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Abstract Gallbladder cancers (GBC) are associated with
high disease-specific mortality rates because of no means
of early detection and effective therapies. In this study,
we investigated CD146 expression, microvessel densities,
and lymph vessel densities in 108 adenocarcinomas, 15
gallbladder polyps, 35 chronic cholecystitis tissues, and
46 peritumoral tissues using immunohistochemistry. We
demonstrated that positive CD146 expression, and average
microvessel and lymph vessel counts in gallbladder
adenocarcinomas were significantly higher than those
in peritumoral tissues, polyps, and chronic cholecystitis
(ps<0.01). Positive CD146 expression, and average micro-
vessel and lymph vessel counts were also significantly lower
in cases with well-differentiated adenocarcinoma, maximal
tumor diameter <2 cm, no metastasis of lymph node,
and no invasion of regional tissues than in cases with
poorly differentiated adenocarcinoma, maximal tumor
diameter >2 cm, metastasis in lymph nodes, and
invasion of regional tissues (p<0.05 or p<0.01). Univariate
Kaplan—Meier analysis showed that increased expression
of CD146 (p=0.056), higher average microvessel counts
(»<0.05), and lymph vessel counts (p<0.05) were associated
with decreased overall survival. Multivariate Cox regression
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analysis showed that average microvessel and lymph
vessel counts (ps<0.05) were independent prognostic
predictors in gallbladder adenocarcinoma. Our study
suggested that the elevated expression of CD146, angio-
genesis, and lymphangiogenesis might be closely related
to progression, invasion, metastasis, and prognosis of
gallbladder adenocarcinoma.
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Introduction

Gallbladder cancers (GBC) are the most common biliary
tract malignancy and the fifth most common cancer in the
gastrointestinal tract [1, 2]. Most GBCs (over 90%) are
adenocarcinomas [3], though mucinous, papillary, squa-
mous, and adenosquamous carcinoma are encountered
occasionally [4]. A progressive increase in incidence and
mortality for GBC has been reported worldwide [5].
However, effective means of early diagnosis has not been
established. More than 90% of cases are diagnosed when
tumors are unresectable with local invasion of critical
structures or metastasis beyond the primary cancer site [6].
To date, surgery remains the only effective treatment
for patients with resectable GBC. For patients with
unresectable GBC, palliative chemotherapy and radio-
therapy remain the only possible treatments that can be
offered, but these therapies provide little benefit to the
patient’s survival [7]. Therefore, understanding the tumor
biology of GBC may help in developing a more
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successful strategy for early diagnosis and/or treatment.
However, studies currently available in literature do not clearly
define the mechanisms involved in the pathogenesis of GBC.
Although biomarkers for screening programs and predicting
prognosis are under investigation [8], currently none of the
proposed markers have reached clinical application.

More and more evidence support the notion that
formation of new blood vessels (angiogenesis) significantly
contributes to cancer progression and metastasis of solid
tumors [9-11]. Recently, microvessel density has been
considered an objective marker reflecting progression,
metastasis, recurrence, and prognosis of malignant tumors
[12, 13]. Analysis of microvessel density in solid tumors is
commonly done by staining endothelial cell surface
molecules, such as CD31, using immunohistochemistry.
CD31 staining has revealed a good relationship between
microvessel density in tumor specimen and the prognosis of
different tumors including prostate, colon, esophagus,
breast cancer, etc. [14]. However, CD31 reacts mildly with
fibroblasts and some plasma cells, and generally gives
fairly weak expression in tissues. Also, CD31 staining
failure is often encountered. For example, failure rate in
routinely fixed breast specimens can reach as high as 20%.
In contrast, CD34 is a cell surface sialomucin-like
glycoprotein expressed by endothelial cells and has the
same characteristics as CD31, but with a low rate of
staining failure [15, 16]. For instance, a study in non-small
cell lung cancer revealed that high microvessel density
determined by CD34 is more closely related to poor
survival than other neoangiogenetic factors. This may be
because CD34 is more closely related to the metastatic
process [17]. However, the correlation between CD34 and
angiogenesis in GBC progression and prognosis is rarely
reported.

