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Abstract: Objective: An investigation of the role of the anti-apoptotic protein Bcl-2 and its associated miRNAs in 
vasculogenic mimicry (VM) in hepatocellular carcinoma. Methods: The Bcl-2 expression plasmid was constructed 
for transfection into the hepatocellular carcinoma cell line HepG2. Changes in the expression profiles of the miRNAs 
induced by Bcl-2 overexpression and their relationships with vasculogenic mimicry were analysed. Real-time PCR 
was performed in frozen tissue specimens from 42 cases of hepatocellular carcinoma to analyse the relationship 
between Bcl-2 and miR-27a; Immunohistochemical staining was performed in paraffin-embedded tissue samples 
from 97 cases of hepatocellular carcinoma to analyse the relationship between Bcl-2 expression and the expression 
of vasculogenic mimicry (VM) related molecules VEGF and HIF1A, which were target genes of the Bcl-2 related miR-
NAs. Results: Overexpression of Bcl-2 results in a significant change in the expression of a wide range of miRNAs, 
and the target genes of these miRNAs are composed of various vasculogenic mimicry related genes; Bcl-2 expres-
sion was positively correlated with the expression of the miRNA target genes VEGF and HIF1A. The expression of 
VEGF and HIF1A was significantly and positively correlated with VM and poor prognosis of patients. Conclusion: Bcl-
2 may play a role in vasculogenic mimicry through miRNAs by targeting angiogenesis associated genes.
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Introduction

MicroRNAs (miRNAs) are members of the short, 
non-protein coding RNA family, which are widely 
present in eukaryotes. They are single-strand-
ed RNAs that consist of 19-23 nucleotides. 
Because they can combine with mRNA 3’-UTR 
and regulate the translation of gene expression 
at the post-transcriptional level with sequence 
specificity, miRNAs play an important role in 
biological development, fat metabolism, cell 
differentiation, proliferation, and apoptosis. 
Studies have shown that miRNAs play a key role 
in tumourigenesis and tumour development. 
They not only regulate the expression of specif-
ic blood vessel and tumour cell genes but also 
can directly act as oncogenes or tumour sup-
pressors. Therefore, miRNAs have been identi-
fied as a good target for tumour classification, 
diagnosis, prognosis and treatment [1-4].

As a crucial regulator of apoptosis, Bcl-2 plays 
an important role in a variety of biological pro-

cesses, such as embryogenesis and tissue 
homeostasis. Studies have demonstrated that 
the overexpression of Bcl-2 was previously 
related to the malignant progression of tumours 
[5]. Traditionally, it was believed that the onco-
genic properties of Bcl-2 were related to its 
anti-apoptotic activity. The possible underlying 
mechanisms include that Bcl-2 can regulate the 
permeability of the mitochondrial membrane, 
the release apoptotic proteins, the transport of 
P53 across the nuclear membrane, and the glu-
tathione redox system [6, 7]. Recent studies 
show that Bcl-2’s role in promoting tumour cell 
survival may also be associated with its ability 
to induce tumour angiogenesis [8, 9]. In a previ-
ous study by our group, we found that Bcl-2 may 
play an important role in vasculogenic mimicry 
(VM) and metastasis in hepatocellular carcino-
ma [10, 11].

Some angiogenesis-related miRNAs have been 
previously reported. The underlying mecha-
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nisms and the potential target genes of these 
angiogenesis-related miRNAs have been stud-

ied in depth. However, it is still unclear whether 
Bcl-2 plays a role in VM by regulating its associ-

Figure 1. A. A cluster analysis (part) of differentially expressed miRNAs in HepG2-Control (left S01-1-0, 02, 03) and 
HepG2-Bcl-2 (right S02-2-01, 02, 03); red represents upregulation, green represents downregulation, and black 
represents no significant difference. B. A comparison between data from the miRNA gene microarray and real-time 
quantitative PCR (the miRNA expression levels in the HepG2-Control was considered to be one; the ratio of the level 
of corresponding miRNA expression in HepG2-Bcl-2 cells was considered to be its relative expression). C. The rela-
tionship of miR-27a and Bcl-2 in 42 cases of HCC frozen tissue specimens.
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Table 1. List of miRNA identified in the HepG2-Control and 
HepG2-Bcl-2

No. Reporter Name p-value Mean 
(Control)

Mean 
(Bcl-2)

Log2  
(G2/G1)

