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Background: KLF16, a member of the Kruppel-like factor (KLF) family, functions in the
regulation of dopaminergic transmission, metabolism, and endocrinology. However, the role
of KLF16 in prostate cancer (PCa) remains unknown.

Methods: We screened the expression of KLFs in PCa based on bioinformatics analysis.
The protein levels of KLF16 in PCa specimens were confirmed by immunohistochemistry.
Inhibiting KLF16 by RNA interference with shRNA was used to determine the effects of
KLF16 on PCa cell growth in vitro and in vivo. RNA sequencing was used to investigate the
signaling regulated by KLF16 in PCa. Bioinformatics analysis was also used to determine the
possible correlations of KLF16 and signaling in PCa cohorts.

Results: Bioinformatics analysis showed that KLF16 may be required for PCa development.
Notably, the expression of KLF16 was elevated in human PCa tissues. In vitro and in vivo
experiments both demonstrated that depleting KLF16 significantly inhibited the growth of PCa
cells. Downregulation of KLF 16 significantly decreased the expression of MYC signaling in PCa
cells. Furthermore, KLF16 expression was correlated with MYC signaling activity.
Conclusion: KLF16 was overexpressed in PCa tissues compared to normal tissues. KLF16
knockdown suppressed PCa cell growth in vitro and in vivo, and a deficiency of KLF16
inhibited activation of MYC signaling.
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Introduction

Prostate cancer (PCa) is a common cause of cancer deaths among males." When
patients are diagnosed, PCa is usually androgen-dependent, so androgen deprivation
treatment is the basic therapy for advanced PCa.>* During progression of PCa, part
of the tumor becomes hormone refractory. Patients must then receive chemotherapy

1** Many molecular mechanisms have been reported

using docetaxel or cabazitaxe
that take part in the development of PCa*® However, there is little known about the
occurrence and progression of PCa. Hence, it is urgent to identify the mechanism of
action, which could be used in individualized therapies.

Kruppel-like factors (KLFs) constitute a family of transcription factors that parti-
cipate in diverse biological processes, including proliferation, migration, differentia-
tion, inflammation, and pluripotency.”® It has been reported that some KLFs are
involved in the initiation and development of PCa. For example, the expression of
KLF4 is decreased in advanced PCa and regulates the epithelial-mesenchymal
transition.” KLF6 is mutated in a subset of PCa, and heterozygosity of KLF6 is lost
in 77% of primary prostate tumors.'® In the following study, it has shown that wild type
KLF6 is a key prostate cancer tumor suppressor gene, and caused cell-cycle arrest
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through inhibiting cyclin-dependent kinase.'""'> KLFS$ is an
androgen receptor transcriptional co-activator and is over-
expressed in PCa."* Our previous study showed that KLF9
and KLF13 functioned as tumor suppressers in PCa.'*!>
However, the involvement of KLF16 in PCa, a member of
the KLF family, is still unknown.

In this study, we found that KLF16 expression was
upregulated in PCa tissues compared to normal tissues.
Knockdown of KLF16 significantly suppressed tumor
growth of PCa cells in vitro and in vivo. Furthermore,
the MYC signature was inhibited following disruption of
KLF16 in PCa cells. Overall, our results strongly suggest
that elevated KLF16 contributes to the progression of PCa.

Materials and Methods

Cell Culture

The 22RV1 and LNCaP cell lines were kindly provided by the
Stem Cell Bank, Chinese Academy of Sciences (Shanghai,
China). The PC3 cell lines were obtained from the American
Type Culture Collection (Manassas, VA, USA). The 22RV1,
LNCaP and PC3 cell lines were grown in RPMI-1640 medium
(Coming, Inc., Corning, NY, USA) containing 10% fetal
bovine serum (Gemini, Woodland Hills, CA, USA), 1% peni-
cillin/streptomycin (Gibco, Grand Island, NY, USA), and 1%
HEPES (Corning, Inc.). All cultures were maintained at 37°C
in a 5% CO, incubator.

Reagents, Plasmids and Lentivirus

Puromycin was purchased from MedChem Express
(Shanghai, China). The short hairpin RNA (shRNA) expres-
sion sequence (5'-CTCGCACCTAAAGTCGCACCT-3') and
the control shRNA sequence (5'-GCTCCGTGAACGGCCA
CGAGT-3’) were cloned into the pLKO.1 vector. Lentivirus
were produced by cotransfection of the psPAX2 (Addgene
12260) and the pCMV-VSVG plasmid (Addgene 8454) into
293T cells using Lipofectamine 2000 (Invitrogen). The culture
medium was changed and collected in 48h and 72h, and
supernatants were filtered through a 0.45-um filter syringe to
obtain the products containing lentivirus. Then, the products
were used for transduction of the indicated cells with of
5 ug mL ™" of polybrene (H9268; Sigma-Aldrich, St. Louis,
MO, USA) and selected on 5 pg mL ™" puromycin to establish
the stable line.

