Int J Clin Exp Pathol 2014;7(6):3158-3165
www.ijcep.com /ISSN:1936-2625/1JCEPO000443

Original Article

High expression of Twist is associated with tumor
aggressiveness and poor prognosis in patients
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Abstract: Aims: Twist has been reported to play crucial roles for malignant aggressiveness; however, detailed patho-
logical significance of Twist in renal cell carcinoma (RCC) is not fully understood. The present study was to clarify
clinical significance and molecular functions of Twist in patients with RCC. Methods: Twist expression was exam-
ined by immunohistochemical techniques in 156 formalin-fixed specimens. Cell proliferation, angiogenesis, and
apoptosis were measured as the percentage of Ki-67-positive cells (proliferation index, Pl), CD31-stained vessels
(microvessel density, MVD), and TUNEL-positive cells (apoptotic index, Al). In addition, semi-quantification of matrix
metalloproteinase (MMP)-2 was performed. Macrophages were identified with anti-CD68 antibody, and the tumor
associated macrophage (TAM) density was calculated as CD68-positive cells per high-power field. Results: Twist
expression was positively associated with grade, pT stage, and metastasis (p<0.001). We also noticed that its
expression was considerably higher in cancer cells of sarcomatoid RCC and in those at the edge of the tumors.
Twist expression was positively correlated with PlI, MVD, MMP2 expression, and TAM density (P<0.001), but not with
Al, and MMP-2 expression and TAM density were independently correlate by multi-variate analyses. Kaplan-Meir
survival curves showed high Twist expression was a worse predictor for cause-specific survival (P<0.001). Conclu-
sions: Twist plays important roles in tumor growth, progression, and survival in patients with RCC patients. Such
pathological mechanisms are significantly associated with increased cancer cell proliferation, angiogenesis, MMP2
expression, and macrophage recruitment. These findings are important information for discussion of treatment and
observation strategies in these patients.
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Introduction

Radical nephrectomy is standard treatment in
patients with renal cell carcinoma (RCC).
However, about 30% of patients with RCC have
distant metastases at diagnosis, and the pres-
ence of metastasis is a strong predictor of
prognosis in these patients [1]. Therefore, the
molecular mechanisms of cancer cell dissemi-
nation from the primary tumor are important in
the considerations of treatment and observa-
tional strategies. Metastasis is a multi-step
pathological process that is regulated by a wide
variety of factors and molecules. For example,
cancer cell proliferation and apoptosis influ-
ence cancer cell survival and tumor growth,
and angiogenesis is closely associated with

tumor growth and metastasis, acting as an in-
flow channel for oxygen, and an out-flow path-
way for cancer cells in almost all solid tumors.
Furthermore, breakdown of the basement
membrane barrier is essential for the move-
ment and invasion of cancer cells, and such
extra-cellular matrix (ECM) degradation is regu-
lated by matrix metalloproteinases (MMPS). In
addition, these pathological activities are also
modulated by the presence of tumor-infiltrating
macrophages [2]. These factors and molecules
are reported to be associated with tumor malig-
nancy and progression in patients with RCC
[3-5]. On the other hand, epithelial-mesenchy-
mal transition (EMT) has been reported to play
a crucial role in promoting dissemination of
“single cancer cells” from solid tumors [6].
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Table 1. Relationship between Twist expression and clinico-

pathological features
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17]. Therefore, Twist is speculated to
be closely correlated with malignant

Twist expression

potential, progression, and survival
in patients with RCC. However, to our

No. Pts. Negative Positive P value i 8 -
(n=96) (n=60) knowledge, there is a little informa-

Gender 0.869 tion regarding the pathological roles
Male 108 66 (61.1) 42 (38.9) and cllplcql significance .of Twist

expression in human RCC tissues.
Female 48 30 (62.5) 18(37.5)

Age at diagnosis 0.510 The present study was designed to
Median or less 78 46 (59.0) 32 (41.0) determine the relationships between
Over median 78 50 (64.1) 28(35.9) Twist expression and malignant po-

