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Abstract: Epithelial-mesenchymal transition (EMT) has been implicated in the development of a number of cancers. 
An important EMT inducer, TWIST, has been detected to be over-expressed in a variety of tumors, but rarely been 
studied in nasopharyngeal carcinoma (NPC). This study aimed to examine TWIST expression and its association 
with clinicopathological factors and prognosis in NPC. A total of 65 NPC and 20 normal samples were involved in 
the present study. RT-PCR and immunohistochemistry were used to examine the mRNA and protein expressions of 
TWIST in NPC and normal tissues. The relationship of TWIST expression levels with clinical features and prognosis 
of NPC patients were analyzed. The positive rate of TWIST expression was markedly higher in NPC tissues than that 
in normal tissues. Over-expression of TWIST was correlated with N stage and the presence of distant metastasis. 
Patients with positive TWIST expression had a significantly shorter overall survival time relative to patients with 
negative TWIST expression. The data suggest that TWIST over-expression has a correlation with lymphatic and dis-
tant metastasis in NPC. Moreover, it might be a novel biomarker for prediction of advanced tumor progression and 
a potential unfavorable prognostic factor as well as a potential treatment target for NPC.
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Introduction

Nasopharyngeal cancer (NPC) is a type of fast-
growing tumor originates from nasopharyngeal 
region and is characterized by a high frequency 
of nodal and distant metastasis at diagnosis 
[1]. The incidence of NPC is rare in many areas 
of the world but common in Southeast Asia and 
North Africa [2]. Epidemiologically, external fac-
tors such as Epstein-Barr virus (EBV) infection, 
smoking, drinking and environmental chemical 
pollutions have been thought to be risk factors 
for NPC [3-5]. Besides, internal factors such as 
genetic variation have been indicated to play a 
role in the development of NPC [6]. 

Previously, epithelial-mesenchymal transition 
(EMT), a key event of embryogenesis that has 
been shown to be correlated closely with devel-
opment and progression of tumors, has attract-

ed much attention [7]. EMT is an essential step 
for the formation of different tissues and organs 
during the process of embryonic development, 
while in adult tissue it may be inhibited for 
maintaining epithelial integrity and homeosta-
sis [8]. Aberrant activation of EMT in epithelial 
tumors usually has been implicated in develop-
ment and recurrence of the cancers. During this 
process, some molecules have been regarded 
as inducers of EMT. TWIST, a basic helix-loop-
helix transcription factor, has been thought to 
be one of the EMT inducers and detected in a 
variety of carcinomas. Recent reports showed 
that TWIST is a useful predictor of unfavorable 
prognosis for ovarian cancer [9] and renal cell 
carcinoma [10]. Besides this, over-expression 
of TWIST might be associated with lymph node 
metastasis for thyroid cancer [11] and gastric 
cancer [12]. Moreover, TWIST might contribute 
to breast cancer progression by regulating 
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expression of MMP-2 and -9 [13]. Therefore, 
TWIST might not only play a crucial role in early 
events of cancers, but also act as an essential 
factor in their advanced phases.

Up to date, only a few studies have evaluated 
the expression of TWIST in NPC tissues. 
However, the results were inconclusive. In the 
present study, we assessed the expression of 
TWIST in NPC tissues and further evaluated its 
association with the clinicopathological data 
and patient outcomes. 

Materials and methods

Patients and tissue samples

A total of 65 paraffin-embedded NPC samples 
from NPC patients who were histologically and 
clinically diagnosed from the affiliated hospital 
of Guiyang Medical College, Southwest Hospital 
and Xinqiao Hospital, China, between 2001 
and 2010. Twenty samples of benign nasopha-
ryngeal disease were used as controls (Table 
1). All of the patients received no radiotherapy 

or chemotherapy before operation. Patients 
were informed of the investigational nature of 
the research and each provided written 
informed consent prior to recruitment. For 
reverse transcriptase polymerase chain reac-
tion (RT-PCR) examination, 15 cases of freshly 
resected tumor and 15 cases of normal muco-
sa tissues were immediately cut into small piec-
es and snap frozen in liquid nitrogen. The stage 
and the histology of cases were classified 
according to the 2010 American Joint Com-
mittee on Cancer (AJCC, 7th edition). The char-
acteristics of the NPC patients are listed in 
Table 1. All patients were treated with standard 
curative radiotherapy with or without relevant 
chemotherapy. The follow-up time for overall 
survival (OS) ranged from 10-80 months. 

