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Zinc finger protein x-linked (ZFX) contributes to patient 
prognosis, cell proliferation and apoptosis in human  
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Abstract: Zinc finger protein, X-linked (ZFX) gene locus on the human X chromosome is structurally similar to the zinc 
finger protein, Y-linked gene. Its role in human laryngeal squamous cell carcinoma (LSCC) is still not clearly defined. 
This study was focused on investigating the role of zinc-finger protein X-linked (ZFX) in human LSCC. Expression 
levels of ZFX were examined in LSCC tissues, corresponding adjacent non-tumoral tissues and vocal leukoplakia 
tissues by immunohistochemistry (IHC). The association with the expression level of ZFX and LSCC clincopathologi-
cal parameters was analyzed. The prognostic value of ZFX expression was also analyzed. Lentivirus-mediated RNA 
interference was applied to silence ZFX expression and the effects of ZFX knockdown on the growth of human LSCC 
primary cells was investigated. Overexpression of ZFX was found in LSCC tissues. The expression of ZFX was associ-
ated with the clinical stage of LSCC. Patients with higher level of ZFX experienced a poorer prognosis compared to 
those with lower level of ZFX. Knockdown of ZFX inhibited cell proliferation, colony formation and migration of LSCC 
primary cells. Moreover, ZFX silencing induced cell apoptosis. These results provide the convincing evidence for 
the first time that ZFX plays an important role in LSCC development and could be a potential therapeutic target or 
prognostic predictor for LSCC.
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Introduction

Laryngeal squamous cell carcinoma (LSCC) is 
the second most common squamous cell carci-
noma of the head and neck and is the eleventh 
most common form of malignancy among 
worldwide [1]. About 2.4% of the world new 
malignancy cases are laryngeal cancer [2]. 
With the process of industrialization, both inci-
dence and mortality from LSCC is rapidly 
increasing in the whole world [3]. In recent 
years, although the survival rate of several 
kinds of cancer has undergone improvement 
with the development of new medical technol-
ogy these years, the survival rate of laryngeal 
cancer was in decline [4]. 

Zinc finger protein X-linked (ZFX) is one of the 
zinc finger protein super family. It is closely 

related to the regulation of cell proliferation, 
apoptosis and cell cycle. Recently, emerging 
studies have indicated that ZFX can play a key 
role in the initiation and development of several 
human malignancies [5, 6]. Other studies sug-
gested ZFX involved in the metastasis of human 
gallbladder cancer and non-small cell lung can-
cer [7, 8].

In this study, we aimed to investigate the ex- 
pression of ZFX in LSCC tissues, corresponding 
adjacent non-tumoral tissues and vocal leuko-
plakia tissues. We investigate the association 
between ZFX level and clinicopathological pa- 
rameters of LSCC. We evaluate the prognosis 
value of ZFX in patients with LSCC. What more, 
we employ lent virus-mediated short hairpin 
RNA (shRNA) to silence ZFX expression in 
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human LSCC primary cells and investigate the 
effects in cell proliferation and apoptosis after 
knockdown of ZFX. 

Materials and methods

Patients and tissues

A total of 88 males and 9 females (between 32 
and 82 years old with an average 59.96 years 
old) that underwent surgery for LSCC, 25 males 
and 3 females (between 32 and 75 years old 
with an average 51.14 years old) who under-
went surgery for vocal leukoplakia were recruit-
ed for the study. None of the LSCC patients 
were treated with radiotherapy, chemotherapy 
or other therapies before surgery. Respectively, 
patients with LSCC were classified according to 
different clinicopathlogical parameters, includ-
ing tumor T-level, local cervical lymph node 
metastasis, clinical stage and histopathologi-
cal differentiation. Among these clinicopathlog-
ical parameters, different clinical stages were 
divided into two groups: early-stage group 
(stage I and II) and middle-advanced stage 
group (stage III and IV) (Table 1). Totally, 50 
LSCC tissue samples and 47 paired tissue sam-
ples (40 males and 7 females, between 32 and 
75 years old with an average 61.21 years old), 
of which 47 were tumor samples of LSCC and 
47 were adjacent non-tumoral samples from 
the same patients, were collected and exam-

