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Abstract

Twist is a transcription factor involved in the process of epithelial to mesenchymal tran-
sition (EMT) of carcinoma cells, and the promotion of invasion of gliomas through the
mesenchymal adjusting process. However, its clinical significance in human glioma has
not yet to be understood. To delineate the clinical-pathological significance and prog-
nostic value of Twist, the expression of Twist was evaluated by Immunohistochemistry
for 187 glioma samples. We found that Twist demonstrated frequent nuclear expression
in the glioma samples and its expression levels were associated with tumor grade
(P<0.001). Furthermore, high Twist expression was correlated with a poor outcome
in patients with glioma (P=0.001), particularly with high grade glioma (P=0.026).
Interestingly, Twist expression showed positive correlation with microvascular density
(MVD) (r=0.145, P=0.048) as well as vasculogenic mimicry (VM) (r=0.273, P<0.001)
in the tumors. These results suggest that Twist could be a predictor for poor prognosis
in glioma patients. Additionally, Twist expression was associated with two major micro-
circulation patterns: endothelial-dependent vessels and VM in glioma, indicating that
Twist could be a potential molecular target for anti-glioma therapy.

1. Introduction

Glioma is the most common primary brain tumor and also one of the
most lethal human cancers despite current treatment with surgery, irradia-
tion, and chemotherapy. The median survival time for patients with glio-
blastoma multiforme (GBM), the most malignant glioma, is at best still
only 12—15 months (Wen & Kesari, 2008). Invasion and microvascular pro-
liferation are the most important features of human glioma, especially in the
high grade gliomas (WHO grade Il and IV). Thus, development of effective
anti-invasion and optimization of anti-vascular therapy should be one of the
important strategies.

Twist is a basic helix-loop-helix transcription factor which plays a fun-
damental role in regulating epithelial to mesenchymal transition (EMT),
which is a key step in tumor cell invasion and metastasis. Mesenchymal
change, similar to EMT, is increasingly recognized in human glioma
(Carro et al., 2010; Phillips et al., 2006). Recent studies have shown that
Twist is widely expressed in human glioma cell lines and clinical samples
(Elias et al., 2005). Notably, Twist also can promoted invasion in glioma
through mesenchymal change (Mikheeva et al., 2010). Furthermore, recent
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studies have demonstrated that Twist is not only involved in tumor angio-
genesis (Hu, Roth, Brooks, Ibrahim, & Karpatkin, 2008; Mironchik et al.,
2005) but also plays an important regulatory role in vasculogenic mimicry
(VM) (Ma et al., 2011; Sun et al., 2010), defined as tumor cells mimicking
endothelial cells to form extracellular matrix—rich channels. However,
whether Twist is linked to angiogenesis or VM in glioma is still unknown.

A number of studies have indicated that T'wist is over expressed in breast
cancer (Soini etal., 2011), prostate cancer (Kwok etal., 2005), and gastric cancer
(Yan-Qi et al., 2007) etc. These findings suggest that T'wist is associated with
tumor genesis or tumor progression as a novel oncogene. Twist expression also
has an impact on survival of patients with bladder cancer (Fondrevelle et al.,
2009), esophageal squamous cell carcinoma (Xie, Li, & Ouyang, 2009), colorec-
tal carcinomas (Gomez et al., 2011) or nasopharyngeal carcinoma (Song et al.,
2006). However, there are limited studies regarding the clinical significance of
increased T'wist expression in human gliomas. The present study was designed
to evaluate the clinical significance of Twist expression and the relationship
between Twist expression, angiogenesis, and VM in human gliomas.

2. Materials and methods
2.1 Ethics statement

All patients signed the informed consent that allowing researchers to use
their glioma specimens for study (two patient consent form samples were
attached). The current study was approved by the Institutional Review
Board and the ethics committee of Sun Yat-sen University Cancer Center.