Grade <0.001 tential, clinicopathological features,
1 63  51(81.0) 12(19.0) and survival in patients with RCC.
5 68  41(60.3) 27 (39.7) Furthermore, _correlations betyveen
344 o5 4(16.0) 21(84.0) TWISt express_lon an_d cell prohfera-

tion, apoptosis, angiogenesis, mac-

pT stage <0.001 rophage recruitment, and MMP2
pT1 98  79(80.6) 19(3L.7) expression in human RCC tissues
pT2 22 12(54.5) 10(45.5) were also investigated. Our results
pT3 31 4(12.9) 27(87.1) showed that Twist expression has a
pT4 5 1(20.0) 4(80.0) clinically significant pathological role

Metastasis <0.001 in patients with RCC. This is the first
Absence 133 95(71.4) 1(4.3) report on the pathological role and
Presence 23 38(28.6) 22(95.7) molecular mechanism of Twist in

Pathological type 0.238 metastasis in human RCC tissues.
Conventional 135 84 (62.2) 51(37.8) Materials and methods
Papillary 12 5(41.7) 7(58.3)

Chromophobe 10 7 (70.0) 3(30.0) Patients and tissue samples

Sarcomatous component <0.001
Absence 141 94 (66.7) 47 (33.3) One hundred fifty-six consecutive
Presence 15 2(13.3) 13(86.7) patients who were diagnosed with

However, the detailed regulatory mechanism of
EMT in human RCC tissues are not fully
understood.

Twist is a highly conserved basic helix-loop-
helix transcription factor that has been report-
ed as a master regulator of embryonic morpho-
genesis [7], and it governs cell migration and
differentiation under various physiological con-
ditions [8]. Moreover, Twist has been reported
to significantly enhance EMT under various
pathological conditions, including tumor malig-
nancy [9, 10]. Interestingly, Twist also plays an
important role in tumor growth, cell invasion,
and metastasis by regulating cancer-related
functions such as angiogenesis, and the degra-
dation of ECM in various malignancies [9,
11-15]. In addition, apoptosis, angiogenesis,
recruitment of macrophages, and MMP2
expression are known to be regulated by Twist
under a variety of pathological conditions [14-
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RCC were reviewed retrospectively.
As shown in Table 1, our study popu-
lation included 108 men (69.2%) and 48
women (30.8%), and their median (interquartile
range, IQR) age at the time of diagnosis was 62
(54-69) years. Patients who had received any
pre-operative therapy were excluded from the
study. All histological diagnoses were assessed
using the 2002 TNM classification and Fuhrman
grade. The mean (SD) follow-up period was
46.3 months (range, 3-168 months). The study
protocol was approved by the Human Ethics
Review Committee of Nagasaki University
Hospital.

Immunohistochemistry

The RCC tissues sections (5 um thick) were
deparaffinized and antigen retrieval was per-
formed in 0.01 M sodium citrate buffer (pH
6.0), at 121°C for 15 min for the anti-Ki-67 anti-
body, and at 95°C for 40 min for all of the other
antibodies. All tissue sections were immersed
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in 3% hydrogen peroxide for 30 min to block
endogenous peroxidase activity. Primary anti-
bodies were obtained from Abcam (Cambridge,
UK; anti-Twist antibody), DakoCytomation (Gl-
ostrup, Denmark; anti-Ki-67 antibody), Daiichi
Fine Chemical (Toyama, Japan; anti-MMP-2
antibody), and Novocastra Laboratories (Ne-
wcastle, UK; anti-CD31 and anti-CD68 antibod-
ies). The sections were incubated with the pri-
mary antibodies at 4°C overnight. The sections
were then washed extensively to remove all
unbound primary antibodies prior to treatment
with peroxidase using the labeled polymer
method with DAKO EnVision+™ Peroxidase
(Dako Corporation, Carpinteria, CA) for 60 min.
The peroxidase reaction was visualized using
theliquid DAB substrate kit (Zymed Laboratories
Inc., San Francisco, CA). Sections were counter-
stained with hematoxylin. Two consecutive sec-
tions from each sample were processed with-
out the primary antibody and used as a negative
control. For the anti-Twist antibody, sarcoma
tissues were used as the positive control in
accordance with the data sheet from the manu-
facturer. For all other antibodies, immunohisto-
chemical staining of the positive control was
performed as described previously [3, 4]. The
method of in situ labeling for apoptosis was
performed as described previously [18]. We
used the ApopTag in situ apoptosis detection
kit (Intergen, Purchase, NY), based on the ter-
minal deoxynucleotidyl transferase-mediated
nick and labeling (TUNEL).

