Int J Clin Exp Pathol 2017;10(7):7542-7550
www.ijcep.com /ISSN:1936-2625/1JCEP0053417

Original Article

Vasculogenic mimicry and expression of Twistl and
KAI1 correlate with metastasis and prognosis

in lung squamous cell carcinoma

Lei Zhou'?*, Lan Yu'?*, Bo Zhu*?*, Shiwu Wu'2, Wenging Song??, Xiaomeng Gong?, Danna Wang*?

1Department of Pathology, The First Affiliated Hospital of Bengbu Medical College, Anhui Province, China; 2Depart-
ment of Pathology, Bengbu Medical College, Anhui Province, China. "Equal contributors.

Received March 21, 2017; Accepted June 12, 2017; Epub July 1, 2017; Published July 15, 2017

Abstract: Background: Vasculogenic mimicry (VM) is a new blood supply development often seen in highly aggres-
sive cancers and has been considered as a usefully metastatic and prognostic factor for many cancers. Twist1 (a
biomarker of epithelial-mesenchymal transition), and KAI1 (a suppressor of tumor metastasis) are both usefully
predictive factors for metastasis in many cancers. However, the metastatic and prognostic value of VM, Twist1, or
KAIZ1 in lung squamous cell carcinoma (LSCC) is unclear. In this study, we analyzed associations among VM, Twist1,
and KAI1 in LSCC, and their respective associations with clinicopathological parameters and survival in LSCC. Case
presentation: Positive rates of VM, Twist1, and KAI1 in 157 whole LSCC tissue specimens were detected by immu-
nohistochemistry and histochemical staining. Patient’s clinical data were also collected. Levels of VM and Twist1
were significantly higher, and levels of KAI1 were significantly lower, in LSCC tissues than in normal lung tissues.
Levels of VM and Twistl were positively associated with tumor grade, lymph node metastasis (LNM), and tumor-
node-metastasis (TNM) stage, and inversely with patients overall survival (0S) time; levels of KAI1 was negatively
associated with tumor grade, LNM, and TNM stage, and the KAI1+ subgroup had significantly longer OS time than
did the KAI1- subgroup. In multivariate analysis, high VM, or Twist1 levels, TNM stage, size of tumors, and low KAI1
levels were potential to be independent prognostic factors for OS time in patients with LSCC. Conclusions: VM, and
the expression of Twist1 and KAI1 represent promising markers for metastasis and prognosis, and potential thera-
peutic targets for LSCC.
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Introduction genesis. However, the clinical benefit of anti-
angiogenesis therapy for cancers was still un-
satisfactory [3]. Later, some researchers found
that when the endothelium-dependent vessels
growth was insufficient to support the rapid
growth of cancer tissues, some cancer cells
could mimic endothelial cells and form vessel
structures through a process called vasculo-
genic mimicry (VM) [4, 5]. VM which is a lumen-
like structure is a method that provides the
blood and nutrient supply and also promotes
metastasis [6]. VM is composed of three struc-
tures: the stem-like cancer cells, remodeling

In 2012, lung cancer was reportedly found in
1.8 million newly diagnosed cases, caused
about 1.6 million deaths [1], making it the lead-
ing lethal cancer. Non-small cell lung cancer
accounts for about 85% of all diagnosed lung
cancers [2]. As lung cancer is usually asymp-
tomatic in its early stages, majority of patients
diagnosed with lung cancer in China have
advanced stage disease. Despite advances in
treatment, 5-year survival rate was still less
than 20% [2].

