
Introduction

Ovarian cancer has one of the highest mortality rates of all

gynecologic malignant tumors. More than 70% of patients

are late-stage at diagnosis [1], and the five-year survival rate

is approximately 19-40% [2, 3]. Locoregional recurrence

and distant metastases are ominous events in patients with

advanced epithelial ovarian cancer (EOC). Although many

efforts have been made to find biomarkers to predict EOC,

truly effective clinical biomarkers are rare. Therefore, new

and more effective biomarkers are still needed.

TWIST, including TWIST1 and TWIST2, the basic

helix-loop-helix (bHLH) transcriptional factor family, has

recently been identified as capable of mediating carcinoma

metastasis and progression [4-6]. In the last decade most

studies have focused on TWIST1 [7-9], which is correlated

with epithelial-mesenchymal transition (EMT) in several

types of epithelial cancer [5, 7-10]. TWIST2 was previ-

ously found to perform the same function as TWIST1 in

malignant transformation, invasion and progression, and it

has been shown to be significantly upregulated in many dif-

ferent human cancers and cancer cell lines, including

melanoma, esophageal squamous cell, breast, lung, colon,

kidney, and cervical cancer [11,12]. Gasparotto et al. [13]

found expression of TWIST2 correlated with the poor prog-

nosis of head and neck squamous cell carcinomas. Zhou et
al. [14] suggested that TWIST2 is associated with the in-

vasion and metastasis of salivary adenoid cystic carcinoma.

Li et al. [12] found that TWIST2 is involved in the cervi-

cal malignant conversion and tumor metastasis. TWIST2

is also considered an inducer of EMT [11,15].

E-cadherin and Vimentin, which are the epithelial mark-

ers and the mesenchymal cell markers, respectively, have

reported to be important indicators of EMT [16, 17]. EMT

is one of the main mechanisms of tumor metastasis. In the

process of EMT, cells acquire molecular alterations that fa-

cilitate cell motility and invasion [18]. Mao et al. [6] found

that the differential cellular distribution of TWIST2 may

be associated with breast cancer progression. The cyto-

plasmic TWIST2 in cancer cells contributes to the mainte-

nance of epithelial cancer characteristics expressing
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E-cadherin in a non-invasive state, while the nuclear

TWIST2 at the cancer invasion front activates EMT to de-

prive epithelial property of neoplastic cells, thus facilitating

invasion and metastasis. However, no published studies

have yet examined the role of TWIST2 and the correlation

between TWIST2 and EMT in EOC cases.

To understand the role of TWIST2, E-cadherin, and Vi-

mentin in epithelial ovarian carcinogenesis and prognosis

and their interaction in cancer progression, in other words, to

reveal the novel mechanism most likely contributes to the

function of TWIST2 and EMT that are involved in the de-

velopment of EOC, the author conducted this study and their

data suggested that there was a relationship between

TWIST2, E-cadherin, and Vimentin, and that the EMT

process depends on TWIST2 subcellular location. These re-

sults demonstrate an important role of TWIST2 in EOC in-

vasion and indicate that TWIST2 may be a novel indicator

for the dissemination and prognosis of EOC.

Materials and Methods

Specimens
The specimens were collected form 103 ovarian tumors patients

with cytoreductive surgeries performed at Xiangyang Central

Hospital from 2006 to 2010. Patients with EOC had underwent

two to eight courses of paclitaxel and nedaplatin chemotherapy

after surgery. These specimens included 30 cases of benign ovar-

ian tumors, 30 cases of borderline ovarian tumors, and 43 cases of

EOC. Patients who had received radiotherapy or chemotherapy

before surgery were excluded from the study. Two pathologists

reviewed each specimen in all cases for diagnosis confirmation.

Informed consent was obtained from each patient before using the

samples. The clinical information is listed in Table 1.

