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Abstract: Background: Non-small cell lung cancer (NSCLC) has been the leading cause of cancer death in recent
years, its morbidity and mortality were increasing yearly. The presence of vasculogenic mimicry (VM) is associated
with a high tumor grade, short survival, invasion, and metastasis. Slug is a key regulating factor in the process
of EMT. Vimentin is one of the cytoskeleton proteins that plays an important role in EMT. However, associations
among VM, Slug and vimentin and their clinicopathologic significance in NSCLC are unclear. In this study, we ana-
lyzed associations among VM, Slug and vimentin in NSCLC, and their respective associations with clinicopathologic
characteristics and survival in NSCLC. Methods: Positive expression of VM, Slug and vimentin in 198 whole NSCLC
tissue samples were detected by immunohistochemical staining. Patients’ clinical data were also collected. Results:
Levels of VM, Slug and vimentin were significantly higher in NSCLC tissues than in normal lung tissues. Levels of VM,
Slug and vimentin were positively associated with tumor grade, distant metastasis (DM), lymph node metastasis
(LNM), and tumor-node metastasis (TNM) stage, and inversely with patients overall survival time (OST). In multivari-
ate analysis, high expression of VM, Slug, vimentin, and tumor grade, DM, LNM, TNM stage, were potential to be
independent prognostic factors for OST in patients with NSCLC. Conclusion: VM, Slug and vimentin affect NSCLC
evolution; and the combined detection of VM, Slug and vimentin are valuable factors for metastasis and prognosis
in NSCLC patients.
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Introduction tumor cells from different origins. During tumor

progression, VM has availabile blood vessels

Lung cancer is one of the major malignant
tumors that are most frequently diagnosed and
the leading cause of cancer death in recent
years [1], and its morbidity and mortality are
increasing year by year. About 85% of these are
non-small cell lung cancer (NSCLC). NSCLC rep-
resents a morphologically and clinically hetero-
geneous cancer type, with overall poor progno-
sis [2]. In the last decade, we have witnessed
tremendous advances (improved molecular
biology and targeted therapies) in the treat-
ment of NSCLC, but the overall 5 year survival
rate of NSCLC patients has not increased and
remains below 20% [3].

Vasculogenic mimicry (VM) [4] is a blood supply
system independent of endothelial vessels in

for growth, and accesses to oxygen and nutri-
ents [5]. VM typically exists in highly malignant
tumor cells and not in normal cells [6]. VM
refers to certain highly invasive tumor cells
which can simulate the endothelial cells, form a
pipeline structure and can be interlinked with
the host microvascular system, and the red
blood cells can be seen in some pipelines [7].
The presence of VM is associated with a high
tumor grade, short survival, invasion, and
metastasis [8, 9]. The characteristics of VM can
be summarized as follows: O CD34 staining
was negative, PAS (periodic acid-Schiff) stain-
ing was positive [10]; @ The inner wall of the
tube is free of vascular endothelial cells [11]; ®
Microcirculation tubing defined by the extracel-
lular matrix; @ VM and tumor microvascular are
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Table 1. Patient characteristics

Patient characteristics Frequency Percentage

(n) (%)

Age (years)

<60 64 32.3

>60 134 67.7
Gender

Female 52 26.3

Male 146 73.7
Smoking

No 80 40.4

Yes 118 59.6
Size (cm)

<3.0 36 18.2

>3.0, <7.0 130 65.7

>7.0 32 16.1
Gross Type

Central 107 54.0

Peripheral 91 46.0
Histologic Type

Squamous cell carcinoma 105 53.0

Adenocarcinoma 93 47.0
Grade

Well 38 19.2

Moderate 128 64.6

Poor 32 16.2
LNM

NO 84 42.4

N1 86 43.4

N2 28 14.2
TNM stage

[+ 81 40.9

I+ 1v 117 59.1

interlinked, allowing blood flow to supply cell
growth.