Reagents and apparatus

Rabbit anti-human ZFX antibody was pur-
chased from Biosynthesis Biotechnology Co. 
Ltd (Beijing, China). PowerVisionTM immunohis-
tochemistry kit was purchased from ZSGB-Bio 
(Beijing, China). AgeI, EcoRI were purchased 
from NEB (Ipswich, MA, USA). SYBR Green 
Master Mix Kit was purchased from TaKaRa 
(Dalian, China). pHelper 1.0, pHelper 2.0, and 
pGCSL-GFP plasmids were purchased from 
Genechem Co. Ltd (Shanghai, China). RNeasy 
Midi Kit was from Qiagen (Valencia, CA, USA). 
Trizol and Super ScriptII reverse transcriptase 
were purchased from Invitrogen (Carlsbad, CA, 
USA). Roswell Park Memorial Institute 1640 
(RPMI 1640), Dulbecco’s Modified Eagle’s 
Medium (DMEM) and fetal bovine serum (FBS) 
were obtained from Gibco (Cambex, MD, USA). 
Lipofectamine 2000 was purchased from 
Invitrogen (Carlsbad, CA, USA). Bromodeox- 
yuridine (Brdu) ELISA kit was purchased from 
Roche (Basel, Switzerland). Methyl thiazolyl tet-
razolium (MTT) was purchased from Ding Guo 
Co. Ltd (Beijing, China). Dimethyl sulfoxide 
(DMSO) was purchased from Sinopharm Group 
Co. Ltd (Shanghai, China). Transwell® was pur-
chased from Corning Life Science (Tewksbury, 
MA, USA). All other chemicals were obtained 
from Sigma (St. Louis, MO, USA). Microplate 
reader (Elx800) was purchased from Biotek 
(Winooski, VT, USA). Optical microsope and 

Table 1. Expression of ZFX protein in LSCC grouped by different clinico-
pathlogical parameters

Clinicopathlogical parameters n Optical density  
(Mean ± SD)

P 
value

T-level 0.358
    T1 19 0.464±0.026
    T2 28 0.467±0.024
    T3 29 0.471±0.032
    T4 21 0.480±0.024
Cervical lymph node metastasis 0.601
    Without cervical lymph node metastasis 77 0.470±0.028
    With cervical lymph node metastasis 20 0.475±0.024
Clinical stage 0.004
    Early (StageI + II) 44 (19+25) 0.462±0.028
    Middle-advanced (Stage III + IV) 53 (32+21) 0.478±0.025
Differentiated degree 0.350
    Poorly differentiated 13 0.462±0.019
    Moderately differentiated 48 0.470±0.029
    Well-differentiated 36 0.475±0.027

ined for ZFX protein ex- 
pression. 28 vocal leuko-
plakia tissue samples 
were also collected and 
examined for ZFX protein 
expression.

All patients we selected 
were treated in Depar- 
tment of Head and Neck 
Surgery, Beijing Tongren 
Hospital from Jan 2010 
to Jan 2012 and have 
complete follow-up re- 
cords. All patients were 
provided informed con-
sent before their partici-
pation. This study was 
approved by the ethics 
committee of Capital 
Medical University, Bei- 
jing, China.
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image acquisition software (Dp2-BSW) was pur-
chased from Olympus (Tokyo, Japan). 

Immunohistochemistry (IHC) and staining im-
age analysis

Paraffin-embedded serial sections were 4 μm, 
with conventional dewaxing and hydration. 
After that, 3% hydrogen peroxide was incubat-
ed for 5 min at room temperature (RT), and 
then PBS washed. The sections were locked 
with skimmed milk powder for 20 min at RT and 
probed with 1:75 rabbit anti-ZFX antibody at 
4°C over night. After PBS washing, the sections 
were incubated with biotinylated goat anti-rab-
bit immunoglobulins at RT for 40 min, and then 
PBS washed. At last, the sections were devel-
oped with DAB, stained with hematoxylin, dehy-
drated, and mounted. We set up PBS instead of 
primary antibody as negative control. ZFX pro-
tein is located in the nucleus and cytoplasm 
with brown or yellow masculine performance. 

To detect the protein expression of ZFX, we 
adopted image analysis to analyze the immuno-
histochemistry staining. Five fields in each slic-
es were selected randomly under high magnifi-
cation (400×). Leica IM50 picture collecting 
system and Leica Qwin software was used to 
count the mean optical density (OD) of ZFX pos-
itive cells in each field, and then, OD value of 
five fields was averaged for ZFX expression in 
each slice. The analysis was performed by two 
independent researchers, who were blind to 
the clinicopathlogicalal parameters of patients. 

Cell culture

The LSCC primary cells originated from one pri-
mary LSCC patient and derived from the surgi-
cal specimen. Human embryonic kidney (HEK) 
293T cell line was obtained from American 
Type Culture Collection (ATCC). LSCC primary 
cells were maintained in RPMI 1640 supple-
mented with 10% heat-inactivated FBS and 
penicillin/streptomycin. HEK 293T was main-
tained in DMEMsupplemented with 10% heat-
inactivated FBS and penicillin/streptomycin. All 
cell cultures were incubated at 37°C in humidi-
fied atmosphere of 5% CO2.