Immunohistochemical staining

TWIST protein expression in NPC and normal 
tissues were tested by using the two-step PV 
method of immunohistochemistry (IHC). Sam- 
ples were fixed with 10% neutral formaldehyde 
solution. The staining was performed on 4 μm 
sections from formalin-fixed and paraffin-
embedded tissue. The slides were deparaf-
finized, rehydrated and treated with 3% hydro-
gen peroxided for 20 min to inhibit endogenous 
peroxidase. The sections were rinsed with dis-
tilled water and saturated in phosphate buff-
ered saline (PBS) for 5 min and then were incu-
bated with a 1:50 dilution of rabbit anti- 
polyclonal antibody (primary antibody; Abcam) 
overnight at 4°C. Then the reaction was per-
formed using the PV-9000 Polymer Detection 
System (Zhongshan Biotech, Beijing, China). 
The staining was visualized using DAB solution 
and counterstained with hematoxylin. IHC 
staining was conducted according to the manu-
facture’s instructions.

Evaluation of IHC staining

The IHC stain results were identified by inte-
grated scoring. Four fields of view, each at 400 
× magnification were randomly sampled from 
the upper, lower, left, right and central part of 
the slice. The results were evaluated and 
scored independently by two pathologists with-
out knowledge of the clinical parameters of the 
cases. The expression of TWIST was classified 
into several groups according to the percent-
age of positively staining cells: Grade 0 (nega-
tive), ≤ 5%; Grade 1, 5%-25%; Grade 2, 25%-
50%; Grade 3, 50%-75%; and Grade 4, ≥ 75%. 

Table 1. Patient characteristics
Characteristic No. of patients
Age (year)
    < 45 40
    ≥ 45 25
Gender
    Male 39
    Female 26
Clinical stage
    I 8
    II 20
    III 13
    IV 24
T stage
    T1 19
    T2 11
    T3 21
    T4 14
N stage
    N0 22
    N1 17
    N2 14
    N3 12
Distant metastasis
    M0 55
    M1 10
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The staining intensity was categorized as fol-
lows: Grade 0, negative; Grade 1, weak; Grade 
2, moderate; and Grade 3, strong. The propor-
tion and intensity scores were then multiplied 
to gain a total score: score 0-1, negative (-); 
score 2-3, mildly positive (+); score 4-5, moder-
ate positive (++); score ≥ 6, strong positive 
(+++).

Semiquantitative RT-PCR assay

Total RNA was isolated from tissues with TRIzol 
Reagent (Invitrogen) and first strand cDNA was 
synthesized from 1 µg total RNA using Oligo d 
(T) primer (Invitrogen) and ReveTra Ace 
(TOYOBO, Osaka, Japan). PCR was done on the 
cDNA product using the following primers for 
TWIST: F: 5’-GGAGTCCGCAGTCTTACGAG-3’ and 
R: 5’-TCTGGAGGACCTGGTAGAGG-3’. for GAPDH: 

F: 5’-CAGTGCCAGCCTCGTCTCAT-3’ and R: 5’- 
AGGGGCCATCCACAGTCTTC-3’. Thermal cycler 
parameters included one cycle at 94°C for 0.5 
min, and 30 cycles involving denaturation at 
94°C for 30 s annealing at 58°C for 45 s and 
extension at 72°C for 60 s. Extension was per-
formed for an additional 10 min after the com-
pletion of the indicated cycles. The bands were 
quantified by densitometric scanning of band 
intensities and normalized to the levels of 
GAPDH using Image-Pro Plus 5.0 software 
(Media Cybernetics, Silver Spring, MD, USA).