The importance of lymphatic metastases in different
cancer stages and in treating patients with solid tumors is
readily acknowledged in literature. Recent advances in
the biology and pathology of lymphangiogenesis have
indicated that tumor-induced lymphangiogenesis is a
predictive indicator of metastasis to lymph nodes [18,
19]. However, lymphangiogenesis studies are limited by a
lack of specific lymphatic endothelial markers. Recently,
the commercially available monoclonal antibody D2-40
has demonstrated a selective immunoreactivity for lymphatic
endothelium [20]. D2-40 is initially considered to be
directed against the M2A antigen, a 40-kDa O-linked
sialoglycoprotein found on the cell surface of testicular
gonocytes, germ cell tumors, lymphatic endothelium, and
mesothelial cells [20]. However, recent studies revealed
that D2-40 can also selectively detect lymphatic vessels in
other tumor tissues such as breast and tonsillar tissue, etc.
[21]. The analysis of lymphangiogenesis with D2-40 in
GBC has not yet been reported.
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CD146, also known as melanoma cell adhesion mole-
cule, is a thoroughly studied adhesion marker of endothelial
cells. CD146 is initially identified as a marker of melanoma
progression and metastasis [22]. Recent studies revealed
that CD146 is primarily expressed on vascular endothelium,
smooth muscle, and other cells in normal tissues and
mediates cation-independent adhesion through interactions
with an unidentified ligand on the surface of various cells
[23]. Moreover, CD146 expression significantly correlates
with the progression, angiogenesis, metastasis, and
prognosis of some malignant tumors [9, 24, 25]. CD146
is now used as the sole criterion to identify circulating
endothelial cells and subsequently isolate these cells from
peripheral blood [26]. Therefore, the biological functions
and role of CD146 as a diagnostic marker are starting to be
recognized. However, the relationship between CD146
and angiogenesis, lymphangiogenesis, as well as the
progression and prognosis of GBC have not yet been
identified.

In this study, the expressions of CD146, microvessel,
and lymph vessel counts in resection specimens, including
adenocarcinoma, peritumoral tissue, polyp, and chronic
cholecystitis of gallbladder, were examined using immuno-
histochemistry. The correlations of CD146, microvessel,
and lymph vessel counts with the behavior and prognosis of
adenocarcinoma as well as its clinical manifestations and
survival rate of patients were evaluated.

Materials and methods
Case selection

A total of 204 specimens, including 108 adenocarcinomas,
46 peritumoral tissues, 35 chronic cholecystitis tissues, and
15 gallbladder polyps, were studied ethically with pre-
approval from the Ethics Committee of Human Study of
Central South University. All of these samples were
collected from the First and Second Xiangya Hospitals,
Central South University, and the Peoples’ Hospital of
Hunan Province. Among the 108 adenocarcinoma, 77 cases
were female (71.3%) and 31 cases were male (28.7%) with
ages ranging from 37 to 78 years and an average age of
52.6+11.2 years. Diagnosis of adenocarcinomas was based
on morphological criteria, immunohistochemical staining,
and clinical findings. Histopathologic subtypes of the
108 adenocarcinomas include 36 well-differentiated
adenocarcinomas (33.3%), 31 moderately differentiated
adenocarcinomas (28.7%), 30 poorly differentiated
adenocarcinomas (27.8%), and 11 mucinous adenocarci-
nomas (10.2%). Invasion and lymph metastases were
evaluated according to the standard criteria [27]. Among
the 108 adenocarcinomas, 59 cases (54.6%) had invasion
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of peri-cholecystic tissues and organs, while 59 cases had
regional lymph node metastasis (54.6%) and 58 cases had
gallstones (53.7%). Surgery included radical resection for
34 adenocarcinomas (31.5%), palliative surgery for 48
adenocarcinomas (44.4%), and no resection for 26 cases
(24.1%) with only surgical biopsy. Survival information of
67 cases among the 108 adenocarcinomas was obtained
through letters and phone calls. Among them, 20 patients
survived over 1 year and 47 cases survived less than 1 year.
Chronic cholecystitis, gallbladder polyp, and peritumoral
tissues were diagnosed according to the published standard
criteria [28]. Among 35 cases of chronic cholecystitis, only
15 cases had chronic cholecystitis while 20 had chronic
cholecystitis accompanied by gallstones. The classification
of normal, mild, moderate, and severe dysplasia was
determined according to the criteria described by Dowling
and Kelly [29]. Among the 35 cases of chronic cholecystitis,
11 cases without cellular atypia were identified as normal
mucosa, 12 cases with mild cellular atypia as mild dysplasia,
seven cases with moderate cellular atypia as moderate
dysplasia, and five cases with severe cellular atypia as
severe dysplasia. Among the 15 cases with gallbladder
polyp, five cases were males (33.3%) and 10 cases were
females (66.7%). The pathological examination confirmed
that 10 polyps had epithelial normal to mild dysplasia and
five had moderate to severe dysplasia. Among the 46
peritumoral tissues (distance from cancer >3 mm), 10 tissues
were normal, 10 tissues had mild dysplasia, 12 tissues had
moderate dysplasia, and 14 tissues had severe dysplasia.

