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Abstract. – OBJECTIVE: This study aims to 
explore the biological roles of long non-coding 
RNA (lncRNA) ZNF281 and KLF15 in regulating 
cervical carcinoma progression. 

PATIENTS AND METHODS: Differential ex-
pressions of ZNF281 in 58 collected cervical 
carcinoma and normal tissues were detected by 
quantitative real-time polymerase chain reaction 
(qRT-PCR). The relationship between ZNF281 
and clinicopathologic characteristics in cervi-
cal carcinoma patients was analyzed. By gener-
ating ZNF281 knockdown model in HeLa and Si-
Ha cells through the transfection of shZNF281, 
migratory ability changes were examined via 
transwell and wound healing assay. The role of 
ZNF281 in in vivo tumorgenicity of cervical car-
cinoma was examined by implanting xenograft-
ed cancers in nude mice. The downstream tar-
get of ZNF281 and their interaction were as-
sessed by bioinformatics tool and Dual-Lucifer-
ase reporter assay, respectively. Finally, co-reg-
ulations of ZNF281 and KLF15 on cervical carci-
noma progression were elucidated.

RESULTS: ZNF281 was upregulated in cervi-
cal carcinoma tissues and cell lines. It was cor-
related to TNM staging, and incidences of lym-
phatic metastasis and distant metastasis in cer-
vical carcinoma patients, while it was unrelat-
ed to age and tumor size. The knockdown of 
ZNF281 effectively attenuated migratory ability 
in HeLa and SiHa cells. Besides, knockdown of 
ZNF281 also reduced tumorigenicity of cervical 
carcinoma in nude mice. KLF15 was the down-
stream gene binding ZNF281, and they were 
negatively correlated to each other in cervical 
carcinoma tissues. Notably, KLF15 was respon-
sible for ZNF281-induced regulation on cervical 
carcinoma migration. 

CONCLUSIONS: LncRNA ZNF281 is upregu-
lated in cervical carcinoma samples, and it is 
correlated to lymphatic metastasis, distant me-
tastasis, and poor prognosis in cervical carci-
noma patients. By targeting KLF15, ZNF281 trig-
gers migratory potential in cervical carcinoma. 
We believed that ZNF281 is a promising bio-
marker for cervical carcinoma.
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Introduction

Cervical carcinoma is one of the most prev-
alent and fatal malignant tumors in the world, 
and it is also the second most common malig-
nant tumor in women. In recent years, the onset 
of cervical carcinoma has shown a younger 
trend. There are 528,000 new cases of cervical 
carcinoma each year, and about 266,000 people 
die from it. In developing countries, cervical 
carcinoma has become the leading cause of can-
cer deaths in women1-3. Therefore, it is urgent 
to clarify the pathogenesis of cervical carcino-
ma and to develop more effective prevention, 
diagnosis and treatment methods4,5. In the past 
few decades, a large number of epidemiologi-
cal and functional studies have confirmed the 
causal relationship between human papilloma-
virus (HPV) infection and the carcinogenesis 
of cervical carcinoma. HPV-induced genomic 
instability and cumulative somatic mutations 
are risk factors for increasing the susceptibil-
ity to cervical carcinoma5-7. Nowadays, long 
non-coding RNAs (lncRNAs) have been well 
explored because of their involvement in tumor 
progression by regulating relevant pathways8,9.

LncRNAs are non-coding RNAs containing 
more than 200 nucleotides long, and cannot 
encode proteins. LncRNAs are hot topics in 
epigenetic research since they are functional in 
chromosome remodeling, transcriptional and 
post-transcriptional regulations10,11. Increasing 
evidence has proven the relationship between 
abnormally expressed lncRNAs and human 
cancers11,12. It is suggested that lncRNAs create 
a favorable microenvironment for uncontrolled 
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and progressive growth of tumor cells13,14. Ln-
cRNA ZNF281 has been detected to be dif-
ferentially expressed in tumor profiling as an 
oncogene, which is capable of regulating tumor 
cell behaviors15,16. Using online bioinformat-
ics analysis tool, it is predicted that lncRNA 
ZNF281 could specifically bind KLF15. This 
study aims to clarify the co-regulations of 
ZNF281 and KLF15 on the progression of 
cervical carcinoma, which provides new ideas 
for clinical diagnosis and treatment of cervical 
carcinoma. 