The Slug gene is a specific gene in vertebrates;
it was first found in the development of nerve
and mesoderm cells of the avian embryo [12].
The Slug gene is of crucial importance for
the transformation of fibroblast-like pheno-
types in malignant tumor cells and has the
potential to invade epithelial markers that
result in the production of mesenchymal mark-
ers [13]. The Slug gene is located on human
chromosome 8g11.21. Slug belongs to a super-
family (also called Snail2); the members of the
family have a similar structure which refers to
the zinc-finger transcription factors. Slug has a
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highly conserved carboxyl terminal and vari-
able amino terminal area which contains 4~6
zinc-fingers [14]. Overexpression of Slug mes-
senger RNA was significantly associated with
increased rate of cancer recurrence and de-
creased survival rate in NSCLC tumor speci-
mens [15].

Vimentin, a major constituent of the interme-
diate filament family of proteins, is known to
maintain cellular integrity and provide resis-
tance against stress. It is not expressed in
normal epithelial cells, but is widely distribut-
ed in a variety of endothelial cells, fiber cells,
macrophages, lymphocytes and mesenchy-
mal cells [16, 17]. Vimentin is an important
molecular marker of mesenchymal tissue, and
its high expression in tumor cells is consider-
ed an important symbol of the transforma-
tion of tumor cells to the mesenchymal pheno-
type. It is reported that high vimentin protein
expression is closely related to the infiltra-
tion and metastasis of tumor such as bladder
cancer [18], breast cancer [19], and so on.
These proved that vimentin can be used as a
marker for cancer prognosis. However, the
mechanisms underlying the functional con-
tribution of vimentin to migration remain un-
clear.

As we know, during the epithelial-mesenchymal
transition (EMT) process, Slug is a key regula-
tory factor; existing research also suggests
that EMT plays an important role in the forma-
tion of VM [20-22]. This raises a question: is
there a connection between Slug and VM? So
far the relationship between Slug and VM has
barely been studied. In general, studies on VM,
Slug and vimentin indicate that these indica-
tors affect tumor progression, infiltration, and
metastasis. However, there are few reports on
the relationship between VM, Slug and vimen-
tin in NSCLC. In this study, we detected the cor-
relations between these indicators in NSCLC
and the associations with metastasis and
prognosis.

Materials and methods
Patients and tissue specimens

We collected 198 cases of NSCLC (median age:
56.8 years; range: 44-76 years) from the First
Affiliated Hospital of Bengbu Medical College.
All cases had complete clinical, pathologic
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Figure 1. Immunostaining of VM, Slug, or vimentin in NSCLC or the control tissue. A: Negative staining of VM in the
control tissue (100 magnification); B: Positive staining of VM in the NSCLC tissue (400 magnification, red arrow is
VM structure, green arrow is vessels); C: Negative staining of Slug in the control tissue (100 magnification); D: Posi-
tive staining of Slug in the NSCLC tissue (400 magnification); E: Negative staining of vimentin in the NSCLC tissue
(100 magnification); F: Positive staining of vimentin in the NSCLC tissue (400 magnification).

and follow-up information. Time interval was
January 2011 to December 2012. We selected
198 adjacent normal tissue samples as con-
trols. Patients who had received preoperative
chemotherapy or radiotherapy were excluded.
Clinical data was derived from medical records.
According to the World Health Organization
(WHO) classification system, There were 38
grade | cases, 128 grade Il cases and 32 grade
Il cases. According to the tumor-node-metasta-
sis (TNM) staging system of the International
Union Against Cancer (UICC) these specimens
were divided into: stage | + stage Il (81 cases),
stage Il + stage IV (117 cases). Mean clinical
follow-up time was 34.7420.4 months (n =
198), range 5-84 months. The control group
was derived from 198 normal lung tissues of
which the distance from the tumor site was
greater than 10.0 cm. For specific characteris-
tics see Table 1.

