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Abstract: Zinc-finger protein X-linked (ZFX), a novel transcription factor required for self-renewal of embryonic stem 
cells, has recently been implicated in the initiation and progression of various human malignancies. However, 
its clinical significance in cancer patients remains largely inconclusive and its role in nasopharyngeal carcinoma 
(NPC) has never been reported. In this study, quantitative real-time polymerase chain reaction, Western blot and 
Immunohistochemistry were performed to detect ZFX expression in NPC and normal nasopharyngeal tissues. As a 
result, we found ZFX expression was significantly elevated in NPC tissues compared with that in normal nasopha-
ryngeal tissues. The statistical analysis based on immunohistochemical staining demonstrated that ZFX expression 
was significantly correlated with lymph node stage and clinical stage. Furthermore, we found NPC patients with high 
ZFX expression had lower 5-year overall survival rates, progression-free survival rates, loco-regional relapse-free 
survival rates and distant metastasis-free survival rates than those with low ZFX expression (all P<0.05). The mul-
tivariate analysis indicated that ZFX expression was an independent prognostic factor for patients with NPC. More 
importantly, we also detected E-cadherin expression in NPC tissues and found it was inversely correlated with ZFX 
expression in NPC tissues, suggesting a potential involvement of ZFX in Epithelial-mesenchymal transition (EMT). 
Therefore, it is speculated that ZFX may promote NPC progression partly by regulating EMT. In summary, our study 
not only for the first time identified that ZFX could serve as an effective prognostic biomarker for NPC patients, but 
also suggested that targeting ZFX might be a novel therapeutic strategy for preventing NPC progression and metas-
tasis.
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Introduction

Nasopharyngeal carcinoma (NPC) is a relatively 
rare malignancy globally but commonly diag-
nosed in South-Eastern Asia, especially among 
Chinese and Malay populations [1]. Envi- 
ronmental factors, genetic susceptibility and 
Epstein-Barr virus infection have been identi-
fied as important contributors for NPC initiation 
and progression [2, 3]. Most patients with NPC 
are diagnosed at advanced stage due to non-
specific clinical symptoms, which inevitably 
results in unfavorable prognosis [4]. Radio- 
therapy (RT) is the standard therapy for NPC 
and improved medical techniques have allowed 

it to ensure high recurrence control rate with 
reduced radiation-related toxicities [5]. 
Furthermore, chemotherapy has also been 
increasingly applied in combination with RT to 
achieve long term local control and survival 
probability [6]. However, for patients with same 
pathological stage and/or therapeutic regi-
mens, their outcome may vary with individual 
differences, although current TNM staging sys-
tem plays a crucial role in selecting and deter-
mining treatment. Therefore, identifying novel 
biomarkers, which can function as sensitive 
diagnostic or prognostic indicators, is of great 
importance for the individualized treatment of 
NPC.

http://www.ijcep.com
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Zinc-finger protein X-linked (ZFX), a member of 
Krueppel C2H2-type zinc finger protein family, 
is encoded on the X chromosome and contains 
an acidic transcriptional activation domain, a 
basic nuclear-localization signal and a carboxy-
terminal zinc-finger domain [7]. Apart from its 
essential biological role in sex determination 
and stem cell self-renewal [8-10], emerging 
studies have suggested ZFX may also be impli-
cated in malignant progression of several 
human malignancies. A recent work by Weisberg 
et al demonstrated that ZFX could maintain 
undifferentiated phenotype in two highly 
aggressive acute leukemia types [11]. In solid 
tumors such as hepatocellular, renal and breast 
carcinoma, ZFX expression has been found to 
be significantly elevated in tumor tissues com-
pared with that in corresponding normal tis-
sues [12-14]. Furthermore, silencing ZFX has 
been proved to dramatically inhibit the prolifer-
ation and migration of cancer cells, suggesting 
its great potential to be developed as a thera-
peutic target [15, 16].