Immunohistochemistry
Immunohistochemical detection of TWIST2, E-cadherin, and

vimentin were performed according to the manufacturer’s in-

structions. Representative four-μm serial sections were prepared

from 10% formalin-fixed and paraffin-embedded tissue blocks

and then rehydrated. Then, 3% H2O2 in methanol was used to

block endogenous peroxidase activity for 30 minutes at room tem-

perature. Antigen retrieval was performed using the autoclave

treatment for two minutes in citrate buffer (pH 6.0). Then, sec-

tions were blocked with 10% goat serum at 37°C for one hour.

subsequently, they were incubated with anti-TWIST2 (ab57997

applied at 1:200), anti-E-cadherin and anti-vimentin (both applied

at 1:200) in a thermostat for 60 minutes at 37°C. Then, the sec-

tions were incubated with secondary antibody deal with the uni-

versal SP histostain-plus kit for five minutes. Then, the sections

were counterstained with hematoxylin. Phosphate-buffered saline

was used as the self-negative control and mammary carcinoma

specimens were used as the positive control samples.

Evaluation of immunohistochemistry results
Two independent observers who had no prior knowledge of the

patient data reviewed the immunohistochemical sections. The most

immunoreactive staining results in each sample were selected for

quantification. For TWIST2, cytoplasmic, and nuclear immunoreac-

tivity were examined [19]. Cytoplasmic staining was scored from 0

to 3 by its extent and intensity: 0, negative; 1, weak; 2, moderate; and

3, strong. Nuclear staining was performed by counting the percent-

age of 100 nuclei showing positive immunoreactivity at 400× mag-

nification, and scoring from 0 to 3 as follows: 0, <5%; 1, 5%-20%;

2, 20%-50%; 3, >50%. A score of 2 to 3 was classified as high-level

expression and 0 to 1 as low-level expression. Membranous and cy-

toplasmic staining of E-cadherin and Vimentin were examined for

immunoreactivity using the same tissue as TWIST2. E-cadherin et
al. [20] was primarily located in the cell membrane and partially in

the cytoplasm, where brown granules exhibited positive expression,

and only cytoplasmic staining was negative, and four categories were

defined according to the staining intensity and extent: <10% (-); 10%

-50% (+); 50%-90% (+ +); >90% (+ + +). The latter, (+ + +) was re-

garded as normal expression; any other expression of heterogeneity

was regarded as abnormal expression. Immunoreactivity was classi-

fied as normal if the specimens exhibited strong or moderate mem-

branous staining with weak or negative cytoplasmic staining. Other

expression patterns were regarded as aberrant immunoreactivity. For

Vimentin [20], five fields of each slice were randomly selected, and

100 cells were counted per view. In calculating the percentage of pos-

itive cells, the membrane and cytoplasm exhibited brown granules in

the case of positive expression. The percentages of cells scored by

staining were as follows: 0, < 20%; 1, 20%-50%; 2, >50%. Accord-

ing to the staining intensity score: 0, no coloring; 1, light brown to

dark brown; 2, the cell coloring percentage score and the staining in-

tensity score were multiplied, and a total score of 0 was recorded as

negative (-); a score >0 points was recorded as positive (+).

Follow-up and postoperative treatment
Patients were followed up from the day of cytoreductive surgery

to the day of death or to January 1, 2010. Patients in the study did not

undergo treatment prior to surgery. Follow-up data for some patients

were recorded during the postoperative examination in the present

hospital, and the remaining patients were followed up either by tele-

phone or with a letter. The median follow-up time was 25.4 months.