Construction of ZFX shRNA lentivirus

The following oligonucleotide was synthesized. 
ZFX small interfering RNA (siRNA) was 
5’-GTCGGAAATTGATCCTTGTAA-3’. The negative 
control siRNA was 5’-TTCTCCGAACGTGTCAC- 

GT-3’. The stem-loop-stem oligos (shRNAs) 
were synthesized, annealed and ligated into 
the AgeI/EcoRI-linearized pGCSIL-GFP vector. 
The lentiviaral-based shRNA expressing vec-
tors were confirmed by DNA sequencing. The 
generated plasmids were named as pGCSIL-
GFP-shZFX or -shNC.

HEK 293T cells (1.2×107) were seeded in 
10-cm dishes and cultured for 24 hours to 
reach 70-80% confluence. The medium was 
replaced with serum-free DMEM two hours 
before transfection. Three plasmids including 
20 μg pGCSIL-GFP-shZFX or -shNC, 15 μg 
packaging vector pHelper 1.0 and 10 μg VSVG 
expression plasmid vector pHelper 2.0 were 
added to Opti-MEM. The volume of the mixture 
was adjusted to 2.5 ml. 100 μl of Lipofectamine 
were added to 2.4 ml Opti-MEM. The two kinds 
of mixtures were mixed and added to the cells. 
The cells were incubated for 5 hours before 
replacing the medium with 10 ml of complete 
DMEM medium (with 10% FBS). Lentiviral 
particles were harvested at 48 hours after 
transfection, followed by purification by ultra 
centrifugation. As the lentivirus carries green 
fluorescence protein (GFP), the viral titer was 
determined by end-point dilution assay through 
counting GFP-expressing cells under fluore- 
scence microscopy 96 hours after transfection.

RNA isolation and qRT-PCR

According to manufacturer’s instruction, total 
RNA was extracted using RNeasy Midi Kit. 
cDNA was synthesized using Super ScriptII 
reverse transcriptase. Briefly, a mixture con-
taining 1 μg of total RNA, 0.5 μg oligo-dT primer 
(Genechem Co. Ltd, Shanghai, China) and 
nuclease-free water in a total volume of 15 μl 
was heated at 70°C for 5 min and then cooled 
on ice for another 5 min. The mixture was sup-
plemented with 2 μl 10× buffer and 200U 
Super ScriptII reverse transcriptase up to a final 
volume of 20 μl, followed by incubation at 42°C 
for 60 min. qRT-PCR analyses for target mRNAs 
were performed using SYBR Green Master Mix 
Kit. The primer sequences for PCR amplifica-
tion of ZFX gene were 5’-GGCAGTCCACAGC- 
AAGAAAC-3’ and 5’-TTGGTATCCGAGAAAGTCAG- 
AAAG-3’. GAPDH was applied as an internal 
control. The Primer sequences of GAPDH were 
5’-TGACTTCAACAGCGACACCCA-3’ and 5’-CACC- 
CTGTTGCTGTAGCCAAA-3’. 2-ΔΔCT was calculated 
and used as an indication of the relative ex- 
pression levels.
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MTT assay

After 24, 48, 72, 96 and 120 h of transfection, 
the viability of LSCC primary cells were evalu-
ated by using the MTT assay according to man-
ufacturer’s instruction. Cells were digested and 
resuspended thoroughly. Cell number was then 
counted using a hemocytometer, and 3000 
cells per well were added in 96-well plates and 
cultured at 37°C in a 5% CO2 incubator. 10 μl of 
MTT solution was added to the culture medium 
and incubated for another 4 h. The culture 
medium was discarded and 150 μl DMSO was 
added to dissolve formazan. The absorbance 
was determined at 490 nm wavelength. 

BrdU-proliferation assay

Brdu-proliferation assay was used to evaluate 
the proliferation of LSCC primary cells after 
transfection. LSCC primary cells after lentivirus 
infection were seeded in 96-well plates. After 
24 and 96 h of transfection, respectively, cell 
were incubated with 10 μM BrdU for 2 h. 
Quantitative sandwich enzyme immunoassay 
technique was used to evaluate the level of 
BrdU incorporation as indicated by the manu-
facturer. Cell fixation was performed using 
FixDenat (200 μl/well) for 30 min and blocked 
with 5-10% BSA for another 30 min at room 
temperature. Then, cells were treated with 
diluted anti-BrdU-POD for 90 min at room tem-
perature. The absorbance of samples was mea-
sured at 450 nm to determine BrdU incorpora-
tion ratio.