Previously, our cooperative group has firstly 
proved that ZFX may promote proliferation and 
apoptosis resistance of glioma cells in vitro 
[17]. More recently, based on immunohisto-
chemical assay and complete follow-up records, 
we found that ZFX may be a novel and effective 
prognostic predictor for patients with colorectal 
cancer [18]. However, to our knowledge, the 
expression and clinical significance of ZFX in 
NPC remains inconclusive. In this study, the 

expression of ZFX between fresh NPC and nor-
mal nasopharyngeal tissues were compared by 
quantitative real-time polymerase chain reac-
tion (qRT-PCR) and Western blot. Additionally, 
immunohistochemical technique was also per-
formed to detect the ZFX protein expression in 
paraffin-embedded NPC and normal nasopha-
ryngeal tissues. Then, the correlation of ZFX 
expression with patient clinical characteristics 
and prognosis was statistically evaluated. 
Since epithelial-mesenchymal transition (EMT) 
is a well-established molecular mechanism in 
NPC development and loss of E-cadherin has 
been regarded as a hallmark of EMT [19], 
E-cadherin expression was also examined in 
NPC tissues and its potential association with 
ZFX expression was investigated.

Materials and methods

Patient data and tissue samples

In our study, 30 frozen NPC and normal naso-
pharyngeal tissues were prepared for qRT-PCR 
and Western blot. Additionally, 125 paraffin-
embedded NPC tissues were prepared for 
immunohistochemistry assay and 40 paraffin-
embedded normal nasopharyngeal tissues 
were used as controls. All the tissue samples 
were obtained from patients (median age of 41 
years, ranging from 18 years to 75 years) using 
an electronic nasopharyngoscope at Depar- 
tment of otorhinolaryngology, Affiliated Sixth 
People’s Hospital of Shanghai Jiao Tong 

Figure 1. Expression of ZFX and E-cadherin detected by qRT-PCR and western blot in NPC and normal nasopharyn-
geal tissues. A: Relative mRNA expression of ZFX in tissues; B: Relative mRNA expression of E-cadherin in tissues; 
C: Relative protein expression of ZFX in tissues; D: Relative protein expression of E-cadherin in tissues.
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University, from 2002 to 2013. None of patients 
have received radiotherapy or chemotherapy 
before biopsies. All the NPC patients were clas-
sified to the criteria of the Union for International 
Cancer Control (UICC) staging system and had 
complete follow-up records. The written 
informed consents were obtained from patients 
for using their tissues and this study was 
approved by the ethics committee of Affiliated 
Sixth People’s Hospital of Shanghai Jiao Tong 
University. The basic clinicopathologic charac-
teristics of patients were demonstrated in 
Table 2.

Quantitative real-time polymerase chain reac-
tion

Total RNA was extracted from 30 frozen NPC 
and normal nasopharyngeal tissues using Trizol 
reagent (Invitrogen, USA) according to manu-
facturer’s instructions. The obtained RNA was 
then synthesized into cDNA using MMLV 
reverse transcriptase (Promega, USA). Real-
time polymerase chain reaction was performed 
using SYBR Green Mix (Thermo, USA). The 
cycling conditions were used as follows: 10 min 
at 95°C, 15 sec at 95°C and 45 sec at 60°C for 
40 cycles, 15 sec at 95°C, 1 min at 60°C, 15 
sec at 95°C, 15 sec at 60°C. GAPDH was 
employed as an internal control and the 2-ΔΔT 
method was used to calculate the relative 
mRNA expression level. The following sequenc-
es of the primers were used: ZFX forward: 
5’-ACCCTAGTGGAGTGTTGGCT-3’ and reverse: 
5’-TGAACCACTGAAGGGAGTCG-3’; E-cadherin 
forward: 5’-TCATGAGTGTCCCCCGGTAT-3’ and 
reverse: 5’-TCTTGAAGCGATTGCCCCAT-3’; GAP- 
DH forward: 5’-CACCCACTCCTCCACCTTTG-3’ 
and reverse: 5’-CCACCACCCTGTTGCTGTAG-3’. 
Each experiment was repeated three times 
independently.