Five cases were lost to follow-up. The follow-up rate was 88.4%. All

patients were monitored by gynecological examination, routine

blood tests, serum cancer antigen (CA125) concentration, and pelvic

B-ultrasound every three months in the first year after surgery, every

four months in the second year, and every six months thereafter. A

chest X-ray, computed tomography scan (CT) or magnetic resonance

imaging (MRI) was performed every six months, or immediately

when a recurrence or metastasis was suspected. If necessary, a

whole-body fludeoxyglucose positron emission tomography scan

(PET) was performed. Tumor recurrence was confirmed by at least

two imaging findings. Once recurrence was confirmed, further treat-

Table 1. — Patients’ clinical and pathological features.
Parameter No. %

FIGO Stage Total 103

Benign 30 29.1%

Borderline 30 29.1%

EOC (I–II) 16 15.5%

EOC (III–IV) 27 26.2%

Age median 47 (15-83) Total 103

< 50 57 55.3%

≥ 50 46 44.7%

Pathological grade Total 43

G1 4 9.3%

G2 18 41.9%

G3 21 48.8%

Residual tumors Total 43

< 2 cm <2 cm 65.1%

≥ 2 cm 15 34.9% 
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ment, such as a second surgery and palliative chemotherapy or ra-

diotherapy was provided. Overall survival was defined as the inter-

val between the operation and death or the last observation.

Disease-free survival was the period from the tumor excision until

tumor recurrence or the last examination.

Statistical analysis
All statistical analysis was performed using SPSS 16.0 software.

Differences in TWIST2, E-cadherin, and Vimentin expression from

the four histological groups of specimens were analyzed using the

non-parametric Kruskal-Wallis test and Mann-Whitney test where

applicable. The Chi-square statistic was used to analyze the associ-

ations between TWIST2, E-cadherin, and Vimentin expression and

clinical-pathological characteristics. The Kaplan-Meier method was

used for overall survival and disease-free survival, and the log-rank

test was used to analyze statistical significances in the groups. Uni-

variate and multivariate analyses were evaluated with the Cox pro-

portional hazards model. Variables with a p-value < 0.05 after the

univariate analysis were retained and entered into the multivariate

analysis using a forward stepwise selection procedure. For all tests,

a p-value < 0.05 was considered to be significant.

Results

Expression of TWIST2, E-cadherin, and Vimentin and their
correlation with clinicopathological factors in EOC

The correlation between clinicopathological factors and

TWIST2, Vimentin, and E-cadherin expression is shown in

Table 2. The overexpression of TWIST2 and abnormal ex-

pression of E-cadherin were significantly associated with

pathological grade (p = 0.044, p = 0.012, respectively).

TWIST2 and Vimentin overexpression were associated with

FIGO Stage (p = 0.013, p = 0.029, respectively). However, the

expression of E-cadherin was not association with FIGO

Stage, and Vimentin was not significantly associated with

pathological grade (p > 0.05). The overexpression of TWIST2

and Vimentin and the abnormal expression of E-cadherin were

not significantly correlated with patients’ age, residual tumor

size, primary tumor size and histological type (p > 0.05).

Expression and subcellular localization of TWIST2 in EOC
In order to reveal the role of subcellular localization of

TWIST2 in the occurrence and development of ovarian can-

cer, we divided these patients into three groups, namely the

staining of cytoplasm only, the nucleus only, and both the

cytoplasm and nucleus, as shown in Table 3. The expression

patterns and subcellular localization of TWIST2 in the ovar-

ian cancer cells were mixed nucleus and cytoplasm staining

as shown in Figure 1. Table 2 shows that TWIST2 expression

was significantly associated with pathological grade and

FIGO Stage (p < 0.05). In these ovarian carcinoma speci-

mens, TWIST2 was detected in the cytoplasm only (36/103,

35.0%), the nucleus only (32/103, 31.1%) and both the cy-

toplasm and nucleus (30/103, 29.1%) (Table 3). Interestingly,

the expression of TWIST2 in the cytoplasm only was corre-

lated with FIGO Stage and tumor pathological grade (p =
0.001 and p = 0.021). The expression of TWIST2 in the nu-

cleus only also associated with FIGO Stage (p = 0.001). Sta-

tistical analysis showed that both cytoplasm and the nuclear

TWIST2 expression level was not significantly associated

with either pathological grade or FIGO Stage (p > 0.05).

