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Kriuppel-like factor S is upregulated and induces
cell proliferation in endometrial cancer
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Abstract. Kriippel-like factor 5 (KLF5) is involved in various
cellular processes, such as cell proliferation and survival. KLF5
has been implicated in cancer pathology. The aim of the present
study was to investigate the expression levels and function of
KLFS5 in endometrial cancer. A total of 30 patients, including
12 patients with endometrial cancer and 18 with benign gyne-
cological diseases (controls), were enrolled at Tokyo Medical
University (Tokyo, Japan) between March 2017 and May 2018.
Endometrial cancer and control endometrium tissues were
collected, and the expression levels of KLF5 were determined
using reverse transcription-quantitative PCR, western blotting
and immunohistochemistry. For the functional analyses of
KLFS5 in endometrial cancer, the present study employed a
loss-of-function strategy in the human endometrial cancer cell
lines in vitro. Ishikawa and HECI cells were transduced with
lentiviral constructs expressing shRNAs targeting KLF5. MTT
and TUNEL assays were performed in cells after knockdown
to analyze the role of KLF5 in cell proliferation and survival.
The results revealed that the mRNA and protein expression
levels of KLF5 were increased in endometrial cancer tissues.
In vitro analyses demonstrated that depletion of KLF5 inhib-
ited cell proliferation and decreased the expression levels of
cyclin E1. However, silencing KLF5 did not induce cell death.
Overall, these results indicated that KLF5 may be crucial in
the tumorigenesis of endometrial cancer and has potential as a
therapeutic target.
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Introduction

Endometrial cancer is one of the most common gynecological
tumors that has seen a dramatic increase in incidence world-
wide (1,2). This increase has a number of causes, including an
aging population, increased calorie intake and the concomi-
tant rise of obesity, and reproductive factors, such as early age
menarche, nulliparity, late-onset menopause, and use of unop-
posed estrogens (3). These reproductive factors are associated
with a strong risk for endometrial cancer. Postmenopausal
women have the greatest incidence, but 14% of endometrial
cancers are diagnosed in premenopausal women, including
5% of cases younger than 40 years old. The increased inci-
dence and population shift to younger women are proposed
to continue into the future (3,4). Although patients diagnosed
with early stage disease are associated with a good prognosis
of endometrial cancer, patients with recurrent or metastatic
disease have limited treatment options and shorter overall
survival (5). Thus, understanding the pathophysiology of endo-
metrial cancer is key to improving its diagnosis and treatment.

No targeted therapies have been approved or available for
endometrial cancer. Several completed clinical trials targeted
deregulated pathways, such as the PI3K/AKT/mammalian
target of the rapamycin (mTOR), but to date results have been
poor (3). Therefore, other potential targets need to be investigated.
Kriippel-like factors (KLFs) comprise a family of zinc finger tran-
scription factor proteins that control cell proliferation, apoptosis,
migration, and differentiation (6). Multiple KLFs function as
oncogenes or tumor suppressors depending on the specific tissues
and cellular environments (7,8). KLF5 is upregulated and func-
tions as an oncogene in colorectal (9), cervical (10), and breast
cancer (11) and downregulated and acts as a tumor suppressor in
lung (12), and prostate cancer (13). Although KLF5 is expressed
in non-tumor endometrial epithelial (14) and stromal cells (15),
the role of KLF5 in endometrial cancer remains to be explored.
Therefore, this study aims at investigating the expression and
function of KLF5 in endometrial cancer.

Materials and methods

Human subjects. This study was approved by the Ethics
Committee of Tokyo Medical University (approval no. SH3298).
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A total of 30 patients were enrolled after obtaining written
informed consent at the Department of Obstetrics and
Gynecology, Tokyo Medical University between March 2017
and May 2018. This included 12 patients with endometrial
adenocarcinoma who underwent total hysterectomy or pelvic
and para-aortic lymphadenectomy simultaneously. Cancer
tissue samples were collected during the operation. Table I
lists the characteristics of cancer patients. Control endometrial
specimens were collected from 18 patients with benign gyneco-
logical diseases who underwent hysterectomy. For the control
endometrium, only patients with proliferative phase of the
menstrual cycle (also recognized as the follicular phase in the
ovarian cycle) were enrolled since stromal cells differentially
express KLF5 depending on decidualization (15), resulting in
large variations in gene expression. There were no statistical
differences in age or body mass index between the cancer
patients and controls. After surgical removal, tissues were
trimmed and immediately stored at -80°C until further use for
mRNA and protein extraction. For morphological analyses, a
part of the samples were fixed in 4% paraformaldehyde and
embedded in paraffin.