Statistical analysis

For continuous variables, data were expressed 
as mean value ± SD. Differences between 
groups were analyzed with Analysis of Variances 
(ANOVA) or a t-test. χ2 test or Fisher’s exact test 
was used to differentiate the rates of different 
groups. Survival curves were plotted by the 
Kaplan-Meier method and compared by using 
the log-rank test. These analyses were per-
formed by utilizing Microsoft excel program 
(Version: 2003) and SPSS for Windows version 
18.0 (SPSS Inc., Chicago, IL). P value less than 
0.05 was considered statistically significant.

Figure 1. Expression of TWIST mRNA 
(A) and proteins (B) in NPC tissues as-
sessed by RT-PCR and IHC (× 400), 
respectively. a: NPC; b: Normal tissues 
(*P < 0.05 vs. a).

Table 2. Expression of TWIST proteins in NPC 
and normal tissues

Type n
TWIST

P value
- + ++ +++

NPC 65 19 15 18 13 < 0.05
Normal 20 17 2 1 0
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test showed that the negative TWIST expres-
sion group had a longer survival time, while the 
positive TWIST group had a shorter survival 
time (P < 0.05), indicating that TWIST positive 
expression might be a prognostic factor for 
NPC patients. 

Discussion

In the present study, we examined the expres-
sion of TWIST in NPC tissues by IHC and RT-PCR 
and found that TWIST was over-expressed in 
the NPC tissues compared to the normal tis-
sues. Over-expression of TWIST in NPC might 
be associated with advanced N stage and the 
presence of distant metastasis, indicating that 
TWIST might be an important biomarker for 
NPC and contribute to cancer development and 
progression.

NPC is characterized by silent development and 
atypical clinical features, such as early metas-
tasis to the neck lymph nodes. The mecha-
nisms of NPC development are not fully under-
stood. Recently, EMT has attracted much 
attention because this term describes a pro-
cess in which cells lose epithelial and gain mes-
enchymal characteristics. This process is 

Results

Expression of TWIST mRNA assessed by RT-
PCR

To learn the status of TWIST mRNA expression 
levels in NPC and normal tissues, RT-PCR assay 
was used. mRNAs were obtained from 15 NPC 
and 15 normal tissues. The results showed 
that TWIST mRNA expression was markedly 
higher in NPC tissues relative to that in the nor-
mal tissues (Figure 1A), indicating that TWIST 
mRNA levels in NPC tissues were up-regulated.

Expression of TWIST protein assessed by IHC

The samples were tested for TWIST expression 
by IHC with the specific antibodies. As shown in 
Table 2, positive staining of TWIST was 
observed in 70.8% (46/65) and 15% (3/20) of 
NPC and the control samples, respectively. 
Specific staining was found in the nuclei and 
cytoplasm of the cells (Figure 1B). The positive 
rate of TWIST expression in NPC tissues was 
significantly higher than that in the normal tis-
sues, in line with the mRNA expressions (P < 
0.05). 

Relationship between clinicopathologic 
features and expression of TWIST pro-
teins

The association of TWIST expression with 
clinicopathologic parameters was pre-
sented in Table 3. No associations could 
be observed between TWIST positive 
expression and age, gender, T and clinical 
stage, respectively. Nevertheless, there 
were marked associations of TWIST 
expression with N stage and Distant 
metastasis status. Patients with advanced 
N stage present elevated TWIST positive 
expression rate relative to patients with 
early N stage. Expression rate of TWIST in 
patients with distant metastasis was 
markedly higher than that in patients with-
out distant metastasis. 

