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Background: Cervical carcinogenesis 
mechanism remains to be further addressed 
besides papillomavirus infection. 
Result: ZNF268b2 is overexpressed in 
human cervical cancer. It promotes HeLa 
cell proliferation in vitro and tumor growth 
in vivo by upregulating NF-κB activity. 
Conclusion: ZNF268b2 overexpression 
contributes to cervical cancer via enhancing 
NF-κB signaling. 
Significance: ZNF268 may be a novel 
therapeutic target or diagnostic marker for 
cervical cancer. 
 
SUMMARY 
Cervical cancer is one of the most common 
tumors affecting women worldwide. 
Although human papillomavirus (HPV) can 
be detected in nearly all cases, the 
mechanism of cervical carcinogenesis 
remains to be further addressed. Here, we 
demonstrated that ZNF268, a Krüppel- 
associated box (KRAB) containing zinc 
finger protein, might contribute to the 
development of cervical cancer. We found 
that ZNF268b2, an isoform of ZNF268, was 
overexpressed in human squamous cervical 
cancer (SCC) specimens. Knockdown of 

ZNF268 in cervical cancer cells caused cell 
cycle arrest at the G0/G1 phase, reduced 
colony formation and increased sensitivity to 
TNFα-induced apoptosis. In addition, HeLa 
cell growth in xenograft nude mice was 
suppressed by ZNF268 knockdown, with 
increased apoptosis. Furthermore, 
ZNF268b2 was shown to increase NF-κB 
signaling in vitro and in vivo. Reconstitution 
of NF-κB activity restored proliferation in 
ZNF268 knockdown HeLa cells. Of note, we 
observed a high frequency of NF-κB 
activation in ZNF268 overexpressing 
cervical cancer tissues, suggesting a 
pathological coincidence of ZNF268b2 
overexpression and NF-κB activation. Taken 
together, our results reveal a novel role of 
ZNF268b2 that contributes to cervical 
carcinogenesis in part through enhancing 
NF-κB signaling. 
 
INTRODUCTION 

Krüppel-associated box (KRAB) 
containing zinc finger proteins are the 
largest single family of transcriptional 
regulators in mammals and represent 
approximately one-third of all C2H2 zinc 
finger proteins (1). ZNF268, a typical 

 http://www.jbc.org/cgi/doi/10.1074/jbc.M112.399923The latest version is at 
JBC Papers in Press. Published on October 22, 2012 as Manuscript M112.399923

 Copyright 2012 by The American Society for Biochemistry and Molecular Biology, Inc.

 by guest, on N
ovem

ber 27, 2012
w

w
w

.jbc.org
D

ow
nloaded from

 

http://www.jbc.org/cgi/doi/10.1074/jbc.M112.399923
http://www.jbc.org/


 

2

KRAB containing zinc finger protein (2), 
encodes two isoforms, ZNF268a and 
ZNF268b2 (3). ZNF268a contains the 
KRAB and zinc finger domains, which may 
function as a transcriptional repressor. 
ZNF268b2 consists of only the zinc finger 
domain and has been reported to be an 
IKK-associated candidate of the NF-κB 
signaling pathway (4). The ZNF268 
promoter is located in the first exon of the 
gene and cAMP response element binding 
protein 2 (CREB-2) binds the promoter 
region to regulate ZNF268 expression (5). 
Previous studies suggest that ZNF268 may 
play a role in human fetal liver development 
(6), blood cell development and 
hematological diseases (7-9). However, the 
function of ZNF268 remains largely 
unknown. 

Recently, ZNF268 has been suggested 
to involve with cervical cancer development. 
Cervical cancer is the third most commonly 
diagnosed cancer and the fourth leading type 
of cancer among women worldwide (10). 
Environmental risk factor such as HPV 
infection is necessary, but not sufficient, for 
cervical cancer development (11). Genetic 
risk factors contribute about 27% of the 
underlying factors for carcinogenesis and 
progress of cervical cancer (12). 
Genome-wide linkage scan identified three 
chromosomal regions, 9q32, 12q24 and 
16q24, as cervical cancer susceptibility loci 
(13). ZNF268, by virtue of its localization 
on chromosome 12q24.33, is proposed to be 
one of cervical cancer related genes. This 
was supported by microarray study showing 
that differential expression of ZNF268 
mRNA was observed between normal 
cervical tissues and cervical carcinomas (14). 
Taken together, these findings suggest that 
ZNF268 may function in the development of 
cervical cancer. 

NF-κB is a multifunctional transcription 

factor which regulates expression of 
numerous genes involved both proliferation 
and apoptosis (15). Two major signaling 
pathways that activate NF-κB, termed the 
classic pathway and alternative pathway, 
have been identified based on the stimuli 
and signaling molecules involved (16). The 
classical NF-κB pathway is triggered by 
proinflammatory cytokines, such as tumor 
necrosis factor alpha (TNFα), which 
subsequently triggers IKK, degrades IκB and 
activates the p65 and p50 subunits (17). 
NF-κB pathway has been implicated in the 
development and progression of various 
cancer types (18), including cervical cancer 
(19). 

In this study, we investigate the role of 
ZNF268 in cervical cancer development. We 
show that ZNF268 is overexpressed in 
cervical cancer and knockdown of ZNF268 
suppresses HeLa cell growth in vitro as well 
as in vivo. In HeLa cell model, knockdown 
of ZNF268 enhances the sensitivity of HeLa 
cells to TNFα-induced apoptosis. Further 
study show that ZNF268 activates NF-κB by 
participating IKK complex assembly and 
promoting IKK phosphorylation. On the 
other hand, restoration of NF-κB by 
overexpression of constitutively active p65 
rescue the growth impairment induced by 
ZNF268 deficiency. Finally, we show that 
NF-κB activation frequently coincides with 
ZNF268 overexpression in cervical cancer 
tissues. Taken together, our data suggest that 
aberrant expression of ZNF268 in cervical 
cancer may enhance NF-κB signaling, 
subsequently alter cell growth and contribute 
to carcinogenesis of cervical cancer. 
 