Immunohistochemistry

Rabbit anti-human CD146 and CD34 antibodies, D2-40
mouse monoclonal antibodies, HRP-conjugated anti-rabbit/
mouse secondary antibodies, and streptavidin—peroxidase
detection kits were purchased from Gene Tech Company
Limited (Switzerland). EnVision™ Detection kit was
purchased from Dako Company (CA, USA). The positive
controls of CD146, microvessel, and lymph vessel staining
were positive sections provided by Dako Company. The
negative controls used 5% fetal bovine serum in place of
antibodies. EnVision immunohistochemistry of CD146
expression was performed according to the manufacturer’s
protocol. Briefly, 4-pum-thick sections were cut from
routinely paraffin-embedded tissues. The sections were
deparaffinized and then incubated with peroxidase inhibitor
(3% H,0,) in dark for 15 min, followed by EDTA-trypsin
digestion (0.125%, pH 9.0) for 15 min. The sections were
incubated with rabbit anti-human CD146 primary antibody
for 60 min. Solution A (ChemMate™EnVison +/HRP)
was added to the sections for 30 min followed by DAB
staining and hematoxylin counterstaining. The slides were
dehydrated with different concentrations (70-100%) of

alcohol and soaked in xylene for 3x5 min and finally
mounted with neutral balsam. Fifteen random fields were
examined per section. The percent of positively stained
cells relative to the total number of cells was determined in
random fields atx200. The staining strength was graded
from 1 to 3: 1 score for no positive staining or a weak
staining, 2 scores for weak to moderate staining, and 3
scores for moderate to strong staining. The case with
positive cells >25% and/or scores >2 was considered
positive [30, 31]. A few sections where percent positive
staining was 5% to 10% and staining strength was 3 were
also regarded as positive [31].

Microvessel and lymph vessel densities were determined
by immunohistochemical staining with anti-CD34 and
D2-40 antibody, respectively. Briefly, the sections were
treated as described above. The sections were then
incubated with rabbit anti-human CD34 primary antibody
or mouse D2-40 antibody for 60-120 min at room
temperature, followed by HRP-conjugated anti-rabbit/mouse
second antibody for 30 min after being soaked with PBS for
3x5 min. Solution B was added to the sections for 30 min
followed by solution C reagent for 30 min. After sections were
washed with PBS for 3 x5 min, the substrate AEC liquid was
added and followed by hematoxylin counterstaining. The
slides were then dehydrated with different concentrations of
alcohol, soaked in xylene, and mounted permanently with
neutral balsam. Microvessels and lymph vessels were
counted in 10 random fields atx200 per section, and
average microvessel and lymph vessel count per field
was calculated.

Statistical analysis

Data was analyzed using the Statistical Package for the Social
Sciences version 13.0 (SPSS 13.0). The inter-relationship of
CD146 expression, microvessel, and lymph vessel count
with histology or clinical factors was analyzed using x>
independence or Fisher’s exact test. Kaplan—-Meier and
log-rank test were used for univariate survival analysis.
Cox proportional hazards model was used for multivariate
analysis and for determining the 95% confidence interval.
A p <0.05 was considered statistically significant.

Results

CD146 expression and microvessel and lymph vessel
counts in adenocarcinoma of gallbladder, peritumoral
tissue, polyp, and gallbladder epithelium with chronic