Cell colony formation assay

A total of 600 cells were plated in complete 
growth media at 37°C in a 5% CO2 incubator for 
14 days and allowed to grow until visible colo-
nies formed. Cell colonies were fixed with para-
formaldehyde, stained with GIEMSA, washed 
and air dried. Colonies with more than 50 cells 
were counted under fluorescence microscopy.

Cell migration assay

The 8 μm pore-sized transwell inserts were 
coated with matrigel on the inner layer. pGCSIL-
GFP-shZFX or -shNC infected LSCC primary 
cells were resuspended in serum-free medium 
and adjusted the density to 1×105/ml. The cells 
were allowed to migrate for 24 h at 37°C in a 
humidified incubator with 5% CO2. Non-invading 

cells were gently removed from the interior of 
the inserts with a cotton-tipped swab. Invasive 
cells were stained with GIEMSA staining. Then 
light absorbance was detected at 570 nm 
wavelength (OD570). 

5000 cells were also seeded in 96-well plates. 
Then MTT assay were carried out by using 
CellTiter 96 Aqueous One Solution Cell Proli- 
feration Assay Kit (Promega, Madison, WI, USA). 
The absorbance was determined at 490 nm 
wavelength (OD490). The average cell migra-
tion rate was calculated and represented as 
OD570/OD490.

Cell apoptosis measurement

The apoptotic cells were detected with the 
Annexin V-APC Apoptosis Ddetection Kit (Bio- 
Vision, Mountain View, CA, USA). In brief, 5×105 
LSCC primary cells were infected with lentivirus 
expressing pGCSIL-GFP-shZFX or -shNC and 
incubated at 37°C for 4 days. After collection 
and washing with PBS buffer, cells were resus-
pended in 500 μl of 1x binding buffer. A total of 
5 μl Annexin V-APC and 5 μl of PI were added 
and incubated at RT for 5 min in dark. Finally, 
cells were analyzed by FacScan (BD FACS 
Calibur, BD Bioscience, San Jose, CA, USA).

Statistical analysis

For Immunohistochemistry data, all data were 
expressed as mean ± SD. The quantitative data 
were approximate normal distribution and had 
constant variances. The independent-samples 
t test was used to evaluate the ZFX protein 
expression differences between the vocal leu-
koplakia and LSCC samples. The paired t test 
was used to evaluate the ZFX protein expres-
sion differences between the LSCC samples 
and adjacent non-tumoral samples. Sing factor 
analysis was used to evaluate the ZFX protein 
expression differences with different clinico-
pathlogical parameters. 

The survival rate of LSCC patient was estimat-
ed using the Kaplan-Meier curves. The compar-
isons of Kaplan-Meier curves by different clini-
copathlogical parameters were performed by 
the Log-rank test. Cox proportional hazard 
model was performed to evaluate the indepen-
dent risk factors of survival time and prog- 
nosis. 
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Figure 1. Expression of ZFX proteins in LSCC tissue, adjacent non-tumoral tissue and vocal leukoplakia tissue using 
immunohistochemistry (IHC) and H&E staining (left 100×, right 400×). T tumor tissue, A adjacent non-tumoral tis-
sue, V vocal leukoplakia tissue.

All data of cell function study in LSCC primary 
cells, including MTT assay, BrdU-proliferation 
assay, cell colony formation assay, migration 
assay and flow cytometry analysis, were 
expressed as mean ± SD. The MTT assay was 
performed in quintuplicate at every timing 
point; the other assays mentioned above were 
performed in triplicate. The Student t test was 
used to evaluate the differences between the 
pGCSIL-GFP-shZFX group and -shNC group.

All data analysis was performed by using SPSS 
20.0 software. P<0.05 was considered as sta-
tistically significant.

Results

ZFX was expressed both in the nucleus and cy-
toplasm of LSCC tissue, adjacent non-tumoral 
tissue and vocal leukoplakia

Initially, LSCC tissues, vocal leukoplakia tissues 
and adjacent non-tumoral tissues were exam-
ined and confirmed using hematoxylin and 
eosin (H&E) staining. Then, ZFX expression sta-
tus was examined using immunohistochemistry 
(IHC) staining. All of the tissues mentioned 
above showed positive ZFX staining on differ-
ent levels. Immunohistochemistry (IHC) stain-

ing revealed that ZFX protein was mainly ex- 
pressed in the nucleus in LSCC tissue, adjacent 
non-tumoral tissue and vocal leukoplakia tis-
sue. Its expression was also observed in the 
cytoplasm among all kinds of tissues men-
tioned above (Figure 1). 