Cell culture. Human endometrial cancer cell lines, Ishikawa
and HECI, were kindly provided by Dr Masato Nishida from
the Department of Obstetrics and Gynecology, National
Kasumigaura Hospital (Tsuchiura, Japan) and procured from
the National Institute of Health Sciences (Tokyo, Japan),
respectively. Cells were cultured in Dulbecco's modified Eagle's
medium (Thermo Fisher Scientific, Inc.) containing 10% fetal
bovine serum (Thermo Fisher Scientific, Inc.), 100 U/ml peni-
cillin, and 100 ug/ml streptomycin (Thermo Fisher Scientific,
Inc.) at 37°C in a 5% CO, and 95% air humidified incubator.
Cells were periodically checked for mycoplasma infection
using MycoAlert Mycoplasma Detection Kit (Lonza). They
were cultured with primocin (Invivogen; Thermo Fisher
Scientific, Inc.) to inhibit mycoplasma infection during the
regular maintenance, but not during the experiments.

KLF5 knockdown. Table II shows the sequence of two different
shRNA sequences used to silence KLF5. The pLKO.I construct
(Addgene, Inc.) with the sShRNA sequence and lentiviral pack-
aging plasmids (Addgene, Inc.) were used to produce lentiviral
particles for the transduction of shRNA-mediated knockdown
system as previously reported (16). The pLKO.I-shSCR,
containing scrambled shRNA which is not expected to target
any mRNA, was used as the control (Addgene, Inc.). Cells were
exposed to the lentiviral particles and transduced cells were
selected using 3 ug/ml puromycin dihydrochloride (Nacalai
Tesque) for two days. Samples for mRNA and protein analyses
were collected after an additional day of culture without puro-
mycin.

mRNA expression analysis. Total RNA was extracted using
ISOGEN (#311-02501; Nippon Gene) and reverse-transcribed
using Superscript III Reverse Transcriptase (#1808044;
Thermo Fisher Scientific, Inc.) according to the manufac-
turer's instructions. Reverse transcription-quantitative PCR
(RT-qPCR) was performed using the Power SYBR-Green
Master Mix (#4368577; Thermo Fisher Scientific, Inc.) and
Applied Biosystems StepOnePlus™ Real-Time PCR system

(Thermo Fisher Scientific, Inc.). Data were normalized to the
endogenous control, 18S rRNA, and they were analyzed using
the 2244 method (17). Table 11 lists the primer sequences used
in RT-gPCR.

Western blotting. Proteins were extracted by Pierce RIPA buffer
(Thermo Fisher Scientific, Inc.) and the concentrations were
measured using Pierce BCA protein assay kit (Thermo Fisher
Scientific, Inc.). Thirty microgram each of proteins were, then,
denatured by NuPAGE™ LDS Sample Buffer, separated by
NuPAGE® Bis-Tris gel electrophoresis (4-12% gradient; Thermo
Fisher Scientific, Inc.), and transferred to polyvinylidene fluo-
ride membranes using the iBlot Dry Blotting System (Thermo
Fisher Scientific, Inc.). After blocking with 5% skim milk in
TBST for 1 h at room temperature, the membrane was incubated
with anti-KLF5 antibody (1:1,000 dilution, #ab137676; Abcam)
at 4°C overnight followed by horseradish peroxidase-conjugated
secondary antibody (#7074; Cell Signaling Technology) at room
temperature for 2 h. Signal from the protein bands were visual-
ized using the ECL western blotting detection system (Bio-Rad
Laboratories). f-actin (1:10,000 dilution, #MB1051R; Merck)
was used as the loading control.