Western blot

Tissue samples were lysed in RIPA buffer (Jrdun 
Biotechnology, China). The lysates containing 

primary antibodies overnight at 4°C: anti-ZFX 
(1:1000, Abcam, UK), anti-E-cadherin (1:1000, 
Abcam, UK) and anti-GAPDH (1:1500, Cell 
Signaling Technology, USA). After three washes 
with TBST, the membranes were incubated with 
horseradish peroxidase-conjugated secondary 
antibody at 37°C for 1 h. Protein expression 
was visualized using an enhanced chemilumi-
nescence method and quantified by Quantity 
One software. The optical density of each pro-
tein was normalized against the optical density 
of GAPDH.

Immunohistochemistry and staining evaluation

4 μm-sections of paraffin-embedded tissues 
were prepared for Immunohistochemistry. 
Briefly, each section was dewaxed in xylene 
and rehydrated in gradient alcohol (100% alco-
hol, 95% alcohol, 85% alcohol and 75% alco-
hol). Antigen retrieval was performed by 15-min 
pressurized steam in 0.01 M citrate buffer solu-
tion and endogenous peroxidase activity was 
blocked by 10-min incubation in 0.3% hydrogen 
peroxidase solution. The sections were then 
incubated with primary antibodies against ZFX 
(1:150) and E-cadherin (1:100) overnight at 
4°C. After three washes with PBS, the sections 
were incubated with secondary antibody for 20 
min at 37°C. Color reactions were developed 
using diaminobenzidine solution. The sections 
were finally counterstained with hematoxylin, 
dehydrated and sealed. Negative controls were 
the sections incubated with PBS instead of pri-
mary antibodies.

The immunohistochemical staining was evalu-
ated by two independent researchers who were 
blind to patient clinicopathological characteris-
tics. The discrepant cases were determined by 
a pathologist and a consensus was obtained. 
For each section, five microscopic fields were 
randomly selected for scoring. The scoring sys-
tem was based on Staining Intensity (SI) and 
Percentage of Positive cells (PP). SI was catego-
rized as follows: 0 (negative), 1 (weak), 2 (mod-

Table 1. Correlation between ZFX and E-cadherin in 125 NPC 
tissues

Total
ZFX

r P
Low expression High expression

E-cadherin
Low expression 97 38 59 -0.270 0.002
High expression 28 20 8

20 μg protein were separated on 
10% SDS-PAGE and electropho-
retically transferred to polyvinyli-
dene difluoride membranes 
(Millipore, USA). The membranes 
were then blocked in 5% skim 
milk for 1 h at room tempera-
ture. After that, the membranes 
were incubated with following 
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erate) and 3 (strong). PP was categorized as 
follows: 0 (none), 1 (≤10%), 2 (11-50%), 3 (51-
80%) and 4 (>80%). The final score of each sec-
tion was calculated as a product of SI and PP. 
For statistical analysis, the sections scored at 
least 3 points were recorded as high 
expression.

Statistical analysis

Data were present as mean ± standard devia-
tion. All the statistical analyses were performed 
using 19.0 SPSS statistical software. The 
Student’s t test was used to analyze the data of 
qRT-PCR and western blot. The Chi-square test 
was employed to assess the correlations 
between ZFX expression and clinicopathologi-
cal parameters of NPC patients. Survival curves 
were constructed based on the Kaplan-Meier 
model and intergroup differences were ana-
lyzed by the log-rank test. The univariate and 
multivariate analysis were carried out on the 
Cox proportional hazard model. The correlation 
between ZFX expression and E-cadherin 
expression was determined by nonparametric 

Spearman’s rank correlation coefficient. For 
each analysis, a P-value <0.05 was considered 
statistically significant.

Results

Expression of ZFX and E-cadherin in NPC and 
normal nasopharyngeal tissues

Firstly, qRT-PCR was employed to determine 
the mRNA expression of ZFX and E-cadherin in 
NPC and normal nasopharyngeal tissues. As a 
result, the mRNA expression of ZFX in NPC tis-
sues was significantly higher than that in nor-
mal nasopharyngeal tissues (0.18±0.09 vs. 
0.13±0.03, P<0.001, Figure 1A), while the 
mRNA expression of E-cadherin in NPC tissues 
was significantly lower than that in normal 
nasopharyngeal tissues (0.05±0.01 vs. 0.08- 
±0.01, P<0.001, Figure 1B). The above results 
were then further confirmed by western blot 
(ZFX: 2.76±0.24 vs. 1.34±0.10, P<0.001, 
Figure 1C; E-cadherin: 0.43±0.10 vs. 0.67±0.17, 
P<0.001, Figure 1D). The representative bands 
of western blot were shown in Figure 1E.