Expression levels of ZFX protein in LSCC tis-
sues, adjacent non-tumoral tissues and vocal 
leukoplakia tissues

To detect the protein expression of ZFX in LSCC 
tissues, adjacent non-tumoral tissues and 
vocal leukoplakia tissues, immunohistochemis-
try and computer image analysis was applied. 
ZFX expression was quantified depending on 
the optical density of IHC signals. According to 
the result, the expression level of ZFX protein in 
LSCC was significantly higher than that in vocal 
leukoplakia (P<0.01) (Figure 2A). Furthermore, 
we found the expression of ZFX protein in early-
stage LSCC was also statistically higher than 
that in vocal leukoplakia (P<0.01) (Figure 2B).

Among the 97 samples of LSCC, 47 of which 
had corresponding adjacent non-tumoral tis-
sues. So we compared the expression level of 
ZFX protein in these LSCC tissues and corre-
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sponding adjacent non-tumoral tissues. The 
result revealed a markedly higher of ZFX pro-
tein level in LSCC than that in adjacent non-
tumoral tissues (P<0.01) (Figure 2C).

A comparison with ZFX protein level between 
adjacent non-tumoral tissues and vocal leuko-
plakia tissues was performed in order to inves-
tigate if there were differences of ZFX expres-
sion between normal tissues and precancerous 
lesion tissues. The result showed no statisti-
cally difference of ZFX in both tissues (P>0.05) 
(Figure 2D).

Expression differences of ZFX protein in LSCC 
grouped by different clinicopathlogical param-
eters

The expression differences of ZFX protein in 
LSCC with different clinicopathlogicalal param-
eters were summarized in Table 1. According to 
the result, the level of ZFX was demonstrated to 
have a statistical difference between early-

conventional clinicopathological factors were 
picked, including age, pathologic differentiation 
degree, T-level, cervical lymph node metasta-
sis, clinical stage and the expression level of 
ZFX protein. The level of ZFX protein were split 
at the median of optical density (0.477) into 
two groups: low expression group (≤0.477) and 
high expression group (>0.477).

The Kaplan-Meier method was performed to 
investigate the influence of ZFX protein levels 
on the prognosis of LSCC patients. As shown in 
Figure 3, patients with high expression of ZFX 
was shown to have a lower overall survival rate 
than patients with low expression of ZFX 
(P=0.000). Then ZFX protein levels and other 
clinicopathological factors mentioned above 
were analyzed by Log-rank test. Univariate 
analysis suggested that ZFX expression, togeth-
er with T-level, cervical lymph node metastasis, 
were significantly correlated with overall sur-
vival of LSCC patients (P=0.000, P=0.02, 
P=0.000). Moreover, multivariate analysis indi-
cated that ZFX protein level (RR=3.298, P= 

Figure 2. Expression quantification of ZFX proteins in tissue samples. Quantification of ZFX expression depending 
on optical density of ZFX positive signals in IHC slices. A. LSCC tissue vs. vocal leukoplakia tissues. B. Early-stage 
LSCC tissue vs. vocal leukoplakia tissues. C. Corresponding LSCC tissues vs. adjacent non-tumoral tissues. D. Non-
tumoral tissues vs. vocal leukoplakia tissues. The asterisk above the bar denotes statistically significant differences 
from the control group (P<0.05).

Figure 3. Kaplan-Meier graph showing the overall survival for patients with LSCC. 
Patients with high expression of ZFX had a significant lower overall survival rate 
than those with low expression of ZFX (P<0.01).

stage LSCC and middle-
advanced LSCC (P<0.01). 
However, there was no dif-
ference between ZFX pro-
tein level and other clinico-
pathlogicalal parameters, 
including pathologic differ-
entiation degree (P>0.05), 
T-level (P>0.05) and cervi-
cal lymph node metasta-
sis (P>0.05). Taken togeth-
er, the expression level of 
ZFX protein showed a sig-
nificantly association with 
the clinical stage of LSCC.

Prognostic significance of 
ZFX protein expression in 
LSCC

To determine if ZFX could 
be used as an indepen-
dent risk factor for poor 
prognosis of postopera-
tive LSCC patients, six 
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0.008) and cervical lymph node metastasis 
(RR=2.900, P=0.007) were independent prog-
nostic factors for overall survival of LSCC 
patients (Table 2).

