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Purpose: Vasculogenic mimicry (VM) is known to be a mechanism to nourish the tumor, but
little is known about its prognostic significance in esophageal squamous cell carcinoma (ESCC).
We characterized the predictive relevance of VM expression and tumor-infiltrating neutrophil
(TIN) density in patients with resectable ESCC.

Methods: We retrospectively collected clinicopathologic characteristics of 117 esophageal
cancer (EC) patients undergoing complete resection and without preoperative therapy. Immu-
nohistochemistry was used to detect the expression of E-cadherin and CD66b. CD34/periodic
acid-schiff (PAS) double staining was used to detect the expression of VM.

Results: VM expression was observed in 56 (47.9%) patients. VM was negatively correlated
with E-cadherin (correlation coefficient =—0.364, P<<0.001) and was positively correlated with
infiltration of CD66b neutrophil (correlation coefficient =0.421, P<<0.001). VM and CD66b*
neutrophil infiltration are important markers for poor overall survival and disease-free survival.
Multivariate analysis showed that VM, CD66b" neutrophil infiltration, pathologic tumor node
metastasis (TNM) (pTNM) stage, and tumor differentiation are significant independent prognos-
tic predictors in ECs (P=0.001, 0.025, 0.001, 0.011, respectively). VM expression is identified
in ~47.9% of ESCC, and it is associated with poor outcome and increased TIN.

Conclusion: TIN is an important factor for VM formation. Therefore, studies of invasive ability
of EC in patients with VM could supply significant information for therapeutic strategy.
Keywords: E-cadherin, CD66b, cancer, CD34/PAS double staining, prognosis

Background

Esophageal cancer (EC) is a common malignant tumor and is one of high-risk
tumors in China. Early metastasis and postoperative recurrence are the main
causes of the high mortality in EC.! The mortality of EC has not been dramati-
cally improved despite the decreased incidence and improved management.?
Novel insights into underlying molecular oncogenic mechanisms are needed for
development of better therapies.

“Vasculogenic mimicry” (VM), which was first reported in melanoma in 1999,
refers to tumor cells directly interconnected to form vessel-like channels to transport
blood? and was found in many other malignant tumors, including ovarian cancer, breast
cancer, prostate cancer, osteosarcoma, bladder cancer, colorectal cancer, gastric cancer,
lung cancer, and hepatocellular cancer.* VM plays an important role in nourishing
the tumor, forming an extracellular matrix (ECM)-rich network, taking tumor cells
with blood directly into the microcirculation environment and metastasizing to other
organs, and thus playing a significant role in tumor growth and metastasis.’ However,
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little is known about the immune microenvironment of VM.
Among the cells that comprise the immune microenviron-
ment, polymorphonuclear neutrophils (PMNs) have recently
been shown to play pivotal roles by altering the immune
responses, which are also correlated with patient survival
in various cancers.®’ Indeed, VM and tumor-infiltrating
neutrophil (TIN) have been demonstrated to be prognostic
factors in various tumors.*'® But no study has evaluated
the association between them in esophageal squamous cell
carcinoma (ESCC).

TIN can induce epithelial-mesenchymal transition (EMT)
of tumor cells and facilitate the transition from epithelial cells
into dedifferentiated mesenchymal state, allowing the loss of
contact inhibition, the remodeling of ECM, and promoting a
more invasive phenotype.!'* Furthermore, strong evidence
exists between EMT and VM. It is shown that EMT-related
factors are upregulated in VM-forming tumor cells.'*

The clinical relevance of VM and TIN in resectable
ESCC has remained unclear. Based on the previous views
above, we hypothesized that VM might be associated with
TIN by the crucial bridge of EMT. In the present study,
we examined VM, EMT biomarker, and TIN density in
ESCC patients and investigated their prognosis value and
predictive relevance.