Figure 2. Representative results of immunohistochemical staining. A: Expression of ZFX in normal nasopharyngeal 
tissue; B: High expression of ZFX in NPC tissue; C: Low expression of ZFX in NPC tissue; D: Expression of E-cadherin 
in normal nasopharyngeal tissue; E: High expression of E-cadherin in NPC tissue; F: Low expression of E-cadherin 
in NPC tissue.
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The protein expression of ZFX and E-cadherin 
in NPC tissues were also investigated by immu-
nohistochemistry. The expression of ZFX and 
E-cadherin were mainly located on nucleus and 
membrane of tumor cells respectively. High 
expression of ZFX was found in 67 of 125 NPC 
tissues (53.6%), while high expression of 
E-cadherin was only detected in 28 of 125 NPC 
tissues (22.4%). As shown in Table 1, the cor-
relation analysis indicated that ZFX expression 
was negatively correlated with E-cadherin 
expression in 125 NPC tissues (r=-0.270, 
P=0.002). The representative results of immu-
nohistochemistry were shown in Figure 2.

Correlations between ZFX expression and clini-
copathological parameters

The correlations between ZFX expression and 
clinicopathological parameters were demon-
strated in Table 2. ZFX expression was found to 
be significantly associated with lymph node 
stage (P=0.002) and clinical stage (P<0.001). 
However, no significant associations were 
observed between ZFX expression and other 
clinicopathological parameters, including age 
(P=0.060), gender (P=1.000) and primary 
tumor stage (P=0.145).

Prognostic significance of ZFX expression in 
NPC patients

Survival curves based on the Kaplan-Meier 
model were plotted to illustrate the prognostic 

significance of ZFX in NPC patients. As shown 
in Figure 3, patients with high ZFX expression 
had significantly lower 5-year overall survival 
(OS) rates, progression-free survival (PFS) 
rates, loco-regional relapse-free survival 
(LRRFS) rates and distant metastasis-free sur-
vival (DMFS) rates than those with low ZFX 
expression (P=0.030, P=0.015, P=0.040 and 
P=0.034). The univariate and multivariate anal-
ysis were performed to identify independent 
prognostic factors for the OS of NPC patients. 
As shown in Table 3, univariate analysis sug-
gested ZFX expression, age, lymph node stage 
and clinical stage were significantly correlated 
with the OS of NPC patients (P=0.035, 
P=0.003, P=0.034 and P=0.027), while multi-
variate analysis suggested only ZFX expres-
sion, age and clinical stage were independent 
prognostic factors for the OS of NPC patients 
(P=0.046, P=0.021 and P=0.029).

Discussion

Despite encouraging advances in medical tech-
niques, a large number of cancer patients con-
tinue to experience poor prognosis after cura-
tive treatment, mainly due to genetic muta-
tions, environmental factors and presence of 
cancer stem cells (CSCs) [20]. CSCs are a sub-
type of cancer cells characterized by uncon-
trolled self-renewal and high pluripotency. 
Accumulating studies have suggested that 
CSCs are implicated in many hallmarks of can-
cer, especially in metastasis formation [21]. 
CSCs markers, such as Oct4 and Nanog, are 
self-renewal regulators that have already been 
reported to participate in malignant progres-
sion of various tumors [22, 23]. ZFX, as a cru-
cial transcription factor in embryonic stem cell 
self-renewal, has recently been identified as a 
novel CSCs marker in hepatocellular carcinoma 
[12]. Furthermore, a comprehensive study 
based on 7 cancer cell lines and 20 tumor sam-
ples with different histological origins, has 
demonstrated that ZFX significantly expressed 
in bladder, prostate, and colon cancer tissues/
cell lines, suggesting its potential to function as 
a diagnostic or prognostic biomarker [24]. This 
speculation was then confirmed by our recent 
study that high expression of ZFX might be 
associated with pathological development and 
predict unfavorable prognosis in colorectal 
cancer [18]. However, to our knowledge, none 
of studies have investigated the expression of 
ZFX in NPC and its clinical significance in NPC 
patients is still unclear.