Expression of ZFX was suppressed by pGCSIL-
GFP-shZFX in LSCC primary cells

To further explorer the biological role of ZFX in 
LSCC, we generated lentiviruses that expressed 
the ZFX-specific siRNA or control siRNA, respec-
tively. The lentiviral vector system (pGCSIL-GFP-
shZFX and -shNC) down-regulated the expres-
sion of ZFX in LSCC primary cells. As expected, 
a high percentage (>80%) of LSCC primary cells 
expressed GFP after lentivirus transfection 
(Figure 4A), indicating the high efficiency and 
stability of transfection. ZFX mRNA level in 
pGCSIL-GFP-shZFX-infected cells was reduced 
in comparison with control (Figure 4B). It sug-
gested that the siRNA targeting ZFX is effective 
to silence ZFX gene in LSCC primary cells.

Reduction of ZFX affects cell proliferation of 
LSCC primary cells

MTT and colony formation assays were per-
formed to investigate the effect of ZFX reduc-

tion in LSCC primary cells. Both assays revealed 
reduction of ZFX dramatically inhibited prolifer-
ation of LSCC primary cells compared with that 
of control cells (Figure 5A, 5B). Furthermore, 
BrdU assay showed that ZFX-inhibited cells dis-
played lower DNA synthesis levels than that in 
control cells after 96 h of transfection (Figure 
5C). Taken together, these data suggested that 
ZFX may function as an oncogenic regulator of 
LSCC.

Reduction of ZFX inhibited the migration of 
LSCC primary cells

The migration capacity of LSCC primary cells 
was measured via Transwell migration assays. 
Compared with control cells, the average migra-
tion rate displayed a consistent reduction when 
cells were infected with the pGCSIL-GFP-shZFX 
(0.816±0.091 vs 2.048±0.082, P<0.05) (Fi- 
gure 6). The result illustrated that ZFX may be 
involved in cell migration of LSCC primary cells.

Apoptosis induced by the reduction of ZFX 
gene

In order to examine whether knockdown of ZFX 
affect cell survival, cell apoptosis was detected 

Table 2. Prognosis analysis for classified factors influencing the overall survival rate of LSCC patients

Clinicopathlogical parameters n
Survival rate Log- 

rank
P  

value
Multivariate analysis

n Percent (%) P value RR (95% CI)
Age 0.386 0.520
    ≤60 years old 48 35 73.0
    >60 years old 49 33 67.4
Differentiated degree 1.054 0.590
    Poorly differentiated 13 10 76.9
    Moderately differentiated 48 35 72.9
    Well-differentiated 36 23 63.9
T-level 9.878 0.020
    T1 19 15 78.9
    T2 28 22 78.6
    T3 29 21 72.4
    T4 21 10 47.6
Cervical lymph node metastasis 16.205 0.000 0.007 2.900 (1.347-6.245)
    Without cervical lymph node metastasis 77 60 77.9
    With cervical lymph node metastasis 20 8 40
Clinical stage 0.339 0.560
    Early  44 32 72.7
    Middle-advanced 53 36 67.9
Expression level of ZFX 13.150 0.000 0.008 3.298 (1.368-7.949)
    Low expression group 51 44 86.3
    High expression group 46 24 52.2
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Figure 4. The expression of ZFX was dramatically knocked down by lentivirus mediated shZFX transfection. A. Mi-
croscope pictures of GFP-expressing cells after 96 h after pGCSIL-GFP-shZFX or -shNC transfection, including fluo-
rescence microscope images and light microscope images (100×). B. Quantitative analysis of ZFX by qRT-PCR. The 
asterisk above the bar denotes statistically significant differences from the control group, P<0.05.

Figure 5. The effect of ZFX knockdown on the proliferation of human LSCC primary cells. A. MTT assay of cell pro-
liferation in LSCC primary cells infected with pGCSIL-GFP-shZFX or -shNC. The asterisk under the line denotes sta-
tistically significant differences from the control group (P<0.05). B. Knockdown of ZFX decreased colony number of 
LSCC primary cells. pGCSIL-GFP-shZFX or -shNC infected LSCC primary cells were cultured for 2 weeks and stained 
with GIEMSA. Quantitative analysis of colony formation was shown. C. A BrdU ELISA was performed to determine 
proliferation of LSCC primary cells after knockdown of ZFX. The asterisk above the bar denotes statistically signifi-
cant differences from the control group (P<0.05).
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by flow cytometry assay. After 6 days of infec-
tion with pGCSIL-GFP-shZFX, the apoptotic cells 
were determined by Annexin V-APC staining 
(Figure 7). The results showed apoptosis rate 
reached approximately 30% treated with pGC-
SIL-GFP-shZFX, compared with less than 5% in 
control cells. Taken together, ZFX has been 
shown to be a regulator in apoptosis and cell 
growth.