With increased malignancy of the tumor, the expression of

TWIST2 in the cytoplasm only and the nuclear only in-

creased (p = 0.001). TWIST2 may be a new candidate for

understanding the metastasis and progression of ovarian car-

cinoma which may also associated with the subcellular lo-

calization of TWIST2 expression.

Association of TWIST2, E-cadherin, and Vimentin expres-
sion in patients with EOC

To delineate the correlation of TWIST2, E-cadherin, and

Vimentin in EOC, the authors performed immunohisto-

chemical staining in 103 cases of samples, including 30

cases of benign ovarian tumors, 30 cases of borderline

ovarian tumors, and 43 cases of EOC.

Table 2. — Clinico-pathological characteristics of 43 patients with EOC, and its association between TWIST2/E-cad-
herin/Vimentin overexpression.
Clinical-Pathological Variables No.of TWIST2 E-cadherin Vimentin

patients + (%) p value + (%) p value + (%) p value

Age < 50 18 12 (66.7) 0.224 7 (38.9) 0.452 8 (44.4) 0.818

≥ 50 25 12 (48.0) 7 (28.0) 12 (48.0)

Pathological grade G1-G2 22 9 (40.9) 0.044 11 (50.0) 0.012 9 (40.9) 0.451

G3 21 15 (71.4) 3 (14.3) 11 (52.4)

FIGO Stage I-II 16 5 (31.3) 0.013 6 (37.5) 0.594 4 (25.0) 0.029

III-IV 27 19 (70.4) 8 (29.6) 16 (59.3)

Residual tumors < 2 cm 28 13 (46.4) 0.090 11 (39.3) 0.198 11 (39.3) 0.194

≥ 2 cm 15 11 (73.3) 3 (20.0) 9 (60.0)

Tumor size < 10 cm 24 14 (58.3) 0.377 8 (33.3) 0.903 11 (45.8) 0.920

≥ 10 cm 19 10 (52.6) 6 (31.6) 9 (47.4)

Histological type Serous 28 18 (64.3) 0.126 9 (32.1) 0.709 13 (46.4) 0.686

Mucus 2 1 (50.0) 1 (50.0) 0 (0.0)

Clear cell 4 1 (25.0) 2 (50.0) 2 (50.0)

Endometrial 7 4 (57.1) 1 (14.3) 4 (57.1)

Transitional cell 2 0 (0.0) 0 (0.0) 0 (0.0) 
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Table 3. — The expression of TWIST2 in cytoplasm and nucleus of ovarian carcinoma.
Clinical-pathological variables Cases Cytoplasm only Nucleus only Both cytoplasm and nucleus

+ (%) p value + (%) p value + (%) p value

Tumor type Benign 30 4 (13.3) 3 (10.0) 5 (16.7)

Borderline 30 9 (30.0) 9 (30.0) 7 (23.3)

Malignant I-II 16 5 (31.3) 4 (25.0) 5 (31.3)

III-IV 27 18 (66.7) 0.001 16 (59.3) 0.001 13 (48.1) 0.057

Pathological grade G1-G2 22 6 (27.3) 8 (36.4) 7 (31.8)

G3 21 9 (42.9) 0.284 15 (71.4) 0.021 12 (57.1) 0.095

Figure 2. — Summary of TWIST2, E-cadherin, and Vimentin immunohistochemistry expression in ovarian tissues. A, The positive ex-

pression rate of TWIST2 gradually increased as the ovarian tumor malignant degree rose. B, Increased aberrant expression of E-cad-

herin was observed in the progression of ovarian cancer from benign to borderline to malignant. C, As the malignant degree increased,

the positive expression rate of Vimentin increased. The p values of the Mann–Whitney test for all of the group pairs are exhibited in

Table 4.