2.2 Tissue samples of glioma patients

Glioma specimens were obtained from 187 patients who underwent
craniotomy for tumor resection between 2000 and 2008 at Sun Yat-sen
University Cancer Center. All samples were examined by two pathologists
and histopathologically classified according to the World Health
Organization (WHO) classification (2007) criteria of central nervous system
tumors. There were 19 cases of grade I glioma, 64 cases of grade 11, 52 cases
of grade Il and 52 cases of grade IV. Grades I and II gliomas were considered
as a low grade group, and grades Il and IV as a high grade group. Detailed
clinical follow-up data of all patients were collected.

2.3 Immunohistochemistry studies

Immunohistochemistry assay was performed to evaluate the expression of
Twist protein in the glioma tissues. Five-pm-thick tissue sections were
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cut from paraffin-embedded glioma specimens. Sections were deparaffinized
in xylene and dehydrated with a series of graded ethanol. The slides were
immersed in a 3% hydrogen peroxide solution for 20 min at room temper-
ature to block the endogenous peroxidase activity of specimens. Then the
slides were heated in 0.01 M citrate buffer solution (pH=6.0) for 15min
in a microwave for antigen retrieval. After washing three times with phos-
phate buffered saline (PBS) for 5 min each, nonspecific binding was blocked
with normal goat serum for 20 min at room temperature. The blocked slides
were incubated with primary anti-Twist antibody (mouse monoclonal
antibody ab50887, dilutions 1:100; Abcam, Cambridge, UK) overnight at
4°C. Then the slides were briefly washed in PBS and incubated at room
temperature with the secondary anti-mouse IgG antibody (PV6002;
Zhongshan Chemical Co., Beijing, China) for 50 min. After washing in
PBS, the slides were color-developed using DAB solution (Dako
Corporation, Carpinteria, CA, USA). The sections were then washed with
water and counterstained with Mayer’s hematoxylin. Breast cancer tissue
with known positive Twist expression was used as a positive control and
negative control was created by replacing the primary antibodies with
PBS. The findings of the immunohistochemistry were evaluated by
two pathologists independently. Only nuclear staining was considered as
positive.

MGMT expression in glioma samples was determined by immunohisto-
chemical analysis, which is routing examine. Briefly, 5-pm-thick tissue sec-
tions were cut from paraffin-embedded glioma specimens and stained with
mouse anti-human-MGMT antibody (Invitrogen, USA) following proto-
col of the kit. Quantification was performed by counting the number of
stained cells in 10 random fields at 400 X magnification for each tumor sam-
ple, and only those positive cell number >10% was considered as positive
expression.

2.4 CD34 and PAS dual staining

As endothelial-dependent vessels are CD34-positive while vasculogenic
mimicry is CD34-negative with PAS-positive patterns, CD34 and PAS dual
staining were used to detect those two micro-circulation patterns in glioma
specimens. Briefly, standard immunohistochemical staining was performed
on paraffin-embedded tumor sections, at 5 pm, for CD34 (rabbit monoclo-
nal anti-CD34 antibody 1:1000; Epitomics Inc., CA, USA) as described pre-
viously (Yue & Chen, 2005). The slides were rinsed with distilled water for
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5min, incubated with periodic acid-schift (PAS) for 15min, counterstained
with Mayer’s hematoxylin for 1 min, and viewed under a light microscope
to detect CD34 and PAS signals.

2.5 Staining evaluation

The two-way scoring system was used for Twist immunostaining evaluation
(Fondrevelle et al., 2009; Sasaki et al., 2009). The intensity of T'wist staining
was scored as: O (negative), 1 (weak), 2 (moderate), and 3 (strong). The pro-
portion of positive cells was also scored as: 0 (0%—5%), 1 (5%—25%), 2 (25%—
50%), 3 (50%—75%), and 4 (75%—100%). Then overall staining scores were
obtained by adding these two scores (0—7). An overall staining score of 0—5
and 6—7 were assigned as low and high expression group, respectively.

Endothelial-dependent vessels and vasculogenic mimicry (VM) were
detected by CD34 and PAS dual staining. Microvascular density (MVD)
was evaluated by counting CD34-positive channels in five randomly
selected fields at 200 X magnification and the average counts were then cal-
culated. According to the criteria of Folberg (Folberg, Hendrix, & Maniotis,
2000), VM was identified when the vessels were CD34-negative and
PAS-positive, red blood cells could be found in the channel, and necrosis
and inflammatory cells were absent around the channels.