cholecystitis

EnVision immunohistochemistry revealed that CD146
positive reaction was mainly localized in the membrane
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and some in the cytoplasm (Fig. 1b). Significant increases
in microvessel and lymph vessel staining were observed in
tumor tissues (Figs. 2a and 3a). As shown in Table 1, the
rate of CD146 expression was significantly higher in
adenocarcinoma of gallbladder (53.7%) than in peritumoral
tissues (30.4%), polyps (20.0%), or gallbladder epithelium
with chronic cholecystitis (5.7%) (ps<0.01). Similarly, the
average microvessel and lymph vessel counts per field
were significantly higher in adenocarcinoma (64.2+11.6
and 11.4+5.2, respectively) than in peritumoral tissues
(28.2+12.4 and 6.8+6.2, respectively), polyps (32.4+
11.8 and 5.6+2.9, respectively), or gallbladder epithelium
with chronic cholecystitis (22.2+11.3 and 5.1+£3.9,
respectively) (ps<0.01). As shown in Table 2, the
frequencies of the average microvessel counts >64.2 or
lymph vessel counts >11.4 were significantly higher in
adenocarcinoma (54.6% and 51.9%, respectively) than in
peritumoral tissues (13.0% and 10.9%, respectively),
polyps (6.7% and 6.7%, respectively), and gallbladder
epithelium with chronic cholecystitis (0.0% and 0.0%,

Fig. 1 Immunohistochemistry of CD146 expression. EnVision im-
munohistochemistry, original magnification x 200. Positive reaction
was mainly localized in the cell membrane and/or cytoplasm. a
Negative CD146 expression was observed in benign gallbladder
tissue. b Positive CD146 expression in moderately differentiated
adenocarcinoma
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Fig. 2 Microvessel staining by immunohistochemistry using anti-
CD34 antibody. Immunohistochemistry, original magnification x 200.
Significantly more CD34 staining was seen in adenocarcinoma
specimen. a Positive CD34 staining in moderately differentiated
adenocarcinoma. b Rare CD34 staining was observed in benign
gallbladder tissue

respectively) (ps<0.01). Of the 58 CD146-positive cases,
the average microvessel and lymph vessel counts were
78.6+£12.3 and 14.5+5.8, respectively. Of the 50 CD146-
negative cases, the average microvessel and lymph vessel
counts were 47.4+11.6 and 7.8+5.2, respectively. Average
microvessel and lymph vessel counts in CD146-positive
cases were significantly higher than those in CDI146-
negative cases in gallbladder adenocarcinoma (1=13.51,
p<0.01 and =6.32, p<0.01, respectively). In addition, the
high correlation was found between the microvessel
and lymph vessel counts in gallbladder adenocarcinoma
(r=0.465, p<0.01).

CD146 expression, microvessel counts, and lymph vessel
counts were associated with clinicopathological
characteristics of gallbladder adenocarcinoma

As shown in Table 3, positive expression of CD146,
average microvessel counts, and lymph vessel counts
were significantly lower in cases with well-differentiated
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Fig. 3 Lymph vessel staining by immunohistochemistry using D2-40
antibody. Immunohistochemistry, original magnification x 200.
Significantly more D2-40 positive staining was seen in adenocarcino-
ma specimen. a Positive D2-40 staining in poorly differentiated
adenocarcinoma. b Rare D2-40 positive staining was observed in
benign gallbladder tissue

adenocarcinoma, small tumor size (<2 cm), no metastasis
in lymph node, and no invasion compared to cases with
poorly differentiated adenocarcinoma, larger tumor size
(>2 cm), lymph node metastasis, and invasion of the gallbladder
surrounding tissues and organs (p<0.05 or p<0.01). The
expression of CD146 and average counts of microvessel

and lymph vessels exhibited no significant association
with mucinous adenocarcinoma or other clinicopathological
characteristics, such as the sex, age, or history of gallstones
(ps>0.05).

CD146 expression, average microvessel counts, and lymph
vessel counts correlated with survival in patients
with gallbladder adenocarcinoma

Among the 108 gallbladder adenocarcinoma, survival
information of 67 patients was collected. Of the 67 cases,
20 cases survived over 1 year, but 47 cases died within
1 year with a mean survival time of 9.6+5.2 months.
Among the 67 cases, 35 cases (52.2%) had CD146-positive
expression, while 35 cases (52.2%) showed average micro-
vessel count >64.2 and 33 cases (49.3%) showed average
lymph vessel count >11.4, respectively. Kaplan—Meier survival
analysis revealed that the histological type (p<0.05), tumor
size (p<0.01), lymph node metastasis (p<0.01), and degree of
invasion (p<0.01) were significantly associated with the
average survival time in gallbladder adenocarcinoma
(Table 4). Average survival time for CDI146-positive
patients with average microvessel count (>64.2) or lymph
vessel count (>11.4) was significantly lower than those
with negative CD146 expression, and lower microvessel
count and lymph vessel count (p=0.056, p<0.05, p<0.05,
respectively) (Fig. 4a—c). Cox multivariate analysis (Table 5)
showed that tumor size (>2 cm), lymph node metastasis,
invasion, CD146 expression levels, average microvessel
counts, and lymph vessel counts were negatively correlated
with survival and positively correlated with mortality,
suggesting that CD146, angiogenesis, and lymphangiogene-
sis are relative risk factors for prognosis.