Cancer requires an adequate blood and nutri- of the extracellular matrix, and the lumen-
ent supply for its rapid growth and metastasis. like structure which can connect to the host
About cancer blood supply, it was long believed microcirculation system [6, 7]. Accumulating

that the attention was focused on role of angio- researches have demonstrated that patients
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Table 1. Patients characteristics

Frequency Percentage

Patients characteristics n) (%)

Age (years)

<60 115 73.2

>60 42 26.8
Location

Left 82 52.2

Right 75 47.8
Size (cm)

<3.0 23 14.6

>3.0, <7.0 107 68.2

>7.0 27 17.2
Gender

Female 92 58.6

Male 65 41.4
Type

Central 124 79.0

Peripheral 33 21.0
Grade

Well 22 14.0

Moderate 97 61.8

Poor 38 24.2
LNM

NO 81 51.6

N1 55 35.0

N2 21 13.4
TNM stage

| 69 43.9

Il 61 38.9

1A 27 17.2

NO: No regional lymph node metastasis; N1: Metastasis
in ipsilateral peribronchial and/or ipsilateral hilar lymph

nodes and intrapulmonary nodes, including involvement
by direct extension; N2: Metastasis in ipsilateral medias-
tinal and/or subcarinal lymph node(s).

with cancer-associated VM had poor progno-
ses and were prone to metastasis [4-12].

It has been demonstrated that the epithelial-
mesenchymal transition (EMT) plays an impor-
tant role in invasion and metastasis in many
cancers [13-15]. Twist1, which is a highly con-
served basic helix-loop-helix (bHLH) transcrip-
tional factor, is associated with initiating tumor
EMT and promotes tumor invasion and metas-
tasis [16]. Evidence indicated that Twistl
played an important role in regulating EMT pro-
cess and overexpression of Twist1 could direct-
ly suppress E-cadherin expression and promote
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the synthesis of N-cadherin [16], thereby induc-
ing dramatic cancer cells morphological chang-
es and cell-matrix adhesion genes to increase
cells migration and invasion ability [17, 18].

KAIL, also named as CD82, was the first identi-
fied a suppressor of metastasis gene of pros-
tate cancer [19]. KAI1 gene which is located on
chromosome 11p11.2 is an important member
of tetraspanin superfamily which contains four
transmembrane domains [20] with a variety of
biological functions [21]. It has been demon-
strated that KAIL inhibits cancer invasion and
metastasis in a number of ways, such as inhib-
iting cell motility, strengthening cell-cell adhe-
sion, and reducing invasion [22, 23]. Overex-
pression of KAI1 by gene transfection signifi-
cantly inhibited secondary metastases without
affecting primary tumor growth [24]. KAI1 is
also been considered to be a useful marker of
metastasis and prognosis.

Overall, studies of VM, Twist1, and KAI1 in rela-
tion to tumor metastasis and prognosis demon-
strate that these indicators affect tumor pro-
gression; however, the relationships among
VM, Twistl1, and KAI1 in LSCC have not been
widely reported. In this study, we examined the
hypothesis that these indicators are mutual
correlated and related to metastasis and prog-
nosis in LSCC.

Materials and methods
Specimens

We collected specimens from all 157 patients
(median age: 57.2 years; range: 26-78 years)
who were treated for LSCC at the First Affiliated
Hospital of Bengbu Medical College, from
January 2009 to December 2010, along with
157 samples of the corresponding adjacent
normal tissues. Patients who had received pre-
operative chemo- or radio-therapy were exclud-
ed. All tissue cases were obtained with patients
writing consent. The study was approved by the
ethics committee of Bengbu Medical College
and performed in accordance with the guide-
lines of the Declaration of Helsinki. We collect-
ed patients for whom we had completely clinco-
pathological and follow-up data (at 6-months
intervals by phone, mail, or e-mail). Overall sur-
vival (OS) time was calculated from the patient’s
surgery date to his/her death date or December
2015 (mean 0S: 43.0 months; range: 8-71
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Figure 1. Immunostaining of VM, or Twist1, or KAI1 in LSCC or the control tissue. A: Negative staining of VM in the
control tissue (100 magnification); B: Positive staining of VM in the LSCC tissue (400 magnification, red arrow is VM
structure, black arrow is microvessel); C: Negative staining of Twist1 in the control tissues (4000 magnification); D:
Positive staining of Twistl in the cytoplasm and nuclei of cancer cells (100 magnification); E: Positive staining of
KAI1 in the membrane and cytoplasm of the control tissue (100 magnification); F: Negative staining of KAI1 in the
cancer cells (400 maghnification).

months). Tumor-node-metastasis stage was
assessed according to the 7" edition of the
American Joint Committee on Cancer (AJCC).
Tumors were graded according to World Health
Organization (WHO) standards. Specific param-
eters see Table 1.