2.6 Statistical analyses

All data involved in this study were analyzed by using SPSS version 13.0
software. Associations between Twist expression levels and clinical data
were calculated by utilizing the Pearson’s chi-square test. The prognostic
value of Twist expression levels were evaluated using the Kaplan-Meier
analysis and log-rank tests. The multivariate analysis was applied for survival
analysis according to the Cox proportional hazards regression model.
Spearman’s rank correlation test and Pearson’s chi-square independence test
were used to analyze the correlation between Twist immunoreactivity
scores and MVD, and the association between Twist expression levels
and vasculogenic mimicry, respectively. In all statistical tests, a value of
P<0.05 was considered as significant.

3. Results
3.1 Clinical data of the patients

The general clinic-pathological characteristics of 187 investigated patients
are summarized in Table 1. One hundred and sixteen (62%) patients were
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Table 1 Associations between Twist expression and clinic- pathological characteristics
of glioma patient.

Twist
Characteristics N Low expression High expression x> P values
Gender
Male 116 80 36 0.155  0.694"
Female 71 47 24
Age
<40 104 73 31 0.558  0.455"
>40 83 54 29
KPS
<70 15 10 5 0.012  0.914°
>70 172 117 55
WHO grade
I 19 17 2 19.167 <0.001™¢
II 64 53 11
I 52 30 22
v 52 27 25
Extent of tumor resection
Complete resection 132 85 47 2.553  0.110°
Incomplete resection 55 42 13
MGMT protein
Negative 48 27 21
Positive 45 21 24 0.137  0.754°

*Pearson Chi-Square test (asymptotic significance, two-sided).
PFisher’s exact test (two-sided).
“Significantly different.

male and 71 (38%) patients were female. The median age at surgery was
37 years old (range, 2—75 years old). The median preoperative Karnofsky
performance score (KPS) of the patients was 80, with 172 of 187 (92%)
patients presenting with a preoperative KPS of >70 and 15 (8%) with a pre-
operative KPS lower than 70. Complete tumor resection was achieved in
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132 (70.6%) patients, while 55 (29.4%) patients received subtotal or partial
tumor resection. The expression of MGMT protein was determined by
immunohistochemistry in 93 patients, and revealed negative in 48 samples
(51.6%) and positive in 45 samples (48.4%). There were 124 (66.3%) patients
received radiotherapy and/or chemotherapy, while 63 (33.7%) patients
without any other postoperative anti-tumor treatment. The mean follow-
up time was 31.27 months.

3.2 Twist expression is correlated with tumor grade

Twist expression was found expressed in majority of glioma samples and its
immunoreactivity was in the nucleus of tumor cell (Fig. 1). Of the 187
tumor samples examined, only 8 cases (4.3%) showed without Twist expres-
sion (overall staining scores=0). To determine the clinical significance of
Twist expression levels in gliomas, we compared the expression levels of
Twist with clinic-pathological characteristics of the patients. T'wist immu-
noreactivity scores were significantly higher in high-grade glioma
(5.08+1.51) compared to low-grade glioma (4.10+1.59) (Z=—4.650,
P<0.001), and Twist expression levels were increased with ascending
glioma grade (Table 1). However, Twist expression levels were not signif-
icantly associated with other clinic-pathological variants (Table 1).

3.3 Twist expression levels are related to overall survival
of patients

The median survival time was 62.63 months (95% CI, 26.09-99.18 months)
for those patients with low expression levels of Twist, compared with a
median survival time of 14.23 months (95% CI, 11.43—-17.04 months) for
patients with high Twist expression levels. That is, patients with high
expression levels of Twist had a shorter survival time than those with low
expression levels (log-rank test, P=0.001) (Fig. 2). By multivariate analysis
using the Cox proportional hazards regression model, patients with high
Twist expression showed a poor overall survival (RR =1.748, 95% CI
1.120-2.727, P=0.014) after adjusting for gender, age, WHO grade,
KPS, extent of tumor resection, the expression of MGMT protein. Thus,
according to these results, Twist expression in human glioma could be
considered as a significant and independent prognostic factor.