Immunohistochemistry. Paraffin-embedded samples
were sectioned, deparaffinized, antigens retrieved using
heat-induced retrieval, and incubated with the anti-KLF5
antibody (1:100 dilution). The signal from the protein was
visualized using the diaminobenzidine staining kit (Nichirei
Bioscience, Inc.). Hematoxylin was used to stain the nuclei.

Cell proliferation and apoptosis assays. Cell prolif-
eration was measured by the MTT assay using CellTiter 96®
Non-Radioactive Cell Proliferation Assay kit (Promega), and
cell apoptosis was analyzed by TUNEL assay using in situ cell
death detection kit (Roche Diagnostics) following the manu-
facturer's instructions. Cells, treated with DNase I (100 U/ml;
Sigma-Aldrich; Merck KGaA) to artificially induce the DNA
fragmentation, was used as a positive control for TUNEL
assay.

Statistical analysis. Data were represented as mean + standard
error of the mean. Differences between groups were analyzed
using the unpaired Student's t-test and differences among
three groups were evaluated with ANOVA following Tukey's
post hoc test by using SPSS software. P<0.05 was considered
statistically significant.

Results

KLF5 is upregulated in endometrial cancer. Thirty patients,
including 12 patients with endometrial cancer and 18 with
benign gynecological diseases (controls), were enrolled. We
used RT-qPCR and western blotting to demonstrate increased
mRNA and protein levels of KLFS5, respectively, in the endo-
metrial cancer samples than those in the control endometrium
(Fig. 1A and B). Immunohistochemistry showed moderate
and faint expression in glandular epithelial and stromal cells,
respectively, in the control endometrium, while a strong signal
was observed in tumor cells in the endometrial cancer speci-
mens (Fig. 1C).
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Table I. Characteristics of patients with endometrial cancer.
Age, Body mass Stage Lymph node Histological
Patient  years index Histology (pT)  metastasis (pN) grade
Case 1 40 174 Endometrioid adenocarcinoma with squamous pTla NO Gl
differentiation
Case 2 76 23.8 Mixed endometrioid undifferentiated carcinoma pTlb NO G3
Case 3 58 25.0 Endometrioid adenocarcinoma pTla NO Gl
Case 4 71 279 Endometrioid adenocarcinoma pTla NO Gl
Case 5 53 349 Endometrioid adenocarcinoma with undifferentiated pTla NO G3
carcinoma
Case 6 82 16.9 Endometrioid adenocarcinoma with undifferentiated pTla NO Gl
carcinoma
Case 7 52 19.5 Endometrioid adenocarcinoma pTla NO Gl
Case 8 52 32.1 Endometrioid adenocarcinoma pTla N1 Gl
Case 9 66 26.1 Endometrioid adenocarcinoma pTla N1 Gl
Case 10 52 242 Endometrioid adenocarcinoma pT2 N1 Gl
Case 11 57 25.6 Endometrioid adenocarcinoma pTla NX Gl
Case 12 58 23.0 Endometrioid adenocarcinoma pT1b NI Gl
Table II. Specific shRNA and primer sequences. A B
s KLF5
Target gene Sequence (5'-3") % 19 +  KLF5~ — —————
S0 ACT oy s e
shRNAs o5 Ctr EC
SCR (control) CCTAAGGTTAAGTCGCCCTCG = 5
KLFS5 shl GCTGTAATGTATATGGCTTTA & ¢l EC
KLFS5 sh2 CCTATAATTCCAGAGCATAAA c
Primers
18S rRNA-F GCAATTATTCCCCATGAACG
18S rRNA-R GGCCTCACTAAACCATCCAA
KLF5-F AACGACGCATCCACTACTGC
KLF5-R CAGCCTTCCCAGGTACACTT
CCNA2-F CACCATTCATGTGGATGAAGC Figure 1. Upregulation of KLF5 expression in EC. (A) mRNA and
CCNA2R ACACTCACTGGCTTTTCATCTT ¢ e e By wester bloting and (C) fmmanohiso-
CCNBI1-F GCAGCAGGAGCTTTTTGCTT chemistry in Ctrl and EC tissues. Data are presented as the mean + standard
CCNBI-R CCAGGTGCTGCATAACTGGA error of the mean. Scale bar,200 ym. "P<0.05 statistical significance compared
with control. ACT, f-actin; Ctrl, control endometrium; EC, endometrial
CCNDI-F CAATGACCCCGCACGATTTC cancer; KLFS, Kriippel-like factor 5.
CCNDI1-R AAGTTGTTGGGGCTCCTCAG
CCNEI1-F CAGCCCCATCATGCCGAG
CCNEI1-R TTGTCAGGTGTGGGGATCAG

CCN, cyclin; F, forward; R, reverse; KLFS5, Kriippel-like factor 5;
SCR, scramble; sh/shRNA, short hairpin RNA.