Patients and Methods

Patients and Cervical Carcinoma 
Samples

A total of 58 cancer tissues and adjacent 
normal ones from cervical carcinoma patients 
were collected in Jinan Maternity and Child 
Care Hospital Affiliated to Shandong First 
Medical University. These collected samples 
were pathologically diagnosed and stored with-
in 5 min to prevent RNA degradation. All 
patients with cervical cancer did not have ra-
diotherapy and chemotherapy before surgery, 
and it was pathologically confirmed as cer-
vical carcinoma. The following patients were 
excluded from this study: patients with other 
malignancies; mental disease; myocardial in-
farction; heart failure or other chronic diseases, 
or those previously exposed to radioactive rays 
of CC patients. Tumor node metastasis (TNM) 
staging of cervical carcinoma was determined 
based on the criteria proposed by The Union 
for International Cancer Control (UICC). All 
cervical carcinoma patients signed written 
informed consent. This study complied with 
the Helsinki Declaration and approved by the 
Medical Research Ethics Committee of Jinan 
Maternity and Child Care Hospital Affiliated to 
Shandong First Medical University. 

Cell Lines and Reagents
Cervical carcinoma cell lines (HeLa, SiHa, 

Caski and C33-A) and the normal cervical epi-
thelial cell line (HaCaT) were cultivated in Dul-
becco’s Modified Eagle Medium (DMEM; Gibco, 
Rockville, MD, USA) containing 10% fetal bo-
vine serum (FBS; Gibco, Rockville, MD, USA) 
in a 5% CO2 incubator at 37°C. 

Transfection
Cells in the logarithmic growth phase were 

inoculated in 6-well plates with serum-free me-
dium. Until cells were grown to 70-80% density, 
shZNF281 or shCtrl (GeneCopoeia, Rockville, 
MD, USA) was transfected into cells using Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA). 
Transfection efficacy was tested at 48 h. 

Transwell Migration Assay
Transwell chambers (Millipore, Billerica, 

MA, USA) were inserted in each well of a 
24-well plate. 200 μL of serum-free suspension 
(2×105 mL) was applied in the upper layer of the 
chamber, and 500 μL of medium containing 
10% FBS was applied in the bottom. After 48-h 
incubation, migratory cells in the bottom were 
reacted with 15-min methanol, 20-min crystal 
violet and captured using a microscope. Migra-
tory cells were counted in 5 randomly selected 
fields per sample.

Wound Healing Assay 
Cells were prepared into suspension with 5×105 

cells/mL, and implanted in 6-well plates. Until 
90% of cell attachment, an artificial wound was 
made using a sterilized pipette tip. Cells were 
washed in phosphate-buffered saline (PBS) for 
2-3 times and cultured in the medium contain-
ing 1% FBS. 24 hours later, wound closure was 
captured for calculating the percentage of wound 
healing.

Quantitative Real-Time Polymerase 
Chain Reaction (qRT-PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
was used for isolating total cellular RNAs, which 
were reversely transcribed into complementary de-
oxyribose nucleic acids (cDNAs) (PrimeScript RT 
Reagent; TaKaRa, Otsu, Shiga, Japan). Using the 
SYBR®Premix Ex Taq™ kit (TaKaRa, Otsu, Shiga, 
Japan) and StepOne Plus Real-time PCR system (Ap-
plied Biosystems, Foster City, CA, USA), qRT-PCR 
was carried out. Relative level was calculated by 2-ΔΔCt 
and normalized to that of glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH)17. Primers were synthe-
sized using Primer 5.0 software, and their sequenc-
es were listed as follows: LncRNA ZNF281: for-
ward: 5’-AGGTCCCAGGCTTGTCACT-3’, reverse: 
5’-CAGAAAGGCAGGCGAGTTAT-3’; KLF15: 
forward: 5’-GCCAAGTTCAGCCGCCA-3’, reverse: 
5’-CCAACCAGCCTATCACCCAG-3’; GAPDH: 
forward: 5’-ACCACAGTCCATGCCATCAC-3’, re-
verse: 5’-TCCACCACCCTGTTGCTGTA-3’. 
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Western Blot
Cells were lysed in radioimmunoprecipitation 

assay (RIPA; Beyotime, Shanghai, China) on ice 
for 30 min, and centrifuged at 4°C, 14000×g for 
15 min. The concentration of isolated protein was 
measured by bicinchoninic acid (BCA) method 
(Pierce Biotechnology, Rockford, IL, USA). Pro-
tein samples were separated by sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE), and transferred on polyvinylidene 
difluoride (PVDF) membranes (Millipore, Biller-
ica, MA, USA). Subsequently, membranes were 
soaked in 5% skim milk for 2 hours. Primary 
antibodies were applied for overnight incubation 
at 4°C. On the next day, horseradish peroxidase 
(HRP)-labeled secondary antibodies were used 
for 2 h incubation. Band exposure was achieved 
by enhanced chemiluminescence (ECL) with 
GAPDH as the internal reference. 