Methods

Patients and specimens

From December 2007 to May 2013, 117 patients with
primary ESCC, undergoing complete resection and without
preoperative therapy, were enrolled in our study from Qian-
foshan Hospital Affiliated to Shandong University. Patients
who died within 30 days of surgery or with positive margins
were excluded. The nontumor death patients should also
be ruled out. This research was approved by the Ethical
Committee of Qianfoshan Hospital Affiliated to Shandong
University, and written informed consent was obtained
from all individual participants included in the study. The
clinical information was collected from retrieving the medical
records including sex, age, smoking status, tobacco history,
alcohol consumption, adjuvant therapy, pathologic tumor
node metastasis (pPTNM) stage, lymph node metastasis,
and the greatest dimension of primary tumor. Laboratory
data including white blood cell (WBC) count, neutrophilic
granulocyte (NEU) count, lymphocyte (LYM) count, and
monocyte (MON) count were collected. The first end point
was overall survival (OS) defined as the time from operation
to the date of death, the date lost to follow-up, or the date of
the latest follow-up. The second end point was disease-free

survival (DFS), defined as the time from operation to the
first recurrence or death.

Immunohistochemical staining

Specimens, sectioned from archived, paraffin-embedded
tumor tissues, were cut into 4-um serial sections. Then, the
sections were dewaxed twice in xylene and rehydrated by
ethanol. Subsequently, heat-mediated antigen retrieval was
performed by applying sodium citrate buffer (pH 6.0) at
100°C for 2 minutes. Endogenous peroxidase was removed
with 3% H,O,. Monoclonal rabbit antthuman CD34 anti-
body (1:200 dilution, ab81289; Abcam, Cambridge, UK),
monoclonal rabbit antihuman E-cadherin (1:300 dilution;
CST; 3195S5), and the primary antibody of TIN (CD66b,
1:50 dilution, ab197678; Abcam) were added onto the
sections and incubated overnight. Then, the sections
were washed with PBS and incubated with goat antirab-
bit biotinylated secondary antibody (SP-9001; Zhongshan
Biotechnology, Beijing, China) for 15 minutes at 37°C,
followed by horseradish peroxidase (HRP)-conjuncted
streptavidin (SP-9001; Zhongshan Biotechnology) incuba-
tion at 37°C for 30 minutes. Diamino-benzidine (DAB) was
used to detect the immunoactivity. Sections were counter-
stained with hematoxylin. Finally, sections were dehydrated
with ethanol gradient and mounted by rhamsan gum.

CD34/PAS double staining

CD34 immunohistochemical staining was completed, and
the sections were incubated with periodic acid solution for
7 minutes and then washed in distilled water for 3 minutes.
Schiff solution was used to the sections for 20 minutes.
After distilled water rinsing, hematoxylin staining and
gradient dehydration were applied prior to mounting with
neutral gum.

Scoring of immunohistochemistry

Two independent pathologists analyzed all the immunohis-
tochemistry (IHC) results blindly. The degree of E-cadherin
expression was scored by a semiquantitative method. Clas-
sifying the intensity of staining was used by a range of 0-3:
negative, 0 point; weak, 1 point; moderate, 2 points; strong,
3 points. The percentage of positive cells stained was recorded
according to the following four grade: positive cells <10%,
0 points; 10%—40% positive cells, 1 point; 40%—70% posi-
tive cells, 2 points; =70% positive cells, 3 points. The prod-
uct of these two scores was used to estimate the results.'s
In this study, all the final scores were stratified as low
expression (0—6 scores) and high expression (7—12 scores).
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The criterion quantitating immunohistochemical staining of
TIN was the number of neutrophils in tumor nest, assessing
in 10 nonoverlapping high-power fields (HPFS; magnification
0fx400; 0.08 mm?) with representative CD66b" staining. The
median value was obtained for further evaluation.

VM judgment

VM could be seen to be formed by tumor cells without
endothelial cells. CD34/PAS double-staining was used to
validate VM. The vascular endothelium was identified by
positive CD34 staining. Lumens with CD34-negative/PAS-
positive, as wells as walls composed of tumor cells, was
verified by hematoxylin—eosin staining (HE staining). The
above cases were then divided into two groups: VM-positive
and VM-negative groups.