Down-regulation
    256 hsa-miR-18a 8.87E-04 517 73 -2.83
    300 hsa-miR-19b 1.70E-03 471 76 -2.63
    507 hsa-miR-3185 6.18E-04 2,645 458 -2.53
    388 hsa-miR-2861 1.77E-04 7,918 1,694 -2.22
    321 hsa-miR-20a 9.95E-03 5,538 1,584 -1.81
    31 hsa-miR-106b 7.72E-04 2,118 624 -1.76
    1124 hsa-miR-663 5.75E-03 7,189 2,154 -1.74
    197 hsa-miR-1469 7.80E-03 5,646 1,689 -1.74
    274 hsa-miR-1915 4.70E-03 12,722 4,230 -1.59
    232 hsa-miR-17 1.70E-03 4,304 1,544 -1.48
    396 hsa-miR-29a 2.57E-03 4,178 1,761 -1.25
    382 hsa-miR-27a 2.14E-03 9,778 4,384 -1.16
    419 hsa-miR-30a 2.76E-03 3,126 1,592 -0.97
    384 hsa-miR-27b 2.16E-03 4,533 2,591 -0.81
    372 hsa-miR-24 8.50E-03 9,770 6,068 -0.69
    519 hsa-miR-3196 9.63E-03 17,007 11,111 -0.61
Up-regulation
    518 hsa-miR-3195 4.06E-03 1,342 1,611 0.26
    241 hsa-miR-182 3.71E-03 2,591 3,432 0.41
    234 hsa-miR-181a 2.80E-03 609 871 0.52
    529 hsa-miR-320a 6.42E-04 4,806 7,019 0.55
    245 hsa-miR-183 7.41E-03 661 1,057 0.68
    531 hsa-miR-320c 2.69E-04 4,045 6,802 0.75
    8 hsa-let-7d 9.28E-03 10,839 18,324 0.76
    6 hsa-let-7c 7.31E-03 10,469 18,175 0.8
    95 hsa-miR-125a-5p 2.66E-03 968 1,711 0.82
    530 hsa-miR-320b 2.05E-03 3,329 6,490 0.96
    532 hsa-miR-320d 3.48E-04 2,436 5,016 1.04
    533 hsa-miR-320e 2.54E-03 1,926 4,621 1.26
    826 hsa-miR-4324 4.28E-03 262 693 1.41
    286 hsa-miR-196a 4.11E-03 544 1,523 1.49
    380 hsa-miR-26b 1.40E-03 918 2,873 1.65
    10 hsa-let-7e 3.72E-03 3,636 13,029 1.84
    778 hsa-miR-4281 4.39E-04 4,335 17,184 1.99
    1208 hsa-miR-98 7.98E-03 365 2,630 2.85
    1023 hsa-miR-574-5p 9.86E-04 114 860 2.92
    783 hsa-miR-4286 7.69E-03 94 942 3.33
    80 hsa-miR-1246 1.73E-04 1,160 14,413 3.64
    796 hsa-miR-4298 5.75E-03 49 841 4.1
The list of miRNAs identified in the HepG2-Control and HepG2-Bcl-2 and 
with their mean expression values that were determined following a global 
normalization and a statistical analysis using student’s t-test. The P-values for 
HepG2-Control vs. HepG2-Bcl-2 for each gene are <0.05.

ated miRNAs, and the mechanism of this regu-
lation is still unclear. In this study, we analysed 

the miRNA expression profile ch- 
anges induced by Bcl-2 upregula-
tion and validated the relationship 
between Bcl-2 and target genes of 
miRNA in human hepatocellular 
carcinoma (HCC).

Results

Changes of miRNA expression 
profiles and Bcl-2

We assessed the miRNA expres-
sion profiles in hepatocellular car-
cinoma HepG2 cells and HepG2 
cells transfected with plasmid 
pcDNA-Bcl-2. The miRNA microar-
ray analysis showed that thou-
sands of miRNAs had been unreg-
ulated or downregulated. Among 
these, 38 types of miRNA showed 
significant differential expression 
(part of the results are shown in 
Figure 1A and Table 1).

According to a comprehensive 
analysis of the target genes and 
related pathways, two miRNAs 
(miR-27a and miR-17), which may 
be associated with tumour angio-
genesis, were selected as our 
main focus in the following valida-
tion study. Although there are 
some differences between the 
results of the miRNA microarray 
and the results of the qPCR, the 
basic trend was consistent (Figure 
1B). Therefore, the authenticity of 
the microarray data was con-
firmed. The group with Bcl-2 over-
expression showed that the 
expression of miR-27a and miR-17 
was downregulated.

