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• ZNF692 promotes proliferation, migration and invasion of cervical cancer.
• ZNF692 enhanced the G1/S transition via regulating the p27kip1/pThr160-CDK2 signal pathway.
• ZNF692 directly binds to the promoter region of p27kip1, which may provide therapeutic target.
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Objective. Cervical cancer (CC) is the most common malignancy in women. The zinc finger protein 692
(ZNF692) has been identified as a transcription factor and its aberrant expression participates in tumorigenesis
of various cancers. However, its biological function andmolecular mechanisms in cervical cancer remain unclear.

Methods. Microarrays were analysed by immunohistochemistry (IHC) to investigate the expression of
ZNF692 in cervical cancer and its relationshipwith clinicopathologic characteristics. siRNAs and expression plas-
mids were used to reveal the biological function of ZNF692 in CC and subcutaneous xenograft model to examine
the role of ZNF692 in vivo. Chromatin Immunoprecipitation and luciferase reporter assay were performed to as-
certain whether ZNF692 binds to the promoter region of p27kip1.

Results. By analyzing The Cancer Genome Atlas (TCGA) dataset, we confirmed ZNF692 as a potential oncogene in
CC. ZNF692 expression was up-regulated in CC tissues compared with that in adjacent normal tissues, and its overex-
pressionwas correlatedwith poor clinicopathologic characteristics. Moreover, ZNF692 promoted the proliferation,mi-
gration and invasion of CC cells both in vitro and in vivo. Regarding molecular mechanisms, up-regulation of ZNF692
was found to enhance the G1/S transition via regulating the p27kip1/PThr160-CDK2 signal pathway in CC cells.

Conclusion. ZNF692 promotes CC cells proliferation and invasion through suppressing p27kip1 transcription by di-
rectly binding its promoter region, which suggests that ZNF692 may serve as an underlying therapeutic target and
prognostic marker in CC.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Cervical cancer (CC) is one of the most common gynaecological ma-
lignancies amongwomenworldwide [1], and it remains a leading cause
of cancer-related death for women in developing countries [2]. Despite
improvements in therapeutic strategies over the last two decades, the
prognosis remains poor [3,4]. The progression of CC is associated with
various molecular alterations, but these molecular mechanisms have
not been completely elucidated. Therefore, clarifying the molecular
mechanisms of CC and identifying novel diagnostic markers and poten-
tial therapeutic targets are necessary to improve the survival of these
patients.

Classical zinc finger-containing proteins (ZNFs), one of the three
types of transcription factors, are encoded by 2% of human genes and
constitute the largest family of sequence-specific DNA binding proteins
[5,6]. Recent research has indicated that aberrant expression of ZNF pro-
teins leads to tumorigenesis in various malignancies [7–9]. Although
many studies have investigated the roles of ZNF proteins in various tu-
mours, the biological function of ZNF692 has rarely been reported.
ZNF692 is located on chromosome 1q44 and can bind to the promoter
region of key genes to regulate the tumour progression as a transcrip-
tion factor [10]. A previous study indicated that ZNF692 was related to
the recurrence of Wilms tumours [11]. Additionally, ZNF692 has differ-
ent RNA splicing patterns in various types of hepatocellular carcinoma
[12]. Furthermore, our previous research suggests that ZNF692 is upreg-
ulated in lung adenocarcinoma (LUAD) and promotes the aggressive-
ness of LUAD [13]. Nevertheless, none of these studies have focused
on the expression profile and molecular mechanisms of ZNF692 in CC.

To explore the role of ZNF692 in CC, we investigated the expression
profiles of ZNF692 in the TCGAdataset, CC tissuemicroarrays and CC cell
lines. Our results suggest that ZNF692 plays an important role in pro-
moting aggressiveness, including proliferation, migration and invasion
capacities in CC, by regulating the p27kip1/PThr160-CDK2 signal pathway
to induce the G1/S transition. Thus, ZNF692 might serve as a useful
prognostic biomarker and a potential target in cervical carcinoma.

2. Material and methods

2.1. Bioinformatics analysis

A TCGA dataset termed TCGA_CESC_exp_HiS-eqV2-2015-02-24was
downloaded from the UCSC cancer browser (https://genome-cancer.
ucsc.edu/) [14]. A total of 292 patients with complete clinical and
follow-up informationwere extracted for further statistical analysis. To-
tally 387 genes which had the highest co-expression correlation with
ZNF692 (r N 0.4 or r b −0.4) in the TCGA cervical cancer dataset were
submitted to DAVID Bioinformatics Resources 6.7 (http://david.abcc.
ncifcrf.gov/) [15,16] for Kyoto Encyclopaedia of Genes and Genomes
(KEGG) and Gene Ontology (GO) pathway enrichment analysis. And
GEPIA (Gene Expression Profiling Interactive Analysis) (http://gepia.
cancer-pku.cn/index.html) was used to analyse the expression of
ZNF692 with Disease Free Survival (DFS) of CC patients.