Statistical analysis

Data analyses were performed by using SPSS software
program (version 17.0; SPSS Inc., IL, USA). Correlation of
VM with clinicopathological features was evaluated by using
Pearson’s y* or Fisher’s exact test. The correlations among
VM, E-cadherin, and CD66b were analyzed by Spearman’s
rho analyses. Univariate and multivariate COX analyses
were performed to determine the relation between VM and
clinical characteristics and to analyze whether VM was an
independent prognostic factor for ESCC patients. P<<0.05
was considered statistically significant.

Results

Identification of and relation between VM,
E-cadherin,and CD66b

Total population included 117 patients, comprising 17 males
and 100 females. The median age was 63 (range, 46 to 80).
Of'these, 84 (71.8%) patients were regarded as stage I~II and

33 (28.2%) as stage 111 depending on pTNM stage. There
were 83 (71%) cases of well and moderate differentiation
and 34 (29%) cases of poor differentiation.

Positive VM was observed in 56 (47.9%) patients based
on the CD34/PAS double staining, which was characterized
by PAS-positive loops surrounding with tumor cells, with
or without red blood cells in it, meanwhile having no CD34
staining (Figure 1A). The expression levels of E-cadherin
and CD66b were tested by IHC in the corresponding speci-
mens (Figure 1B and C). E-cadherin expression on EC is
extensive (>85% in the examined specimens). But high
expression of E-cadherin (score =6) was tested only in 35
(29.9%) patients. Low expression of E-cadherin (score <6)
was observed in 82 (70.1%) patients. We found that most
of the positive-VM specimens expressed low level of
E-cadherin, and the negative-VM specimens expressed
high level of E-cadherin. The results demonstrated that
VM was negatively correlated with E-cadherin (correlation
coefficient =—0.364, P<<0.001, Figure 2A and B). Moreover,
VM was significantly positively correlated with the infiltra-
tion of CD66b* neutrophil (400x, Figure 2C and D) in the
same sample (correlation coefficient =0.421, P<<0.001).
E-cadherin was negatively associated with the infiltration
of CD66b* neutrophil (400X, Figure 2E and F) in the same
specimen (correlation coefficient =—0.468, P<<0.001).

Clinical significance of VM in EC

Our analysis demonstrated that VM was significantly cor-
related with pTNM stage (P=0.003), E-cadherin (P<<0.001),
and TIN (CD66b*) (P<<0.001) expression. Whereas no
statistically significant association was shown between VM

and sex, age, tobacco smoking, alcohol drinking, tumor dif-
ferentiation, lymph node metastasis, WBC, NEU, LYM, and
MON (Tables 1 and 2).

Figure | IHC of paraffin-embedded esophageal cancer. (A) Hematoxylin—eosin staining of VM channel on the left lined only by tumor cells which are negative for CD34
staining (red arrow). The panel on the right shows endothelium-dependent vessels are positive for CD34 staining (black arrow) (magnification: 200x). (B) E-cadherin
expression in esophageal cancer (magnification: 200x). (C) CD66b expression in esophageal cancer (magnification: 400x).

Abbreviations: IHC, immunohistochemistry; VM, vasculogenic mimicry.
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Figure 2 The expressions of VM (A and C), E-cadherin (B and E), and tumor-infiltrating neutrophil (CDé6b, D and F) in esophageal cancer. (A, 200x) The expression of VM
(red arrows and black arrows refer to endothelium-dependent vessels) was positive, whereas the expression of E-cadherin was weak in the same sample (B, 200x). (C, 200x)
The expression was VM was existent, and the expression of tumor-infiltrating neutrophil was strong in the same sample (D, 400x). (E, 200x) The expression of E-cadherin
was strong, whereas tumor-infiltrating neutrophil was almost absent in the same sample (F, 400x).

Abbreviation: VM, vasculogenic mimicry.