Figure 1. — Immunohistochemistry of

TWIST2, E-cadherin and Vimentin in ovar-

ian tissues. With the progression of ovarian

carcinogenesis and development of ovarian

cancer, the expression levels of TWIST2 and

Vimentin were increased and the expression

patterns of E-cadherin changed apparently

(400× magnification).
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The reactivity of TWIST2 was mainly confirmed by the

presence of brown-stained cytoplasm and/or the nuclei of

tumor cells, and its expression rates in ovarian benign, bor-

derline, and malignant tumors were (6/30) 20.0%, (11/30)

36.7%, and (24/43) 55.8%, respectively (Figure 2A). The pos-

itive expression rate gradually increased as the ovarian tumor

malignant degree rose, which was significantly different in

the three groups (p < 0.05). E-cadherin was primarily located

in the cell membrane and slightly in the cytoplasm, and its

expression rate for ovarian benign, borderline, and malignant

ovarian tumors were (27/30) 90%, (23/30) 76.7%, (14/43)

32.6%, respectively (Figure 2B). The malignant degree in-

creased as the positive expression rate decreased, which was

significantly different in the three groups (p < 0.05). Vimentin

was located in both the membrane and cytoplasm and its ex-

pression rates were (5/30) 16.7%, (9/30) 30%, and (20/43)

46.5%, respectively (Figure 2C). As the malignant degree in-

creased, the positive expression rate increased, which was sta-

tistically significant different in the three groups (p < 0.05), as

show in Figures 2 and 3.

Figure 3. — Association of TWIST2, E-cadherin and Vimentin expression. A, While tissues expressed low levels of TWIST2 and Vi-

mentin, normal expression of E-cadherin was observed in the continuous sections from the same tissues. Further, the high expression of

TWIST2 and Vimentin, aberrant E-cadherin staining was shown in the same sections. This association was found during different histo-

logical stages: Benign, borderline, and malignant (200× magnification). B, The association between TWIST2 and E-cadherin. The up-reg-

ulation of TWIST2 was associated with the down-regulation of E-cadherin, and the decrease of TWIST2 lead to the increase of E-cadherin

(r2 = -0.276, p = 0.003). C, The association between TWIST2 and Vimentin. Upregulation of TWIST2 was related to the increase of Vi-

mentin, and downregulation of TWIST2 lead to decrease of Vimentin (r2 = 0.360, p = 0.02) (r2 refers to Pearson index). TWIST2 H and

TWIST2 L are abbreviations of expression of TWIST2 in high level and low level, respectively. The detailed data are exhibited in Table 5.

Table 5. — Association between TWIST2, E-cadherin, and
Vimentin overexpression in patients with EOC.

E-cadherin Vimentin

TWIST2 - + - +

- 9 10 14 5

+ 20 4 9 15

TWIST2 and E-cad: r2 = -0.276, p = 0.003; TWIST2 and Vim: r2 = 0.360, p = 0.02.

Table 4. — The expression of TWIST2, E-cadherin and Vi-
mentin in EOC.
Group Number TWIST2 E-cadherin Vimentin

(+) (%) (+) (%) (+) (%)

Benign 30 6 20.0% 27 90.0% 5 16.7%

Borderline 30 11 36.7% 23 76.7% 9 30.0%   

Malignant 43 24 55.8% 14 32.6% 20 46.5%   
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The association between TWIST2, E-cadherin, and Vi-

mentin expression is shown in Figure 3. There was a signifi-

cantly negative correlation between overexpression of

TWIST2 and E-cadherin (r2 = -0.276, p = 0.003), and there

also was positive, but no association of TWIST2 overexpres-

sion with Vimentin expression (r2 = 0.360, p = 0.02). Figure

3 shows the expression of the three different indicators in the

same tissues. The specimens with low expression of TWIST2

displayed significantly high E-cadherin and low Vimentin ex-

pression (Figure 3A). When TWIST2 was upregulated, the

abnormal E-cadherin and increased Vimentin expression also

were enhanced (Figures 3B and 3C). This association was

found not only in benign ovarian carcinomas but also in bor-

derline and malignant ovarian carcinomas.