Immunohistochemistry

Immunohistochemical staining was performed
using the Elivision™ Plus detection kit instruc-
tions (Lab Vision, USA). All NSCLC and the cor-
responding normal lung tissues were fixed in
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10% buffered formalin and embedded in paraf-
fin. We cut the tissue into 4 micrometer (um)
thick for analysis. All sections were deparaf-
finized and dehydrated in a graded alcohol and
xylene and then rinsed with phosphate buff-
ered saline (PBS, pH 7.2) for 10 minutes.
Subsequently, all slices were incubated in
methanol containing 3% hydrogen peroxide for
10 minutes at room temperature to inhibit
endogenous peroxidase activity. Then all sec-
tions were placed in citric acid buffer (pH 6.0)
to repair antigen at 95°C for 30 minutes. After
rinsing with PBS several times, all sections
were blocked with goat serum for 30 minutes at
room temperature, then incubated with mouse
monoclonal antibody against human CD34
(Abcam, USA), Slug (Abcam, USA), and vimentin
(Abcam, USA) at 37°C for one hour. All sam-
ples were conducted Periodic Acid-Schiff (PAS)-
CD34 dual staining to identify vascular endo-
thelial cells in the glycosylated basement mem-
branes, as well as vascular-like (VM) structures
[7, 23]. Then all were counterstained with he-
matoxylin, then air-dried and mounted. Negative
controls in the immunohistochemical proce-
dure were processed by omitting primary anti-
bodies. Slug mainly stained brown and yellow in
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Table 2. Associations between VM and expression of Slug and vimentin and
clinicopathologic characteristics of NSCLC

Variables VM P Slug P Vimentin P
Age (years) 0.078 0.402 0.135
<60 46 18 15 49 47 17
>60 79 55 39 95 84 50
Gender 0.163 0.668 0.376
Female 37 15 13 39 37 15
Male 88 58 41 105 94 52
Smoking 0.294 0.020 0.347
No 54 26 29 51 56 24
Yes 71 47 25 93 75 43
Size (cm) <0.001 0.004 <0.001
<3.0 31 5 16 20 34 2
>3.0, <7.0 86 44 35 95 89 41
>7.0 8 24 3 29 8 24
Gross Type 0.451 0.222 0.400
Central 65 42 33 74 68 39
Peripheral 60 31 21 70 63 28
Histological Type 0.206 0.839 0.658
Squamous cell carcinoma 62 43 28 77 68 37
Adenocarcinoma 63 30 26 67 63 30
Grade <0.001 <0.001 <0.001
Well 32 6 21 17 33 5
Moderate 83 45 30 98 87 41
Poor 10 22 3 29 11 21
LNM <0.001 <0.001 <0.001
NO 72 12 42 42 74 10
N1 49 37 10 76 51 35
N2 4 24 2 26 6 22
TNM stage <0.001 <0.001 <0.001
1+1 47 42 39 76 5
I+ v 51 66 12 105 55 62

Table 3. Correlation among VM, expression of Slug and
vimentin in NSCLC

in cytoplasm. All ste-
ps were carried out
according to the kit
specification.

Evaluation of immu-
nostaining

Using the semi-quan-
titative scoring meth-
od, each specimen
had 10 high-power-
fields (400 magnifi-
cation) areas select-
ed. Then the perc-
entage of positive
cells was calculat-
ed in each field of
view: O was negative,
1 (10% or less), 2
(11%~50%), 3 (51%~
75%), 4 (>75%). The
intensity of positive
cells in each field
was assessed: 0 was
colorless, 1 was pale
yellow, 2 was brown-
yellow and 3 was
strong staining. The
combined score was
calculated by multi-
plying the two scores.
When the product of
intensity and posi-
tive cell percentage
was greater than or
equal to 3, it was
positive for immune
reaction, otherwise it

was deemed negative. The results
were evaluated by two senior patholo-
gists through a double-blind method.