Discussion

Although the overall incidence of gallbladder cancers is
much less than that of other cancers, over 90% of cases

Table 1 CD146 expression, and microvessel and lymph vessel counts in benign and malignant lesions of gallbladder

Tissue types Total no. CD146 Microvessel counts Lymph vessel counts

Pos no.(%) X p value® x=SD t p value® x*=SD t p value®
GBC 108 58 (53.7) 64.2+11.6 11.4+£5.2
PT tissue 46 14 (30.4) 7.02 <0.01 28.2+12.4 17.16 <0.01 6.8+6.2 3.89 <0.01
G. polyp 15 3 (20.0) 8.59 <0.01 32.4+11.8 9.94 <0.01 5.6£2.9 4.17 <0.01
C. cholecystitis 35 2(5.7) 25.00 <0.01 22.2+11.3 18.26 <0.01 5.1+3.9 6.63 <0.01

GBC gallbladder adenocarcinoma, PT tissue peritumoral tissue, G. polyp gallbladder polyp, C. cholecystitis chronic cholecystitis, Pos no. positive

numbers

# Compared with gallbladder adenocarcinoma
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Table 2 The frequency of microvessel and lymph vessel counts > mean in benign and malignant lesions of gallbladder

Tissue types Total no. Average microvessel >64.2/HF Average lymph vessel >11.4/HF

Freq no. (%) X’ p value® Freq no.(%) X’ p value*
GBC 108 59 (54.6) 56 (51.9)
PT tissue 46 6 (13.0) 22.87 <0.01 5(10.9) 22.65 <0.01
G. polyp 15 1(6.7) 12.17 <0.01 1(6.7) 10.81 <0.01
C. cholecystitis 35 0 (0.0) 32.55 <0.01 0 (0.0) 29.83 <0.01

PT tissue peritumoral tissue, G. polyp gallbladder polyp, C. cholecystitis chronic cholecystitis, HF high field (x200), Freq no. frequency numbers

# Compared with gallbladder adenocarcinoma (GBC)

are diagnosed at an advanced stage with invasion and
metastasis. At present, palliative chemotherapy and
radiation therapy offer limited benefits to patients’
survival. Few significant improvements were made
during the past three decades regarding the treatment of
GBC, which might be because of the lack of patients

with bile duct neoplasms [32]. Despite the fact that
several genetic abnormalities within GBC had been clearly
described [33], the molecular mechanisms involved in the
pathogenesis of GBC are not fully understood. In this
study, we demonstrated that CD146 expression, and
average microvessel and lymph vessel counts in gallbladder

Table 3 Association of CD146 expression, and microvessel and lymph vessel counts with the clinicopathological characteristics of gallbladder

adenocarcinoma
Clinicopathological Total CD146 Microvessel counts Lymph vessel counts
characteristics no.

Pos no. X p x£SD t p x£SD t p

(%) value value value
Sex
Male 31 13 (41.9) 242  >0.05 61.2+79 1.75 >0.05 9.9+52  2.60 >0.05
Female 77 45 (68.4) 65.4+12.2 12.6+4.8
Age (years)
<45 24 12 (50.0) 0.17  >0.05 60.4+8.9 1.96 >0.05 10.4+£5.7 146 >0.05
>45 84 46 (54.8) 65.3+11.4 12.2+5.2
Differentiation®
Well 36 12 (33.3) 1685 <0.01 50.9+104 F=13.52 <0.01 8.7+54 F=11.58 <0.01
Moderately 31 15 (48.4) 61.2+11.2 10.6+5.3
Poorly 30 25 (83.3) 82.5+10.5 17.7+4.7
Mucinous 11 6(54.5) 55.2+9.2 9.0+4.8