Table 2. Correlations between ZFX expression 
and clinicopathologic parameters

Characteristics Total
ZFX expression

P value
high low

Age
    <45 84 40 44 0.060
    ≥45 41 27 14
Gender
    Male 94 50 44 1.000
    Female 31 17 14
T classification
    T1-T2 75 36 39 0.145
    T3-T4 50 31 19
N classification
    N0 15 2 13 0.002
    N1- N3 110 65 45
Clinical stage
    I-II 31 8 23 <0.001
    III-IV 94 59 35
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In this study, qRT-PCR and western blot were 
performed to compare the expression of ZFX 
between NPC and normal nasopharyngeal tis-
sues. The results demonstrated that both the 
mRNA and protein expression of ZFX were 
remarkably up-regulated in NPC tissues, com-
pared with those in normal nasopharyngeal tis-
sues. This important finding implied a possible 
involvement of ZFX in nasopharyngeal carcino-
genesis. To further elucidate its clinical signifi-
cance in NPC patients, immunohistochemical 
staining for ZFX expression was performed on 
125 NPC tissues and the result was statistical-
ly analyzed. In fact, the clinical significance of 
ZFX in cancer patients remains inconclusive, 
although recent studies have sufficiently 
explored the molecular mechanisms ZFX regu-
lates in carcinogenesis. For example, in breast 
cancer, ZFX expression was shown to be only 
correlated with lymph node metastasis [14]. 
Using qRT-PCR on gastric cancer tissue, ZFX 
expression was reported to be correlated with 
tumor types and grades [25]. However, Wu et al 
found that ZFX expression was only significant-

ly correlated with the age of gastric cancer 
patients, although they found it was gradually 
increased from normal tissues, premalignant 
lesions to cancer tissues [26]. Similar contra-
dictory observations were also found in hepato-
cellular carcinoma that ZFX expression was not 
correlated with any clinicopathological param-
eters, despite the fact that patients in advanced 
stage exhibited significantly higher ZFX expres-
sion than those in early stage [12]. Interestingly, 
in our study, ZFX expression was found to be 
significantly correlated with lymph node stage 
and clinical stage. However, no significant cor-
relation was observed between ZFX expression 
and other parameters including age, gender 
and primary tumor stage. This finding suggest-
ed that ZFX might be involved in the develop-
ment of NPC. We also deduced that the diverse 
findings about ZFX expression in cancer 
patients may be probably caused by several 
common uncertain factors, such as tumor het-
erogeneity, experimental methods and sample 
difference. 

Figure 3. Kaplan-Meier survival curves for NPC patients with high and low expression of ZFX. A: Overall survival; B: 
Progression-free survival; C: Loco-regional relapse-free survival; D: Distant metastasis-free survival.
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Although the overall survival rate has dramati-
cally increased in recent years, approximately 
20 percent of NPC patients continue to suffer 
from local/regional recurrence and distant 
metastases after standard treatment [27]. This 
highlights the importance of accurate prognos-
tic evaluation for NPC patients. In this study, we 
found patients with high ZFX expression had a 
significantly lower OS, PFS, LRRFS and MFS 
rate than those with low ZFX expression. 
Moreover, the multivariate analysis demon-
strated that ZFX expression, together with age 
and clinical stage were independent prognostic 
indicators for the OS of NPC patients, suggest-
ing that combining detection of ZFX expression 
with current evaluation systems may be a novel 
approach for predicting accurate prognosis and 
improving personalize therapeutic regimens.