Immunohistochemistry

Immunohistochemistry was performed accord-
ing to the Elivision™ Plus detection kit instruc-
tions (Lab Vision, USA). All LSCC and corre-
sponding normal lung tissues were fixed in 10%
buffered formalin and embedded in paraffin.
Continuous 4 um thick sections were cut. All
sections were deparaffinized and dehydrated in
xylene and graded alcohol, then washed with
phosphate buffer saline (PBS, pH 7.2) for 10
min. Endogenous peroxidase activity was qu-
enched by incubating sections in methanol
containing 3% H,0, for 10 min at room temper-
ature (RT); then placed in citrate buffer (pH 6.0)
and heated to 95°C for antigen repair for 30
min. After several washes with PBS, all sections
were blocked with goat serum at RT for 30 min,
then incubated with mouse monoclonal anti-
body against human CD34 (Abcam, USA),
Twist1 (Abcam), and KAI1 (Abcam, USA) at 37°C
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for 1 h. All samples were conducted periodic
acid-Schiff (PAS)-CD34 dual staining to deter-
mine endothelial cells in glycosylated base-
ment membranes of vessels, as well as vessel-
like (VM) structure [8].

Yue's method was used to evaluate VM in the
LSCC tissues and the control tissues [32]. All
sections were counterstained with hematoxy-
lin, dehydrated, air-dried, and mounted. Twist1
stains were mainly seen in tumor cell cytoplasm
and nuclei. KAI1 stains were mainly seen in
tumor cell membrane and cytoplasm.

Evaluation of staining

Staining results were evaluated semi-quantita-
tively by two independent pathologists who
were blind to patients’ clinicopathological and
follow-up data. Ten representative fields at
high-power-fields (HPF) from different areas of
per LSCC slide were analyzed to avoid any intra-
tumoral heterogeneity of antibody expression.
The results were scored according to intensity
(none staining = O; weak staining = 1; moderate
staining = 2; strong staining = 3) and extent
(<11% positive cells mean 1; 11-50% positive
cells mean 2; 51-75% positive cells mean 3;
>75% positive cells mean 4). The scores for the

Int J Clin Exp Pathol 2017;10(7):7542-7550



VM, Twist1, and KAI1 expression in LSCC

Table 2. The associations between VM and expression of
Twist1 and KAI1 and clinicopathological characteristics of lung
squamous cell carcinoma (LSCC)

Variables VM b Twistl KAIL
-+ -+ -+
Age 0.467 0.771 0.321
<60years 65 50 44 71 73 42
>60years 21 21 15 27 23 19
Location 0.979 0.951 0.483
Left 45 37 31 51 48 34
Right 41 34 28 47 48 27
Size (cm) 0.201 0.044 0.339
<3.0 16 7 13 10 11 12
>3.0,<7.0 58 49 40 67 67 40
>7.0 12 15 6 21 18 9
Gender 0.650 0.232 0.677
Female 37 28 28 37 41 24
Male 49 43 31 61 55 37
Type 0.716 0.331 0.464
Central 67 57 49 75 74 50
Peripheral 19 14 10 23 22 11
Grade 0.017 0.024 0.009
Well 17 5 14 8 7 15
Moderate 54 43 33 64 63 34
Poor 15 23 12 26 26 12
LNM <0.001 <0.001 0.001
NO 58 23 45 36 38 43
N1 22 33 11 44 43 12
N2 6 15 3 18 15 6
TNM stages <0.001 <0.001 0.001
I 53 16 41 28 31 38
Il 28 33 15 46 43 18
A 5 22 3 24 22 5

Table 3. Correlation among VM, expression of Twist1 and KAI1

in LSCC
Variable W r P _KAL P
- - +
VM -0.357 <0.001"
- 39 47
+ 57 14
Twistl 0.388 <0.001° -0.380 <0.001"
- 47 12 22 37
+ 39 59 74 24

“Negative association; ®Positive association.

intensity and extent were multiplied to yield
final scores that ranged 0-12. Scores >3 were
considered positive. For sections that were
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positive for both two of Twist1 and
KAI1, an average of the final score
of each section was taken.