Cell Growth and Colony Formation Assay
Cell growth was detected by seeding 2000 cells per well in
96-well plates. The cells were cultured in 200 pL of

complete medium for 6 days. The MTT assay was used
to measure cell growth. The detailed procedures have been
described in a previous study.'® For colony formation
assay, the indicated cells were planted in 6-well plates
(2000-5000 cells/well) and cultured in complete medium
for 1-2 weeks until the macroscopic colonies appearing.
Then, the colonies were fixed in methanol for 10 min and
stained with 0.5% crystal violet for more than 1 hr.

Western Blotting and

Immunohistochemistry

Western blotting (WB) and immunohistochemistry (IHC)
were performed as previously described.'® The following
antibodies were used: KLF16 (HPA052481; Sigma-
Aldrich, St. Louis, MO, USA; WB: 1:1000, IHC: 1:100),
MYC (E5Q6W; Cell Signaling Technology, Danvers, MA,
USA; WB:1:1000), MAX (D154193; Sangon Biotech,
Shanghai, China; WB:1:1000) and -actin (sc-47778;
Santa Cruz Biotechnology, Santa Cruz, CA, USA; WB:
1:5000). THC scores were calculated using the following
formula: THC score = intensity score X percentage score.
The intensity score was measured according to the inten-
sity of staining (0: negative, 1: weak, 2: moderate, and 3:
strong); the percentage score was determined using the
percentage of stained area (0: 0%, 1: 1-25%, 2: 26-50%,
3: 51-75%, and 4: 76-100%). The prostate cancer and
normal tissues were collected by The Fifth People’s
Hospital of Shanghai, Fudan University with written
informed consent. This study was approved by Medical
Ethics Committee of The Fifth People’s Hospital of
Shanghai, Fudan University (2018-LL-076B). All experi-
ments were performed following the guidelines and reg-
ulations of Medical Ethics Committee of The Fifth
People’s Hospital of Shanghai, Fudan University.

Animal Experiments

PC3 cells were infected with a lentivirus target control or
KLF16. Then, 1 x 10° PC3 cells were injected with
Matrigel (volume 1:1; Corning, Inc.) into the flanks of
6-week-old male nude mice (n = 6). After 6 weeks, all
mice were sacrificed, and the tumor xenografts were dis-
sected and weighed. All animal experiments were subject
to approval by the Department of Laboratory Animal
Science, Fudan University (2018-WY-JS038), and con-
ducted according to the regulations for Department of

Laboratory Animal Science, Fudan University.
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Figure 1 KLF16 is a potential oncogene in prostate cancer (PCa). (A, B) Expression of Kruppel-like factors (KLFs) of normal prostate tissues and PCa tissues in The Cancer
Genome Atlas (TCGA) and Memorial Sloan Kettering Cancer Center (MSKCC) is shown by a heat map using a classification of differential expression. (C, D) RNA expression
of PCa tissues (T) showing KLF | 6 expression was significantly higher than normal prostate tissues in the TCGA and MSKCC cohorts (t-test; **p < 0.01; ***p < 0.001). (E, F) The
plots show significant positive correlations between KLF16 and cell cycle progression in the TCGA or MSKCC datasets (Pearson’s correlation).

RNA Sequencing and Analysis

Total RNA extracted from indicated groups of PC3 cells
was subjected to RNA sequencing (RNA-seq) performed by

Majorbio Biopharm Technology (Shanghai, China). The
sequencing reads were analyzed using the free online plat-
form of Majorbio Cloud Platform (www.majorbio.com) to
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obtain the expression profiles. The sequence data have been
submitted to Gene Expression Omnibus (GEO,
GSE138286). The gene set enrichment analysis (GSEA)
used the GSEA software provided by the Broad Institute

(http://www.broadinstitute.org/gsea/index.jsp)  following

the website’s instructions. We used the curated gene sets
(C6 oncogenic gene sets) within MSigDB.

Published Datasets and Analysis

The Cancer Genome Atlas (TCGA)'” and Memorial Sloan
Kettering Cancer Center (MSKCC)'® expression profiles
were downloaded from UCSC Xena (http://xena.ucsc.edu/).
The cell cycle progression (CCP) activity was calculated by

the z-score of the sum of the expression levels of each CCP
gene. When the published datasets were performed by
GSEA, the analyses included the following: the metric for
ranking genes was “Pearson,” the permutation type was
“phenotype,” and the other sets were default.