Survival analysis

Median follow-up was 36 months, including 73.5% of patients
with over 24 months, 53% over 36 months, and 12% over
60 months. Progression was observed in 117 patients in the
whole cohort, with 61 (52.1%) patients in negative-VM group,
56 (47.9%) patients in positive- VM group, 82 (70.1%) patients
in E-cadherin low-expression group, 35 (29.9%) patients in
E-cadherin in high-expression group, 46 (39.3%) patients

in CD66b low-expression group, and 71 (60.7%) patients
in high-expression group. A total of 77 patients died at
the last follow-up. We evaluated the prognostic value of
VM, E-cadherin, and CD66b related to two points: OS
and DFS. Kaplan—Meier curves of the six patient groups
above for OS and DFS are displayed in Figure 3A—F,
respectively. The survival is significantly different between
the positive-VM group and negative-VM group (OS, log-rank
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Table | Clinicopathologic significance of VM in |17 esophageal
squamous cell carcinoma patients

Variables Number of VM (-) VM (+) P-value
patients (%)

Overall number 17 6l 56

Sex 0.099°
Female 17 (14.5) 12 5
Male 100 (85.5) 49 51

Age (years) 0.1172
<65 59 (50.4) 35 24
=65 58 (49.6) 26 32

Tobacco smoking 0.409*
Yes 85 (72.6) 42 43
No 31 (27.4) 18 13

Alcohol drinking 0.565°
Yes 87 (74.4) 44 43
No 30 (25.6) 17 13

Degree of tumor differentiation 0.482°
| (poor) 34 (29) 16 18
Il (moderate ~ well) 83 (71) 45 38

Tumor node metastasis (TNM) stage 0.003®
I~ 84 (71.8) 51 33
1] 33(282) 10 23

Lymph node metastasis 0.183*
Yes 49 22 27
No 68 39 29

Note: *P-value for Pearson’s y%.
Abbreviation: VM, vasculogenic mimicry.

test, ¥*=28,762, P<<0.001; DFS, log-rank test, »*=25.320,
P<0.001), and statistically significant differences were
observed between CD66b low- and high-expression groups
(0S, log-rank test, ¥*=10.962, P<<0.001; DFS, log-rank
test, ¥*=9.225, P=0.002). But there is no statistically signifi-
cant difference between E-cadherin low-expression group
and high-expression group (OS, log-rank test, *=0.051,
P=0.821; DFS, log-rank test, y*=0.064, P=0.800). Therefore,

Table 2 Spearman’s rho analyses of VM and clinicopathological

features
Clinicopathological Correlation P-value
coefficient

Age 0.126 0.177
TNM stage 0.274 0.003
Differentiation —0.065 0.486
Lymph node metastasis —-0.123 0.186
Tumor dimension 0.075 0.420
WBC —-0.076 0417
NEU —0.064 0.492
LYM —0.069 0.468
MON -0.170 0.067
E-cadherin expression —0.364 0.000
TIN (CD66b) expression 0.421 0.000

Abbreviations: TNM, tumor node metastasis; WBC, white blood cell; NEU,
neutrophil; LYM, lymphocyte; MON, monocyte; TIN, tumor-infiltrating neutrophil;
VM, vasculogenic mimicry.

it is demonstrated that VM and the infiltration of CD66b*
neutrophil are important markers for poor prognosis. In
univariate Cox analysis, the expressions of VM, pTNM
stage, lymph node metastasis, degree of tumor differentia-
tion, tumor dimension, and TIN (CD66b) were all statisti-
cally significant predictors for OS (P<<0.001, 0.001, 0.038,
0.031,0.028, 0.001, respectively). Our multivariate analysis,
in which variables were tested in a step-forward logistic
regression approach, showed that VM was proved to be an
independent prognostic predictor (hazard rate [HR] =0.275;
95% confidence interval [CI] =0.163~0.401462; P<<0.001);
meanwhile, the degree of tumor differentiation, pTNM
stage, and TIN (CD66b) expression are also independent
prognostic predictors (HR =2.018, 95% CI =1.218~3.344,
P=0.006; HR =0.234, 95% CI =0.105~0.521, P<<0.001;
HR =0.487, 95% CI =0.259~0.916, P=0.025, respectively)
(Table 3). Statistically significant outcomes of the study
analysis demonstrated that positive VM could be used as a
potential marker for prognosis.