Statistical analysis

Associations between clinicopath-
ological characteristics and VM,
Twistl, or KAI1 were compared
using Fisher’'s exact test or Chi-
square test. Association between
VM, or Twistl, or KAI1 was com-
pared using Spearman’s coeffi-
cient test. Effects of VM, Twist1,
or KAI1 on survival were deter-
mined by univariate and multivari-
ate analyses. Independent prog-
nostic factors were determined
using the Cox regression model
for multivariate analysis. The
Kaplan-Meier method with log-
rank test for univariate analysis
was used to assess associations
between OS time and VM+, Twi-
stl+, or KAI1l+ results or clinico-
pathological characteristics, using
SPSS 19.0 software for Windows
(Chicago, IL). A value of P<0.05
was considered as statistically
significant.

Results

Associations between VM, Twist1,
and KAI1 expressions and clinico-
pathological characteristics

To assess the contributions of VM,
Twistl, and KAI1 to LSCC, the
results thereof were immunohis-
tochemically assessed for both
LSCC and corresponding normal
lung tissue specimens. These
data were compared to patient’s
clinicopathological characteristi-
cs. The positive rate of VM find-
ings (small vessel, which is like a
lumen in LSCC, the lumen was
PAS-positive but CD34-negative.
The VM structure pattern included
tubular, linear, and network, etc.)
in the LSCC specimens (45.2%,

71/157) was significantly higher than that in
the corresponding normal lung tissues (0%,
0/157; P<0.001; Figure 1A and 1B). The posi-
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Figure 2. Kaplan-Meier analysis of the survival rate of patients with LSCC. The y-axis represents the percentage of patients; the x-axis, their survival in months. (A)
Overall survival of all patients in relation to VM (log-rank = 53.783, P<0.001); (B) Overall survival of all patients in relation to Twist1 expression (log-rank = 31.156,
P<0.001); (C) Overall survival of all patients in relation to KAI1 expression (log-rank = 23.906, P<0.001); In (A-C) analyses, the green line represents patients with
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positive VM, or Twist1, or KAl1 and the blue line representing the negative VM, or Twist1, or KAI1 group. In (D) analy-
ses, the blue line represents patients with tumor size <3.0 cm group, the green line represents patients with 3.0
cm< tumor size <7.0 cm group, the brown line represents patients with tumor size >7.0 cm group. In (E) analyses,
the blue line represents patients with NO group, the green line represents patients with N1 group, the brown line
represents patients with N2 group. In (F) analyses, the blue line represents patient with | stage group, the green line
represents patients with Il stage group, the brown line represents patients with IlIA stage group.

Table 4. Results of univariate analyses of over-
all survival (OS) time

) Mean OS
Variable n (months) Log-rank P value

VM 53.783 <0.001
Negative 86 51.6+12.1
Positive 71 32.6+13.7
Twist1 31.156 <0.001
Negative 59 52.3+13.7
Positive 98 37.4+14.6
KAIL1 23.906 <0.001
Negative 96 37.5+14.5
Positive 61 51.7+14.4