Statistics

All statistical analyses were calculated by Prism software,
version 8 (GraphPad Software, San Diego, CA, USA).
A value of p < 0.05 was considered statistically significant.
The semi-quantitation of Western blotting was made by
gray scale measurement using ImageJ (https://imagej.nih.

gov/ij/).

Results
|dentification of KLFI6 as a Regulator in
PCa

To identify possible oncogenes in KLFs, we screened the
expression levels of KLFs in prostatic normal or tumor
tissues by in silico analysis (Figure 1A and B). In two
published datasets (TCGA and MSKCC), KLF16 expression
was found to be increased in tumor tissues (Figure 1C and D).

A

2017

-
o
1

IHC score
-
o
1

Thirty-one genes involved in CCP were shown to be corre-
lated with the mortality of primary PCa.'® We also confirmed
that CCP activity was correlated with cell growth in PCa.*°
We analyzed the correlation between KLF16 expression
levels and CCP activities in published datasets for human
PCa. As expected, the level of KLF16 was positively corre-
lated with CCP activity in the two cohorts (Figure 1E and F).
It has been shown that KLLF16 may influence the proliferation
of PCa cells, and all analyses of published datasets indicate
that KLF16 plays an important role in the development
of PCa.

KLF16 Expression Is Upregulated in PCa

Tissues

To confirm the expression of KLF16 in clinical specimens, we
determined the expression levels of KLF16 in normal (n = 32)
and PCa (n = 56) tissues using IHC. The stain scores of tumor
tissues were significantly higher than normal tissues (Mann—
Whitney test; p < 0.001; Figure 2A). The staining of normal
prostate tissues was weaker than PCa tissues (Figure 2B).
Consistent with the results of published datasets, KLF16
expression was elevated in PCa tissues. Taken together,
these results strongly suggest that KLF16 plays an important
role in the tumorigenesis of PCa.

KLFI16 Knockdown Decreases the

Growth of PCa Cells in vitro and in vivo
To test the function of KLF16 on PCa cell proliferation
in vitro, we interrupted KLF16 by shRNA targeting KLF16.
The knockdown efficiency of KLF16 was confirmed by
Western blotting (Figure 3A, Supplemental Fig. A). Using

in vitro experiments, we found that deletion of KLF16 in
PC3 or 22RV1 cells dramatically affected cell growth and
colony formation (Figure 3B—D) Activity of KLF16 in pros-
tate cancer was confirmed in another cell line, LNCaP cells

Figure 2 KLF16 expression is upregulated in prostate cancer (PCa). (A) Expression of KLF16 in normal prostate tissues and PCa tissues examined by immunohistochem-
istry (Mann—Whitney test; ***p < 0.001). (B) Representative photographs of normal prostate tissues and PCa tissues (scale bar: 200 um).

submit your manuscript

1306

Dove

OncoTargets and Therapy 2020:13


http://www.broadinstitute.org/gsea/index.jsp
http://xena.ucsc.edu/
https://imagej.nih.gov/ij/
https://imagej.nih.gov/ij/
http://www.dovepress.com/get_supplementary_file.php?f=233495.docx
http://www.dovepress.com
http://www.dovepress.com

Dove

Zhang et al

PC3 22RV1
154 15q
B3 shCON =1 shCON
. B3 shKLF16 =3 shKLF16
£ 10- 104
(m]
O . hkk edede
=
S 054 054 «
B-ACTIN o — o
00 00
0 2 4 6 0 2 4 6
Time (Days) Time (Days)
C D
shKLF16 6001 mm shCON
B ED shKLF16
3
§ 400 -
PC3 g _ _
G i
0
Q
£ 200
3
=z
0_
22RV1 PC3 22RV1
0.4 **
[ ]
E 5 0.3- _
b=
2
2 0.2 e e
S
shCON E
= 0.1 @
[
F
shKLF16 o= | E i E
shCON

shKLF16

Figure 3 Knockdown of KLF16 inhibits prostate cancer (PCa) cell growth in vitro and in vivo. PC3 and 22RV | cells were infected by a lentivirus with a short hairpin RNA (shRNA)
targeting KLF16 or a control sequence. (A) The efficiency of the shRNA in PCa cells was confirmed by Western blotting. The semi-quantitation of Western blotting was shown
under the pictures. (B) PC3 and 22RV | cells expressing shRNA targeting KLF 16 or a control sequence were cultured in 96-well plates for 6 days. The MTT assay was conducted to
determine viability of the indicated cells (t-test; *p < 0.05; **p < 0.001). (C) PC3 and 22RV | cells expressing their respective shRNAs were examined using a colony formation assay.
(D) The numbers of colonies for each group were counted and the results are shown (t-test; ***p < 0.001). (E) The mice with xenograft were shown after implanting PC3 cells 6
weeks later. (F) The weight of the xenograft tumors was calculated. Error bars represent mean = SD (Mann—Whitney, ** p < 0.01, n = 6).