Dual-Luciferase Reporter Assay 
Based on the predicted binding sites in the 

3’-UTR of ZNF281 and KLF15, wild-type and 
mutant-type ZNF281 vectors were constructed, 
and co-transfected into cells with NC or pcD-
NA-KLF15, respectively. Luciferase activity was 
finally measured at 48 h (Promega, Madison, WI, 
USA). 

In Vivo Xenograft Model
This study was approved by the Animal Ethics 

Committee of Shandong First Medical Univer-
sity Animal Center. Ten male nude mice with 4 
weeks old were randomly implanted with HeLa 
cells transfected with shZNF281 (n=5) or shCtrl 
(n=5), respectively by subcutaneous administra-
tion. The width and length of the xenografted 
tumor were weekly recorded. Six weeks later, 
mice were sacrificed for harvesting the tumor 
tissues and weighed. Tumor volume (mm3) = 
(width2×length)/2.

Statistical Analysis
Data were expressed as mean ± standard de-

viation and processed by Statistical Product and 
Service Solutions (SPSS) 22.0 (IBM, Armonk, 
NY, USA). Measurement data were compared 
using the Student’s t-test, and categorical vari-
ables were analyzed by χ2-test or Fisher’s exact 
test. Chi-square analysis was conducted for an-
alyzing the relationship between ZNF281 and 
clinical indicators in cervical carcinoma patients. 
Kaplan-Meier method was used for survival anal-
ysis, followed by log-rank test for comparing dif-

ferences between curves. A significant difference 
was set at p<0.05. 

Results

Upregulated ZNF281 in 
Cervical Carcinoma Cases 

QRT-PCR results showed that ZNF281 was 
upregulated in cervical carcinoma tissues than 
normal ones (Figure 1A). Recruited cervical car-
cinoma patients were divided into high and low 
ZNF281 expression groups, respectively accord-
ing ZNF281 level in the corresponding cancer 
tissues. As shown in Table I, ZNF281 level was 
positively correlated to TNM staging, lymphat-
ic metastasis and distant metastasis in cervical 
carcinoma patients. Consistently, higher level 
of ZNF281 was detected in cervical carcinoma 
cases with advanced T stage (T3-4), lymphatic 
metastasis or distant metastasis (Figure 1B). We 
thereafter detected ZNF281 levels in cervical 
carcinoma cell lines. Compared with the normal 
cervical epithelial cell line, ZNF281 was con-
sistently upregulated in cervical carcinoma cell 
lines (Figure 1C). 

Knockdown of ZNF281 Suppressed 
Migratory Ability in Cervical Carcinoma

Transfection of shZNF281 remarkably down-
regulated ZNF281 in HeLa and SiHa cells, indi-
cating the effective transfection (Figure 2A). Mi-
gratory potential in cervical carcinoma cells was 
assessed by both transwell and wound healing as-
say. Knockdown of ZNF281 markedly decreased 
migratory cell number in HeLa and SiHa cells 
(Figure 2B). Moreover, wound healing percent-
age decreased after transfection of shZNF281 
(Figure 2C). Therefore, ZNF281 was able to stim-
ulate cervical carcinoma migration.  

ZNF281 Stimulated Tumorigenicity of 
Cervical Carcinoma in Nude Mice

In vivo functions of ZNF281 in cervical car-
cinoma were subsequently explored by gener-
ating xenograft model in nude mice. Compared 
with those of controls, tumor volume and tumor 
weight were lower in cervical carcinoma tissues 
harvested from mice administrated with HeLa 
cells transfected with shZNF281 (Figure 3A, 3B). 
ZNF281 was downregulated, while KLF15 was 
upregulated in xenografted cervical carcinoma 
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tissues harvested from mice with in vivo knock-
down of ZNF281 (Figure 3C, 3D). It is suggested 
that ZNF281 stimulated the growth of cervical 
carcinoma in vivo. 