EXPERIMENTAL PROCEDURES 
Tissue specimens, histology and 
immunohistochemistry 

Paraffin sections (MC5003) containing 
22 normal human and carcinoma specimens 
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were purchased from US Biomax and 
immunohistochemically stained with the 
ZNF268 antibodies. The SD antibody 
detects total ZNF268 proteins (ZNF268a and 
ZNF268b2, two predominant products of 
ZNF268 gene) and antibody E3 specifically 
recognizes ZNF268a but not ZNF268b2 as 
previously described (3). In addition, four 
paraffin-embedded normal cervical 
squamous epithelium specimens and 30 
paraffin-embedded cervical squamous 
carcinoma specimens were obtained from 
Department of Pathology, Zhongnan 
Hospital of Wuhan University in China to 
detect ZNF268 and IκBα expression, or p65 
nuclear translocation. In total, we collected 7 
normal squamous epithelium and 47 cervical 
carcinomas. All cervical carcinomas were 
squamous cell carcinomas in which 6 
specimens were classified as well 
differentiated squamous cell carcinoma 
(WDSCC), 32 specimens of moderately 
differentiated squamous cell carcinoma 
(MDSCC) and 8 specimens of poorly 
differentiated squamous cell carcinoma 
(PDSCC). The classification of one 
specimen remained unknown. Our study was 
approved by the Regional Committee of 
Medical Research Ethics in China and 
informed consent was obtained from each 
patient. The expression level of examined 
proteins was scored by two independent 
pathologists without knowledge of the 
clinical information of each patient. The 
expression levels were scored as 0 point (-) 
for no detectable staining, 1 point (+) for 
weak staining, 2 points (++) for clear but not 
strong staining and 3 points (+++) for strong 
staining. For p65 translocation, nucleus 
staining positivity scored 1 and negativity 
for 0. 

Specimens of HeLa xenografts were 
fixed in 4% paraformaldehyde and 
embedded with paraffin. All 

immunohistochemistry staining assays were 
performed by Jiayuan Quantum Dots 
Company (Wuhan, China) following a 
standard procedure. In addition to the above 
DAB staining, ZNF268a and total ZNF268 
protein were also labelled with 605-nm QDs 
and 545-nm QDs, respectively, and the 
expression signal in cervical tissue was 
observed and analyzed under microscopy 
with UV excitation light as described (20).  
Establishment of stable ZNF268 
knockdown HeLa cells 

HeLa cells (CCTCC, Wuhan, China) 
were grown in DMEM supplemented with 
10% FBS (Invitrogen), penicillin (100 
units/ml) and streptomycin (100 μg/ml) at 
37°C in a 5% CO2 incubator. Lentivirus 
expressing two shRNA hairpins specifically 
for ZNF268 (shZNF268) or control 
lentivirus were purchased from Cyagen 
Biosciences, China. HeLa cells were 
infected by lentivirus and selected for GFP 
positivity resistance. Downregulation of 
ZNF268 was confirmed at the mRNA and 
protein level. The stem sequences for two 
shZNF268 hairpins are 5’-CGGGAAAGA 
CTTCAGTAGTAAA-3’ and 5’-GCACGC 
ATGGAAAGAGTTTGAT-3’, respectively. 
The stem sequence of control shRNA is 
5’-GCGCGCTTTGTAGGATTCG-3’, 
which is widely used in other researches 
and does not match any known human 
coding cDNAs or human EST sequences 
by blasting the Genbank. 
Cell cycle, apoptosis and cell growth assay 

Cell cycle and apoptosis were assessed 
through propidium iodide staining and 
analyzed by flow cytometry. Briefly, HeLa 
cells were fixed in ice cold 70% ethanol, 
treated with RNaseA (1 mg/ml) and stained 
with propidium iodide (PI, 5 µg/ml). Cell 
growth was measured through MTT assay. 
In short, HeLa cells (2 x 103/well) were 
cultured in a 96-well plate, incubated with 
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20 µl MTT dye (5 mg/ml), followed by 
solubilization in DMSO (100 µl/well). The 
absorbance was determined at 570 nm using 
a Microplate reader (Biotechnology) and 
normalized to day 1 (one day after plating). 
The data was presented as proliferation rate. 
Immunofluorescent staining 

HeLa cells were fixed with 4% 
paraformaldehyde, permeabilized with 0.5% 
Triton X-100 in PBS and incubated with the 
cleaved caspase 3 antibody overnight at 4°C. 
The secondary TRITC conjugated antibody 
(Pierce) was then applied for 1 h at room 
temperature. Finally, nuclei were stained 
with DAPI (Roche). Fluorescent images 
were obtained using FV1000 
configuration with a BX61 microscope 
(Olympus). 
Colony-forming assay in soft agar 

Cells were trypsinized, suspended in top 
agar containing 10% FBS and 0.3% agarose 
and seeded into 60-mm dishes containing 
bottom agar with 10% FBS and 0.6% agar. 
After 3 weeks, 1 ml of 2-(p-iodophenyl)-3- 
(p-nitropheyl)-5-phenyl tetrazolium chloride 
(1 mg/ml) was added. After 4 h, the number 
of colonies was counted and the plates were 
photographed. 
Nude mouse tumor formation assay 

Male nude mice (Balb/c nu/nu, 5 weeks) 
were purchased from SJA Lab Animal 
Limited Company (China) and maintained in 
a barrier mouse facility of College of Life 
Sciences, Wuhan University. HeLa cells (5 x 
106) in exponential growth phase were 
injected subcutaneously into nude mice. All 
mice were maintained for 30 days before 
they were sacrificed to collect tumors. 
Tumor volume was calculated using the 
following formula: tumor volume = 1/2 x 
(longer diameter) x (shorter diameter) 2. All 
animal experiments were approved by the 
Animal Research Ethics Board of Wuhan 
University in China and were in compliance 

with institutional guidelines on the care of 
experimental animals. 
Plasmids construction 