Association of TWIST protein expression 
with the prognosis of human NPC

The association between TWIST expres-
sion and the prognosis of NPC was evalu-
ated. As shown in Figure 2, the log-rank 

Table 3. Relationship between TWIST expression and 
clinicopathological factors

Variables Total
Twist expression

P value
Positive Negative

Gender
    Male 39 27 12 > 0.05
    Female 26 19 7
Age (years)
    < 45 40 28 12 > 0.05
    ≥ 45 25 18 7
Clinical stage
    I + II 28 17 11 > 0.05
    III + IV 37 29 8
T stage
    T1 + T2 30 19 11 > 0.05
    T3 + T4 35 27 8
N stage
    N0 + N1 39 23 16 < 0.05
    N2 + N3 26 23 3
Distant metastasis status
    M0 55 36 19 < 0.05
    M1 10 10 0
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interpreted with care because a deviation 
might exist possibly due to the limited sample 
size and any confounding factors. Future stud-
ies with large sample sizes considering more 
confounding factors are required. 

In the present study, NPC patients with nega-
tive TWIST expression had a longer survival 
time compared to those with positive TWIST 
expression, indicating that TWIST might act as 
a biomarker predicting NPC progression and 
survival. 

Several limitations might be included in this 
study. First, the present study evaluated the 
roles of TWIST in NPC and found that TWIST 
might act as an indicator for prediction of NPC 
progression. Nevertheless, the underlying me- 
chanisms of TWIST contributing to NPC metas-
tasis are still unknown. Second, this study only 
involved patients with relatively detailed infor-
mation rather that patients with incomplete 
information. Therefore, any selection bias might 
exist. Third, the sample size in the present 
study is limited. Thus, future studies with large 
sample sizes in vivo and in vitro are needed to 
explore the underlying mechanisms and 
increase power to address this issue.

accompanied by a loss of cell-cell cohesive-
ness, leading to enhanced cell migratory capac-
ity [14]. Thus, the EMT pathway is of great ther-
apeutic interest in the treatment of cancer and 
could be targeted either to prevent tumor dis-
semination in patients at high risk of develop-
ing metastatic lesions or to eradicate existing 
metastatic cancer cells in patients with more 
advanced disorders [15]. 

TWIST as an important inducer of EMT has 
been detected to be over-expressed in a num-
ber of cancers. In this study, over-expression of 
TWIST was observed in NPC tissues, indicating 
that TWIST might have a correlation with the 
genesis of NPC. The results further showed 
that elevated expression of TWIST was associ-
ated with advanced N stage and distant metas-
tasis, in accordance with a previous study pub-
lished in 2006 [16]. The data suggested that 
TWIST might mainly enhance the metastatic 
ability of cancer cells and contribute to NPC 
progression. The mechanisms of TWIST in can-
cer progression are not clear yet. TWIST could 
inhibit E-cadherin expression and interfere with 
the p53 tumor-suppressor pathway [17]. As a 
transcription factor, it might alter gene expres-
sion and promote loss of cell-cell adhesion, 

leading to a shift in cytoskele-
tal dynamics and a change 
from epithelial morphology and 
physiology to the mesenchymal 
phenotype [18]. Thus, the cells 
acquired elevated migratory 
abilities. Moreover, Twist can 
recruit stromal macrophages 
and promote angiogenesis 
[19]. In addition, TWIST might 
increase microvessel density 
through up-regulation of MMP- 
9 expression [20]. Therefore, 
TWIST might contribute to cell 
migration and metastasis via 
complex pathways. Notably, in 
the present study, the data 
failed to show a correlation 
between TWIST expression and 
T stage and clinical stage, 
inconsistent with evidence that 
tumor volumes were associat-
ed with an inreased incidence 
of nodal metastasis and can-
cer development [21]. There- 
fore, the results should be 

Figure 2. The overall survival Kaplan-Meier curves in patients with positive 
and negative expression of TWIST. 
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In summary, the results of the present study 
showed that over-expression of TWIST might be 
associated with lymphatic and distant metasta-
sis of NPC. TWIST might be a significant prog-
nostic factor in predicting overall survival of 
NPC and a potential target for cancer 
biotherapy.
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