Gender 0.259 0.611
Male 92 445+16.1
Female 65 41.0+15.7

Ages (years) 0.250 0.617
<60 115 43.5+16.3
>60 42 41.8+15.1

Type 0.697 0.404

Central 124 43.1+16.7
Peripheral 33 42.7+12.7

Location 0.236 0.627
Left 82 42.2+16.5
Right 75 43.9%15.3
Size (cm) 14.642 0.001
D<3.0 23 52.0+14.0
3.0<D<7.0 107 42.7+16.2
7.0<D 27 36.7+13.4
Tumor grade 2.030 0.362
Well 22 50.9+14.1
Moderate 97 42.4+16.2
Poor 38 40.2+15.2
LNM 38.353 <0.001
NO 81 49.7+14.7
N1 55 37.5+14.9
N2 21 31.6+£10.6
TNM stage 55.604 <0.001
I 72 52.2+13.5
Il 60 37.7+14.7
A 25 31.4+10.8

tive rate of VM in LSCC was positively related to
tumor grade, LNM, and TNM stage, but not
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patient’s age, gender, location, type, or size
(Table 2).

Similar to VM, Twist1+ expression was signifi-
cantly higher in LSCC tissues (62.4%, 98/157)
than that in the control tissues (9.6%, 15/157;
P<0.001; Figure 1C and 1D). The positive rate
of Twistl expression in LSCC was related to
tumor grade, LNM, TNM stage, and size, but not
patient’s age, gender, location, or type (Table
2).

The positive rate of KAI1 expression was signifi-
cantly less in LSCC tissues (38.9%, 61/157)
than that in the control tissues (96.8%,
152/157; P<0.001; Figure 1E and 1F). The pos-
itive rate of KAI1 expression was inversely
associated with tumor grade, LNM, and TNM
stage. No correlation was found between KAIL1
expression and patient’'s age, gender, size,
location, or type (Table 2).

Correlations among VM, and expression of
Twist1 and KAI1 in LSCC

Spearman correlation coefficient analysis indi-
cated that negative correlations between KAI1+
expression and that of VM (r =-0.357, P<0.001),
or Twistl (r = -0.380, P<0.001). Expression of
Twistl was positive associated with the posi-
tive rate of VM (r = 0.388, P<0.001; Table 3).

Univariate and multivariate analyzes

Follow-up data showed that OST was signifi-
cantly lower in LSCC patients with VM+ speci-
mens (32.6+13.7 months) compared with
those with VM- (51.6+£12.1 months; log-rank =
53.783, P<0.001; Figure 2A). Similarly, OST of
Twistl+ patients (37.4+14.6 months) was
significantly lower than those of Twistl- pati-
ents (52.3+13.7 months; log-rank = 31.156,
P<0.001; Figure 2B). The OST of KAl1+ patients
(51.7£14.4 months) was significantly higher
than those who were KAI1- (37.5+14.5 months;
log-rank = 23.906, P<0.001; Figure 2C). In uni-
variate analysis, OST was significantly related
to clinicopathological characteristics, including
tumor size (log-rank = 14.642, P = 0.001,
Figure 2D), LNM (log-rank = 38.353, P<0.001,

Int J Clin Exp Pathol 2017;10(7):7542-7550
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Table 5. Results of multivariate analyses of overall
survival (OS) time

KAI1 is widely considered as a suppressor
of tumor metastasis in various human can-

Covariate B SE P HR 95% ClI cers [19-24]. KAI1 can limit cancer cell
VM 0.854 0.217 <0.001 2.348 1.535-3.592 motility, invasion, and metastasis and
Twist1 0453 0212 0032 1574 1.039-2.383 Inhibit cancer cells metastatic potential
KAI1 0493 0200 0014 0611 0413-0.904  [22,23] Findings inthis study also showed
TNM stage 0.497 0221 0025 1.643 10652535  that KAIL expression was significantly
Size 0382 0459 0016 1466 1.074-2.000 lower in LSCC tissues than that in control

Figure 2E), and TNM stage (log-rank = 55.604,
P<0.001, Figure 2F; Table 4).

Multivariate analysis demonstrated that VM+,
Twistl+, and KAI1+ samples, tumor size, and
TNM stage, were independent prognostic fac-
tors for LSCC (Table 5).