The mammalian two-hybrid system, 
including plasmids pM, pVP16 and the 
GAL4-dependent luciferase reporter 
(Gal4-luci), were kind gifts of Dr. Ying Zhu 
(Wuhan University, China). The NF-κB 
dependent luciferase reporter (NF-κB-luci) 
and TNFR1, TRAF2, RIP, IKKα, IKKβ and 
p65 expression plasmids were kind gifts of 
Dr. Hong-Bing Shu (Wuhan University, 
China). Other plasmids, including 
pcDNA-GFP, pcDNA-ZNF268b2, 
pM-ZNF268b2, pM-IKKα, pM-IKKβ, 
pM-IKKγ, pVP16/IKKα, pVP16-IKKβ and 
pVP16-IKKγ were constructed using a PCR 
strategy. These plasmids were confirmed by 
DNA sequencing. 
Transfection and luciferase assay 

All luciferase assays were performed in 
HeLa cells. Briefly, 3.0 x 104 HeLa cells 
were seeded in 48 well plates the day before 
transfection. When cells reached about 70% 
confluence, NF-κB firefly luciferase reporter 
(NF-κB-luci) and other plasmids were 
transfected together with pRL-TK, which 
expresses Renilla luciferase as internal 
control. Luciferase activity was assayed 
according to the manufacturer’s instructions 
(Dual-Luciferase Reporter Assay System, 
Promega). All of the transfection assays 
were performed with Lipofectamine 2000 
reagent (Invitrogen). 
Cytoplasmic and nuclear protein 
extraction 

Briefly, cells were collected and 
incubated in five volumes of cytoplasmic 
extraction reagent (Boster, China) for 30 min 
on ice, followed by centrifugation at 12,000 
rpm at 4°C. The collected supernatants were 
the cytoplasmic proteins. The cell pellets 
were incubated with two volumes of nuclear 
extraction reagent (Boster, China) for 30 min, 
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with rough rotation every 5 min and then 
centrifuged at 12,000 rpm at 4°C. Nuclear 
proteins existed in the supernatant. 
Electrophoresis mobility shift assays 
(EMSAs) 

Equal amounts of nuclear extracts (3 μg) 
were used for EMSA analysis. Biotin 5’ end 
labeled NK-κB consensus oligo nucleotides 
(NF-κB sense: biotin- AGTTGAGGGGACT 
TTCCCAGGC; NF-κB antisense: biotin- 
GCCTGGGAAAGTCCCCTCAACT) were 
synthesized (Sangon Biotech, China). EMSA 
was performed according to the 
manufacturer’s instructions (Pierce). 
Competition assays were performed with a 
200-fold excess of unlabeled NF-κB 
consensus oligonucleotides. 
Immunoprecipitation 

Briefly, 5.0 x 106 cells were collected 
and lysed in 800 µL RIPA buffer. Precleared 
cell extracts were mixed with 2 µg of the 
appropriate antibodies plus 20 µl of protein 
A/G PLUS-Agarose beads (Santa Cruz 
Biotechnology) and rotated overnight at 4°C. 
The immunoprecipitated complexes were 
obtained by centrifugation, washed three 
times with RIPA lysis buffer and boiled for 
10 min for western blotting analysis. 
Western blotting 

Cells were collected and lysed in RIPA 
buffer on ice for 15 min, followed by 
centrifugation at 12,000 rpm at 4°C for 10 
min. Supernatants were collected and the 
concentration of whole cell lysates (WCL) 
was determined by BCA method (Pierce). 
The WCL were boiled in an equal volume of 
SDS-PAGE 2X sample buffer and western 
blotting was performed according to 
standard procedure. Antibodies used for 
western blotting analysis were as follows: 
actin, IKKα, IKKβ, IKKγ and mouse control 
IgG antibodies were purchased from Santa 
Cruz Biotechnology. Cyclin D1, cyclin E2, 
PCNA, procaspase 3, p-IKKα/β, p65, IκBα, 

p53, c-myc, CD31 and Bcl-xL antibodies 
were purchased from Cell Signaling 
Technology. Other antibodies include SD 
and E3 antibody for ZNF268, a GFP 
antibody purchased from EarthOx and a p50 
antibody purchased from Millipore. 
Statistics 

For cell proliferation, luciferase assay 
and gene expression, data was represented as 
mean ± SD of samples. All experiments 
were repeated three times. Two-tailed 
Student’s t test was used to compare 
differences between two experimental 
groups. A p value less than 0.05 was 
considered statistically significant. To 
compare ZNF268 expression in human 
normal and cancer tissues, two-tailed 
student’s t test was also performed using 
immunohistochemistry scores of samples.  
 
RESULTS 
ZNF268 is overexpressed in human 
cervical cancer 

ZNF268 has been implied to play a role 
in cervical cancer. To further investigate this, 
we first examined ZNF268 protein 
expression in cervical cancer species by 
immunohistochemistry. We used SD 
antibody to detect total ZNF268 proteins 
(ZNF268a and ZNF268b2, two predominant 
products of ZNF268 gene) and antibody E3 
that specifically recognized ZNF268a but 
not ZNF268b2 as previously described (3). 
We observed higher expression of total 
ZNF268 in SCC than that in normal 
squamous epithelium tissues (p<0.001) 
(Figure 1A and 1B). However, we also 
detected high expression of ZNF268a in all 
of the normal samples while about 40% (19 
out of 47) of the carcinomas were 
completely negative (p<0.001) (Figure 1A 
and 1B). This expression pattern of ZNF268 
was further verified by 
immunohistochemistry analysis of three 
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samples containing both normal squamous 
epithelium and squamous carcinoma tissue 
adjacent to each other (Figure 1C). These 
findings suggest that ZNF268 
overexpression possibly involve in cervical 
cancer development. To support this, we also 
performed a ZNF268 expression pattern 
profiling assay through screening a 
large-scale tissue microarray by 
immunohistochemistry. We observed that the 
upregulation of ZNF268 in cervical cancer 
was the most significant one in all cancer 
tissues examined (Figure S1). Some tissues 
showed reverse expression pattern (Figure 
S1). To test whether ZNF268 overexpression 
is associated with cervical cancer grade, we 
further classified squamous cervical 
carcinoma samples into three groups based 
on cell differentiation status: well 
differentiated squamous cell carcinoma 
(WDSCC), moderately differentiated 
squamous cell carcinoma (MDSCC) and 
poorly differentiated squamous cell 
carcinoma (PDSCC). Then we compared the 
expression level of ZNF268. We did not 
observe statistically significant difference in 
all three groups (ns, p>0.05) (Figure 1A and 
1B), suggesting that ZNF268 overexpression 
may not associated with squamous cervical 
cancer cell differentiation status or 
malignancy. 