Correlation between overexpression of TWIST2, E-cad-
herin and Vimentin and prognosis in patients with EOC

To evaluate the prognostic value of TWIST- and EMT-

related genes, the authors classified tumors based on rela-

tive genes expression levels and used the median as a cutoff

value for statistical analysis. The Kaplan-Meier survival

analysis revealed a significantly worse overall survival for

patients who had overexpression of TWIST2 alone com-

pared with those who had negative TWIST2 staining (p =
0.043, Figure 4A). In disease-free survival, overexpression

of TWIST2 corresponded to a shorter disease-free survival

period (p = 0.043, Figure 4B) and the same as Vimentin (p
= 0.023, Figure 4C). However, E-cadherin had no signifi-

cant association with either overall survival (p = 0.195) or

disease-free survival (p = 0.155, Figure 4D). Therefore,

preliminary results suggest that TWIST2 staining could be

a reliable predictor in the prognosis of ovarian cancer pa-

tients. 

Prognostic factors in patients with EOC
To investigate the accumulative effects of TWIST2, E-

cadherin, and Vimentin expression on the prognosis of

EOC, the authors divided these 43 patients into three

groups according to the positive markers and they were

TWIST2/E-cadherin, TWIST2/Vimentin, and E-cad-

herin/Vimentin. Kaplan-Meier overall survival curves were

generated and differences between the three groups were

examined. The results showed that patients with overex-

pression of TWIST2/Vimentin had a worse overall survival

Figure 4. — Kaplan-Meier

estimates of overall sur-

vival and disease-free sur-

vival in EOC patients

according to expression of

TWIST2, E-cadherin, and

Vimentin. A, patients with

overexpression of TWIST2

(OS, p = 0.043). B, patients

with overexpression of

TWIST2 (DFS, p = 0.043).

C, patients with overex-

pression of Vimentin (DFS,

p = 0.023). D, patients with

aberrent expression of E-

cadherin (DFS, p = 0.155).

Colored dots represent cen-

sored subjects. OS: overall

survival; DFS: disease-free

survival.
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(p = 0.023). A similar result was shown in disease-free sur-

vival (p < 0.001).

Univariate and multivariate analyses using the Cox’s pro-

portional hazards model were performed to predict the prog-

nosis linked factors in all patients. The univariate analysis

suggested that patients’ pathological grade, FIGO Stage,

residual tumors, histological type, and TWIST2/Vimentin co-

expression were significantly associated with patient overall

and disease-free survival (p < 0.05, Table 4). All significant

variables (p < 0.05) in the univariate analyses were retained

for multivariate analyses. Multivariate analysis indicated that

FIGO Stage, residual tumors, and TWIST2/Vimentin co-ex-

pression were independent and significant prognostic factors

in the disease-free survival of all patients (p = 0.012, p =
0.004, respectively, Table 4). Moreover, TWIST2/Vimentin

co-expression was demonstrated to be an independent and re-

markable prognostic predictor in the overall survival of all

patients (p = 0.002). No significant correlation was observed

for E-cadherin and Vimentin in overall survival and disease-

free survival of patients (p > 0.05, Table 4).

The predictive value and application of the TWIST2/Vi-

mentin prognostic model in patients with FIGO Stage and

residual tumors in EOC were examined. For FIGO III-IV

Stages, patients with overexpression of TWIST2/Vimentin

had marginally worse overall survival (p < 0.001) and dis-

ease-free survival (p = 0.035). Patients with residual tumors

with overexpression of TWIST2/Vimentin survived for a

shorter time in disease-free survival (p < 0.001). However,

no difference was observed in overall survival (p = 0.551).

These results suggest that co-expression of TWIST2/Vi-

mentin could be used as a predictor of poor prognosis in pa-

tients with FIGO Stage and residual tumors in patients with

EOC.