Quantitative analysis and staining interpreta-
tion

All analyses of immunohistochemical staining
were assessed by light microscopy within the
tumor area. The staining intensity of Twist and
MMP2 were graded semi-quantitatively as
none, weak, moderate, and strong. In the pres-
ent study, the expression was considered posi-
tive if staining intensity was moderate or strong.
To determine the MVD and TAM density, the
tumor sections were stained with anti-CD31
and anti-CD68 antibodies, respectively. For
each tumor section, 3-5 fields with the greatest
density of positively stained vessels (“hot
spots”) were evaluated, irrespective of the
tumor region. They were defined as the number
of positively stained vessels and cells, per high-
power field (HPF; magnification, x200). The pro-
liferation index (PI) and apoptotic index (Al) rep-
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resented the percentage of Ki-67-positive and
TUNEL-positive cells, respectively. For all vari-
ables, samples with staining greater than the
median value were categorized into the higher
group, and those with staining less than or
equal to the median value were categorized
into the lower group for statistical evaluation in
at least 500 cancer cells. Slides were initially
examined using an E-400 microscope (Nikon,
Tokyo, Japan) producing digital images, and
then examined using a computer-aided image
analysis system (Win ROOF version 5.0; MITANI,
Fukui, Japan). Slides were evaluated twice, at
different times, by two different investigators
(Y.M. and S.K.), who were blinded to the clinico-
pathological features and survival data.

Statistical analysis

Normality was evaluated by normal distribution
and histograms for each variable, and the
results were expressed as medians and IQR,
unless specified otherwise. The Mann-Whitney
U test was performed for continuous variables,
and the chi-square test was used for the com-
parison of categorical data. The crude and
adjusted effects were estimated by logistic
regression analysis, and the values are report-
ed as odds ratios (ORs) with 95% confidence
intervals (95% Cl) together with the P values.
Variables that achieved statistical significance
in a univariate analysis were subsequently
entered into a multivariate analysis model.
Cause-specific survival rates were compared
with Kaplan-Meier analysis and the log rank
test. Variables in these tests that achieved sta-
tistical significance in the univariate analysis
were subsequently entered into a multivariate
analysis using a COX proportional hazards anal-
ysis, and were described as hazard ratios (HRs)
with 95% CI together with the p values. All sta-
tistical tests were two-sided, and significance
was defined as P<0.050. All statistical analy-
ses were performed using the statistical pack-
age StatView (version 5.0).

Results

Twist expression and its pathological signifi-
cance

Representative examples of Twist expression in

RCC tissues are shown in Figure 1. Twist
expression was mainly detected in cytoplasm
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of cancer cells (Figure 1A), and 60 of 156 spec-
imens (38.5%) were judged to have positive
staining. With regard to the distribution of Twist-
positive cancer cells, we noticed that intense
staining of Twist was observed in cancer cells
at edges of the tumor and at invasive fronts
(Figure 1B). Table 1 shows the relationships
between Twist expression and clinicopathologi-
cal features. Twist expression was positively
associated with grade, pT stage, and the pres-
ence of metastasis (P<0.001). Although Twist
expression was not associated with pathologi-
cal types of RCC, its expression in high grade
cancer cells including SRCC cells showed
strong expression for Fer (Figure 1C).