In addition, miR-27a was further 
verified in frozen human tissue 
specimens of HCC. Frozen tissue 
specimens from 42 cases of HCC 
were used to extract RNA, and 
then, the RNA was reverse tran-
scribed to cDNA. Real-time PCR 
was used to detect the expression 
of Bcl-2 and miR-27a. A Pearson 
correlation analysis showed that 

HCC tissues with high expression of Bcl-2 were 
related to a decrease in the expression of miR-
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ing, and currently, there 
are no high-throughput 
methods for identifying 
miRNA targets. There- 
fore, predicting miRNA 
targets using theoreti-
cal methods is still the 
ideal technique for 
screening and identi- 
fying miRNA targets. 
TargetScan is an ideal 
database for predicting 
miRNAs using theoreti-
cal methods. The re- 
sults are as follows: (1) 
There are 1222 types 
of genes that may be 
regulated by miR-27a. 
Among these genes, 
CDH5, SMAD2, TGF- 
BR1, VEGF are closely 
related to the forma-
tion of VM (a portion of 
the result is shown in 
(Table 2). (2) There are 
1231 types of genes 
that may be regu- 
lated by miR-17. Among 
these genes, VEGF, 
HIF1A, and MMP2 are 
closely related with the 
formation of VM (a por-
tion of the result is 
shown in Table 3).

Relationship between 
the Bcl-2 and MVD, 
VM-PAS positive cycle

Immunohistochemistry 
(IHC) was performed on 
the paraffin-embedded 
tissue sections of 97 
cases of HCC. The posi-
tive expression of Bcl-2 
was shown as yellow-
brown particles mainly 
located in the cyto-
plasm of the tumour 

27a, and the difference was statistically signifi-
cant (r=-0.310, P=0.04) (Figure 1C).

Role of miR-27a and miR-17 in angiogenesis

Determining the target genes of miRNAs 
through experimentation is very time consum-

Table 2. Target genes of hsa-miR-27a
Gene Full name
CDH5 Vascular endothelium- cadherin (cadherin 5, CDH5)
XIAP X-linked inhibitor of apoptosis protein
MAP3K14 Mitogen-activated protein kinase 14
MAPK14  Mitogen-activated protein kinase 14
PIK3CD Phosphoinositide-3-kinase, catalytic, delta polypeptide
MAPKAPK3 Mitogen-activated protein kinase-activated protein kinase 3
EI24 Etoposide-induced protein 2.4
MDM4 Mouse double minute 4 homolog
SESN2 Sestrin-2
IGF1 Insulin-like growth factor 1
CDK6 Cyclin-dependent kinase 6
CCNG1 Cyclin G1
APAF1 Apoptotic protease activating factor 1
ZMAT3 Zinc finger, matrin-type 3
BBC3 BCL2 binding component 3
SP1 Specificity Protein 1
SMAD2 Drosophila mothers against decapentaplegic protein 2
VEGF Vascular endothelial growth factor
TGFBR1 Transforming growth factor, beta receptor 1

Table 3. Target gene of hsa-miR-17
Gene Full name
MMP2 Matrix metallopeptidase 2 (gelatinase A, 72 kDa, type IV collagenase)
VEGF-A Vascular endothelial growth factor A
IRAK4 Interleukin-1 receptor-associated kinase 4
MAP3K14 Mitogen-activated protein kinase 14
CASP7 Caspase-7
XIAP X-linked inhibitor of apoptosis protein

IL1RAP Interleukin-1 receptor accessory protein
PIK3R1 Phosphatidylinositol 3-kinase, regulatory subunit, polypeptide 1
PLA2G6 Phospholipase A2, group VI 
CDK6 Cyclin-dependent kinase 6
SESN2 Sestrin-2
CCNG2 Cyclin G2
ZMAT3 Zinc finger, matrin-type 3
TP73 Tumor protein 73
CDKN1A Cyclin-dependent kinase inhibitor 1A
RRM2 Ribonucleotide reductase M2
TGFB1I1 Transforming growth factor beta-1-induced transcript 1
HIF1 hypoxia inducible factor 1, alpha subunit