Discussion

In the present study, the results indicated that the over-

expression of TWIST2 and Vimentin were significantly

associated with FIGO Stage, and the overexpression of

TWIST2 and abnormal expression of E-cadherin were sig-

Table 4. — Univariate and multivariate analyses for the prognostic factors of overall survival and disease-free survival
in EOC.
Prognostic factors Overall survival Disease-free survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95%CI) p value HR (95%CI) p value HR (95%CI) p value HR (95%CI) p value

Age (years) ≥50 0.834 0.374 NA 0.798 0.402 NA

(0.539−1.421) (0.435−1.396)

<50

Pathological grade G3 1.887 0.042 NS 1.631 0.031 NS

(1.352−2.468) (1.124−2.366)

G1-G2

FIGO Stage III-IV 2.035 0.034 3.345 0.002 3.174 0.021 3.014 0.004

(1.394−4.012) (1.384−7.182) (2.142−5.052) (1.213−6.936)

I-II

Residual tumors ≥ 2 cm 2.411 0.029 NS 2.589 0.001 2.088 0.021

(1.479−4.506) (1.502−5.143) (1.205−4.935)

< 2 cm

Tumor size ≥ 10 cm 0.612 0.196 NA 0.796 0.386 NA

(0.332−1.165) (0.475−1.432)

< 10 cm

Histological type Serous 1.468 0.042 NS 1.538 0.028 NS

(1.001−2.583) (1.032−2.761)

Non-serous

TWIST2 Pos 2.676 0.015 NS 2.537 0.018 NS

(1.173−6.092) (1.157−5.798)

Neg

Vimentin Pos 1.616 0.067 NA 1.537 0.043 NS

(1.113−2.326) (1.010−2.337)

Neg

E-cadherin Pos 1.090 0.157 NA 0.982 0.273 NA

(0.683−2.215) (0.573−2.012)

Neg

TWIST2/Vimentin Co-expression 1.734 0.031 2.357 0.026 1.086 0.028 2.041 0.033

(0.952−2.987) (1.573−4.886) (0.799−2.753) (1.897−5.343)

HR: Hazard ratio; NA: not available; NS: not significant.
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nificantly associated with pathological grade (p < 0.05,

Table 2). It could be concluded that TWIST2 and Vimentin

contribute to the promotion of metastasis. Moreover the

expression of TWIST2 may negatively regulate cancer cell

differentiation by acting on E-cadherin. The subcellular lo-

calization of TWIST2 expression was found in both the

cytoplasm and the nucleus (as shown in Figures 1 and 3).

Interestingly, the authors found that cytoplasmic expres-

sion of TWIST2 was correlated with ovarian cancer cell

differentiation (p = 0.021). Similar to previous reports [5,

6, 20], preliminary results in this study indicated that cy-

toplasmic expression of TWIST2 may help to maintain

characteristics of epithelial cancer cells with E-cadherin

normal membranous expression in a non-invasive state,

while nuclear TWIST2 induces EMT in tumor translation

front with membranous expression of Vimentin, which

eventually promotes cancer metastasis.

In order to further study, immunohistochemistry using a

continuous section provided direct evidence of the associ-

ation of TWIST2, E-cadherin and Vimentin (Figures 1 to

3). The experiment in vitro showed that the upregulation of

TWIST2 was associated with the downregulation of E-cad-

herin and increased Vimentin, and the decrease of TWIST2

led to upregulation of E-cadherin and decrease of Vimentin

(Figure 3), which are important EMT indicators [17, 18]. In

the process of tumor metastasis, cancer cells obtained an

interstitial cell phenotype and acquired invasive ability

through EMT, leading to infiltration of the surrounding tis-

sue. In the planting site, cancer cells eventually formed that

were similar to the shape and structure of the primary tu-

mors metastases by the transformation of mesenchymal

cells and epithelial cells (MET) [21]. Hence, the authors

found that TWIST2 may be involved in the ovarian malig-

nant conversion that occurs through EMT by affecting E-

cadherin (epithelial marker) and Vimentin (mesenchymal

marker) expression.