Considering the high expression of total 
ZNF268 and low expression of ZNF268a in 
SCC as described above, we inferred that 
ZNF268b2 accounted for the high 
expression of total ZNF268 protein in SCC. 
To quantitatively test this, we used quantum 
dots (QDs) technique to label E3 (ZNF268a) 
or SD (total ZNF268) and analyzed their 
relative expression in the squamous cervical 
carcinoma samples. ZNF268a and total 
ZNF268 protein showed 6.36% and 18.63% 
expression (Figure 1D panel 1, 2), 
respectively, with 6.96% colocalization 

signal (Figure 1D panel 3) almost equal to 
that of ZNF268a. Hence, by subtracting the 
colocalization signals, we could estimate the 
expression signal of ZNF268b2 to be 
12.27%. This was nearly twice the 
expression level of ZNF268a and confirmed 
that ZNF268b2 was the major isoform that 
was overexpressed in SCC. Such expression 
pattern suggests that alteration of relative 
expression level of ZNF268a and ZNF268b2 
may contribute to human cervical cancer 
development. 
ZNF268 knockdown impairs HeLa cell 
proliferation  

To investigate the biological 
significance of ZNF268 overexpression in 
cervical cancer, we utilized the relevant 
cervical cancer cell line HeLa that showed 
relatively high expression of ZNF268 
compared to other cancer cells (Figure S2). 
We established a new line in which both 
ZNF268a and ZNF268b2 were knocked 
down by shRNA (shZNF268) (Figure 2A). 
As expected, we observed that ZNF268 
knockdown reduced cell proliferation in 
MTT assays in 2 days and more significantly 
in 3 days after plating (p<0.05, compared to 
sh control cells) (Figure 2B). To exclude the 
possibility that the observed phenomenon 
was due to off-target effect of the shRNA, a 
second shZNF268 hairpin was also used to 
knock down ZNF268 expression in HeLa 
cells. Again, ZNF268 knockdown in HeLa 
cells impaired cell proliferation (Figure S3), 
confirming the specific effects of ZNF268 
shRNA. These results suggest that 
proliferation inhibition in shZNF268 HeLa 
cells is due to specific downregulation of 
ZNF268 expression by shZNF268, but not 
an off-target effect. Thus we used the first 
shRNA hairpin for the rest of studies to 
further explore the effects of ZNF268 knock 
down on HeLa cells. Consistent to the 
results of MTT assays, shZNF268 HeLa 
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cells also exhibited a significant reduction of 
colony-forming ability in soft agar as 
evidenced by an approximate 2-fold 
decrease of colony number in shZNF268 
HeLa cells compared to that of sh control 
cells (p<0.01) (Figure 2C). Finally, we 
examined cell proliferation using an EdU 
incorporation assay, a sensitive and specific 
assay that labels replicating cells. The 
number of EdU-labeled cells in the 
shZNF268 HeLa cells were significantly 
(p<0.05) decreased compared to that in the 
sh control HeLa cells (Figure 2D), again 
confirming that the knockdown of ZNF268 
impaired HeLa cell proliferation. 

To further determine the potential 
mechanism by which ZNF268 knockdown 
caused cell proliferation inhibition, we 
measured cell apoptosis in sh control or 
ZNF268 knockdown HeLa cells by 
propidium iodide (PI) staining and analyzed 
by flow cytometry. We failed to observe a 
pronounced sub G1/G0 cell population in 
either cell group (data not shown). However, 
ZNF268 knockdown did alter cell cycle 
distribution. In shZNF268 HeLa cells, the 
G0/G1 cell population reproducibly 
increased while cells in S phase decreased 
accordingly (p<0.05, compared to that of sh 
control HeLa cells) (Figure 2E). Consistent 
with cell cycle profile, the expression of 
cyclin D1 and cyclin E2 that promote G1/S 
transition (21) was decreased in shZNF268 
HeLa cells (Figure 2F). In addition, PCNA, 
a proliferation marker that assists in DNA 
replication, was decreased in shZNF268 
HeLa cells (Figure 2F). Taken together, 
these results demonstrated that ZNF268 
knockdown suppressed HeLa cell growth in 
vitro in part by affecting cell cycle progress. 
ZNF268 knockdown increases TNFα/ 
CHX-induced apoptosis in HeLa cells 

Minor alteration in cell cycle 
distribution may not fully explained cell 

proliferation inhibition. We further tested 
whether ZNF268 functioned under 
apoptosis-inducing condition. TNFα is a 
pleiotropic, proinflammatory cytokine that 
has also been implicated in cervical 
pathogenesis (22,23). As expected, TNFα 
plus cycloheximide (TNFα/CHX) treatment 
potently induced apoptosis at both 12 and 24 
hours post treatment evidenced by the 
appearance of a sub G1/G0 peak (Figure 3A). 
Notably, ZNF268 knockdown significantly 
increased the proportion of sub-G1/G0 cell 
population (10.4% and 15.8% in shZNF268 
HeLa cells compared to 4.1% and 9.0% in sh 
control HeLa cells at 12h and 24h post 
treatment, respectively). Consistent to flow 
data, shZNF268 HeLa cells also showed 
increased caspase 3 and PARP cleaveage 
measured by Western blot and immuno- 
fluorescent staining (Figure 3B and 3C). 
Morphology markers of apoptosis, including 
cell shrinkage and nuclear and cellular 
fragmentation were also readily observed 
under light microscopy in TNFα/CHX 
treatment condition and shZNF268 HeLa 
cells displayed worse phenotype than that in 
sh control (Figure 3C). These findings 
suggest that ZNF268 knockdown may 
promote apoptosis through a caspase 3 and 
PARP and ZNF268 may influence apoptosis 
under inflammatory conditions that 
frequently occur in cancer tissues. 
ZNF268b2 enhances NF-κB activation 
induced by TNFα treatment  

Previously, ZNF268b2 was reported to 
associate with IKK complex. Thus, we 
investigated whether ZNF268 regulated 
NF-κB activity in HeLa cells. We transfected 
HeLa cells with a typical NF-κB responsive 
luciferase reporter construct NF-κB-luci to 
indicate NF-κB activation. In ZNF268 
knockdown cells (shZNF268), the luciferase 
activity was lower than that in sh control 
HeLa cells under TNFα-treated or untreated 
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conditions, suggesting that ZNF268 
knockdown suppressed both background 
NF-κB activity and TNFα-induced NF-κB 
activation (Figure 4A). Consistent to 
ZNF268 knockdown, ZNF268b2 
overexpression (b2) under TNFα-treated or 
untreated conditions increased luciferase 
activities, suggesting ZNF268b2 
overexpression increased basal NF-κB 
activity as well as potentiated TNFα-induced 
activation (Figure 4B). In addition, the effect 
of ZNF268b2 on NF-κB activation was dose 
dependent (Figure S4).  