Discussion

It is well known that blood supply is a key factor for tumor
growth, invasion, and metastasis. Currently, there are three
patterns providing blood supply for tumors: VM, mosaic
vessels, and endothelium-dependent vessels.'® Among the
three patterns, VM plays crucial roles in providing blood
supply for tumors. Different from angiogenesis and vas-
culogenesis being the widely accepted mechanisms, VM
refers to pipes surrounded by the tumor cells but without
depending on vessel endothelial cells. It is an important
way to develop tumor invasion and metastasis.”” VM had
been found to exist in esophageal stromal tumors."® Thus
far, few studies have examined VM in ESCC. This study
demonstrated for the first time that VM was associated with
patients’ outcome in resectable ESCC and discovered that
OS and DFS of VM-positive patients are shorter than those
of VM-negative patients.

Many research studies have investigated the clinical
implications of VM and TIN.!2!%2* Although some of their
biologic roles have been revealed, the relations among VM
and TIN in the context of EC have not yet been established.
In a previous study, Hu et al demonstrated that TIN could
contribute to EMT in lung adenocarinoma cells and esopha-
geal squamous cancer cell.>* TIN was revealed to be benefi-
cial for tumor growth, invasion, and metastasis by proteolysis
of ECM components, promoting angiogenesis and mediating
immunosuppression.”® TIN was an independent predictor of
unfavorable outcome in intrahepatic cholangiocarcinoma,

OncoTargets and Therapy 2017:10

submit your manuscript

2927

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Zhang et al Dove

A B C

210+ 2 1.0 210

o o) o)

S 081 S 08 8 081

o o o]

1 S S

o - o o

= - 0.6 ] 0.6

2 2 2

2 044 < <

£ 04 5 041 5 041 .

" " 7] i

E 02 s E 02 i E 02 o |, T—

2 2 2

P<0.001 P>0.05 P<0.05
o 00 T T T T o 00 T T T T o 00 I T T T
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

Time (months)

Time (months)

1.0 =

0.8 1

0.6 1

0.4 1

0.2 e S i

P<0.05

D E

> >

X X

9 1.0 5 1.0+

© i ©

Keo] K]

g_ 0.8 % 0.84

S S

2 0.6 2 0.6

< <

2 ;

Pt 0.4 Py 0.4 -

Q [}]

& &

® 027 I & 0.2-

2 a

] P<0.001 o P>0.05

® 00 - - - . 2 0.0 ;
a o0 20 40 60 80 O 0 20

Time (months)

Time (months)

0.0 T T T T
0 20 40 60 80

Time (months)

40 60 80

Disease-free survival probability =

-1 VM (-)
VM (+)

.=~ E-cadherin low expression
- E-cadherin high expression

- CD66b low expression
-.r* CD66b high expression

Figure 3 Kaplan—Meier curves for clinical reference values. It is significantly different between positive-VM group and negative-VM group (A: OS, log-rank test, y*=28,762,
P<0.001; D: DFS, log-rank test, ¥>=25.320, P<<0.001), and statistically significant differences were found between CD66b low-expression group and CD66b high-expression
group (C: OS, log-rank test, y*=10.962, P=0.001; F: DFS, log-rank test, ¥’=9.225, P=0.002). But there is no statistically significant difference between E-cadherin low-
expression group and high-expression group (B: OS, log-rank test, ¥>=0.051, P=0.821; E: DFS, log-rank test, »?=0.064, P=0.800).

Abbreviations: VM, vasculogenic mimicry, OS, overall survival; DFS, disease-free survival.

hepatocellular cancer, head and neck cancer, renal cell
cancer, non-small cell lung cancer, and EC.%?