Discussion

LSCC is a highly heterogeneous cancer, which
can interfere with the reproducibility of bio-
marker assessment. Therefore, prognostic
value of candidate biomarker should be thor-
oughly assessed to ensure their validity. In this
research, we found that VM was positively cor-
related with tumor grade, LNM, and TNM stage.
Furthermore, Kaplan-Meier survival analysis
indicated that VM+ LSCC patients had signifi-
cantly lower OST than did VM- patients. These
findings suggested that VM should play an
important role in LSCC progression and metas-
tasis, and should be considered as a useful bio-
marker in managing this cancer. VM maybe be
responsible for the failure of anti-angiogenesis
therapy and should be considered as a poten-
tial therapeutic targets for LSCC [26, 27]. Some
other researchers showed similar results [7-12].

Twist1l gene which contains two exons and on
intron is located on human chromosome
7921.2 [28]. Twistl is a key transcription factor
of EMT. Overexpression of Twistl could pro-
mote tumor EMT. In LSCC, Twistl expression
has been positively associated with tumor size,
tumor grade, LNM, and TNM stage. In addition,
Kaplan-Meier survival analysis showed that
Twistl+ LSCC patients had significantly lower
OST than did Twistl- patients. These results
demonstrated that overexpression of Twistl
should promote LSCC invasion and metastasis
and mean a poor prognosis. Our findings are
consistent with other studies, including those
of lung cancers and other cancers [14-16, 29].
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tissues, and its expression was negatively

correlated with tumor grade, LNM, and
TNM stage. Moreover, Kaplan-Meier survival
demonstrated that LSCC patients with KAI1+
samples had significantly longer survival time
than did KAI1- patients. These findings suggest-
ed that down-regulation of KAI1 should pro-
mote LSCC progression and metastasis, which
is similar to results of previous researches [20-
24, 30].

TNM stages guide therapeutic strategies for
patients with LSCC, but do not provide compre-
hensive information about LSCC’s behavior.
Therefore, it is urgent to find novel and effective
biomarkers to predict LSCC behavior, metasta-
sis, and patient’s prognosis. In our study, multi-
variate analysis showed that VM, expression of
Twist1l and KAI1 and tumor size, as well as TNM
stages, are independent prognostic factors for
LSCC patients. Our findings thus demonstrated
VM, Twistl, and KAI1 as reliable biomarkers for
LSCC, especially in predicting metastasis and
prognosis.

Lung squamous cell carcinoma (LSCC) is the
most common pathological type of NSCLC. It is
characterized by local invasion and a high rate
of regional lymph node metastasis. When
tumor grows a certain size, tumor can stimulate
angiogenesis. But when the blood supply by
angiogenesis cannot meet the need of tumor
rapid growth, some stem-like cancer cells can
mimic endothelial cell and form vasculogenic
mimicry [5, 8]. During cancer progression, can-
cer cells often undergoing an EMT process
which converts epithelial cells into mesenchy-
mal-like phenotype acquire mesenchymal cell
characteristics [31]. Thus, EMT promotes can-
cer cell invasion and metastasis. Twistl which
is a transcription factor can regulate the EMT
process [32]. Overexpression of Twistl could
induce cancer cell EMT process as well as pro-
moted cell motility, migration, and invasion abil-
ity by regulating E-cadherin, N-cadherin, and
MMP9 expression [17]. In the same time, over-

Int J Clin Exp Pathol 2017;10(7):7542-7550



VM, Twistl, and KAI1 expression in LSCC

expression of Twistl could increase cancer cell
plasticity, metastasis, and VM [33]. KAI1 could
inhibit the EMT process to prevent tumor angio-
genesis [24, 34]. Down-regulation of KAI1l loses
inhibiting the activation of angiogenesis and
stabilization of E-cadherin-B-catenin complex-
es to further promote cancer cell invasion and
metastasis [35].

Conclusions

Our findings imply that Twist1 and KAI1 affects
LSCC evolution; and that combined detection
of VM, Twist1, and KAI1 are valuable factors of
metastasis and prognosis in LSCC.
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