cells (cytoplasm positive expression), and some 
positive particles could be observed around 
the nucleus (nucleus positive expression) 
(Figure 2A). The microvessel density (MVD) was 
determined in 97 cases of HCC, and its rela-
tionship with nucleus positive expression of 
Bcl-2 was analysed. The results showed that 
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HIF1A. The difference was statistically signifi-
cant (Figure 4). The analysis of the relationship 
of VEGF and HIF1A with VM showed that VEGF 
and HIF1A were significantly correlated with VM 
(P<0.05) (Table 4). The Kaplan-Meier survival 
analysis was performed in 97 cases of HCC to 
further analyse the effect of VEGF and HIF1A 
on survival. The results showed that the posi-
tive expression of VEGF and HIF1A was nega-
tively correlated with cumulative survival. The 
median survival time of the group with VEGF 
positive expression was 27 months, whereas 
that of the group with a lack of VEGF expression 
was 56 months; the median survival time of the 
group with HIF1A positive expression was 29 
months, whereas that of the group with a lack 
of HIF1A expression was 42 months (Figure 5).

Discussion

According to their function, miRNAs can be 
divided into two categories: anti-angiogenic 
and pro-angiogenic miRNAs. Anti-angiogenic 

Bcl-2 expression was significantly and positive-
ly correlated with MVD (Figure 2B). VM was 
present in 18 cases of HCC. The VM-PAS posi-
tive cycle was counted in the VM positive tissue 
sections, and its relationship with nucleus posi-
tive expression of Bcl-2 was analysed as well. 
The results showed that Bcl-2 expression was 
significantly and positively correlated with the 
VM-PAS positive cycle (Figure 2C).

Relationship between expression of Bcl-2 and 
VEGF, HIF1A

The positive expression of VEGF presented as 
yellow-brown particles mainly located in the 
cytoplasm, and the positive expression of 
HIF1A presented as yellow-brown particles 
mainly located in the nucleus (Figure 3). The 
relationship between the nuclear expression of 
Bcl-2 and the expression of VEGF and HIF1A 
was analysed. The result showed that the 
nuclear expression of Bcl-2 was positively relat-
ed with the positive expression of VEGF and 

Figure 2. A. The expression of Bcl-2 in HCC tissue specimen. Left panel: expression of Bcl-2 in the cytoplasm. Right 
panel: expression of Bcl-2 in the nucleus, mainly expressed in the perinuclear region; B. The relationship between 
Bcl-2 expression and MVD; C. The relationship between Bcl-2 expression and PAS.
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miRNAs, such as miR-7, inhibit angiogenesis in 
vitro and in vivo [12]; pro-angiogenic miRNAs, 
such as miR-145, inhibit tumour growth and 
angiogenesis by downregulating the expression 
of HIF1A and VEGF [13]. Anti-angiogenic miR-
NAs inhibit angiogenesis, and their expression 
is reduced in tumour tissue. Pro-angiogenic 
miRNAs induce angiogenesis, and they are 
often highly expressed [14]. The role of miRNAs 
in tumour angiogenesis is generally achieved 
through the regulation of cell proliferation/
apoptosis, migration, adhesion and tube forma-
tion, as well as other biological processes in 
the multi-target approach.

In the present study, 38 types of miRNA showed 
significant differential expression when Bcl-2 
was overexpressed. The target genes included 
a variety of angiogenesis related genes, includ-
ing CDH5, SMAD2, TGFBR1, VEGF, HIF1A, and 
MMP2. VE-cadherin (CDH5) is a superfamily of 
transmembrane cadherin proteins that can pro-

mote cell-cell interactions. The expression of 
VE-cadherin is mainly located in the region of 
endothelial cell adherence. In addition to the 
regulation of cell adhesion and the mainte-
nance of vascular permeability, VE-cadherin 
plays an important role in angiogenesis and the 
stability of the intravascular environment. 
Hendrix et al [15] reported VE-cadherin expres-
sion in highly invasive melanoma cells, but its 
expression was barely detectable in poorly 
invasive melanoma cells. Downregulating the 
expression of VE-cadherin resulted in the loss 
of the ability to form VM in highly invasive mela-
noma cells, which suggests the important role 
of VE-cadherin in VM formation. The high 
expression of VEGF was closely related with 
microvessel density, the degree of malignancy 
and a poor prognosis [16, 17]. VEGF-A belongs 
to the VEGF family and is the most important 
regulator of angiogenesis. Previous studies in 
our laboratory also found that the capability of 
ovarian cancer cells to form the vessel-like 

Figure 3. A. The high expression of VEGF in HCC tissue specimen. B. The low expression of VEGF in HCC tissue 
specimen. C. The high expression of HIF1A in HCC tissue specimen. D. The low expression of HIF1A in HCC tissue 
specimen (40×).