Various signaling molecules, including 
TNFR1, TRAF2, RIP1, IKKα and IKKβ are 
involved in TNFα-induced NF-κB activation 
(24). Co-transfection of ZNF268b2 and 
these molecules increased luciferase activity, 
suggesting that ZNF268b2 can synergize 
with TNFR1, TRAF2, RIP1, IKKα and 
IKKβ to activate NF-κB (Figure 4C). These 
findings suggest that ZNF268b2 is involved 
in the classic TNFα-induced NF-κB 
signaling pathway.  

We further investigated which subunit 
of IKK complex interacts with ZNF268b2 
using a mammalian two-hybrid system. We 
used ZNF268b2 as a bait and IKKα, IKKβ 
or IKKγ as preys. Interaction of bait and 
prey will lead to luciferase gene expression. 
As shown in Figure 4D, cells transfected 
with ZNF268b2 plus IKKα or IKKβ but not 
IKKγ caused strong luciferase activities, 
suggesting ZNF268b2 interacts with IKKα 
and IKKβ but not IKKγ. The interaction of 
IKKα and ZNF268b2 was confirmed by 
co-immunopricipitation assay. The presence 
of IKKβ and ZNF268b2 could be readily 
detected by Western blot in protein complex 
immunoprecipitated by an IKKα antibody 
(Figure 4E). Moreover, TNFα induction 
further increased the amount of ZNF268b2 
protein that was recruited to the IKK 
complex. However, ZNF268a protein was 

neither associated with nor recruited to IKK 
complex after TNFα induction (Figure 4E).  

To determine the effect of ZNF268b2 
on IKK complex formation, IKKα, IKKβ or 
IKKγ cDNAs was inserted into the pM 
vectors as baits as well as pVP16 vectors as 
preys. The combination of these constructs 
allowed us to test homo- and 
hetero-complexes in IKKα, IKKβ or IKKγ. 
We found that all possible combinations 
efficiently increase luciferase activities as 
expected (25) and the presence of 
ZNF268b2 further upregulated luciferase 
activities. These results suggest that 
ZNF268b2 overexpression may facilitate all 
homo- and hetero-complex formation 
(Figure 4F). 

Given the effect of ZNF268b2 on IKK 
complex formation, ZNF268b2 may affect 
IKK activation. In response to TNFα 
treatment, the amount of phosphorylated 
IKKα/β increased substantially in HeLa cells, 
followed by the degradation of one of its 
substrates, IκBα (Figure 4G). Notably, 
ZNF268b2 overexpression (b2) enhanced 
IKK phosphorylation and led to more IκBα 
degradation measured by Western blot 
(Figure 4G). Increased phosphorylation of 
IKK by ZNF268b2 subsequently caused 
increased NF-κB subunits (p65/p50) in 
nucleus extract (NE), suggesting NF-κB 
subunits translocation into the nucleus 
(Figure 4H). More NF-κB subunits in the 
nuclear extract from ZNF268b2 
overexpression cells (b2) ultimately 
increased target DNA binding ability 
evidenced by stronger NF-κB shift in EMSA 
assay compared to that of control (Figure 4I). 
In summary, our data suggest that TNFα 
stimulation allows ZNF268b2 protein to be 
recruited to IKK complex and facilitates the 
formation of IKK complex. This 
subsequently leads to increased IKK kinase 
activity and NF-κB activation evidenced by 
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more nucleus translocation and target 
DNA-binding ability. 

To further verify the role of NF-κB in 
mediating the function of ZNF268 on cell 
proliferation and apoptosis, we reconstituted 
NF-κB activity by overexpressing 
constitutively active form of p65 in ZNF268 
knockdown cells (Figure 5A). As expected, 
overexpression of p65 significantly 
increased luciferase activity (Figure 5B). 
Furthermore, restoration of NF-κB activity 
in ZNF268 knockdown cells normalized cell 
proliferation as well as apoptosis upon 
TNFα/CHX induction comparable to that of 
control cells (Figure 5C and 5D). These 
results confirmed that NF-κB might be the 
major downstream molecule that mediates 
the function of ZNF268b2. 
ZNF268 knockdown impairs 
tumorigenesis of HeLa cells in xenograft 
nude mouse model 

To study the in vivo function of 
ZNF268, we used xenograft mouse model. 
Subcutaneous injection of HeLa cells in 
nude mice led to tumor growth. Consistent 
with in vitro findings, tumors collected from 
recipient mice engrafted with shZNF268 
HeLa cells exhibited significantly reduced 
tumor weight (p<0.01) and size (p<0.05) 
compared to that of sh control group  
(Figure 6A). Tumors from recipient mice 
engrafted with shZNF268 HeLa cells also 
showed increased procaspase 3 cleavages, 
less PCNA and CD31 expression, three 
markers for apoptosis, proliferation and 
microvessels, respectively (Figure 6B). 
These results were confirmed by 
immunohistochemistry experiments (Figure 
S5A) and supported by other markers 
including decreased expression of the 
oncogene c-myc, anti-apoptotic gene Bcl-xL 
and increased expression of the tumor 
suppressor p53 (Figure 6B). Increased 
cleavage of caspase 3 subsequently resulted 

in more PARP cleavage (Figure 6B). HE 
staining also showed that tumors from 
shZNF268 group had more cells undergoing 
apoptosis (Figure S5B). These data suggest 
that ZNF268 knockdown inhibits tumor 
growth by increasing apoptosis in vivo. 
Downregulation of NF-κB activity in 
tumors from shZNF268 xenograft group 
and its implication in human cervical 
cancer 