Silencing of KLF5 inhibits endometrial cancer cell proliferation.
To investigate the role of KLF5 in endometrial cancer, Ishikawa
cells were transduced with the lentiviral constructs bearing two
different shRNAs targeting KLF5 and subjected to loss-of-func-
tion assays. KLF5 knockdown efficiency was successfully
validated in the transduced Ishikawa cells (Fig. 2A and B). KLF5
expression is upregulated in the cancer cells, and it possibly
supports the oncogenic processes, such as proliferation and

apoptosis. The results from the MTT assays revealed that deple-
tion of KLF5 reduced cell proliferation (Fig. 2C). To confirm the
role of KLF5 in cell proliferation, HEC1 cells were transduced
with the sShRNA targeting KLF5 and subjected to MTT assays.
As observed in Ishikawa cells, KLF5 knockdown also suppressed
the proliferation of HECI cells (Fig. 2D).

Transactivation of the cyclins' expression by KLF5 is
believed to enhance the cell proliferation (8). Among the
cyclins (CCN), the expression of CCNEI was significantly
downregulated in the KLF5-depleted cells (Fig. 2E). To
further validate the role of KLF5 in tumorigenesis, we
analyzed the cell survival potential. Cell apoptosis was absent
in the KLF5-depleted cells, as seen from the TUNEL assays,
indicating that the reduction in the number of cells was not due
to cell death (Fig. 2F).
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Figure 2. KLF5 knockdown inhibits cell proliferation but does not induce apoptosis. (A and B) Ishikawa cells were depleted of KLF5 upon the transduc-
tion of two different sShRNAs (shl and sh2) targeting KLF5. Non-targeting scramble shRNA was used as a Ctrl. Knockdown efficiency was measured by
assessing (A) mRNA and (B) protein expression levels. (C) Cell proliferation was measured using MTT assays. (D) HEC1 cells were depleted of KLF5 and
cell proliferation was determined using MTT assays. (E) mRNA expression levels of CCNA2, CCNB1, CCNDI and CCNEI were analyzed using reverse
transcription-quantitative PCR. (F) Cell apoptosis was analyzed using a TUNEL assay. The far right panel represents the posi. Scale bar, 200 ym. Data
are presented as the mean + standard error of the mean. "P<0.05 statistical significance compared with control. ACT, f-actin; CCN, cyclin; Ctrl, control;
KLFS5, Kriippel-like factor 5; posi, positive control; sh/shRNA, short hairpin RNA.

Discussion

Endometrial cancer is the most common cancer of the repro-
ductive system of females in developed countries whose
incidence has been increasing worldwide (1,2). The treatment
options currently available for endometrial cancer are limited:
Surgical removal is preferentially recommended. However,
in cases of the patients with physiological complications or
those who are very old, radiation might be the next choice.
The pathogenesis and pathophysiology of endometrial cancer
remains to be understood fully. Exploring the molecular
mechanism(s) underlying tumorigenesis and metastasis of
endometrial cancer will help identify new therapeutic strate-
gies for patients. Recent studies have reported that KLF5
regulates cancer phenotypes, including cellular proliferation,
apoptosis, differentiation, and motility (6-8). KLF5 has a dual
role in being a tumor suppressor or oncogene, depending on
the cellular and genetic environments (8). Thus, the role of
KLF5 differs and needs to be studied in each cancer type.