adenocarcinoma

Tumor size (cm)
<2 cm 31 11 (35.5) 581 <0.05 548+103 6.24 <0.01 8.9+52 3.30 <0.05
>2 cm 77 47 (61.0) 67.9+9.6 12.4+4.9
Lymph node metastasis
No 49 18 (36.7) 1039  <0.01 49.9+10.8 13.64 <0.01 7.8+52  6.47 <0.01
Yes 59 40 (67.8) 76.1+9.5 14.4+5.4
Invasion of regional tissues
No 49 20 (40.8) 599 <0.05 523+114 9.08 <0.01 8.2+49 584 <0.01
Yes 59 38 (64.4) 74.1£10.2 14.1+£5.5
Gallstones
No 50 23 (46.0) 222 >0.05 62.249.9 1.79 >0.05  10.6+5.3 1.58 >0.05
Yes 58 35 (60.3) 65.9+11.4 12.2+5.2

MYV microvessel, LV lymph vessel

# Comparison between well-differentiated and moderately differentiated adenocarcinoma: XCDI%Z =1.57, p>0.05; tyv=3.96, p<0.05; t.y=1.46,
p>0.05. Comparison between well-differentiated and poorly differentiated adenocarcinoma: XCD1462 =16.61, p<0.01; tyv=12.15, p<0.01; 1,y=7.38,
2<0.01. Comparison between moderately differentiated and poorly differentiated adenocarcinoma: XCD1462 =8.25, p<0.01; tyy=7.61, p<0.01;

@ Springer



Tumor Biol. (2012) 33:173-182

179

Table 4 Correlation between patient survival time and expression of
CD146 expression, microvessel and lymph vessel counts, and other
clinicopathological parameters

Group Number  Mean survival  p value
of cases  time (months)

Sex

Male 19 10.0 (4-16) >0.5

Female 48 10.0 (4-18)

Age(years)

<45 11 8.0 (4-14) >0.05

>45 56 10 (4-18)

Differentiation

Well 27 11.9 (4-18) <0.05

Moderately 21 10.2 (4-18)

Poorly 12 8.0 (4-10)

Mucinous adenocarcinoma 7 10.0 (6-16)

Tumor size (cm)

<2 cm 20 14.0 (4-18) <0.01

>2 cm 47 8.0 (4-18)

Lymph node metastasis

No 36 12.0 (4-18) <0.01

Yes 31 8.0 (4-18)

Invasion of regional tissues

No 39 10.0 (4-18) <0.01

Yes 28 8.0 (4-16)

CD146

+ 35 9.4 (4-18) 0.056

- 32 11.4 (4-18)

MV count mean

>64.2/HF 35 9.4 (4-18) <0.05

<64.2/HF 32 11.5 (4-18)

LV count mean

>11.4/HF 33 9.4 (4-18) <0.05

<11.4 /HF 34 11.4 (4-18)

adenocarcinoma were significantly higher than those in
peritumoral tissues, polyp, and chronic cholecystitis. Also,
elevated expression of CD146, and higher angiogenic
activity and lymphangiogenesis closely related to progres-
sion, metastasis, invasion, and prognosis of gallbladder
adenocarcinoma.

Angiogenesis plays a very important role in the
progression and metastasis of solid tumors. Without
angiogenesis, solid tumors can only grow to a critical size
of 1-2 mm due to a lack of adequate oxygen and nutrition
supply [34]. Highly vascularized primary tumors have
revealed a higher incidence of metastasis than poorly
vascularized tumors. The role of angiogenesis in GBC
progression has been studied [35, 36]. However, micro-
vessel density identified by CD34 has been revealed to be
more closely related to metastatic processes than the other
neoangiogenetic factors, including CD31 [17]. In this study,
we first investigated the correlation of angiogenesis and

metastasis in collected GBC samples. Average microvessel
counts identified by CD34 expression were significantly
higher in cases with metastasis in lymph nodes and
invasion of regional tissues. Higher average microvessel
counts were also associated with decreased overall survival.
Our study suggested that angiogenesis closely relates to
progression and prognosis of gallbladder adenocarcinoma.
This is consistent with previous findings in other types of
solid tumors [14, 37].