Interestingly, the Kaplan-Meier analysis showed that high expression of
Twist correlated with poor prognosis, but only in the high-grade glioma
group (P=0.026) (Fig. 3). We also analyzed the prognostic value of
Twist expression levels according to other clinic-pathological parameters.
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Fig. 1 Representative staining of Twist protein. Immunohistochemical staining of
Twist protein in glioma samples and positive staining was seen in the nucleus of tumors
cells. Twist expressions was up-regulated with ascending glioma WHO grades (a, WHO
grade |; b, WHO grade II; c, WHO grade lll; d, WHO grade IV) (original magnification x200

and x400).
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Fig. 2 The postoperative overall survival curves of patients with glioma according to
Twist expression. (A) There was a significant difference in survival time between the gli-
oma patients with low and high expression levels of Twist (Kaplan-Meier postoperative
survival curve, P =0.001). (B) Cox proportional hazards regression model after adjusting
for gender, age, WHO grade, KPS, expression of MGMT protein, postoperative treatment
and extent of tumor resection (P =0.014, RR=1.748, 95% Cl 1.120-2.727).
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High Twist expression levels correlated with significant shorter survival
times compared to low expression levels of Twist at age >40, KPS > 70,
complete tumor resection and within both gender subgroups (Fig. 3).

3.4 Twist expression is associated with MVD and VM

The median MVD, which was evaluated by counting CD34-positive endo-
thelial cell clusters (Fig. 4), was 28.20 (range, 7.20—83.20). The mean levels
of MVD in low-grade and high-grade gliomas were 25.68+11.71 and
35.54+£16.43, respectively. MVD was detected at a lower level in low
Twist expression tumors (29.53+15.47) than in high Twist expression
tumors (34.62+14.46) (Z=-2.647, P=0.008) (Table 2). We then
explored potential correlation between the Twist staining score and
MVD in gliomas. Linear trend was found from the scatter plot (r=0.145,
P=0.048) (Fig. 5), indicating that Twist expression positively correlated
with MVD in the glioma samples.
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Fig. 4 Representative staining of microvessel density and vasculogenic mimicry. (A and
B) Different microvessel density was showed as CD34-positive patterns (black arrows)
(Original magnification x200). (C and D) Typical vasculogenic mimicry was defined
as CD34-negative plus PAS-positive tunnel (red arrows) and red blood cells can find
in this channel (Original magnification x400).
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Table 2 Relationship between the expression levels of Twist and MVD, VM in human
glioma.
Twist low expression  Twist high expression P values

MVD (mean+SD) 29.534+15.47 34.62+14.46 0.008""
VM

Negative (n) 119 44 <0.0015¢
Positive (n) 8 16

*Wilcox on rank sum test of two independent samples (asymptotic significance, two-sided).
PSignificantly different.
“Pearson Chi-Square test (asymptotic significance, two-sided).
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Fig. 5 Positive correlation between the immunoreactivity scores of Twist and MVD in
human glioma (Spearman’s rank correlation test, r =0.145, P =0.048).

Vasculogenic mimicry was identified as the presence of vessels lined by
tumor cells (CD34-negative) instead of endothelial cells and surrounding
extracellular matrix (PAS-positive) (Fig. 4). Vasculogenic mimicry was
found in 24 out of the total 187 (12.83%) glioma samples. There were 2 cases
of grade I1, 7 cases of grade Il and 15 cases of grade IV gliomas. High expres-
sion level of Twist was observed in 16 of the 24 (36.37%) VM-positive
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Fig. 6 Twist expression levels were significantly different between the VM-positive and
VM-negative groups (3> =15.110, P <0.001).

tumor samples and in 44 of the 163 (27%) VM-negative samples (Table 2).
Twist expression levels were significantly different between the
VM-positive and VM-negative groups (Fig. 6, x> =15.110, P<0.001).

