommendations, the cells were analyzed by
flow cytometry (FACScan) equipped with Cell
Quest software (BD Biosciences). Cells were
classified as viable, dead, early apoptotic, and
apoptotic, then the relative number of early
apoptotic cells was compared with that in cells
transfected with control plasmids. Cells for cell
cycle analysis were stained with Pl using the
CycleTEST™ Plus DNA Reagent Kit (BD
Biosciences) following the protocol, and ana-
lyzed by FACScan. The percentage of cells in
GO/G1, S, and G2/M phase were counted and
compared.

Western blotting
The cells were lysed using protein extraction
reagent RIPA (Beyotime, China) supplemented

with protease inhibitors cocktail (Roche) and
PMSF (Beyotime, China). The concentration of
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proteins was calculated by the Bio-Rad protein
assay kit. Thirty micrograms of the protein were
separated by 10% SDS polyacrylamide gel elec-
trophoresis (SDS-PAGE), and then transferred
to 0.22 ym PVDF membranes (Roche) and incu-
bated with specific antibodies. ECL chromogen-
ic substrate was used to visualize the bands,
and the intensity of bands was quantified by
densitometry (Quantity One software, Bio-Rad).
GAPDH antibody was used as internal control.
GAPDH, p21 and CDK4 were provided by Cell
Signaling Technology (2118, 2947, 12790).
Anti-KLF16 antibodies were purchased from
abcam (ab175892).

Statistical analysis

All statistical analyses were performed by SPSS
22.0 software (IBM, USA). The significance of
differences between groups was estimated by
Student’s t test, x? test, or Wilcoxon test, as
appropriate. DFS rates were calculated by the
Kaplan-Meier method with the log-rank test
applied for comparison. Survival data were
evaluated using univariate and multivariate Cox
proportional hazards model. Variables with a
value of p<0.05 in univariate analysis were
used in subsequent multivariate analysis on
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Figure 2. KLF16 knockdown significantly inhibited GC cell proliferation. A. qPCR analysis of KLF16 expression in the
normal gastric epithelium cell line (GES-1) and GC cells. Bars: SD. B. qPCR analysis of KLF16 expression transfected
with KLF16 shRNA in MGC-803 and SGC-7901. Bars: SD. C, D. CCK8 assays were conducted to determine the cell
viability of MGC-803 and SGC-7901 after knockdown expression of KLF16. Experiments were performed in tripli-
cate. Bars: SD. E. Colony-formation growth assays were conducted to determine the cell viability of MGC-803 and
SGC-7901 after knockdown expression of KLF16. Experiments were performed in triplicate. Bars: SD.

the basis of Cox regression analyses. Two-sided
p values were calculated, and a probability level
of 0.05 was chosen for statistical significance.

Results

KLF16 was up-regulated in gastric cancer (GC)
tissues and cell lines

We found KLF16 was up-regulated in gastric
tissues compared with the adjacent normal tis-
sues in TCGA datasets by using bioinformatics
software Cancer RNA-SegNexus (CRN, http://
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syslab4.nchu.edu.tw/) [41] (data not shown).
We determined that KLF16 expression was
obviously higher in the gastric tumors than in
the adjacent normal tissues by using immuno-
chemistry assays (Figure 1A). Besides, we also
assessed the mRNA expression of KLF16 in 60
GC tissues and their paired adjacent normal tis-
sues. The qPCR results showed that KLF16 was
dramatically up-regulated in GC tissues com-
pared to paired normal tissues (P<0.001;
Figure 1B). KLF16 expression was also detect-
ed in the GC cell lines, including BGC-823, SGC-

Am J Transl Res 2017;9(6):3027-3036
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7901, MGC-803, AGS and HGC-27, and the nor-
mal gastric epithelial cell line GES-1. KLF16
expression was found distinctly increased in
MGC-803 (P=0.0003), SGC-7901 (P=0.005)
and BGC-823 (P=0.0006) compared with that
in GES-1 (Figure 2A).

KLF16 expression was associated with clinico-
pathological features in GC

KLF16 expression levels in tumor tissues were
categorized as low or high depending on wheth-
er there were 50% cancer cells that were posi-
tively stained with anti-KLF16 antibody com-
pared with the corresponding adjacent
noncancerous tissue samples. We analyzed
the clinicopathological features in the high- and
low-KLF16 expression groups. As shown in
Table 1, the high KLF16 group (n=49) showed a
greater tumor size (P=0.030), a greater depth
of invasion (P=0.004), more lymphatic metas-
tasis (P=0.034) and more advanced TNM stag-
es (P=0.049) than the low KLF16 group (n=11).
However, there was no significant correlation
between KLF16 expression and other clinico-
pathological factors, such as gender and age
(P>0.05).

High KLF16 expression is associated with poor
prognosis in GC patients

We used Kaplan-Meier analysis and log-rank
test to evaluate the effects of KLF16 expres-
sion and clinicopathological features on dis-
ease-free survival (DFS). Our results showed
that the high KLF16 expression patients had
shorter disease-free time (median DFS: 15.698
months) than the low group (median DFS: 25.5
months, P=0.01; Figure 1C). We also found that
KLF16 could exert clear influence on patients’
overall survival and progression survival
through analyzing GEO, EGA and TCGA datasets
from Kaplan-Meier Plotter (http://kmplot.com/
analysis/) [42]. Online Kaplan-Meier Plotter
results which were consistent with our data
indicated that GC patients with higher expres-
sion of KLF16 would have a shorter OS and
free-progression survival (Figure 1D, 1E). In
Table 2, the results of univariate analyses and
multivariate Cox proportional hazards model
showed that KLF16 expression, together with
TNM stage was negatively associated with the
DFS in our cohort. The results showed that
KLF16 could be an independent prognostic bio-
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marker for predicting DFS (HR=0.221, 95% ClI:
0.084-0.580; P=0.02).