Bcl-2 and vasculogenic mimicry

15765	 Int J Clin Exp Pathol 2015;8(12):15759-15768

structure of VM in the three-dimensional cul-
ture was enhanced after adding exogenous 
VEGF-A in the medium. An in vitro invasion 
assay and wound-healing assay showed that 
the invasiveness and migration of ovarian can-
cer cells was significantly enhanced. These 
results confirmed that VEGF-A promoted inva-
sion, migration and VM formation in ovarian 
cancer cells. The possible molecular pathway 
may be VEGF-a→EphA2→MMPs→VM [18]. A 
previous study by our group confirmed that a 
high expression of HIF1A was positively corre-
lated with VM in melanoma, and its effect may 
be achieved by promoting the expression of 
VEGF [19]. Gao N also reported that HIF1A acti-
vated the expression of VEGF in tumour angio-
genesis and played an important role in tumour 
angiogenesis and tumour progression [20].

In the present study, our results showed that 
the expression of miR-27a and miR-17 was 
reduced in HepG2 cells that overexpressed Bcl-
2. Because miRNA negatively regulates the 
expression of its target genes, the downregula-
tion of miR-27a and miR-17 may result in the 
high expression of their target genes, including 

VE-cadherin, MMP2, HIF1A and VEGF-A, which 
can induce formation of VM. The results from 
the human HCC specimens also confirmed that 
expression of Bcl-2 was positively correlated 
with VEGF and HIF1A, which are target genes of 
miR-27a and miR-17, and the positive expres-
sion of VEGF and HIF1A was positively related 
with the poor prognosis of patients.

In summary, the results of the present study 
suggest that Bcl-2 may regulate the expression 
of miRNA through a variety of mechanisms. 
This regulation may reduce the expression of 
miR-27a and miR-17 and weaken the miRNA-
induced inhibition of target genes. Furthermore, 
the expression of tumour angiogenesis related 
genes, such as VE-cadherin, MMP2, HIF1A and 
VEGF-A, was enhanced. Ultimately, these 
changes promote the formation of VM and may 
affect the prognosis of patients. Further study 
of Bcl-2 in tumour angiogenesis may provide a 
new target for clinical anti-tumour therapy.

Materials and methods

Plasmid

The pcDNA3-Bcl-2 plasmids were obtained by 
cDNA-library subcloning and were verified by 
sequencing. 

Cell culture and transfection

The HepG2 cell line was cultured in Dulbecco’s 
modified Eagle’s medium (HyClone) supple-
mented with 10% foetal bovine serum (FBS, 
HyClone). The plasmid vectors were transfect-

Figure 4. A. The relationship between Bcl-2 expression and VEGF expression. B. The relationship between of Bcl-2 
expression and HIF1A expression.

Table 4. Relationship between VM and VEGF 
and HIF-1Aexpression

Variant
Tissue samples

X2 P-value
Non-VM VM

HIF-1A Negative 32 2 5.564 0.018
Positive 47 16

VEGF Negative 37 3 5.506 0.019
Positive 42 15
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ed into the cells with polyethylenimine (PEI) 
(PolyScience, Inc., Cat#23966).

miRNA microarray analysis 

HepG2-Control and HepG2-Bcl-2 cells were 
used. The miRNA microarray was a double 
channel fluorescence chip; all of the oligonucle-
otide probes were labelled with Cy3 (green 
colour) and Cy5 (red colour) fluorescent dyes. 
The fluorescence scanning used a double-
channel laser scanner. Then, the figure signal 
was transformed to a digital signal using image 
analysis software (LuxScan 3.0, CapitalBio, 
Beijing, China).

Quantitative reverse transcription (RT)-PCR 

The cDNA was synthesized from 2 μg of total 
RNA using Quant reverse transcriptase 
(Tiangen, China). The RT reactions were per-
formed for 1 h at 37°C. Quantitative Reverse 
PCR was conducted in an ABI 7500 Real-Time 
PCR System (Applied Biosystems, Foster City, 
CA). The fluorescence intensity of the amplified 
products was measured at the end of each PCR 
cycle. Two runs were performed for each data 
point run in triplicate. The results were normal-
ized to the internal control: GAPDH mRNA.