2.2. CC tissue microarrays analysis by immunohistochemistry (IHC)

For IHC assays based on tissue microarrays (TMAs), sixty-two pairs
of paraffin-embedded human cervical cancer sections were analysed
for ZNF692 expression by IHC according to a previous protocol [17].
Paired CC tissue microarrays were obtained from Shanghai Outdo Bio-
tech Co., Ltd. (Cat. No. OD-CT-RpUtr 03-004 and OD-CT-RpUtr03-006).
And the detailed information of CC cases was shown in Table S1. All tis-
sues were examined by two experienced pathologists who confirmed
the TNM stage of each patient. The UICC/AJCC TNM staging method
(7th edition)was used for clinical staging and the lymph nodemetasta-
sis was confirmed by dissecting lymph nodes during surgery. The sec-
tions were incubated with an anti-ZNF692 primary antibody (1:100
dilution; Abcam, ab204595). Tissue microarrays were assessed by two
separate investigators blinded to the clinical parameters and then
were subjected to statistical analysis. The IHC scoreswere calculated ac-
cording to intensity and percentage of positive cells. The staining inten-
sity was evaluated as the basis of 4 grades: 0 (negative staining), 1
(weak staining), 2 (moderate staining), or 3 (strong staining). The prod-
uct (percentage of positive cells and respective intensity scores) was
used as the final staining scores (aminimum value of 0 and amaximum
value of 300).

2.3. Cell lines and cell culture

HeLa, C33a and Caski cervical cancer cell lines were purchased from
American Type Culture Collection (ATCC, USA), and Siha and Hacat cell
lines (normal human skin keratinocytes) were obtained from KeyGEN
BioTECH (KeyGEN,Nanjing, China). HeLa, Siha, C33a and Hacat cells
were incubated in DMEM medium (KeyGEN, Nanjing, China), while
Caski cells were cultured in RPMI1640 (KeyGEN, Nanjing, China) me-
diumcontaining10% foetal bovine serum(GIBCO-BRL, Invitrogen, Carls-
bad, CA, USA) in a humidified CO2 incubator (Thermo Scientific,
Waltham, MA, USA) at 37 °C in a 5% CO2 environment.

2.4. siRNA, shRNA and plasmid transfection

Transfection was performed following the small-interfering RNA
(siRNA) sequence transfection protocol for Lipofectamine RNAi MAX
(Invitrogen, USA). Nonsense RNAi (nsRNA) was used as a negative con-
trol for siRNA. Transfection efficiency was evaluated by quantitative
real-time PCR (qRT-PCR) and western blotting. All siRNA sequences
(Realgene, Shanghai) are presented in Table S2.

Flag-ZNF692 cDNA was cloned into a pcDNA3.1 vector (GENEray
Biotechnology) to construct an overexpression plasmid and an empty
plasmid was used as a negative control. The small hairpin RNA
(shRNA) for ZNF692 was generated according to si2-RNA sequence
whichwasmore efficient in knocking down ZNF692 (GENEray Biotech-
nology). Transfections of shRNA and plasmids were performed accord-
ing to the Lipofectamine 3000 Reagent (Invitrogen, Carlsbad, CA, USA)
protocol. The cells were transfected with pcDNA3.1-ZNF692 or vector,
sh-ZNF692 or sh-NC, respectively [18].

2.5. RNA preparation, reverse transcription, and qRT-PCR

Total RNAwas extracted from cells using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer's protocol. Approxi-
mately 1500 ng of total RNAwas reverse-transcripted in a final volume
of 20 μL using a Reverse Transcription Kit (Takara, cat: RR036A) to pro-
duce cDNA. qRT-PCRwas conducted using SYBR SelectMasterMix (Ap-
plied Biosystems. Cat: 4472908). The relative expression of each
product was normalized to the expression of β-actin. Primers used to
amplify ZNF692, p15ink4b, p16ink4a, p21cip1, p27kip1, CCNB1, CCND1,
CCNE1, CDK2, CDK4 and CDK6 are shown in Table S3 (Realgene, Shang-
hai, China). qRT-PCR was done on a QuantStudioTM 6 Flex Real-Time
PCR system using the following programme: 1 cycle at 95 °C for
10 min followed by 40 cycles at 92 °C for 15 s and 60 °C for 1 min.

2.6. Protein preparation and western blotting

Transfected cells were harvested and protein was extracted using
RIPA Lysis Buffer (Kaiji, Nanjing, China) according to the instructions
provided by the manufacturer. Protein samples (40 μg) were loaded
into 10% sodium dodecyl sulfate polyacrylamide electrophoresis (SDS-
PAGE) gels and transferred onto a PVDF membrane after electrophore-
sis. Themembranewas blockedwith non-fatmilk for 2 h, and incubated
overnight with antibodies against ZNF692 (Abcam, 1:200), p21cip1,
p27kip1, CCNE1, CDK2, PThr160-CDK2, CCND1, CCNB1 or β-actin (Cell Sig-
nalling, 1:1000). After washing with TBST for 3 times, the membrane
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was incubatedwith goat anti-rabbit or anti-mouse HRP-conjugated sec-
ondary antibody (Abcam, 1: 10,000) for 2 h at room temperature in the
dark. The bands were visualized by ECL detection (Thermo Scientific).
All experiments were repeated triplicate.