To further confirm the effect of ZNF268 
on NF-κB activation in vivo, we examined 
NF-κB activity in tumors from shZNF268 
xenograft group. As shown in Figure 6C, 
tumors from shZNF268 xenograft group 
exhibited less IKK protein phosphorylation, 
less IκBα degradation than that in sh control 
xenograft group. In addition, we observed 
less p65 and p50 translocation into nucleus 
in tumors from shZNF268 xenograft group 
than that in the sh control group measured 
by Western blot (Figure 6D). This was 
confirmed by immunohistochemistry 
experiments as evidenced by decrease of 
IKKα/β phosphorylation staining and 
reduction of p50 and p65 nuclear 
translocation (Figure S5C and S5D). These 
data suggest that ZNF268 overexpression 
may promote tumor growth in vivo by 
activating NF-κB under pathological 
conditions. 

Constitutively active NF-κB has been 
reported in cervical cancer (19). Considering 
our findings that ZNF268b2 activates NF-κB 
signaling in HeLa cells, these two events 
could pathologically coincide in human 
cervical cancer. Thus we measured IκBα 
expression level and p65 nucleus 
translocation in 34 paraffin-embedded 
cervical tissue specimens by 
immunohistochemistry. As expected, we 
observed 86.7% cervical carcinoma 
specimens with high expression (indicated 
as +++) level of ZNF268 and the rest 
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showed medium level (indicated as ++) 
whereas only half normal tissues show 
medium expression of ZNF268a and 
negative for the rest (indicated as -; Table 1 
and Figure S6). High IκBα expression was 
observed in normal squamous cervical 
epithelium specimens compared to that in 
SCC. Twenty-five percent of normal 
squamous cervical epithelium specimens had 
nuclear p65 staining, whereas 73% of the 
SCC specimens had nuclear p65 (Table 1 
and Figure S6). These findings were 
consistent with our results obtained from 
xenograft nude mouse model and strongly 
supported the idea that ZNF268b2 
overexpression and NF-κB activation might 
pathologically concur in human cervical 
caner and contribute to carcinogenesis. 
 
DISCUSSION 

Although ZNF268 was isolated more 
than a decade ago, little is known about its 
physiological function. This is due, in part, 
to the fact that there is no mouse ortholog. 
ZNF268 contains a KRAB domain and 24 
zinc fingers. There is evidence showing that 
poly zinc finger proteins tend to increase 
number of zinc finger repeats during the 
evolutionary process (26). Such unique 
characteristics suggest that ZNF268 evolved 
to provide a novel function in human 
development. In fact, our previous studies 
have implied that ZNF268 may function in 
human fetal liver development, blood cell 
development and hematological diseases. In 
this study we present evidence that suggest a 
role of ZNF268 in cervical cancer 
development. 

One novel point we have revealed in 
this report is that the differential expression 
pattern of the ZNF268 isoforms may 
contribute to cervical cancer development. 
Alternative splicing of many oncogenes and 
suppressors has been known to be different 

in normal and abnormal physiological 
process and associated with many kinds of 
human disease (27). Alternative splicing of 
many cancer-related genes may also be 
useful biomarkers for diagnoses (28). For 
example, CD44 (29) and human 
papillomavirus type-16 E6/E6 (30) are 
aberrantly spliced during development of 
cervical cancer. In this study, we have 
presented clear evidence that ZNF268 may 
play different functions in cancer or normal 
cervical cells due to the production of two 
isoforms of ZNF268 through alternative 
splicing. We showed lower expression of 
ZNF268a and higher ZNF268b2 expression 
in cervical carcinomas compared to normal 
tissue control. Moreover, downregulation of 
ZNF268 in HeLa cells impaired its tumor 
formation in xenograft. This suggests that 
ZNF268a may function in normal cellular 
processes of cervical tissues whereas 
ZNF268b2 may function as an aberrantly 
expressed variant that contribute to cervical 
cancer. These results also suggest that 
ZNF268b2 may be a new risk factor of 
cervical caner and may serve as a marker for 
target therapy or diagnosis. 

How ZNF268a and ZNF268b2 may 
function differently remains unknown. Our 
preliminary study suggests that different 
subcellular distribution may attribute to 
function difference, which has been shown 
to be one possible mechanism in 
carcinogenesis (31). We recently found that 
ZNF268a exclusively localized in the 
nucleus of HeLa cells (data unpublished), 
consistent to our finding that ZNF268a did 
not interact with IKK and functions as a 
transcription repressor in nucleus (32). On 
the other hand, ZNF268b2 localized both in 
the cytoplasm and nucleus of HeLa cells 
(data unpublished). In cytoplasm, ZNF268b2 
may facilitate activation of the NF-κB 
pathway through interacting with IKK 
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complex as described in this study. And 
subsequently promotes cell proliferation or 
survival. In nucleus, one can image that 
ZNF268b2 may retain the DNA-binding 
ability with the entire zinc finger domain. 
Without KRAB domain, it may only 
partially maintain the function of ZNF268a 
as a weak repressor. Thus the role of 
ZNF268b2 is the net effect of both functions. 
Moderate overexpression of ZNF268b2 in 
cervical carcinoma may disrupt the balance 
and bias to enhance NF-κB signaling 
pathway in cytoplasm over transcription 
repression through DNA binding in nucleus 
as we observed in cervical carcinoma in this 
study. 

Our study also suggests that NF-κB 
signaling mediates the effect of ZNF268b2 
in human cervical cancer development. 
Considerable evidence indicates NF-κB is 
constitutively activated in cervical cancer 
(19,33). However, the mechanisms of NF-κB 
activation in cancer development are not 
fully understood (34). In our study, aberrant 
expression ZNF268b2 contributed to NF-κB 
activation by interacting with IKK complex 
and increasing the IKK phosphorylation. 
TNFα induction further increased the 
interaction of ZNF268b2 and IKK (Figure 4). 
Further supporting NF-κB as the mediator of 
ZNF268b2, reconstitution of NF-κB 
activities in shZNF268 HeLa cells 
normalized cell proliferation (Figure 5). 
Moreover, NF-κB target genes were also 
altered in shZNF268 HeLa cells. For 
instance, decreased expression of cyclin D1 
in shZNF268 HeLa cells, important factor 
promoting G1 to S cell cycle transition. 
Recent studies have shown that NF-κB binds 
to the promoter of cyclin D1 gene and 
directly involves in cell cycle control 
(35-37). The anti-apoptosis gene Bcl-xL, a 
target gene of NF-κB (38), was 
downregulated in tumors from shZNF268 

xenograft group. Together, our results 
suggest that aberrant expression of 
ZNF268b2 may deteriorate NF-κB 
activation that contributes to cervical cancer 
development. 