Discussion 

Zinc finger protein X-linked (ZFX) belongs to the 
zinc finger protein super family. Located at the 
X chromosome, ZFX is highly conservative in 
vertebrate and has a similar structure with Zfy 
which located at the Y chromosome. ZFX’s 
sequence contains 13 C2H2 zinc finger struc-
tures with an acidic transcriptional activation 
domain (AD), a nuclear localization sequence 
(NLS) and a DNA binding domain (DBD) [9]. 
Research showed ZFX played an important role 
in various biological processes, such as gene 
expression, cell differentiation and embryonic 
development [10]. As a regulation factor, ZFX 
participates in cell cycle control, self-renewal in 
several sorts of stem cell, cell proliferation and 
the regulation of cancer related gene or path-
way [11]. Previous studies have indicated that 
ZFX can function as an oncoprotein in various 
types of cancer such as gastric cancer [12], 
gallbladder cancer [7] and hepatocellular can-
cer [13]. However, limited data are available 
about the prognostic significance of ZFX in can-
cer, and less known about its role in LSCC.

In this study, firstly, we performed immunohis-
tochemistry and image analysis to detect the 
expression of ZFX protein in LSCC tissues, 
vocal leukoplakia tissues and corresponding 
adjacent non-tumoral tissues. We found that 
the ZFX protein level in tumor tissues was sig-
nificantly higher than that in corresponding 
adjacent non-tumoral tissues, implying a pos-
sible involvement of ZFX in LSCC development. 
We compared the difference of ZFX protein 
level between LSCC and vocal leukoplakia, and 
found the ZFX protein level in LSCC was mark-
edly higher than that in vocal leukoplakia. Even 
in early-stage LSCC, the level of ZFX protein still 
showed an overexpression compared with its 
level in vocal leukoplakia. Vocal leukoplakia is 
precancerous lesion of laryngeal. Its incidence 
of malignant change is nearly 8%. The malig-
nant change of vocal leukoplakia is strongly 
related to the level of dysplastic vocal fold kera-
tinized epithelium [14]. Present result revealed 
an up-regulated expression of ZFX protein dur-
ing the malignant transformation from vocal 
leukoplakia to LSCC, which suggested a poten-
tial role of ZFX in the early diagnosis of LSCC.

Further exploration to examine the expression 
differences of ZFX in LSCC grouped by clinico-
pathlogical parameters was performed and 
showed that the expression of ZFX was associ-
ated with the clinical stage of LSCC. ZFX protein 
level was significantly higher in middle-advan- 
ced LSCC than that in early-stage LSCC. The 
result shown here have been supported by pre-
vious studies in other tumors, which have also 
suggested that over-expression of ZFX is essen-

Figure 6. The effect of ZFX-knockdown on cell migration in human LSCC primary cells. A. Transwell assay in LSCC 
primary cells infected with pGCSIL-GFP-shZFX and -shNC. Migrated cells on the lower surface of the transwell filter 
were stained by GIEMSA, photographs were taken after 24 h post-migration (200×). B. The average migration rate 
was measured in the Transwell assay. The average cell migration rate was calculated and represented as OD570/
OD490. The asterisk above the bar denotes statistically significant differences from the control group (P<0.05).
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Figure 7. Apoptosis induction in LSCC primary cells infected with lentivirus express-
ing ZFX-specific siRNA. A. Cell apoptosis by annexin-V staining was analyzed with 
flow cytometry. B. FACS analysis of Annexin V-APC stained control cells or ZFX-knock-
down cells 5 days after transient infection. Data shown here is the mean ± SD of cell 
percentage in apoptosis from three independent experiments. The asterisk above 
the bar denotes statistically significant differences from the control group (P<0.05).
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tial for the progress and metastasis of malig-
nancies [5-7]. Although no statistically associa-
tion was found with the expression of ZFX pro-
tein and other clinicopathlogical parameters 
(pathologic differentiation degree, T-level and 
cervical lymph node metastasis), we still need 
to treat LSCC as a whole. The early lesion of 
LSCC has limited size, limited involvement, and 
low probability of cervical lymph node metasta-
sis or distant metastasis. Conversely, the 
advanced lesion is always characterized by 
extensive local aggression, cervical lymph 
node metastasis and distant metastasis. We 
speculate the overexpression of ZFX during the 
advancement of LSCC might be a result of mul-
tiple factor influences.