2.7. xCELLigence System assay

Cell proliferative abilitywasmeasured using a real time xCELLigence
system (RTCA) according to the instructions provided by the manufac-
turer [19]. Briefly, the cells were collected and counted in a blood-
counting chamber after transfection with siRNA, si-NC, oe-ZNF692 or
vector for 24 h. The cells were then resuspended in medium with FBS
and seeded in E-plates at a density of 8,000 per well. The E-plates
were placed into the RTCA device in the incubator. The proliferation
was automatically detected by the xCELLigence system and outputted
as a cell index value. The cell index was monitored in real-time at
least 60 h.

2.8. Colony formation assay

The transfected cells were placed in 6-well plates at 400 cells per
well for colony formation assays. The media were changed every
5 days. After 10–14 days, the cells were fixed using 4% paraformalde-
hyde and stained with 0.1% crystal violet solution. Visible clones
which contained at least 50 cells were manually counted. Each experi-
ment was repeated 3 times.

2.9. Ethynyl-2-deoxyuridine (EdU) incorporation assay

Cell proliferation was also determined using a ethynyl-2-
deoxyuridine incorporation assay with the keyFluor488 Click-IT EDU
Kit (KeyGENBioTECH, Nanjing, China) according to the manufacturer's
protocol [20]. Briefly, the transfected cells were placed in 96-well plates
(8000 cells/well) overnight in a CO2 incubator. Then, cells were incu-
bated with 100 μL/well of 10 μM EdU for 2 h at 37 °C and fixed with
50 μL 4% paraformaldehyde-containing PBS for 30min at room temper-
ature. Subsequently, the cells were cultured for 5 min with 50 μL of
2mg/mL glycine and thenwashedwith 100 μL 3% BSA in PBS. After per-
meabilizationwith 0.5% Triton X-100 for 20min, the cells were cultured
with 1 × Click-iT reaction solution for 30 min at room temperature in
dark conditions. After that, cells were incubated with 100 μL/well of 1
× Hoechst 33342 solutions for 30 min at room temperature in the
dark after washing with 100 μL of PBS. The cells were then imaged
using fluorescence microscopy and proliferation cells ratios were
counted from 5 random fields in every well. Each experiment was re-
peated 3 times.

2.10. Migration and invasion assay

A total of 40,000 transfected cells were added to the upper chamber
of Transwell assay inserts (8 μM PET, 24-well Millicell) or a Matrigel-
coated membrane (BD Biosciences) containing 200 μL serum-free
DMEM media. The lower chambers were filled with 800 μL DMEM
media containing 10% FBS. After a 24-h (migration assay) or 48-h (inva-
sion assay) incubation, the cells were fixed with 4% paraformaldehyde,
stained with crystal violet, and imaged. Migration and invasion were
assessed by counting cell nuclei from 5 random fields on every filter.
Each Experiment was repeated three times.

2.11. Wound healing assay

The cells were placed on six-well plates and transfected with si-
ZNF692, si-NC, pcDNA3.1-ZNF692 or vector as described above. After
24 h, an artificial scratch wound on a confluent monolayer of cells was
generated using a 200 μL pipette tip. Serum-free medium was added
for 48 h, and the cells were imaged. Each assay was repeated three
times.

2.12. Flow cytometry assay

Cell cycle distribution was measured by flow cytometry. Cells were
harvested after transfection with siRNA for 48 h and fixed in 1 mL 70%
ethanol at−20 °C. Then, the cells were stained with propidium iodide
(PI) following the manufacturer's instructions [21]. The cells were
then analysed using a FACScan flow cytometer (Becton Dickinson,
Franklin Lakes, NJ). The percentage of the cell cycle in G1, S, and G2/M
phase were displayed in a bar graph. All the samples were performed
in triplicate.

2.13. ChIP assay

The adherent HeLa and Siha cells were cross-linked in 4% parafor-
maldehyde for 10 min, and the reaction was terminated with 10 × gly-
cine. After two washes with cold PBS, cells were scraped into new
1.5 mL centrifuge tube after adding 1.0 mL cold PBS (containing 5 μL
protease inhibitor, cocktail) and centrifuged for 10 min at 800 ×g at 4
°C. Pelleted cells were resuspended in 500uL cell lysis buffer (containing
2.5 μL cocktail) and incubated on ice for 15min, then the cells were cen-
trifuged for 5 min at 800 ×g, 4 °C. Cell precipitates were resuspended in
500uL nucleus lysis buffer (containing 2.5 μL cocktail) successively.
After that, the cells were sonicated (amplitude 30%) on ice for 10 min
to break DNA into fragments. And the product was centrifuged for
10 min at 12,000g at 4 °C. Specific anti-Flag antibody (SIGMA, F1804)
coupled to magnetic beads (Resin M2, Sigma, Shanghai, China) was
used to immunoprecipitate the DNA-protein complex, and the IgG anti-
body was used as a negative control. The beads were then washed with
500uL low salt buffer, high salt buffer, LiCi buffer, and TE buffer succes-
sively, all for 5 min at 4 °C. The beads were added with elution buffer
(containing proteinase K) and then heated at 62 °C for 2 h and 95 °C
for 10min. Next the beadswere removed inmagnetic frame and the su-
pernatant was transferred into a new tube. In the last step, the superna-
tant was addedwith Bind reagent A and put in adsorption column. After
washed withWash reagent B, the DNAwas eluted with elution buffer C
from adsorption column and used for PCR reaction. PCR was performed
with MasterMix with 7 primes as shown in Table S4.