Correlation with malignant aggressiveness and
cancer-related factors

The mean and SD of PI, Al, MVD, TAM, and the
positively stained ratio for MMP-2 according to
Twist expression, are shown in Figure 2A-E.
TAMs in Twist-positive specimens (46.4 and
13.8/HPF) were significantly higher (P<0.001)
than those from Twist-negative ones (28.4 and
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Figure 1. Representative examples of Twist expression
in human renal cell carcinoma (RCC) tissues. Twist was
mainly detected in the cytoplasm of cancer cells (A).
Cancer cells at the tumor edge (B) and high grade can-
cer cells including sarcomatoid RCC (C) often showed
high expression of Twist.

9.1/HPF). Similarly, Twist expression was posi-
tively correlated with MMP-2 (P<0.001), PI
(P=0.006), and MVD (P<0.001). However, a sig-
nificant correlation was not detected in the
relationship between Twist expression and Al
(P=0.313). When a multi-variate analysis model
including pathological features was analyzed
(Table 2), Twist expression was found to be
independently associated with MMP-2 expres-
sion (OR=4.60, 95% Cl=1.85-11.48, P<0.001)
and TAM density (OR=5.83, 95% Cl=2.31-
14.74, P<0.001), but not with PI (OR=0.80,
95% CI=0.33-1.93, P=0.613) and MVD
(OR=2.06, 95% CI=0.83-5.04, P=0.115).

Survival analyses

The Kaplan-Meir survival curve showed that
patients with positive expression of Twist had a
worse cause-specific survival (P<0.001), than
those with negative Twist expression (Figure 3).
On the other hand, multi-variate analysis dem-
onstrated that high grade (HR=2.47, 95%
Cl=1.02-6.02, P=0.046), and presence of
metastasis (HR=4.66, 95% Cl=1.59-13.65,
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P=0.005), were independent predictors for
cause specific survival, whereas Twist expres-
sion was not (HR=0.70, 95% CI=0.23-2.15,
P=0.537).

Discussion

Our study showed that Twist expression was
positively associated with grade, pT stage, and
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Figure 2. Correlation with proliferation index
(PI), apoptotic index (Al), microvessel den-
sity, matrix metalloproteinase-2 expression,
and tumor-associated macrophage density
are shown in (A-E), respectively. Univariate
analyses showing that PI, MVD, MMP-2 ex-
pression, and TAM density in Twist-positive
tissues were significantly higher than in
Twist-negative ones.

metastasis in patients with RCC. With regard to
Twist in RCC, previous reports demonstrated its
role in pathological activities, such as the
induction of EMT in RCC cells in vitro [19, 20]. In
addition, there is a report showing that Twist
expression is significantly associated with prog-
nosis in patients with RCC [21]. Our results are
similar to these results and thus support these
recent findings about Twist. However, this in
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Table 2. Multi-variate analyses for correlation with cancer-related fac-
tors

Multi-variate analysis”

Odds ratio D07 confidential )6
intervals
Proliferation index 0.80 0.33-1.93 0.613
Apoptotic index™ - - -
Microvessel density 2.06 0.83-5.04 0.115
Matrix metalloproteinase-2 expression 4.60 1.85-11.48 <0.001

Tumor associated macrophage density 5.83 2.31-14.74 <0.001

these microscopic charac-
teristics may reflect the
biological activities and
pathological roles of Twist
in malignancies including
RCC. With regard to Twist
in sarcoma, several re-
ports have shown that
Twist expression is up-reg-
ulated and is significantly
associated with malignan-

“Adjusted by pT stage, metastasis, grade, and presence of SRCC. “*Apoptotic index was

not significant predictor by univariate analysis.

©

>
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Number of patients at risk

Figure 3. Kaplan-Meier survival curves showed that
patients with Twist-positive have worse cause-specif-
ic survival compared to those with -negative (log rank
p<0.001).

vivo study investigated Twist expression only in
patients with clinically localized RCC. So we do
not have any information regarding the patho-
logical significance of Twist in metastasis for
RCC patients. Furthermore, the relationships
between Twist expression and pathological
types, and survival in patients with RCC are still
unclear. In reports on other types of cancers,
Twist expression has been shown to be signifi-
cantly associated with metastasis and progres-
sion [9, 12, 13, 15]. Thus, it was not surprising
that we found Twist expression to be closely
associated with metastasis and survival.