To preliminarily explain why high ZFX expres-
sion may be associated with NPC development 
and poor patient outcome, E-cadherin expres-
sion was also examined in NPC and normal 
nasopharyngeal tissues. E-cadherin is a trans-
membrane glycoprotein that inhibits tumor 
invasion and metastasis by mediating cell-cell 
junctions. Loss of E-cadherin has been widely 
regarded as a hallmark of EMT, a well-estab-
lished molecular mechanism in tumor progres-
sion. In this study, we found high membranous 
expression of E-cadherin was only detected in 
28 of 125 NPC tissues (22.4%). This result was 
consistent with a previous study, which report-
ed reduced E-cadherin expression was detect-
ed in most NPC tissues and could serve as a 
prognostic indicator for NPC patients [28]. The 
correlation analysis demonstrated ZFX expres-
sion was negatively correlated with E-cadherin 
expression. This finding was indirectly support-
ed by Luo et al, who found that high expression 
of other stem cell markers (such as OCT4 and 
Nanog) might be associated with reduced 

ment of NPC by regulating EMT program. 
However, the specific regulatory mechanisms 
of ZFX in EMT still need to be elucidated by fur-
ther experiments in vitro and in vivo.

In summary, our study for the first time demon-
strated that ZFX expression was significantly 
increased in NPC tissues and might be associ-
ated with NPC progression. We also reported 
that ZFX expression could act as an indepen-
dent prognostic indicator for NPC patients. 
Finally, we found the expression of ZFX and 
E-cadherin were inversely correlated in NPC tis-
sues, suggesting a possible involvement of ZFX 
in EMT. All these findings provide a novel insight 
into the clinical significance of ZFX in cancer 
and further studies are required to verify wheth-
er targeting ZFX could prevent NPC invasion 
and metastasis by reversing EMT process.

Acknowledgements

We thank Professor Yuping Gao (Department of 
Pathology, Renji Hospital Affiliated to Shanghai 
Jiao Tong University) for her crucial guidance in 
immunohistochemical techniques.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Weitian Zhang or 
Dr. Zhiming Jin, Departments of Otorhinolaryngology, 
General Surgery, The Sixth People’s Hospital 
Affiliated to Shanghai Jiao Tong University, 600 
Yi-Shan Road, Shanghai 200233, China. E-mail: 
drzhangwt@126.com (WTZ); jzmgyp@aliyun.com 
(ZMJ)

References

[1]	 Jemal A, Bray F, Center MM, Ferlay J, Ward E 
and Forman D. Global cancer statistics. CA 
Cancer J Clin 2011; 61: 69-90.

Table 3. Univariate analysis and multivariate analysis for prognostic 
factors in NPC patients

Variables
Univariate analysis Multivariate analysis

RR 95% CI P value RR 95% CI P value
ZFX expression 2.234 1.057-4.723 0.035 2.174 1.013-4.664 0.046
Age 2.867 1.430-5.746 0.003 2.308 1.135-4.694 0.021
Gender 0.983 0.442-2.189 0.967
T classification 1.494 0.455-4.905 0.508
N classification 2.129 1.058-4.282 0.034 0.925 0.255-3.362 0.906
Clinical stage 3.833 1.167-12.593 0.027 2.207 1.083-4.498 0.029

E-cadherin expression in 
NPC [29]. Furthermore, 
although none of current 
evidences have directly 
linked ZFX with EMT, ZFX 
has already been proved 
to drive the migratory 
potential of cancer cells 
[15, 16]. Therefore, consid-
ering previous studies and 
our results, it is reason-
able to speculate that ZFX 
may promote the develop-



ZFX is associated with E-cadherin and prognosis in nasopharyngeal carcinoma

3926	 Int J Clin Exp Pathol 2015;8(4):3919-3927

[2]	 Lung ML, Cheung AK, Ko JM, Lung HL, Cheng Y 
and Dai W. The interplay of host genetic factors 
and Epstein-Barr virus in the development of 
nasopharyngeal carcinoma. Chin J Cancer 
2014; 33: 556-568.

[3]	 Guo SS, Huang PY, Chen QY, Liu H, Tang LQ, 
Zhang L, Liu LT, Cao KJ, Guo L, Mo HY, Guo X, 
Hong MH and Mai HQ. The impact of smoking 
on the clinical outcome of locoregionally ad-
vanced nasopharyngeal carcinoma after 
chemoradiotherapy. Radiat Oncol 2014; 9: 
246.