2.14. Luciferase reporter assay

The promoter of p27kip1 cDNA cDNA (700–1200 bp) was amplified
by using PCR and cloned into luciferase reporter plasmids (pGL3-
basic). The luciferase reporter plasmids were co-transfected with
pcDNA3.1-ZNF692 or si-ZNF692 in HEK293T cells. After 48 h, cells
were harvested and assessed for luciferase activity using the Dual Lucif-
erase Reporter Assay System (Promega, Madison,WI, USA). Relative lu-
ciferase activity was corrected for Renilla luciferase activity of pGL3-
basic, and normalized to the activity of the control (pcDNA3.1 or si-NC).

2.15. Animal study

The experimental protocols were evaluated and approved by the
Nanjing Medical Animal Care Committee. Eight female nude mice
(4–6 weeks old) were purchased from Nanjing Medical University
School of Medicine's accredited animal facility. HeLa cells were
transfected with sh-ZNF692 or sh-NC as previously described, and 5.0
× 106 logarithmic growth cells were implanted subcutaneously in the
armpit of the mice. Tumour volume (length × width2 × 0.5) was mea-
sured weekly using callipers. Four weeks after injection, the animals
were sacrificed, and the tumours were measured. Meanwhile, the tu-
mour tissues were immunohistochemically stained with ZNF692
(Abcam, 1:200), Ki67 (Spring Bioscience, 1:100), and p27kip1 (Cell Sig-
nalling, 1:200).
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2.16. Statistical analysis

Data are shown as themeans± S.D., and Student's t-test, chi-square
test, one-wayANOVAwere used to analyse the data using SPSS statistics
software (version 20.0, Chicago, III). P b 0.05was considered statistically
significant.

3. Results

3.1. ZNF692 was identified as a candidate oncogene in CC

Analysis of TCGA_CESC_exp_HiSeqV2-2015-02-24 dataset showed
that average expression of ZNF692 (9.448±0.03757, n=303) in CC tis-
sues was higher than that in adjacent normal tissues (8.615± 0.2145, n
= 3) (p = 0.0285, Fig. 1A). And there was no statistical difference be-
tween the expression of ZNF692 in CIN III and normal cervical tissues
(Fig. S1). ZNF692 expression in stage III-IV patients (9.586 ± 0.07997,
n = 65) was up-regulated compared with stage I-II patients (9.402 ±
0.04356, n=227) (p=0.0453, Fig. 1B), and ZNF692 mRNA expression
was elevated in patients of T2–T3 stage (9.553±0.07276, n=98) com-
pared with those of T1 stage (9.357 ± 0.05524, n = 138) (p = 0.0299,
Fig. 1C). GEPIA analysis indicated that ZNF692 expression had negative
correlation with the PFS of cervical cancer patients (p = 0.03, Fig. 1D).
The expression profile of ZNF692 protein was further determined by
IHC analysis in CC tissue microarrays. Representative IHC staining im-
ages of ZNF692 in TMAs are shown in Fig. 1E. ZNF692 staining scores
were elevated in tumour tissues (214.6 ± 5.706) as opposed to those
in adjacent normal tissues (125.2 ± 4.270) (n = 62, p b 0.0001,
Fig. 1F). Also, hyper-expression of ZNF692 was positively correlated
with advanced TNM stages (III–IV VS I–II, 228.6 ± 7.069 VS 200.5 ±
8.321, p = 0.0125, Fig. 1G) and lymph node metastasis ((N1–N3 VS
N0, 228.6 ± 7.069 VS 200.5 ± 8.321, p = 0.0125, Fig. 1H). Based on
the expression value of ZNF692 in CC tissues, we divided the patients
into two groups: ZNF692 high expression group (n = 31) and ZNF692
low expression group (n = 31). And results showed that patients
with higher expression of ZNF692 tend to have more advanced stages
in T stage (p = 0.0387), N stage (p = 0.0223) and TNM stage (p =
0.0223) (Table S5).