On the other hand, the strong expression of
Twist in sarcomatoid RCC cells and cancer cells
at edge of the tumors was a novel finding in our
pathological examinations. We emphasize that
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cy [22, 23]. We speculate
that the up-regulated
expression of Twist partly
plays an important role in the extreme malig-
nant aggressiveness of sarcomatoid RCC.
However, our findings suggest that Twist expres-
sion at the edge of tumors is a strong indicator
that Twist has a role in the invasiveness of RCC
cells. Other investigators have reported higher
expression of EMT including Twist in the inva-
sive front in various cancers [24-26]. Our obser-
vations in RCC tissues support the idea that
Twist is an important regulator of cancer cell
invasion and sequential metastasis in malig-
nancies. To examine this in greater detail, we
performed further analysis of the more detailed
potential pathological roles of the molecular
changes of Twist in RCC tissues.

One of the more interesting results of this study
was that Twist expression was positively asso-
ciated with MMP2 expression and TAM density
in a multivariate analysis model that included
pathological features. As mentioned above,
there have been several reports that Twist
plays important roles in malignant aggressive-
ness and prognosis in RCC [19-21]. However,
the detailed mechanism of such pathological
activities is not yet fully understood. Although a
previous in vitro study focused on the co-func-
tion of Twist and MMP2 in RCC cell lines [19],
there is no information regarding correlation
between Twist and TAM in RCC in vivo and in
vitro. With regard to MMP2, other investigators
have reported similar findings in breast cancer
[14]. In addition, the up-regulation of MMP2 is
important step in cancer cell invasion in human
RCC tissues [3, 27]. Based on these facts, we
also suggest that MMP2 expression regulated
by Twist affects cancer cell invasion and pro-
gression in patients with RCC. However, we did
not find a similar staining pattern for MMP2 to
that for Twist in our specimens. That is, although
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higher expression of Twist was detected in can-
cer cells at edge of tumors, such findings are
not characteristics associated with MMP2
expression. Therefore, a further detailed inves-
tigation would be necessary to conclude that
there is this correlation in RCC.

Our results also demonstrated that Twist
expression was positively correlated with TAM
density in human RCC tissues. Twist has been
reported to recruit macrophages in cancers
[19]. Macrophages in the tumor area can sup-
press the immune response by releasing of a
variety of cytokines and cancer-related factors
[28]. In addition to immune responses, recruit-
ed macrophages can also stimulate cell inva-
sion and angiogenesis under pathological con-
ditions, including cancers [4, 29]. Among
malignancies, the survival and malignant
behavior of RCC cells are well known to be influ-
enced by tumor immunity. In fact, TAM is asso-
ciated with the pathological features and prog-
nosis in patients with RCC [4]. Finally, we
speculate that the release of various chemo-
kines and cytokines from macrophages recruit-
ed by Twist, regulate the pathological circum-
stances in human RCC tissues.

In conclusion, high expression of Twist is signifi-
cantly correlated with pathological features
such as grade, pT stage, and the presence of
metastasis in patients with RCC. In addition, its
expression is also associated with cause- in
specific survival these patients. In morphologi-
cal analyses, Twist expression is speculated to
play important roles in the gain of malignant
potential and malignant aggressiveness,
including cancer cell invasion. Multi-variate
analyses showed that Twist expression was a
significant stimulator for MMP2 expression,
and the recruitment of macrophages. Finally,
our results demonstrated that the up-regula-
tion of Twist influences tumor growth, progres-
sion, and survival via the regulation of cell inva-
sion, and immunity in patients with RCC. We
suggest that Twist is useful predictor and
potential therapeutic target for the treatment
of RCC.
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