[4]	 Liu X, Luo HN, Tian WD, Lu J, Li G, Wang L, 
Zhang B, Liang BJ, Peng XH, Lin SX, Peng Y and 
Li XP. Diagnostic and prognostic value of plas-
ma microRNA deregulation in nasopharyngeal 
carcinoma. Cancer Biol Ther 2013; 14: 1133-
1142.

[5]	 Zhang L, Chen QY, Liu H, Tang LQ and Mai HQ. 
Emerging treatment options for nasopharyn-
geal carcinoma. Drug Des Devel Ther 2013; 7: 
37-52.

[6]	 Wu SY, Wu YH, Yang MW, Hsueh WT, Hsiao JR, 
Tsai ST, Chang KY, Chang JS and Yen CJ. 
Comparison of concurrent chemoradiotherapy 
versus neoadjuvant chemotherapy followed by 
radiation in patients with advanced nasopha-
ryngeal carcinoma in endemic area: experi-
ence of 128 consecutive cases with 5 year 
follow-up. BMC Cancer 2014; 14: 787.

[7]	 Schneider-Gadicke A, Beer-Romero P, Brown 
LG, Mardon G, Luoh SW and Page DC. Putative 
transcription activator with alternative iso-
forms encoded by human ZFX gene. Nature 
1989; 342: 708-711.

[8]	 Han SH, Yang BC, Ko MS, Oh HS and Lee SS. 
Length difference between equine ZFX and 
ZFY genes and its application for molecular sex 
determination. J Assist Reprod Genet 2010; 
27: 725-728.

[9]	 Galan-Caridad JM, Harel S, Arenzana TL, Hou 
ZE, Doetsch FK, Mirny LA and Reizis B. Zfx con-
trols the self-renewal of embryonic and hema-
topoietic stem cells. Cell 2007; 129: 345-357.

[10]	 Harel S, Tu EY, Weisberg S, Esquilin M, 
Chambers SM, Liu B, Carson CT, Studer L, 
Reizis B and Tomishima MJ. ZFX controls the 
self-renewal of human embryonic stem cells. 
PLoS One 2012; 7: e42302.

[11]	 Weisberg SP, Smith-Raska MR, Esquilin JM, 
Zhang J, Arenzana TL, Lau CM, Churchill M, 
Pan H, Klinakis A, Dixon JE, Mirny LA, 
Mukherjee S and Reizis B. ZFX controls propa-
gation and prevents differentiation of acute 
T-lymphoblastic and myeloid leukemia. Cell 
Rep 2014; 6: 528-540.

[12]	 Lai KP, Chen J, He M, Ching AK, Lau C, Lai PB, 
To KF and Wong N. Overexpression of ZFX con-
fers self-renewal and chemoresistance proper-

ties in hepatocellular carcinoma. Int J Cancer 
2014; 135: 1790-1799.

[13]	 Fang Q, Fu WH, Yang J, Li X, Zhou ZS, Chen ZW 
and Pan JH. Knockdown of ZFX suppresses re-
nal carcinoma cell growth and induces apopto-
sis. Cancer Genet 2014; 207: 461-466.

[14]	 Yang H, Lu Y, Zheng Y, Yu X, Xia X, He X, Feng W, 
Xing L and Ling Z. shRNA-mediated silencing of 
ZFX attenuated the proliferation of breast can-
cer cells. Cancer Chemother Pharmacol 2014; 
73: 569-576.

[15]	 Li K, Zhu ZC, Liu YJ, Liu JW, Wang HT, Xiong ZQ, 
Shen X, Hu ZL and Zheng J. ZFX knockdown 
inhibits growth and migration of non-small cell 
lung carcinoma cell line H1299. Int J Clin Exp 
Pathol 2013; 6: 2460-2467.

[16]	 Tan Z, Zhang S, Li M, Wu X, Weng H, Ding Q, 
Cao Y, Bao R, Shu Y, Mu J, Ding Q, Wu W, Yang 
J, Zhang L and Liu Y. Regulation of cell prolif-
eration and migration in gallbladder cancer by 
zinc finger X-chromosomal protein. Gene 2013; 
528: 261-266.