3.2. Knockdown of ZNF692 suppressed the aggressiveness of CC in vitro

The expression of ZNF692, as measured by qRT-PCR and western
blot, was up-regulated in CC cell lines compared with that in normal
human skin keratinocytes (Hacat cells) (Fig. 2A-B). HeLa and Siha cell
lines were chosen to investigate the biological function of silencing
ZNF692. Then, two different effective siRNAs were constructed to
knockdown ZNF692, while transfection efficiency was determined by
qRT-PCR and western blotting (Fig. 2C-F). The results of the colony for-
mation assay revealed that a significant decrease in cell growth of HeLa
(si-NC VS si1, 188.70± 15.30 VS 70.67± 6.64, p=0.0021; si-NC VS si2,
188.70 ± 15.30 VS 31.67 ± 6.17, p = 0.0007) and Siha cells (si-NC VS
si1, 138.70 ± 11.62 VS 60.00 ± 9.17, p = 0.0060; si-NC VS si2, 138.70
± 11.62 VS 31.67 ± 3.76, p = 0.0009) in si-ZNF692 group compared
to si-NC group (Fig. 2G). The xCELLigence system showed that prolifer-
ative ability of HeLa and Siha cells was inhibited in si-ZNF692 group
(Fig. 2H) and the EdU incorporation assay indicated that the prolifera-
tion cells ratio declined in si-ZNF692 HeLa cells (si-NC VS si-ZNF692,
40.12 ± 2.62 VS 25.28 ± 1.59, p = 0.0013) and Siha cells (si-NC VS si-
ZNF692, 36.92 ± 2.16 VS 24.56 ± 1.47, p = 0.0015) compared to si-
NC group (Fig. 2I). The Transwell assay (HeLa, si-NC VS si-ZNF692,
160.6 ± 6.01 VS 73.80 ± 6.02, p b 0.0001; Siha, si-NC VS si-ZNF692,
120.8 ± 8.108 VS 50.40 ± 7.194, p = 0.002) and Matrigel invasion
assay (HeLa, si-NC VS si-ZNF692, 142.6 ± 7.28 VS 55.40 ± 7.59, p b

0.0001; Siha, si-NC VS si-ZNF692, 118.25 ± 9.48 VS 33.40 ± 8.19, p =
0.0002) (Fig. 2J), and wound healing assay (Fig. 2K) found that migra-
tion and invasion abilities of HeLa and Siha cells were suppressed by
knockdown of ZNF692. Meanwhile, si-ZNF692 treatment induced G1
phase arrest (HeLa, si-NC VS si-ZNF692, 44.62 ± 1.13 VS 62.03 ± 2.86,
p = 0.0048; Siha, si-NC VS si-ZNF692, 47.75 ± 1.52 VS 60.78 ± 1.31, p
= 0.0029) (Fig. 2L).

3.3. Overexpression of ZNF692 promoted the malignant phenotype in HeLa
cells

To further verify the function of ZNF692, a pcDNA3.1-ZNF692 plas-
mid was transfected into HeLa cells. Transfection efficiency was mea-
sured by qRT-PCR (Fig. 3 A) and western blotting (Fig. 3 B).
Overexpression of ZNF692 enhanced HeLa cell proliferation, as analysed
by the xCELLigence system (Fig. 3C). EdU incorporation assay showed
that the proliferation cells ratio increased in oe-ZNF692 HeLa cells com-
pared to oe-NC group (oe-NC VS oe-ZNF692, 37.42 ± 1.73 VS 44.66 ±
1.23, p = 0.0092) (Fig. 3D) and colony formation assay also indicated
the similar results (oe-NC VS oe-ZNF692, 207.0 ± 8.74 VS 307.7 ±
6.50, p = 0.0008) (Fig. 3E). We also found that ZNF692-
overexpressing CC cells displayed increasing migration ability in
wound healing assay (Fig. 3F), Transwell assay (oe-NC VS oe-ZNF692,
147.8 ± 5.68 VS 224.2 ± 8.59, p b 0.0001) and Matrigel invasion assay
(oe-NC VS oe-ZNF692, 126.8 ± 7.70 VS 200.0 ± 9.73, p = 0.0004)
(Fig. 3G).

3.4. ZNF692 promoted cell proliferation and invasion through suppressing
p27kip1 expression by directly binding its promoter region

GO analysis was used to elucidate how ZNF692 exerts its carcino-
genic effect. As shown in Fig. 4A,most of the geneswere enriched in reg-
ulation of transcription and many genes were enriched related to cell
cycle regulation. Our present results showed that si-ZNF692 impaired
CC cell proliferation and generated G1 phase arrest, which is consistent
with the GO analysis results. Therefore, we evaluated expression of G1
phase-related cell cycle regulation genes, and the finding suggested
that p27kip1 was increased or decreased at the mRNA level after knock-
down or ectopic expression of ZNF692 in CC cell lines, respectively
(Fig. 4B-D). When ZNF692 was knocked down, p27kip1 was obviously
increased and PThr160-CDK2 expression was moderately decreased at
the protein level; however, CDK2 and CCNE1was not obviously affected
at the protein level (Fig. 4E). Meanwhile, overexpression of ZNF692
showed the opposite results at the protein level (Fig. 4F). Moreover,
the expression of p15ink4b, p16ink4a, p21cip1, CCNB1, CCND1, CDK4, and
CDK6 was not influenced either at the mRNA or the protein level
(Fig. 4B-F).