4. Discussion

The expression of T'wist was examined in 187 human glioma samples.
We found that Twist expression levels were associated with tumor grade,
indicating that Twist might participate in the progression and promote
the aggressiveness of glioma. Moreover, our data provided evidence that
the expression of Twist was an independent prognostic factor for human gli-
oma through the univariate survival analysis (Kaplan-Meier analysis) and the
multivariate analysis (Cox proportional hazards regression model). We also
demonstrated that there was a relationship between Twist expression and the
two major microcirculation patterns, endothelium dependent vessels and
vasculogenic mimicry in human gliomas.

Twist was originally described in Drosophila as a gene essential for the dor-
soventral pattern (Thisse, el Messal, & Perrin-Schmitt, 1987). Recent studies
have already highlighted the fundamental role of Twist in activating the EMT
process in the context of embryogenesis (Yu, Kamara, & Svoboda, 2008)
(Type 1 EMT), organ fibrosis (Bridges et al., 2009) (Type 2 EMT) and cancer
metastasis (Yang et al., 2004) (Type 3 EMT). EMT mediated by Twist in car-
cinoma is a process where tumor cells lose their polarity and cell—cell adhesion,
acquire a high degree of motility, and allowing invasion and metastasis through
repression of the epithelial marker E-cadherin and acquisition of the mesen-
chymal marker N-cadherin, termed “cadherin switch.”



214 Cong Li et al.

Invasion is one of the most important features of human glioma and is
responsible for the dismal prognosis in cancer patients. Diftuse tumor invasion
into surrounding brain restricts radical resection and limits effective delivery of
chemoradiotherapy. Mikheeva et al. (2010) demonstrated that Twist can also
promote invasion in glioma through mesenchymal change, which is similar to
the EMT process but without the “cadherin switch.” Our study found that
Twist expression was higher in high grade glioma than low grade glioma,
which is less invasive than high grade glioma. This observation could support
the idea that Twist expression is related to the invasive behavior of glioma.

In addition to invasion, abundant angiogenesis, characterized by micro-
vascular proliferation and glomeruloid vascular structure, is another hallmark
of glioma, especially in GBM. With current rapid development in
molecular-targeted and anti-angiogenesis research, anti-vascular therapy
shows promise in having a significant effect against gliomas. Recent studies
reported that a new micro-circulation pattern termed vasculogenic mimicry,
which describes the formation of fluid-conducting channels by highly
invasive tumor cells instead of endothelial cells, co-exists with conventional
endothelial-dependent vessels in a variety of cancer types, including
melanoma (Maniotis et al., 1999), carcinomas (Liu, Xu et al., 2011; Sun,
Fan, Zhang, & Ge, 2011), sarcomas (Sun, Zhang, Zhao, Zhang, & Hao,
2004), and even glioma (El Hallani et al., 2010; Yue & Chen, 2005).
The discovery of VM reveals the heterogeneity of micro-circulation patterns
in glioma, and presents a challenge in the development of anti-vascular
therapy. Twist has also been found to not only induce angiogenesis in breast
cancer (Mironchik et al., 2005) and hepatocellular carcinoma (Niu et al.,
2007), but also plays an important role in VM formation in hepatomas
(Ma et al., 2011; Sun et al., 2010). In addition, Twist has been implicated
in the plasticity of cancer stem cells (Li & Zhou, 2011; Wu, 2011), now con-
sidered the initiative cell of VM (Ricci-Vitiani et al., 2010; Wang et al.,
2010). These findings suggest that Twist might be a potential target both
in anti-angiogenesis and anti-VM therapy. Our study, for the first time,
found that Twist expression was associated with MVD and VM in human
glioma, indicating that T'wist might provide a chance to overcome the het-
erogeneity of micro-circulation patterns in human glioma, although more
evidence is needed. As VM has been demonstrated to correlate with the sur-
vival of glioma patients (Liu, Zhang, et al., 2011), our results suggest the pos-
sibility that Twist influences patient survival by inducing VM formation.

In conclusion, our data shows that Twist expression levels correlated
with glioma grade, and high expression levels of Twist may identify glioma
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patients with poorer prognosis * especially in high grade gliomas. As such,
Twist could be defined as a potential new predictor for poor outcome in
patients with malignant glioma. Twist expression associated with MVD
and VM in human glioma, indicating that Twist could be a target for anti-
vascular therapy in human glioma,
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