KLF16 promotes GC cells proliferation

In order to investigate the function of KLF16 in
GC cell lines, we chose MGC-803 and SGC-
7901 cell lines for research which had a rela-
tive higher expression of KLF16. The expres-
sion of KLF16 in GC cells and the knock-down
efficiency of KLF16 shRNAs were confirmed by
gRT-PCR (Figure 2B). We chose KLF16 shRNA
2# for research in vitro because it had more
significant knock-down efficiency of KLF16. We
performed CCK8 assays to determine the
effects of KLF16 on cell proliferation. As shown
in Figure 2C, the knock-down of KLF16 could
significantly inhibit cell viability. And colony for-
mation assays authenticated the same results
as CCK8 assays provided (Figure 2D).

KLF16 promotes proliferation by regulating
cyclin-dependent kinases

We further observed whether KLF16 promoted
proliferation by regulating cell cycle. We used
flow cyctometric assays to identify the changes
after knock-down of KLF16 in GC cells. The
results showed that knock-down of KLF16
could induce cell cycle arrest at GO/G1 phase
both in MGC-803 and SGC-7901 cell lines
(Figure 3A, 3B). In order to reveal the mecha-
nism of KLF16 which was involved in the induc-
tion of GO/G1 arrest, we then assessed the
MRNA expression of genes related to cell cycle
GO/G1 phase. The gPCR results showed that
the mRNA expressions of p21 and CDK4 dra-
matically decreased after KLF16 silencing
(Figure 3C). Moreover, the WB assays con-
firmed these findings (Figure 3D).

Discussion

The Krippel-like factors (KLFs) are an essential
subfamily of zinc finger-containing transcription
factors in eukaryotes that regulate transcrip-
tion in a cell cycle and promoter-dependent
manner. To our best knowledge, KLFs display
varied roles in tumor process. For example,
KLF2 acts as a tumor suppressor via regulating
pl5 and p21 in lung cancer [27]. KLF4 can sup-
press cell survival in gastric cancer, breast can-
cer and other cancers [10, 31, 43]. Besides,
KLF15 has been reported to function as a

Am J Transl Res 2017;9(6):3027-3036
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tumor suppressor in breast cancer and diverse
cancer cell lines [44].

KLF16 has been reported to act as a regulator
involved in metabolism and endocrinology [38],
and it could suppress neurite outgrowth and
enhance growth cone collapse in response to
exogenous ephrinAb ligands in retinal ganglion
cells [9]. In addition, KLF16 also could inhibit
adipogenesis via decreasing PPARy expression
[45]. Moreover, KLF16 inhibited cellular prolif-
eration, suppressed transformation mediated
by oncogenic KRAS and increased apoptosis in
KRAS oncogenic-mutant cancer cells [40].

So far, however, the expression pattern and bio-
logical function of KLF16 in GC remain unclear.
Our study was the first to investigate the expres-
sion, prognostic role of KLF16 in patients with
GC and potential biological roles in GC cells. We
found that KLF16 was highly expressed in GC
tissues compared to paired adjacent normal
tissues both in protein and mRNA expression
levels. Moreover, KLF16 expression was posi-
tively related to tumor size, depth of invasion
and TNM stage. Moreover, our data also dem-
onstrated that GC patients with higher expres-
sion levels of KLF16 also would suffer from a
poor prognosis. The Kaplan-Meier analysis
showed that DFS was significantly shorter
among patients with higher KLF16 expression
than in those with lower expression, which was
consistent with online Kaplan-Meier Plotter
data. Besides, the online Kaplan-Meier Plotter
analyses also showed that GC patients with
higher KLF16 expression have decreased over-
all survival than those patients with lower
KLF16 expression. Therefore, KLF16 could be
used as a novel biomarker for predicting prog-
nosis in GC patients.

In biological functional study, we found that GC
cell proliferation was greatly attenuated follow-
ing KLF16 knock-down by shRNA. Cell cycle
analyses demonstrated that knock-down of
KLF16 inhibited cell growth by suppressing GO/
G1 phase transition. To confirm the molecular
mechanism by which KLF16 promoted prolifer-
ation, we screened potential targets involved in
cell cycle. And it was identified that KLF16
knock-down could significantly decrease the
expression of CDK4 both in mRNA and protein
levels.

Generally, our research firstly revealed that
KLF16 was dramatically up-regulated in GC tis-
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sues and related cell lines. In addition, KLF16
was positively associated with aggressive clini-
cal characteristics, including larger tumor size,
deeper invasion, advanced TNM stage, shorter
DFS and OS. More importantly, KLF16 knock-
down inhibited cell proliferation and KLF16
mediated oncogenic effects occurred partially
through up-regulating CDK4 expression and
down-regulating p21 expression. Conclusively,
KLF16 could be a new therapeutic target and
prognosis predictor for GC. In future, we will
carry out more studies to exploit the specific
regulating pathway of KLF16.
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