ZNF281 Specifically Targeted KLF15
To explore the mechanism of lncRNA ZNF281 

in regulating the progression of cervical carci-
noma, we searched potential targets of lncRNA 
ZNF281. Based on miRDB database, the results 
of bioinformatics analysis suggested that KLF15 
might be the target gene of lncRNA ZNF281. A 
binding sequence was discovered in the 3’-UTR 
of ZNF281 and KLF15 (Figure 4A, left). Over-
expression of KLF15 only decreased Luciferase 

activity in the wild-type ZNF281 vector, rather 
than the mutant-type one, proving the binding 
between KLF15 and ZNF281 (Figure 4A, right). 
Western blot analysis uncovered that protein 
level of KLF15 was upregulated in HeLa and 
SiHa cells transfected with shZNF281 (Figure 
4B). In addition, KLF15 was detected to be 
downregulated in cervical carcinoma tissues 
(Figure 4C). 

KLF15 Reversed the Role of 
ZNF281 in Regulating Cervical 
Carcinoma Progression

Since KLF15 has been proven as the target 
gene binding ZNF281, its potential involvement 

CA B

Figure 1. Upregulated ZNF281 in cervical carcinoma cases. A, Differential levels of ZNF281 in cervical carcinoma tissues 
(n=58) and normal tissues (n=58). B, Differential levels of ZNF281 in cervical carcinoma tissues classified by T stage, lymphatic 
metastasis and distant metastasis. C, Kaplan-Meier curves are depicted based on ZNF281 levels in cervical carcinoma patients.  
Data were expressed as mean±SD. **p < 0.01, ***p < 0.001.

Table I. Clinicopathologic characteristics of the patients in low- and high-ZNF281 expression group.

                                    ZNF281 expression
   
 Parameters  No. of of cases Low (n = 35) High (n = 23) p-value

Age (years)    0.245 
  < 60 23 16  7 
  ≥ 60 35 19 16 
Tumor size    0.867
  < 4 cm 32 19 13 
  ≥ 4 cm 26 16 10 
T stage    0.015
  T1-T2 34 25  9 
  T3-T4 24 10 14 
Lymph node metastasis    0.018
  No 36 26 10 
  Yes 22  9 13 
Distance metastasis    0.031
  No 44 30 14 
  Yes 14  5  9 
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Figure 2. Knockdown of ZNF281 suppressed migratory ability in cervical carcinoma. A, Transfection efficacy of shZNF281 
in HeLa and SiHa cells. B, Migration in HeLa and SiHa cells transfected with shCtrl or shZNF281 (magnification 40×). C, 
Wound closure in HeLa and SiHa cells transfected with shCtrl or shZNF281 (magnification 40×). Data were expressed as 
mean±SD. **p < 0.01. 
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in cervical carcinoma progression was analyzed. 
Transfection efficacy of siKLF15 was examined 
in HeLa and SiHa cells at first (Figure 5A). Of 
note, compared with HeLa and SiHa cells with 
ZNF281 knockdown, migratory cell number and 
wound closure percentage were much higher in 
those with co-silenced ZNF281 and KLF15 (Fig-
ure 5B, 5C). Hence, KLF15 was involved in 
ZNF281-regulated cervical carcinoma migration. 

Discussion

The latest research uncovered that HPV infec-
tion is detected in the majority of cervical carci-
noma cases. In addition, epigenetic and genetic 
changes are closely linked to cervical carcinoma 
progression5-7. In human genomes, protein-en-
coding DNAs account for only 1.5% of chromo-
somal DNAs. The abundant non-coding RNAs 
are also functional and extensively transcribed. 
LncRNAs, non-coding RNAs containing more 
than 200 nucleotides10,11, are of significance in 
maintaining normal functions in the body. Mean-
while, abnormally expressed lncRNAs are closely 
related to human diseases12-15. According to the 
specific functions, lncRNAs are classified into 

four subtypes as follows: (1) signal lncRNAs. 
LncRNAs directly bind target genes and spatio-
temporally regulate their expressions as signals. 
(2) Decoy lncRNAs. Serving as molecule spong-
es, lncRNAs indirectly regulate gene expressions 
and functions by binding proteins and miRNAs. 
(3) Guide lncRNAs. This type of lncRNAs con-
tain a domain that is capable of binding specific 
transcription regulatory proteins, and a spatial 
structure binding target gene DNAs. LncRNAs 
guide specific transcription regulatory factors 
to the target genes. (4) Scaffold lncRNAs. They 
usually have a complex spatial structure that is 
able to recruit multiple genes as a scaffold, thus 
forming a functional protein complex18-20. 