Western blot 

The samples were transferred to polyvinylidene 
difluoride membranes (PVDF, Millipore). The 
blots were blocked with 5% non-fat milk for 1 h 
at room temperature and then incubated with 
the primary antibody for 1 h at room tempera-

ture with agitation. The blots were then incu-
bated with horseradish peroxidase-conjugated 
secondary antibodies (1:2000; Santa Cruz). 
The blots were developed using an en- 
hanced chemiluminescence detection kit (ECL; 
Amersham Pharmacia Biotech, Piscataway, 
NJ). We used rabbit polyclonal β-actin antibod-
ies (sc1616-R, 1:200; Santa Cruz) for protein 
loading analyses. The intensity of the protein 
bands was determined by densitometry using a 
Gene Genius Super System (Gene Company 
Limited, EN).

Tissue collection

Ninety-seven HCC paraffin-embedded tissue 
samples, surgically resected from January 
2001 to December 2005, and forty-two HCC 
frozen tissue specimens, surgically resected 
from January 2014 to December 2015, were 
obtained from the Tumor Tissue Bank of Tianjin 
Cancer Hospital. The diagnosis of HCC was veri-
fied by pathologists. The use of these tissues 
was approved by the Institutional Research 
Committee.

Immunohistochemical staining

Prior to immunostaining, 4-μm paraffin sec-
tions were deparaffinized in xylene and rehy-
drated by a graded series of aqueous ethanol 
solutions. The endogenous peroxidase activity 
was blocked with 3% hydrogen peroxide in 
100% methanol for 15 minutes at room tem-
perature. The sections were washed with phos-
phate-buffered saline (PBS) and then pre-treat-
ed with citrate buffer (0.01 mol/L citric acid, pH 

Figure 5. A. The relationship between VEGF expression and cumulative survival. B. The relationship between HIF1A 
expression and cumulative survival.
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6.0) for 20 minutes at 95°C in a microwave 
oven to expose the antigens. After the nonspe-
cific binding sites were blocked by incubation in 
10% normal goat serum in PBS for 20 minutes 
at 37°C, the sections were incubated overnight 
at 4°C with the primary antibodies. The next 
day, the sections were incubated with a  
compatible horseradish peroxidase (HRP)-
conjugated secondary antibody for 30 minutes 
at 37°C, followed by the chromogen 3,3’-diami-
nobenzidine for 5 to 10 minutes at room tem-
perature. Finally, the sections were lightly coun-
terstained with haematoxylin for 1 minute, 
followed by dehydration and mounting on the 
coverslips. For the negative controls, PBS was 
used instead of the primary antibodies. The 
staining systems used in this study were PicTure 
PV6000 and Elivision Plus (Zhongshan 
Chemical Co, Beijing, China).

Immunohistochemical scoring

The evaluation of sections was performed by 
two independent pathologists that were blind-
ed to the clinical information. The expression of 
each marker was semi-quantitatively assessed 
according to both the extension of the stained 
cells and the intensity of the immunostaining in 
the individual tumour cells [21, 22]. More than 
10 microscopic fields in each section were 
counted with approximately 100 tumour cells 
per field under light microscopy. The extent of 
positivity (“extent of distribution” of positive 
cells) was graded on the following scale: 0 for 
less than 10% positive cells, 1 for less than 
25% positive cells, 2 for less than 50% positive 
cells, and 3 for more than 50% positive cells. 
The intensity of staining was scored on a scale 
of 0 to 3 as follows: 0, no appreciable staining 
in the tumour cells; 1. barely detectable stain-
ing in the cytoplasm and/or nucleus compared 
to the stromal elements; 2. readily visible brown 
staining; and 3. dark brown staining in the 
tumour cells obscuring the cytoplasm and/or 
nucleus. The minimum score when summed 
(extension + intensity) was 0, and the maxi-
mum score was 6. For statistical analysis, a 
total score of 0 to 2 were considered negative/
low expression, whereas scores of 3 to 6 were 
considered positive/high expression.

Microvessel density quantification

To identify the hotspots containing the greatest 
number of stained vessels, a vascularity assess- 
ment was performed by first scanning the sec-

tion at a low power (×40) using a light micro-
scope. For manual counts, 5 non-overlapping 
fields in each section were considered to 
acquire the MVD. In each section, 5 areas with 
the highest vascularization were selected [23].

Statistical analysis 

All of the data were evaluated using SPSS 13.5 
(SPSS Inc., Chicago, USA). The differences were 
considered significant at P<0.05. The signifi-
cant groups are marked with an asterisk in the 
figures.
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