ZNF proteins function as transcription factor by binding the specific
nucleotide sequences of DNA [22]. To further verify whether ZNF692
binds to the promoter region of p27kip1 to suppress its transcription,
we performed ChIP assay. According to the sequence of promoter re-
gion, 7 primers are designed for different sections. After immunoprecip-
itation by Flag-ZNF692, the 7 primers were used for PCR. Results
showed that only primer 5 (815–1022 bp) was enriched in the immu-
noprecipitation complex both in Siha and Hela cells. The PCR amplifica-
tion product was then used for agarose gel electrophoresis, and
compared with IgG group, Flag-ZNF692 enriched more DNA fragments
amplified by primer 5 (Fig. 4G). In addition to this, ectopic ZNF692 or
si-ZNF692 significantly reduced or increase luciferase activity when
co-transfected PGL3-p27kip1 promoter cDNA (700–1200 bp) (Fig. 4H).
These results suggest that ZNF692 directly binds the promoter region
of p27kip1 to suppress its transcription.

3.5. Downregulation of p27kip1 partially recovered the phenotypes of si-
ZNF692 cells

Finally, a rescue experiment was designed to demonstrate that
ZNF692 performed its carcinogenic activity in a p27kip1-dependent
manner. The knockdown efficiencies of two siRNA sequences directed



Fig. 1. ZNF692was over-expressed in CC tissues and positively correlatedwithmore aggressive clinical characteristics. (A) ZNF692was up-regulated in CC tissues comparedwith adjacent
normal tissues in TCGA dataset (P = 0.0285). (B) ZNF692 was up-regulated in patients of stage III-IV compared with those of stage I-II by analysis of the TCGA dataset (p = 0.0453).
(C) Overexpression of ZNF692 was positively associated with T stage according to the TCGA database. (p = 0.0299). (D) GEPIA analysis showed that the expression of ZNF692 had a
negative correlation with the Disease Free Survival (DFS) of cervical cancer patients (p = 0.03). (E) Representative IHC staining images of TMAs are shown. (F) The ZNF692 staining
score was increased in CC tissues compared with para-tumour tissues (p b 0.0001). (G-H) The ZNF 692 staining score was positively correlated with an advanced TNM stage (p =
0.0125) and lymph node metastasis (p = 0.0125) in CC tissues. Error bars represent the mean ± SD values.
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toward p27kip1 were first determined by qRT-PCR (Fig. 5A), and the si1-
RNA sequence was chosen for further study. Then, si-ZNF692 HeLa cells
were simultaneously transfected with si-p27kip1 and p27kip1 expression
was measured by qRT-PCR and western blotting (Fig. 5B and G). Cell
proliferation, migration and invasion capacities were partially recov-
ered by downregulation of p27kip1 as measured by the proliferation
assay (Fig. 5C), colony formation assay (si-ZNF692 VS recovered
group, 71.0 ± 7.51 VS 186.3 ± 4.26, p= 0.0002, Fig. 5D), EdU incorpo-
ration assay (si-ZNF692 VS recovered group, 27.86 ± 0.83 VS 36.02 ±
1.22, p = 0.0006, Fig. 5E). Transwell assays (si-ZNF692 VS recovered
group, 73.67 ± 8.09 VS 161.7 ± 12.81, p = 0.0044) and Matrigel inva-
sion assay (si-ZNF692 VS recovered group, 62.67 ± 6.57 VS 113.3 ±
10.40, p=0.0146) (Fig. 5F). Moreover, upon simultaneous knockdown
of p27kip1 and ZNF692 in HeLa cells, the expression of PThr160-CDK2was
partially elevated, compared with si-ZNF692 alone in HeLa cells
(Fig. 5G).

3.6. Knockdown of ZNF692 inhibited tumour growth in vivo

To estimate the oncogenic abilities of ZNF692 in vivo, we con-
structed a xenograft tumour model using HeLa cells transfected with
sh-NC or sh-ZNF692 (Fig. S2). The interference efficiencies were deter-
mined by qRT-PCR and western blot (Fig. 6A–B). All nude female mice
generated xenograft tumours at the injection sites, and xenograft tu-
mours were collected 4 weeks after injection (Fig. 6C). Tumours vol-
umes (Final volume, sh-NC VS sh-ZNF692, 1078.0 ± 130.1 VS 592.4
± 61.12, p = 0.0149) and weights (sh-NC VS sh-ZNF692, 0.41 ±
0.013 VS 0.20 ± 0.008, p b 0.0001) declined in the sh-ZNF692 group