Finally, our results also present a novel 
mechanism by which human cancer cells 
may modulate seemingly adverse 
inflammation microenvironment. TNFα is a 
well known pro-inflammatory cytokine and 
induce both survival and apoptosis signals 
by activating NF-κB and caspase cascade, 
respectively (39). In two elegant mouse 
experiments, TNF-signaling pathway was 
required for induction of skin tumors (40,41). 
Moreover, studies also show that NF-κB had 
a protective role for TNFα induced apoptosis 
(15). In our study, TNFα plus CHX induces 
apoptosis in HeLa cells and downregulation 
of ZNF268b2 further deteriorate apoptosis. 
However, ectopic expression of ZNF268b2 
potently promotes IKK complex assembly 
and increase phosphorylation. Thus 
ZNF268b2 overexpression may shift the 
balance of TNFα signaling from apoptosis to 
survival. Considering high expression of 
ZNF268b2 and the implication of TNFα in 
cervical cancer pathogenesis, we have 
identified a novel pathway by which cervical 
cancer cells may use to promote survival and 
proliferation in response to inflammation 
microenvironment. 

To our knowledge, this is the first study 
to investigate the function of ZNF268 in 
human solid tumors. Our results 
demonstrated that ZNF268 was 
overexpressed in SCC and knockdown of 
ZNF268 suppresses HeLa cell growth both 
in vitro and in vivo xenografts via NF-κB 
signaling. Thus aberrantly expressed 
ZNF268 may contribute to human cervical 
cancer development and ZNF268 may serve 
as a novel therapeutic target or diagnostic 
marker. 
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Table 1 Immunohistochemistry analysis of ZNF268, IκBα and p65 expression in cervical 
cancer tissues 
Histology ZNF268  IκBα p65 
Normal (n=4) 
 
SCC (n=30) 

++ (2);  
- (2). 
+++ (26); 
++ (4). 

++ (3); 
+ (1). 
++ (6); 
+ (11); 
- (13). 

C (75%); 
N (25%). 
C (27%); 
N (73%). 

n indicates the number of samples used for immunohistochemistry staining. -, +, ++ and +++ 
indicate negative, weak, medium or strong staining intensity, respectively. Numbers in 
parentheses of staining intensity represent sample numbers in that category. Percentages in 
parentheses represent the percentage of samples with positive staining in cytoplasm (C) or 
nucleus (N). Normal indicates normal squamous cervical epithelium; SCC indicates 
squamous cervical carcinoma. 
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FIGURE LEGENDS 

Figure 1: ZNF268 is overexpressed in cervical cancer tissues. 
(A) Representative image of ZNF268 immunohistochemistry staining in cervical tissues. E3 
and SD antibodies were used for immunohistochemistry to detect ZNF268a and 
ZNF268a/ZNF268b2 proteins, respectively. N indicates normal cervical squamous epithelium; 
C indicates squamous cell carcinoma; I, II, III indicates well differentiated squamous cell 
carcinoma (WDSCC), moderately differentiated squamous cell carcinoma (MDSCC) and 
poorly differentiated squamous cell carcinoma (PDSCC), respectively. Scale bars represent 50 
μm. (B) The ZNF268 expression score from each group of immunohistochemistry was 
presented as mean±SD. Two-tailed student t test was performed to compare ZNF268 
expression in normal and cervical cancer tissues (left panel). The ZNF268 expression in 
different differentiation grades of squamous cervical carcinomas (right panel) was also 
compared. Numbers in brackets indicate the numbers of the specimens studied. *** indicates 
p<0.001; ns indicates p>0.05. (C) Representative immunohistochemistry image of ZNF268 
expression in three cervical tissues containing both normal squamous epithelium (N) and 
squamous carcinomas (C). Scale bars represent 100 μm (left panel) and 50 μm (right panel). 
Right panel was the magnified picture of the boxed field in left panel. (D) Relative expression 
of ZNF268a and ZNF268b2 in cervical carcinoma was measured by Quantum dots technique. 
Panel 1(green) is for ZNF268a. Panel 2 (red) is for ZNF268a/ZNF268b2. Panel 3 and 4 
indicated the colocalization (colocal) signal (green and red signals) and the merged result 
respectively. The expression signal is shown in the right panel. Scale bars represent 50μm. 
 
Figure 2: ZNF268 knockdown impairs HeLa cell proliferation in vitro. 
(A) HeLa cells were infected with lentivirus expressing a shRNA specific for ZNF268 
(shZNF268) or control vector (sh control) and selected for GFP positivity by sorting. ZNF268 
knockdown were measured by quantitative RT-PCR (left panel) and western blot (right panel). 
(B) sh control and shZNF268 HeLa cells were seeded in a 96-well plate. A MTT assay was 
performed at the indicated time points. Data was normalized to day 1 (one day after plating) 
and presented as proliferation rate. (C) sh control and shZNF268 HeLa cells (4.0 x 103 
cells/dish in Group 1 and 8.0 x 103 cells/dish in Group 2) were also seeded in 35mm soft-agar 
dishes. The colony number was counted 2 weeks post inoculation to determine 
colony-forming ability. (D) sh control and shZNF268 HeLa cells were labeled with EdU (50 
μM). The EdU incorporation was measured by immunofluorescent staining and counted under 
fluorescence microscopy. Left panel was the representative results and right panel was the 
statistics of EdU laebeling experiment. (E) sh control and shZNF268 HeLa cells were 
collected during the exponential phase of growth, stained with PI and analyzed by flow 
cytometry. The cell cycle profiles of sh control and shZNF268 HeLa cells were analyzed by 
ModFit software. (F) The expression cyclin D1, cyclin E2 and PCNA in sh control and 
shZNF268 HeLa cells were detected by western blot. Actin was used as a protein loading 
control. * indicates p<0.05; ** indicates p<0.01. 
 