The correlation between clinicopatho-
logic features and the expression of
VM, Slug, or vimentin was compared
by Fisher’s exact test or Pearson Chi-

Variables VM r p Slug r p
S M Statistical analysis

VM 0.303 <0.001°

- 47 78

+ 7 66
Vimentin 0.515 <0.001°® 0.294 <0.001°

- 106 25 48 83

+ 19 48 6 61

®Positive association.

square test. The correlation between
VM, Slug, or vimentin was compared

with the Spearman coefficient test.
The effects of VM, Slug or vimentin

nucleus as positive, and occasionally stained in
the cytoplasm; vimentin was mainly expressed

2752

on the overall survival time (OST) were deter-
mined by univariate and multivariate analysis.
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Figure 2. Kaplan-Meier analysis of the survival rate of patients with NSCLC. 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 = 56.100,
P<0.001); (B) Overall survival of all patients in relation to Slug expression (log-rank = 25.376, P<0.001;); (C) Overall
survival of all patients in relation to vimentin expression (log-rank = 61.383, P<0.001). In (A-C) analyses, the green
line represents patients with positive VM, or Slug, or vimentin and the blue line representing the negative VM, or
Slug, or vimentin group. In (D) analyses, the blue line represents patients in tumor size <3.0 cm group, the green
line represents patients in 3.0 cm < tumor size <7.0 cm group, and the brown line represents patients in tumor size
>7.0 cm group. In (E) analyses, the blue line represents patients in NO group, the green line represents patients in
N1 group, and the brown line represents patients in N2 group. In (F) analyses, the blue line represents patient in |

+ |l stage group, and the green line represents patients in stage Ill + IV group.

Survival analysis was made by Kaplan-Meier
method with the log-rank test, to evaluate VM,
Slug, vimentin staining results or the clinico-
pathologic characteristics. OST analysis was
used to assess the relationship between the
expression of VM, Slug and vimentin, using
SPSS 24.0 software for Windows (New York,
IBM, USA). P<0.05 was considered to be statis-
tically significant.

Results

Associations between VM, Slug, and vimentin
expressions and clinicopathological character-
istics

To assess the contributions of VM, Slug and
vimentin to NSCLC, the results thereof were
immunohistochemically assessed for both
NSCLC and corresponding normal lung tissue
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specimens. These data were compared to
patient clinicopathologic characteristics.

The positive rate of VM (small vessel, which is
like a lumen in NSCLC, the lumen was PAS-
positive but CD34-negative). The VM structure
pattern included tubular, linear, and network. In
the NSCLC specimens VM (36.9%, 73/198)
was significantly higher than that of the corre-
sponding normal lung tissues (0%, 0/198;
P<0.001; Figure 1A and 1B). There was a sig-
nificant difference between the positive rate of
VM and TNM stage, grade, LNM, and DM in
NSCLC. However, the presence of VM was not
associated with gender, age, smoking history,
tumor localization, histological type or gross
type (Table 2).

The positive rate of Slug expression was sig-
nificantly higher in NSCLC tissues (72.7%,
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Table 4. Univariate analyses of overall survival (OS) time