Fig. 2.Knockdown of ZNF692 inhibited the CC cell proliferation,migration, invasion and induced G1 cell cycle arrest in vitro. (A–B) ZNF692mRNA and protein level are highly expressed in
CC cell lines. (C–F) Two specific siRNA (si1 and si2) of ZNF692 were designed and the transfection efficiencies of siRNAs in HeLa and Siha cells were determined by qRT-PCR and western
blotting. (G) Colony formation ability was inhibited by knockdown of ZNF692 in HeLa and Siha cells. (H) XCELLigence System assays also indicated that knockdown of ZNF692 inhibited
proliferation ofHeLa cells and Siha cells. (I) EdU incorporation assay revealed that knockdownof ZNF692 inhibitedproliferation of HeLa cells and Siha cells. (J) Transwell assay andMatrigel
assay and (K) wound healing assay revealed that migration and invasion abilities were suppressed by siRNA-mediated knockdown of ZNF692. (L) Knockdown of ZNF692 induced G1 cell
cycle arrest measured by flow cytometry. Error bars represent the mean ± SD values of three independent experiments. *P b 0.05, **P b 0.01, ***P b 0. 001.
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compared with those in the sh-NC group (Fig. 6D-E). IHC analysis dem-
onstrated that tumours derived from the sh-ZNF692 group showed
weaker staining of ZNF692 and Ki-67 than those derived from the sh-
NC group; meanwhile, p27kip1 staining was increased in the sh-
ZNF692 group (Fig. 6F). These findings inferred that sh-ZNF692 might
suppress tumour growth and up-regulate p27kip1 expression in vivo.



Fig. 3. Overexpression of ZNF692 promoted proliferation, migration and invasion of HeLa cells. (A–B) The pcDNA3.1-ZNF692 was synthesized and the transfection efficiencies of oe-
ZNF692 were estimated by qRT-PCR and western blotting. (C–E) Ectopic expression of ZNF692 enhanced proliferation capacity of HeLa cells. (F–G) Overexpression of ZNF692
promoted migration and invasion of HeLa cells. Error bars represent the mean ± SD values of three independent experiments. *P b 0.05, **P b 0.01, ***P b 0. 001.
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4. Discussion

This study indicated that ZNF692 played an important role in pro-
moting aggressiveness in CC. Here, we firstly found that the expression
of ZNF692 was upregulated in CC tissues compared with its expression
in the adjacent normal tissues.Moreover, knockdownor ectopic expres-
sion of ZNF692 suppressed or promoted the proliferation and invasion
abilities of CC cells, respectively. Furthermore, xenograft tumourmodels
using HeLa cells showed that knockdown of ZNF692 inhibited tumour
growth in vivo. Regarding its molecular mechanism, si-ZNF692 treat-
ment of CC cells induced G1 phase arrest, upregulated p27kip1 and
downregulated PThr160-CDK2 expression while overexpression of
ZNF692 suppressed p27kip1 and promoted PThr160-CDK2 expression. In-
terestingly, Chromatin immunoprecipitation (ChIP) assay revealed that
ZNF692 directly targeted p27kip1 promoter region (815–1022 bp) and
luciferase reporter assay indicated that ectopic or si-ZNF692 signifi-
cantly reduced or increased p27kip1 promoter (700-1200 bp) luciferase
activity. Additionally, inhibition of p27kip1 expression partially recov-
ered the influence of si-ZNF692 on malignant phenotype in Hela cells.
Taken together, our results provided evidence that ZNF692 promoted
the progression of CC and might be a potential prognostic biomarker
as well as the therapeutic target in CC.

The involvement of ZNF692 in cancer has been reported in many
studies. For example, ZNF692 was up-regulated in the parous breast
via transcription regulation and chromatin organization [23]. Our
previous study demonstrated that down-regulation of ZNF692 could
suppress tumour proliferation and invasion of lung adenocarcinoma
cells and overexpression of ZNF692 is strongly associated with poorer
survival in LUAD [13]. Similar to our previous findings, we found that
ZNF692was overexpressed in CC tissues comparedwith that in adjacent
normal tissues and was negatively correlated with PFS in CC patients.
Moreover, overexpression of ZNF692 was also positively correlated
with advanced TNMstage and lymph nodemetastasis based on analysis
of CC tissue microarrays.

By GO enrichment analyses, we found that the genes which had the
highest correlation values with ZNF692 were enriched in regulation of
transcription and the cell cycle. In the past decade, role of cell cycle dys-
regulation has been recognized in occurrence and progression of tu-
mours [24–26]. There has been mounting evidence to indicate that
metabolite profiling has a key role in the study of cancer cell prolifera-
tion [27,28] and a better understanding of the metabolic basis of cell
cycle disorders is expected to uncover the mechanisms of accelerating
tumorigenesis [29].