Figure 3: ZNF268 knockdown promotes apoptosis induced by TNFα/CHX stimulation in 
HeLa cells. 
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(A) sh control and shZNF268 HeLa cells were treated with TNFα plus CHX for the time 
indicated (0h, 12h and 24h). Apoptosis was measured by PI staining to detect the sub-G1 cell 
population and analyzed by flow cytometry. Numbers indicated the percentage of cells 
undergoing apoptosis. (B) Apoptosis in sh control and shZNF268 HeLa cells treated with 
TNFα plus CHX was also evidenced by pro-caspase 3 and pro-PARP cleavage measured by 
western blot. (C) Pro-caspase 3 cleavage was further measured by immunofluorescent with an 
antibody specific for carved caspase 3 and labelled with TRITC. DNA was stained with DAPI 
to detect apoptotic nuclei. GFP was expressed in both sh control and shZNF268 cells. The 
merged pictures of three colours were also shown. BF indicates bright field. Scale bars 
represent 10 μm. 
 
Figure 4: ZNF268 enhances NF-κB activation by TNFα induction. 
(A) sh control or shZNF268 HeLa cells were transfected with NF-κB-luci and treated with or 
without TNFα (20 ng/ml) for 6 h. The NF-κB activation in the untreated and treated (TNFα) 
cells was monitored by measuring luciferase activities. (B) HeLa cells were transfected with 
NF-κB-luci plus control vector or ZNF268b2 (b2) and treated (TNFα) or untreated with 
TNFα (20 ng/ml) for 6 h. The NF-κB activation was monitored by measuring luciferase 
activities. (C) HeLa cells were transfected with NF-κB-luci plus control vector or ZNF268b2 
(b2) in combination with other vectors as indicated. Cells were further treated with TNFα for 
6 hours and NF-κB activities were monitored. (D) HeLa cells were transfected with Gal4-luci 
and the indicated bait (control or ZNF268b2) and prey constructs (IKKα, IKKβ or IKKγ). 
ZNF268b2 interaction with IKKα, IKKβ or IKKγ was determined by monitoring the 
luciferase activities. (E) HeLa cells were treated with TNFα (20 ng/ml) for the time indicated. 
Whole cell lysates (WCL) were then immunoprecipitated (IP) with the IKKα antibody or 
control IgG and then immunoblotted with the indicated antibodies. WCL were also 
immunoblotted to verify equal amount of protein for IP. Asterisk indicated nonspecific binds. 
(F) HeLa cells were cotransfected with Gal4-luci with combination of ZNF268b2 (b2) or 
control and IKKα, IKKβ or IKKγ (bait) and IKKα, IKKβ or IKKγ (prey) as indicated. The 
formation of homo- or hetero-complex was detected by monitoring luciferase activities. (G) 
HeLa cells were transfected with ZNF268b2 (b2) or control, stimulated with TNFα (20 ng/ml) 
for the indicated time (0 min, 5 min and 10 min) and blotted with antibodies as indicated. (H) 
HeLa cells were transfected with ZNF268b2 (b2) or control and stimulated with TNFα (20 
ng/ml) for the time indicated. Cytoplasmic extracts (CE) and nuclear extracts (NE) were 
separated, followed by western blotting analysis. PARP and actin were used as internal 
controls for the quality of NE and CE separation. (I) The nuclear extracts from control vector 
or ZNF268b2 (b2 NE) transfected HeLa cells treated with TNFα were used for EMSA to 
detect NF-κB DNA binding activity. ZNF268b2 overexpression increased DNA binding of 
NF-κB. * indicates p<0.05; ** indicates p<0.01. 
 
Figure 5: Reconstitution of NF-κB activity rescues proliferation inhibition and apoptosis 
induced by ZNF268 knockdown. 
(A) The sh control or shZNF268 HeLa cells were transfected with constitutively active p65 
and selected for puromycin resistance. The p65 and ZNF268 expression in HeLa cells was 
measured by western blot. (B) p65 overexpression restored NF-κB activity that was impaired 
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by ZNF268 knockdown. HeLa cells were transfected with plasmids as indicated and subjected 
to luciferase assay 48 h post transfection. (C) p65 overexpression in ZNF268 knockdown 
HeLa cells rescued cell proliferation inhibition. sh control or shZNF268 HeLa cells were 
transfected with control vector or constitutively active p65. And the MTT assay was 
performed at the indicated time points. Data was normalized to day 1 (one day after plating) 
and presented as proliferation rate. (D) p65 overexpression in ZNF268 knockdown HeLa cells 
significantly reduced cell death. Cells were transfected with plasmids as indicated. After 24 h, 
the cells were treated with TNFα plus cycloheximide (CHX) for another 24 h. Cell apoptosis 
was measured by PI staining and analyzed by flow cytometry.  
 
Figure 6: ZNF268 knockdown impair tumor growth and NF-κB activation in HeLa cell 
xenograft nude mouse model.  
(A) sh control or shZNF268 HeLa cells (5 x 106) were subcutaneously injected into nude mice. 
Tumors formed in recipient mice were collected 30 days post injection. Tumors from recipient 
mice engrafted with ZNF268 knockdown cells showed reduced size and weight (n=5). Right 
panel was the statistics of xenograft experiment in left panel. * indicates p<0.05; ** indicates 
p<0.01. (B, C) Tumors from three randomly selected sh control or shZNF268 recipient mice 
were subject to western blot analysis with the antibodies indicated. (D) Nuclear (N) and 
cytoplasm (C) extracts were prepared from tumors collected from recipient mice engrafted 
with sh control or shZNF268 HeLa cells. Subcellular localization of p65 and p50 in tumors 
were also analyzed by western blot. PARP and actin were used as internal controls for the 
quality of nuclear and cytoplasmic proteins fraction. Three tumors were randomly selected 
from the sh control group and shZNF268 group for the western blot analysis. Results are 
representative blots from three independent experiments. 
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