Crucially, TWIST2 may activate the EMT program, as

an inducer of EMT, which is frequently involved in tumor

progression [22-27]. However, the way in which TWIST2

participates in EMT of ovarian carcinoma in vivo remains

poorly understood. The possible mechanism of TWIST2

involvement in the tumor program was examined and

TWIST2 has recently been shown to be an inducer of EMT

[11, 28]. In the last decade, EMT has been shown to be a

key component of tumor metastasis. However, recent stud-

ies on proteins, such as TWIST1, Snail1, and Snail2 that

have been involved in EMT suggest that EMT also may

contribute to malignant translation other than through in-

vasion of the tumor [15, 29-31]. In addition, TWIST2 has

also been extensively involved in the regulation of cellular

functions. Recent research indicates that positive expres-

sion of HIF-2α was significantly correlated with TWIST2

overexpression in salivary adenoid cystic carcinoma [14].

Furthermore, TWIST2 was also associated with the poten-

tial for cancer stem cell self-renewal [16] and methylation

[32 ,33], which may reveal patients in the same stage with

different prognosis. For EMT, the formation of cancer stem

cells are the axis of evil in tumor progression [28], and the

present authors conclude that TWIST2 plays a critical role

in this axis. Overall, the mechanism of TWIST2’s function

in EOC is likely to involve multiple links and a complex

multi-step process, and TWIST2 mediated mechanism in

the development of ovarian cancer implicated with EMT,

has yet to be studied in depth.

The present data provided additional knowledge about an-

other function of TWIST2, which correlated with several

variables that affected the prognosis of patients. The Kaplan-

Meier analysis showed that low TWIST2 expression corre-

sponded to significantly longer overall survival and

disease-free survival of patients. Therefore, the results sug-

gest that TWIST2 may play a crucial role in the prognosis of

ovarian carcinoma. The present authors also found that pa-

tients with co-expression of TWIST2/Vimentin had a worse

overall survival and disease-free survival (p = 0.023 and p <
0.001). Pathological grade, FIGO Stage, residual tumors, his-

tological type, and co-expression of TWIST2/Vimentin were

valuable predictors for both overall survival and disease-free

survival by univariate analysis. After adjustment by multi-

variate analysis, FIGO Stage, residual tumors, and

TWIST2/Vimentin co-expression were independent and sig-

nificant prognostic factors in the disease-free survival of all

patients, while TWIST2/Vimentin co-expression was

demonstrated to be an independent and remarkable prog-

nostic predictor in the overall survival of all patients. The

present findings indicate that the assessment of TWIST2/Vi-

mentin co-expression, particularly in FIGO Stage and resid-

ual tumors of ovarian cancer, may contribute to the

identification of patients at higher risk of fatal progression,

making it a potential prognostic marker of EOC.

As far as the present authors know, there is a lack of iden-

tification of effective clinical biomarkers and conventional

predictors of ovarian cancer. The present study based on

protein levels, speculates for the first time that TWIST2 is

a significant predictor for determining the metastatic po-

tential and prognosis of ovarian cancer. This discovery may

further enrich knowledge about the potential mechanisms

involved in tumors and provide additional opportunities for

targeted therapy of patients with ovarian cancer.

In summary, the present authors verified that TWIST2 ex-

pression was associated with ovarian cancer progression.

Importantly, they found that TWIST2/Vimentin co-expres-

sion was an indicator with prognostic potential in EOC pa-

tients. In this view, TWIST2 may accelerate tumor

metastasis by promoting EMT by disrupting E-cadherin and

increasing Vimentin expression. The present study should

stimulate more exploration of how TWIST2 cooperates in

the EMT process, which may be involved in the carcino-

genesis, progression, and prognosis of ovarian cancer. Fu-

ture studies with larger samples and functional experiments

are needed to confirm the function of TWIST2 in EOC.
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