The biologic determinants of the relation between VM
and TIN are not well understood. EMT is widely acknowl-
edged to be involved in cancer invasion and metastasis.’
Further evidences have found that EMT regulators and
EMT-related transcription factors are highly upregulated in
VM-forming tumor cells.?” Many studies have demonstrated
that adhesion molecules and other factors modulating EMT
process can regulate VM formation, such as Twist, ZEB1,
Snail, and Slug/Snail2."* In this study, we performed an
IHC stain of E-cadherin, a well-established indicator of
EMT, and discovered that VM was associated with EMT.
But EMT is not related to a poor outcome in EC patients.
Based on the evidences above, we suspected whether TIN

was related to VM? In our study, we performed an IHC
stain of CD66b and concluded that TIN was related to
poor outcome in EC patients. The result of the analysis of
correlation between VM and TIN expression revealed that
VM was correlated with TIN. To our knowledge, this is the
first study investigate the relation between VM and TIN
through IHC. The correlation between VM and TIN leads to
the presumption that TIN could induce VM by the interac-
tion of TIN and tumor cells in a tumor microenvironment.
According to the correlation between EMT and TIN in a
previous study, and the relation between VM and EMT, we
speculated that TIN might develop VM formation through
inducing EMT progression in tumor microenvironment.
Recruitment of TIN to the tumor microenvironment could
induce EMT in EC cells, and then promote VM, which
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Table 3 Cox-proportional hazard analyses

Overall survival Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value

Sex 0.747

Male 0.903 (0.487~0.747)

Female |
Age (years) 0.082

<65 0.668 (0.424~1.052)

=65 |
pTNM stage <0.001 <0.001

1~
1
Lymph node metastasis
Yes
No
Degree of tumor
differentiation
| (poor)
lI~1ll (moderate ~ well)
Tumor dimension
d<5
d=5
TIN (CD66b) expression
Low expression
High expression
VM
VM (-)
VM (+)

0.296 (0.183~0.473)
|

1.610 (1.027~2.524)

1703 (1.064~2.724)
[

0.602 (0.382~0.948)
|

0.450 (0.276~0.736)
|

0.297 (0.185~0.477)
|

0.176 (0.076~0.409)
I

0.038
0.031 0.011
1.943 (1.163~3.249)
|
0.028
0.001 0.025
0.487 (0.259~0.916)
|
<0.001 0.001

0.369 (0.207~0.658)
I

Abbreviations: HR, hazard rate; Cl, confidence interval; TIN, tumor-infiltrating neutrophil; VM, vasculogenic mimicry; pTNM, pathologic tumor node metastasis.

resulted in dismal outcome. Further studies are required to
clarify this hypothesis.

In our study, pTNM stage, lymph node metastasis, tumor
differentiation, and tumor dimension were all the important
features and critical prognostic factors of EC. But the expres-
sion of VM does not relate intimately with them above.
Presentation and function of VM are decided by several
characteristics, factors, and microenvironments during tumor
growth. Our team tended to the view that microenvironment
is the greatest effect for VM. Qiao et al have published a
review about the VM.* In the review, the mechanisms of
VM formation were listed clearly, such as MMP2, Ln-5,
VE-cadherin, EphA2, and hypoxia. Few evidence could
prove that VM is associated with pTNM stage, lymph node
metastasis, tumor differentiation, and tumor dimension in EC.
Moreover, the number of samples collected was not enough
to verify the correlation above. In a further study, we will
use a large sample to elucidate the correlation.

Although we could not provide definitive mechanisms in
this finding because of the lack of experimental evidence,
these indicators may be useful for stratifying patients in
clinical settings. More importantly, our findings may also

contribute to establishing a basis for the potential mechanism
of VM and tumor immunity for ESCC.

In conclusion, this is the first study to determine the
prognostic value of VM in EC patients. It highlights VM
as an independent predictor of poor OS and DFS in EC.
It is the first time to explore the relation among VM, EMT,
and TIN. TIN is an important factor for VM formation.
Therefore, studies of invasive ability of EC in patients with
VM could supply significant information for therapeutic
strategy. Such information may help medical scientists
predicting patients’ outcome early and provide a reasonable
individualized treatment.
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