Metastasis is a hallmark of poor prognosis for solid
cancer [38]. The importance of tumor-induced lymphangio-
genesis in solid tumor metastasis has been widely recog-
nized [18, 19]. Lymphangiogenesis is a significant step in
the lymphatic metastasis of tumors. Neonatal lymph vessels
are susceptible to tumor cells entering lymph vessels and
finally cause metastasis to regional lymph nodes [39, 40].
More and more studies have found that lymph vessel
density has a close relationship with progression, metasta-
sis, and prognosis of malignant tumors [41, 42]. However,
the correlation of lymph vessel density with progression
and prognosis of GBC has not been reported. This might be
limited by a lack of specific lymphatic endothelial markers
as well as a lack of patients with bile duct neoplasms.
M,A is a sialoglycoprotein which is heavily expressed in
lymphatic endothelial cells. In contrast, matured vascular
endothelial cells rarely express M2A [43]. D2-40 monoclonal
antibodies are able to recognize a stabile epitope of M,A.
Therefore, D2-40 could be used as a specific marker of
lymphatic endothelial cells [44, 45]. In this study, we first
demonstrated that lymph vessel density identified by D2-40
significantly correlated with progression, metastasis, invasion,
and prognosis of gallbladder adenocarcinoma.

To establish metastatic foci, tumor cell arrest must be
initialized by local endothelial cells through adhesive
interactions with the endothelium [46]. However, key
molecules involved in metastatic formation have not yet
been fully identified. CD146 is a highly studied adhesion
marker of endothelial cells with high expression in
neogenetic vessels [23, 24, 47]. With the fact that
CD146 has been used as the sole criterion to identify and
isolate circulating endothelial cells [26], we proposed that
circulating endothelial cells with CD146 expression may
play a crucial role in the angiogenesis of metastatic
tumors. Recent reports demonstrated that some epithelial
malignant tumors such as breast cancer, esophageal
cancer, ovarian cancer, melanoma, and prostate cancer
have high CD146 expression, whereas their original normal
tissues have very low or scarcely any CD146 expression.
Furthermore, CD146 expression in these tumor specimens is
significantly associated with angiogenesis and metastasis
of tumors as well as the progression and prognosis of
diseases [9, 23-25]. In this study, we first demonstrated
that CD146 level in GBC specimen correlated with tumor
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Fig. 4 CD146 expression, microvessel (MV) and lymph vessel (LV)
counts, and survival in patients with adenocarcinoma of gallbladder.
a Kaplan—-Meier plots of overall survival in patients with gallbladder
adenocarcinoma and with CD146 positive and negative expression.

progression, metastasis, invasion, and survival of patients.
Importantly, average microvessel counts and lymph vessel
counts in CD146-positive cases were significantly higher
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b Kaplan—Meier plots of overall survival in patients with gallbladder
adenocarcinoma and with higher and lower MV counts. ¢ Kaplan—-Meier
plots of overall survival in patients with gallbladder adenocarcinoma
and with higher and lower LV counts

than those in CD146-negative cases with gallbladder
adenocarcinoma, which suggests that CD146 is associated
with angiogenesis and lymphangiogenesis in GBC.

Table 5 Multivariate Cox regression analysis of overall survival in 67 gallbladder adenocarcinomas

Group Factors RC SE HR  pvalue 95% CI

Lower  upper
Pathology type Well/moderately/poorly differentiated/mucous carcinoma  0.501  0.325 1.67 >0.1 0.79 3.49
Tumor diameter <2.0 cm/>2.0 cm 0.723 0301 2.06 <0.05 1.14 3.72
Lymph node metastasis No/yes 0918 0302 250 <0.05 1.39 4.53
Invasion of regional tissues ~ No/yes 0.900 0308 246 <0.05 1.34 4.50
CD146 —/+ 0.455 0.369 1.58 0.069 0.76 3.25
MV <64.2/>64.2 1.121 0445 3.07 <0.05 1.28 7.34
LV <11.4/>11.4 1.001 0422 272 <0.05 1.19 6.22

RC regression coefficients, SE standard error, HR hazard ratio, C/ confidence interval
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In conclusion, our study suggests that CDI146 is
associated with angiogenesis and lymphangiogenesis of
gallbladder adenocarcinoma, and positive expression of
CD146 is an important biomarker for metastasis, progres-
sion, and prognosis of the disease. Microvessel density
can be identified by CD34 expression and lymph
vessel density can be determined by D2-40 immuno-
histochemistry. These two indicators could reflect
angiogenesis and lymphangiogenesis of gallbladder
adenocarcinoma, which significantly correlates with
progression, metastasis, and prognosis of the disease.
Therefore, the CD146 level, microvessel density, and
lymph vessel density could help determine the prognosis of
gallbladder adenocarcinoma.
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