The positive rate of vimentin

Mean OS

expression was significantly hi-

Variable (months)  0ETaNk  Pvalue gher in NSCLC tissues (33.8%,
VM 56100 <0.001 67/198) than that in the con-
Negative 1295 41.9+20.4 trol tissue§ (18.2%, 36/198;
Positive 73 22.3+13.3 P<0.001; Figure 1E and 1F). The
positive rate of vimentin expres-
Slug 25.376 <0.001 . . .
sion was inversely associated
Negative 54 47.2420.6 with tumor grade, DM, LNM, and
Positive 144 30.0£18.3 TNM stage. No correlation was
Vimentin 61.383  <0.001 found between vimentin expres-
Negative 131 41.4+19.8 sion and patient gender, age,
Positive 67 21.6x14.4 smoking history, tumor localiza-
Age (years) 11.645  0.001 tion, histologic type, or gross
<60 64 40.9+23.4 type (Table 2).
>60 134 31.7+£18.2 .
Gender 0.994 0.319 Cgrrelat/ons amoQg VM,' e)_<pres-
sion of Slug and vimentin in
Female 52  37.2+21.4 NSCLC
Male 146 33.8+20.1
Smoking 1.658 0.198 In the case of the VM positive
No 80 37.8+20.7 group, the Slug positive rate was
Yes 118 32.5+20.0 90.4% (66/73); it was signifi-
Size (cm) 24.638 <0.001 cantly higher than the non-VM
<3.0 36 43.5+20.6 group (62.4%, 78/125). In the
>3.0, <7.0 130 35.1+20.6 VM positive group, there were
570 32 229+13.2 61 casgs of vm:entln positive
Gross Type 0001 0975 expression (65.8%, 48/73); the
difference was statistically sig-
Central 107 33.9+19.8 nificant. Among Slug positive
Peripheral 91 3554211 and negative groups, the expres-
Histological Type 0.066 0.797 sion rates of vimentin were
Squamous cell carcinoma 105 35.4+20.5 42.4% and 11.1% respectively.
Adenocarcinoma 93 33.9+20.4 According to the Spearman cor-
Grade 11.513  0.003 relation coefficient analysis, the
Well 38 42.2+20.4 expression of the VM in NSCLC
Moderate 128 34.6+20.5 group was positively correlated
Poor 32  26.3+171 with the expression of Slug (r =
LNM 70.942  <0.001 0.303, P<0.001) and vimentin
NO 84 4724190 (r = 0.294, P<0.001); alslo. the
N1 86 2764175 expression ofSIug was p05|t|yely
N2 og 18.8+7.7 corr-elateq with the expression
of vimentin (r = 0.515, P<0.001;
TNM stage 82.953 <0.001 Table 3).
I+ 81 49.5+185
I+ 1v 117 24.4+14.6 Univariate and multivariate

144/198) than that in the control tissues
(25.7%, 51/198; P<0.001; Figure 1C and 1D)
similar to VM. The positive rate of Slug expres-
sion in NSCLC was related to tumor grade, DM,
LNM, TNM stage, but not with gender, age,
smoking history, tumor localization, histologic
type or gross findings (Table 2).
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analyzes

Follow-up data showed that OST was signifi-
cantly lower in NSCLC patients with VM+ speci-
mens (22.3+13.3 months) compared with
those with VM- (41.9+20.4 months; log-rank =
56.100, P<0.001; Figure 2A). Similarly, OST of
Slug + patients (30.0+18.3 months) was sig-
nificantly lower than that of Slug-patients
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Table 5. Multivariate analysis of overall survival time (OST)

ood supply for tumor invasion, but

also has a close relationship with

Variable B SE P RR )
VM 0.433 0208 0.038 1542 1.0252.320 development, progression and metas-
Slug 0.548 0.225 0.009 1.793 1.154-2.786 tasis Of.NSCLC’ which leads to poor
) ) prognosis. These results can be asso-
Vimentin 0.607 0.210 0.004 1.834 1.215-2.770 ciated with other malignant tumors in
LNM 0.399 0187 0.033 1491 1.033-2.150 the previous literature reports [24-
TNM 0.778 0.296 0.009 2178 1.154-3.893 27]. These all proved that VM should
DM 2.493 0.407 <0.001 12.100 5.451-26.860 serve as a useful clinical biomarker

(47.2+20.6 months; log-rank = 25.376, P<
0.001; Figure 2B). The OST of vimentin +
patients (21.6+14.4 months) was significantly
lower than for those who were Vimentin-
(41.4419.8 months; log-rank = 61.383, P<
0.001; Figure 2C). In univariate analysis, OST
was significantly related to clinicopathologic
characteristics, including tumor size (log-rank =
24.638, P<0.001, Figure 2D), LNM (log-rank =
79.942, P<0.001, Figure 2E), and TNM stage
(log-rank = 82.953, P<0.001, Figure 2F; Table
4).

Multivariate analysis indicated that VM, Slug,
vimentin, DM, LNM, as well as TNM stage, were
independent prognostic factors for NSCLC
(Table 5).