In the clinical management, prognostic bio-
markers have been regarded as necessary 
tools for predicting the progression of disease. 
Yan et al. has reported that ZFX could be a 
prognostic factor for cancer patients [15]. In 
order to investigate whether ZFX could be used 
as a clinical predictor for LSCC patients, we 
performed a survival analysis by using Kaplan-
Meier method as well as Cox proportional haz-
ard model. Interestingly, we found that patients 
with high expression of ZFX had a lower survival 
rate, and ZFX protein level was an independent 
prognostic factor for LSCC patients. Higher 
level of ZFX protein in LSCC might be a sign of a 
tumor that is able to grow faster and more 
aggressive. As a result, the tumor is more likely 
to have extensive local involvement, early 
metastasis and recurrence. Studies have high-
lighted the presence of cancer stem cells 
(CSCs) in head and neck squamous cell carci-
noma. Research has proven that CD44+ cells in 
LSCC cell lines contain CSCs. These cells have 
two characteristics similar to normal stem 
cells-self-renewal and differentiation potential 
[16]. These characteristics may contribute to 
the recurrence and metastasis of cancer. It has 
been identified in hepatocellular carcinoma 
cells that ZFX was able to regulate the expres-
sion of CSC markers, such as Nanog and SOX-2 
[13]. Another study also reported that ZFX con-
trols c-Myc expression to maintain the self-
renewal and tumorigenic potential of glioma 
stem cells [17]. Thus, it is possible that ZFX 
could promote the survival of LSCC cells partly 
by inducing cell stemness, which may lead to 
the recurrence of tumor. It is widely accepted 
that tumor cells must alter shapes and lose 

cell-cell junction before invasion and metasta-
sis, which commonly appears to involve epithe-
lial-mesenchymal transition (EMT). Several stu- 
dies implied the association between ZFX and 
EMT [8, 18]. Moreover, both CSC characteris-
tics and signal pathways ZFX regulate are 
closely linked to EMT [19, 20], also indicating 
an involvement of ZFX in EMT. In summarize, it 
is very likely that overexpression of ZFX partici-
pated the recurrence and metastasis of LSCC. 
To the best of our knowledge, this is the first 
report demonstrating the prognostic signifi-
cance of ZFX in head and neck cancer patients, 
and also the first study exploring its role in 
LSCC.

According to previous studies and our findings, 
we speculate that ZFX involved in development 
of LSCC by regulating the function of tumor 
cells. To further investigate its role in develop-
ment of LSCC, we designed lentivirus-delivery 
strategy to suppress the expression of ZFX. As 
a result, the expression of ZFX in LSCC primary 
cells was obviously suppressed by lentivirus-
mediated shRNA, which indicates the efficiency 
of shRNA treatment and the delivery system. 
This lentivirus-mediated delivery system is con-
sidered more effective as it allows gene silenc-
ing in non-dividing cells; thereby the efficiency 
and effectiveness of gene silencing system in 
enhanced [21]. As the expression of ZFX was 
suppressed, the proliferation and colony forma-
tion ability was significantly reduced in LSCC 
primary cells, and the DNA synthesis level was 
also markedly impaired. It was also found that 
the migration of LSCC primary cells was sup-
pressed. Knockdown of ZFX resulted in the inhi-
bition of cell growth and migration, which could 
contribute to LSCC treatment. Further analysis 
showed depletion of ZFX induced significantly 
apoptosis of LSCC primary cells.

In consistent with our previous studies on 
Hep-2 human LSCC cell line, current study indi-
cated the key role of ZFX in regulation of cell 
proliferation, and apoptosis. Our prior studied 
pointed out that knockdown of ZFX with its 
siRNA attenuated expression of AKT, Survivin 
and Ki-67 [22]. These three genes belong to 
the inhibitor of apoptosis (IAP) gene family and 
their products can prevent apoptotic cell death 
[23]. Recent studies also reported that ZFX par-
ticipated cell apoptosis and proliferation in 
some kind of cancer via the regulation of AKT 
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and Survivin levels, or their targets’ levels. 
Moreover, ZFX has been confirmed as a tran-
scriptional target of cyclin D1, which act as an 
important role on cell cycle and apoptosis. And 
the level of cyclin D1 was found markedly 
changed after ZFX reduction in these cancer 
cell lines [24-26]. These changes after ZFX 
knockdown may also happened in LSCC prima-
ry cells and needed to be proved. Yet we may 
audaciously hypothesized that ZFX binds to the 
promoter regions of these genes to directly reg-
ulate their expression or function with other 
regulators as inhibitors or promoters in LSCC 
cells. Further investigation should be consid-
ered when extended the usage of ZFX.

In conclusion, the research of ZFX gene and its 
function in human malignant tumor is still at 
explorative phase. Strong evidences are need-
ed to further explorer its molecular mecha-
nisms. As the researches for ZFX in head and 
neck cancer have only just caught on, we hope 
this study would supply a research basis for 
understanding the role of ZFX in head and neck 
squamous carcinoma, especially in LSCC.
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