The molecular mechanism underlying the oncogenic role
of KLF5 has been clearly elucidated in colorectal cancer.
More than 50% of colon cancers exhibit activating mutations
in the oncogene K-RAS; this upregulates KLF5 and promotes
cell proliferation (9). KLF5 is also a critical mediator of the
oncogene H-RAS (18,19) and tumor suppressor APC (20,21).
Increases the expression of KLF5 is associated with poor
prognosis (22). In vitro knockdown experiments have shown
that KLF5 interacts with b-catenin and localizes to the
nucleus where the complex transactivates target genes, such
as CCNDI1 and ¢c-MYC (20,22). Genome-wide association
studies identified the regulatory region of KLFS5 as a risk locus
for endometrial cancer (23). However, the expression and func-
tion of KLF5 in endometrial cancer remains to be explored.
This study showed the upregulation of KLF5 in endometrial
cancer, and the shRNA-mediated depletion of KLF5 inhibited
Ishikawa and HECI cell proliferation. In addition, we have
demonstrated that the depletion of KLF5 downregulated the
expression of CCNE], but not that of CCNDI. It has been



reported that KLF5 binds to the first intron of CCNEI and
it regulates transcription and cellular proliferation in bladder
cancer (24). Therefore, KLF5 promotes cell proliferation by
trans-activating a variety of cyclins depending on the cancer
type and cellular microenvironments. CCNEI expression
is associated with the proliferative and aggressive poten-
tial, and it is an indicator in the prognosis for endometrial
cancer (25,26). The role of CCNEI1 within KLF5-mediated
cell proliferation is not apparent in this study; however, KLF5
regulates cell proliferation, at least in part, through the action
of CCNEI. Attempting to rescue the KLF5 compromised cell
proliferation with CCNEI could be informative. The exact
mechanism of KLF5 regulation of target genes remains to be
explored. SUMOyration regulates KLF5 nuclear localization,
and phosphorylation enhances KLF5 transactivation (27,28).
The analyses of nuclear localization, protein activation, and/or
promoter activity could further confirm the role of KLF5 in
transcriptional regulation.

KLF5 has also been reported to modulate cell survival
by inhibiting apoptosis. KLF5 binds to the core promoter
region and induces the expression of the anti-apoptotic protein
survivin in leukemia (29). In colon cancer HCT116 cells,
KLF5 induces the expression of the survival kinase Piml
that phosphorylates and inactivates the pro-apoptotic protein
BAD (30). In this study, however, silencing KLF5 decreased
cell numbers but did not induce apoptosis in endometrial
cancer cells, suggesting that KLF5 acts as an oncogene in
endometrial cancer by directly promoting cell proliferation
rather than inducing cell survival.

This study has some limitations. First, we used a small
sample size. This led to a large variation in the expression of
KLFS5 in the endometrial cancer samples. This could also be
attributed to the stage-dependent change in KLF5 expression
in non-tumor cells. KLF5 is expressed in normal endome-
trial epithelial cells (14) and stromal cells, especially after
decidualization (15). Therefore, the proportion of tumor cells
against normal cells generates a difference in gene expres-
sion. Nevertheless, we found a statistical difference in KLF5
expression, especially protein levels, in the endometrial cancer
specimens. KLF5 undergoes regulation at the transcriptional,
post-transcriptional, and post-translational stages, including
its protein stability induced by differential proteasomal degra-
dation (31-34). This could have resulted in the clear and strong
signals of KLF5 protein in the endometrial cancer specimens
as analyzed by western blotting and immunohistochemistry.
However, a large-scale study of KLF5 expression in the endo-
metrial cancer, and its correlation with the treatment outcomes
and long-time prognosis could generate valuable information.
The second limitation is that only early phase cancer patients
were enrolled in this study. KLF5 expression might vary
across the different stages and grades of cancer progression.
We have focused on the proliferative role of KLF5 and, there-
fore, investigated the early phase tumor. The KLF5 expression
in aggressive tumors as well as its function in tumor metastasis
is of interest for the next studies.

In conclusion, we have demonstrated the upregulation
of KLF5 in endometrial cancer. Furthermore, KLF5 regu-
lates cell proliferation, at least in part, through the action of
CCNEI. Future experiments should also focus on the role of
KLF5 in epithelial-mesenchymal transition and/or metastasis
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in endometrial cancer. Large-scale and randomized clinical
studies will further help validate the potential of KLF5 as a
therapeutic target for endometrial cancer.
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