Discussion

NSCLC is a highly heterogeneous carcinoma,
whose prognosis is influenced by many factors.
Because of the similarities between VM forma-
tion and EMT [22], we hypothesized that epithe-
lial-derived tumor cells may differentiate into
mesenchymal-derived endothelial cells via EMT
to mimic the morphology and function of endo-
thelial cells and thus form VM. Therefore, the
study of the relationship between Slug and
vimentin (an important factor inducing the for-
mation of EMT and the key molecules formed
by VM), contributes to reveal the mechanism of
VM formation in epithelial-derived tumors.

Inthis study we found 73 examples that showed
a structure that conformed to VM, demonstrat-
ing the existence of VM in 198 cases of NSCLC.
We found that VM was significantly higher in
NSCLC tissues than in the control group. It was
also positively correlated with tumor grade,
DM, LNM and TNM stage. In addition, the
Kaplan-Meier survival analysis showed that
the OST of patients with VM+ was significan-
tly lower than for VM-patients in NSCLC. These
findings suggest that VM not only offers bl-
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for NSCLC.

At present, it is believed that EMT-inducing can-
cer cells invade surrounding tissues and enter
the bloodstream, leading primary tumors to
metastasize other organs, which are necessary
steps for cancer migration, progression and
metastasis [28, 29]. Slug promotes EMT forma-
tion by inhibiting the expression of E-cadherin
and binding to the E-box structure of the target
gene (5'-CAGGTG-3’) [30] to increase the inva-
sive ability [31]. As discussed in detail below,
several studies had investigated the role of
Slug in cancers, such as pancreatic cancer
[32], breast cancer [33], gallbladder carcinoma
[34], ovarian cancer [35], gastric cancer [36]
etc. Our results were similar to prior results,
and also demonstrated that in NSCLC, the
expression of Slug was significantly higher than
that of the control group, and was positively
correlated with TNM stage, tumor grade, DM
and LNM. In addition, the graphs of Kaplan-
Meier survival analysis indicated that the sur-
vival rate of Slug-positive patients was signifi-
cantly lower than the rate for the Slug- negative
group. These results indicated that the overex-
pression of Slug promoted the progression and
metastasis of NSCLC. Slug may be a potential
therapeutic target for NSCLC.

EMT was characterized by a deletion of epithe-
lial cell markers such as E-cadherin and
increased expression of interstitial cells such
as vimentin [16, 20]. As an important factor in
the EMT, vimentin was an important signal and
transcription factor to participate in the rapid
growth of tumor cells, infiltration and metasta-
sis [37, 38], the research and intervention of
vimentin was of great significance to the treat-
ment of cancer. The experimental results
showed that in NSCLC tissues, as with VM and
Slug mentioned above, vimentin was positively
related to TNM stage, tumor grade and LNM.
We concluded that vimentin was associated
with the metastasis and invasion of NSCLC.
Furthermore, Kaplan-Meier survival analysis
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showed that NSCLC patients with positive
vimentin expression had obviously reduced
OST by comparison to those were negative of
vimentin. According to the results, vimentin
was also related to the prognosis of NSCLC.
Moreover, in Slug positive NSCLC tissues, the
expression of vimentin had been increased,
which demonstrated that Slug could increase
the expression of vimentin and maybe induce
EMT in NSCLC.

This study also found that in the absence of
lymph node metastasis of NSCLC tissues, the
probability of VM occurrence was 14.3%, the
expression of vimentin rate was 11.9%; where-
as in the tissues with lymph node metastasis of
NSCLC, the rates were 53.5% and 50.0%
respectively. Thus, we speculated that patients
with EMT had more frequent metastasis to
lymph nodes, and this will be help decide
whether lymph node dissection for NSCLC sur-
gery should be performed.

Conclusions

Our results imply that VM, Slug, and vimentin
are associated with tumor metastasis and poor
prognosis in NSCLC; and the combined detec-
tion of VM, Slug, and vimentin has potential for
predicting metastasis and prognosis in NSCLC.
We hope the results can provide a new direc-
tion for studying the metastasis and prognosis
of NSCLC.
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