(Supplemental Fig. B-D). Next, we subcutaneously injected
PC3 cells with or without downregulated KLF16 into nude

Downregulation of KLFI6 Influences
MYC Signaling

mice. After 6 weeks, the mice were sacrificed. Xenografts of
the control group were significantly larger (Figure 3E) and
weighed more than those in the KLF16 knockdown group
(Figure 3F). These results show that inhibiting KLF16 signifi-
cantly suppressed PCa cell growth both in vitro and in vivo.

To evaluate the possible oncogenic signaling responsible for
the suppressive effects of KLF16 deletion on PCa cell growth,
we performed RNA-seq analyses of PC3 cells with or without
KLF16 knockdown. Then, the gene expression profiles of PC3
cells followed by GSEA were shown in rank order (Figure 4A).
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The set of genes, which was upregulated in human mammary  specimens, the gene set reflecting MY C signaling activity was
also significantly increased in cohorts with high KLF16

expression (Figure 4C and D). Although the expression of

epithelial cells overexpressing the MYC gene, was signifi-
cantly enriched in control PC3 cells (Figure 4B). In clinical
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Figure 4 Loss of KLF16 results in inhibition of MYC signaling. (A) Gene set enrichment analysis (GSEA) was performed based on oncogenic signatures that disrupt KLF16 in
PC3 cells. The results are shown in rank order of p-value and enrichment scores. (B) GSEA of the profile data inhibiting expression of KLFI6 in PC3 cells based on the gene
set of MYC signaling in the control (left) and shKLFI6 (right). (C, D) GSEA of the TCGA and MSKCC datasets based on the MYC signaling gene set and KLF16 transcription

levels. (E) PC3 and 22RV | cells were infected with the indicated shRNAs virus, and the indicated proteins were detected by Western blot. The semi-quantitation of Western
blotting was shown under the pictures.
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MYC did not change remarkably after KLF16 knockdown, we
have found that the important MYC transcriptional partner,
MAX, has significant downregulated (Figure 4E).

Discussion

The roles that KLFs play in cancer have been reported by
an increasing number of investigators.® In particular, KLFs
have been found to be crucial for the development of PCa.
In our previous studies, we showed that two KLFs
(KLF9'* and KLF13'"%) functioned as tumor suppressers
in PCa. Nevertheless, much remains to be understood
regarding the roles of KLFs in PCa. In this study, using
in silico analyses, we found that KLF16 might promote the
progression of PCa.

KLF16 was first reported as a dopamine receptor reg-
ulating factor, which modulated dopaminergic transmis-
sion in the brain.?' One study revealed that KLF16 is
involved in the regulation of metabolism and
endocrinology.”> However, there have been few studies
regarding its roles in different cancers. In glioma cells,
KLF16 suppresses cell proliferation, which negatively reg-
ulates the expression of TFAM.?* However, another study
showed that the deletion of KLLF16 inhibited the growth of
gastric cancer cells by decreasing the expression of p21
and CDK4.** In the present study, our findings indicate
that KLF16 may promote the proliferation and occurrence
of PCa. Overall, these studies have shown a diverse role of
KLF16 in tumors.

Our study is the first to investigate the expression of
KLF16 in PCa tissues, and to determine potential biologi-
cal roles in PCa cells. We found that KLF16 was highly
expressed in PCa tissues compared to normal prostate
tissues, both in our specimens and in published cohorts.
Moreover, the mRNA expression of KLF16 was positively
correlated with CCP activity, which reflected the prognosis
of PCa in two individual datasets. We then confirmed that
loss of KLF16 attenuated the proliferation of PCa cells
in vitro and in vivo. The RNA-seq data using PCa cells
and published datasets both showed that disrupting KLF16
inhibited MYC signaling. In the present study, we did not
observe significant changes in MYC protein levels follow-
ing KLF16 knockdown, indicating that KLF16 might
influence MYC function rather than its expression. The
downregulation of MAX after KLF16 knockdown had
confirmed it. We then found that MYC activity was inhib-
ited following disruption of KLF16. Because MYC plays

25,26

important roles in cell cycle transitions, our findings

are consistent with other studies, which have reported that
deletion of KLF16 causes cell cycle arrest.

Conclusions

In both datasets and clinical specimens, KLF16 expression
was evaluated in PCa and normal tissues. Expression of
KLF16 dramatically inhibited PCa cell growth in vitro and
in vivo. A deficiency of KLF16 inhibited MYC signaling
in PCa cells. KLF16 expression was also positively corre-
lated with MYC signaling in PCa cohorts. Our findings
indicate that KLF16 may play important roles in the devel-
opment of PCa.
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