Our functional experimentswere consistentwith the GO analyses, in
which knockdown of ZNF692 impaired CC cell proliferation, migration
and invasion by inhibiting the G1/S phase transition. Therefore, we
analysed several critical G1/S transition-related genes to illuminate a
potential mechanism. Previous studies have reported that p27kip1 ar-
rests the cell cycle at the G1 phase by inhibiting the activation of the
CCNE1-CDK2 complex [30–33]. The distribution and prognostic value



Fig. 4. ZNF692 suppressed the p27kip1 expression by directly binding its promoter region. (A) Genes of high correlation with ZNF692 were enriched in regulation of transcription and cell
cycle regulation byGOanalysis. (B–D)Thep27kip1mRNA levelswere significantly increased or decreased after knockdownor ectopic expression of ZNF692 inCC cell lines, respectively. (E–
F) The protein level of p27kip1 was obviously upregulated or downregulated while the expression of PThr160-CDK2 was moderately decreased or increased in si- or oe-ZNF692 of CC cells.
The expression of CDK2, CCNE1wasnot obviously affected at theprotein level after knockdownor ectopic expression of ZNF692 inCC cells. However, thep21cip1, CCND1and CCNB1had no
significant changes in si- or oe-ZNF692. (G) Each approximately 200 bp lengthwas designed for 7 primerswithin 1500 bp of the p27kip1 promoter region. Chromatin immunoprecipitation
(ChIP) assays using normal IgG or anti-Flag-ZNF692 revealed that ZNF692 directly targetedp27kip1 promoter region (815–1022 bp). (H) Ectopic ZNF692 or si-ZNF692 significantly reduced
or increased p27kip1 promoter (700–1200 bp) luciferase activity. Error bars represent the mean ± SD values of three independent experiments. *P b 0.05, **P b 0.01, ***P b 0. 001.
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Fig. 5. Downregulation of p27kip1 partially reversed the phenotypes of si-ZNF692 cells. (A) The transfection efficiency of si-p27kip1 was determined by qRT-PCR. (B–D) The proliferative
abilities were partially rescued after treatment with si-p27kip1 in si-ZNF692 HeLa cells. (E) Knockdown of p27kip1 partially reversed the inhibitory effect of si-ZNF692 on themigration and
invasion of HeLa cells. (F)Western blotting showed that the expression of p27kip1 and PThr160-CDK2 were partially recovered after knockdown of p27kip1 in si-ZNF692 compared with si-
ZNF692 alone in HeLa cells. Error bars represent the mean ± SD values of three independent experiments. *P b 0.05, **P b 0.01, ***P b 0. 001.
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Fig. 6.Knockdown of ZNF692 inhibited tumour growth in vivo. (A–B) The transfection efficiency of sh-ZNF692was determined by qRT-PCR andWestern blotting. (C) A total of eight nude
femalemicewere sacrificed and xenograft tumourswere collected4weeks after injection. (D-E) Tumour volumeandweightwere decreased in the sh-ZNF692 group comparedwith those
in the sh-NCgroup. (F) The expression of ZNF692, Ki-67was downregulated and p27kip1wasupregulated in sh-ZNF692 xenograft tumours as analysed by IHC staining. Error bars represent
the mean ± SD values. *P b 0.05, **P b 0.01, ***P b 0.001.
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of p27kip1 have been widely studied in CC [34,35]. Many studies have
also indicated that p27kip1 can suppress CDK2-Thr160 phosphorylation
[36,37]. StephanieMueller et al. [38] found a keymechanism for the ad-
justment of the G1/S transition via CDK2 phosphorylation at Thr160 in
hepatocytes. Our data coincide with preceding studies, showing that
si-ZNF692 induces G1 phase arrest by regulating the p27kip1 expression.
The expression of p27kip1, a cell cycle-dependent kinase inhibitor
(CDKI), was up-regulated in si-ZNF692 cells, to induce G1 phase arrest
accompanied by the down-regulation of PThr160-CDK2 in si-ZNF692
cells. Meanwhile, decreased p27kip1 and increased PThr160-CDK2 were
observed in oe-ZNF692 cells.

The imbalance of p27 expression in cancer has mainly been contrib-
uted to proteasomal degradation [39–41]; however, little is known of its
disordered expression at the transcription level is little known. Re-
cently, Yawei Li et al. proved that expression of p27 can be transcrip-
tionally upregulated by FOXO1 directly binding to its promoter [42].
Our results showed that si-ZNF692 inhibited proliferation, migration,
invasion and G1 phase processes in CC cells mainly by increasing
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p27kip1 expression. The rescue experiments indicated that knockdown
of p27kip1 partially recovered the phenotypes in si-ZNF692 HeLa cells.
ChIP assay and luciferase reporter assay indicated that ZNF692 directly
bound the promoter region of p27kip1 at 815-1022 bp to suppress its
transcription. Therefore, ZNF692 might have carcinogenic effects par-
tially in a p27kip1-dependent manner.

In conclusion, we found that ZNF692 is overexpressed in CC and is
positively correlated with advanced TNM stage and lymph nodemetas-
tasis. It plays an important role in CC progression by promoting the pro-
liferation, invasion and migration of CC cells. With regard to the
underlying mechanism, ZNF692 could enhance the cell cycle transition
by regulating the p27kip1/PThr160-CDK2 signal pathway. Moreover,
ZNF692 directly binds to the promoter region (815-1022 bp) of
p27kip1 to exert its effect on promoting CC aggressiveness. Our present
study adds to the accumulating evidence that ZNF692 exerts a carcino-
genic role in CC and could be a potential prognostic biomarker aswell as
a target for treatment of CC.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2018.11.022.
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