Previous studies15,16 suggested that lncRNA 
ZNF281 was involved in the malignant progres-
sion of various malignant disorders, including he-
patocellular carcinoma and glioma. However, the 
relationship between lncRNA ZNF281 and cer-
vical carcinoma is not clear. The clinical samples 
of cervical carcinoma tissues and adjacent normal 
ones were collected, and qRT-PCR data showed 
that ZNF281 was upregulated in cancer tissues, 
compared to adjacent normal ones. By analyzing 
clinical data of recruited patients, it was found 
that ZNF281 was correlated to TNM staging, and 

Figure 3. ZNF281 stimulated tumorigenicity of cervical carcinoma in nude mice. A, Tumor volume of xenografted cervical 
carcinoma harvested from nude mice administrated with HeLa cells transfected with shCtrl or shZNF281. B, Tumor weight of 
xenografted cervical carcinoma harvested from nude mice administrated with HeLa cells transfected with shCtrl or shZNF281. 
C, ZNF281 level in xenografted cervical carcinoma harvested from nude mice administrated with HeLa cells transfected with 
shCtrl or shZNF281. D, KLF15 level in xenografted cervical carcinoma harvested from nude mice administrated with HeLa 
cells transfected with shCtrl or shZNF281, (magnification: 40×). Data were expressed as mean±SD. *p < 0.05, **p < 0.01. 
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incidences of lymphatic metastasis and distant 
metastasis in cervical carcinoma patients, while it 
was unrelated to age and tumor size. We believed 
that ZNF281 was an oncogene involved in the ma-
lignant progression of cervical carcinoma. 

Local invasion and distant metastasis are the 
most typical characteristics of tumors. During the 
process of tumor metastasis, a series of changes, 
including cell polarity disappearance, cell-to-cell 
adhesion decline, increased adhesion to endothe-
lial cell basement membrane, and cytoskeleton 
remodeling, lead to tumor cell infiltration. De-
tached tumor cells from primary foci gradually 
migrate to surrounding tissues, blood vessels, 
vascular system and eventually distant organs, 
thereafter developing metastases21,22. Therefore, 
great efforts should be made to prevent and alle-
viate tumor metastasis23,24. In this paper, ZNF281 
was highly expressed in cervical carcinoma cell 
lines, especially HeLa and SiHa cells, which 
were used for the following in vitro experiments. 
Knockdown of ZNF281 in HeLa and SiHa cells 
greatly decreased migratory cell numbers and 
wound closure ability, suggesting the inhibited 
migratory ability. Moreover, in vivo knockdown 
of ZNF281 markedly slowed down the growth of 
cervical carcinoma in nude mice. 

To clarify the molecular mechanism of ZNF281 
in regulating cervical carcinoma migration, we 

searched its downstream gene. Based on the 
predicted binding sites in the 3’-UTR of ZNF281 
and KLF15, wild-type and mutant-type ZNF281 
vectors were constructed for dual-luciferase re-
porter assay. Overexpression of KLF15 decreased 
luciferase activity in the wild-type vector, where-
as it did not influence that in the mutant-type one, 
confirming the binding between ZNF281 and 
KLF15. In addition, the protein level of KLF15 
was upregulated in HeLa and SiHa cells with 
ZNF281 knockdown. Interestingly, the higher 
migratory cell number and wound closure per-
centage were observed in cervical carcinoma cell 
lines with co-knockdown of ZNF281 and KLF15 
compared with those with solely knockdown of 
ZNF281, which indicated that KLF15 was able 
to abolish the carcinogenic effects of ZNF281 on 
the migration of cervical carcinoma cell lines. 
To sum up, our findings proposed that ZNF281/
KLF15 axis was responsible for aggravating the 
malignant progression of cervical carcinoma, 
which could be utilized in the diagnosis and 
treatment of cervical carcinoma.

Conclusions

This study demonstrated that lncRNA ZNF281 
is upregulated in cervical carcinoma samples, 

Figure 4. ZNF281 specifically targeted KLF15. A, Dual-luciferase reporter assay confirmed the binding between ZNF281 
and KLF15. B, Protein level of KLF15 in HeLa and SiHa cells transfected with shCtrl or shZNF281. C, Differential levels of 
KLF15 in cervical carcinoma tissues (n = 58) and normal tissues (n = 58). Data were expressed as mean ± SD. *p < 0.05, ***p 
< 0.001.
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and it is correlated to lymphatic metastasis, dis-
tant metastasis in cervical carcinoma patients. 
By targeting KLF15, ZNF281 triggers migratory 
potential in cervical carcinoma. We believe that 
ZNF281 is a promising biomarker for cervical 
carcinoma.
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