[17]	 Zhou Y, Su Z, Huang Y, Sun T, Chen S, Wu T, 
Chen G, Xie X, Li B and Du Z. The Zfx gene is 
expressed in human gliomas and is important 
in the proliferation and apoptosis of the hu-
man malignant glioma cell line U251. J Exp 
Clin Cancer Res 2011; 30: 114.

[18]	 Yan X, Yan L, Su Z, Zhu Q, Liu S, Jin Z and Wang 
Y. Zinc-finger protein X-linked is a novel predic-
tor of prognosis in patients with colorectal can-
cer. Int J Clin Exp Pathol 2014; 7: 3150-3157.

[19]	 Zhang P, Liu H, Xia F, Zhang QW, Zhang YY, 
Zhao Q, Chao ZH, Jiang ZW and Jiang CC. 
Epithelial-mesenchymal transition is neces-
sary for acquired resistance to cisplatin and 
increases the metastatic potential of nasopha-
ryngeal carcinoma cells. Int J Mol Med 2014; 
33: 151-159.

[20]	 Dawood S, Austin L and Cristofanilli M. Cancer 
Stem Cells: Implications for Cancer Therapy. 
Oncology (Williston Park) 2014; 15: 28.

[21]	 Li S and Li Q. Cancer stem cells and tumor me-
tastasis (Review). Int J Oncol 2014; 44: 1806-
1812.

[22]	 Zeineddine D, Hammoud AA, Mortada M and 
Boeuf H. The Oct4 protein: more than a magic 
stemness marker. Am J Stem Cells 2014; 3: 
74-82.

[23]	 Wang ML, Chiou SH and Wu CW. Targeting can-
cer stem cells: emerging role of Nanog tran-
scription factor. Onco Targets Ther 2013; 6: 
1207-1220.

[24]	 Amini S, Fathi F, Mobalegi J, Sofimajidpour H 
and Ghadimi T. The expressions of stem cell 
markers: Oct4, Nanog, Sox2, nucleostemin, 
Bmi, Zfx, Tcl1, Tbx3, Dppa4, and Esrrb in blad-
der, colon, and prostate cancer, and certain 
cancer cell lines. Anat Cell Biol 2014; 47: 1-11.



ZFX is associated with E-cadherin and prognosis in nasopharyngeal carcinoma

3927	 Int J Clin Exp Pathol 2015;8(4):3919-3927

[25]	 Nikpour P, Emadi-Baygi M, Mohammad-
Hashem F, Maracy MR and Haghjooy-
Javanmard S. Differential expression of ZFX 
gene in gastric cancer. J Biosci 2012; 37: 85-
90.

[26]	 Wu S, Lao XY, Sun TT, Ren LL, Kong X, Wang JL, 
Wang YC, Du W, Yu YN, Weng YR, Hong J and 
Fang JY. Knockdown of ZFX inhibits gastric 
cancer cell growth in vitro and in vivo via down-
regulating the ERK-MAPK pathway. Cancer Lett 
2013; 337: 293-300.

[27]	 Zong J, Lin S, Lin J, Tang L, Chen B, Zhang M, 
Zhang Y, Xu L, Chen Y, Xiao Y, Fang Y and Pan 
J. Impact of intensity-modulated radiotherapy 
on nasopharyngeal carcinoma: Validation of 
the 7th edition AJCC staging system. Oral 
Oncol 2015; 51: 254-9.

[28]	 Xu L, Jiang Y, Zheng J, Xie G, Li J, Shi L and Fan 
S. Aberrant expression of beta-catenin and 
E-cadherin is correlated with poor prognosis of 
nasopharyngeal cancer. Hum Pathol 2013; 
44: 1357-1364.

[29]	 Luo W, Li S, Peng B, Ye Y, Deng X and Yao K. 
Embryonic stem cells markers SOX2, OCT4 
and Nanog expression and their correlations 
with epithelial-mesenchymal transition in na-
sopharyngeal carcinoma. PLoS One 2013; 8: 
e56324.


