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Endoglin (CD105) Is a Useful Marker for Evaluating
Microvessel Density and Predicting Prognosis
in Esophageal Squamous Cell Carcinoma
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Abstract. Background: Angiogenic molecular markers such
as vascular endothelial growth factor and tumor microvessel
density reflect prognosis of human cancers. The present study
clarified the usefulness of endothelial marker endoglin (CD
105) by assessing microvessel density in esophageal
squamous cell carcinoma (ESCC). Materials and Methods:
We immunohistochemically investigated CD105, CD31, and
vascular endothelial growth factor-A VEGF-A expression in
primary esophageal squamous cell carcinoma specimens from
142 patients. Results: Microvessel density was 35.9+21.2 for
CDI105 and 46.3+25 4 for CD31. CD105 microvessel density
was significantly associated with tumor length, tumor
invasion depth, lymph node metastasis, stage, lymphatic
invasion, venous invasion, and VEGF-A expression; its
correlation with almost all clinicopathological parameters
than CD31 microvessel density. And
significantly better prognosis was achieved in patients with
low, compared to high CDI05, microvessel density.
Conclusion: CD105 microvessel density reflected the degree
of angiogenesis and prognosis in patients with esophageal

was  stronger

squamous cell carcinoma.

Esophageal squamous cell carcinoma (ESCC) has greater
malignant potential and poorer prognosis than other
gastrointestinal cancers. ESCC forms advanced tumors and
hematogeneous or lymphatic metastasis can occur even after
curative surgery, adversely affecting prognosis. Angiogenesis
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is one of the most important factors in the formation of these
advanced recurrent disease. Aberrant
angiogenesis, the formation of new blood vessels, is vital for
solid tumors and contributes to malignant potential by
facilitating invasion and metastasis (1). Since these newly-
formed blood vessels have good permeability, cancer cells
can easily pass though their endothelium and metastasize
through the circulation (2).

Because cancers need an increasing supply of nutrients and

tumors and

oxygen to develop, tumors release vascular proliferation factors
like vascular endothelial growth factor (VEGF) to promote
angiogenesis and to satisfy demand (3, 4). Therefore, assessing
the expression of such angiogeneic molecular markers and
measuring tumor microvessel density (MVD) induced by these
growth factors is thought to reflect prognosis and metastatic
potential in human cancers (5-7). Various reports have
demonstrated the usefulness of VEGF expression in predicting
prognosis (8, 9). However, Gadducci et al. reported that VEGF
expression alone could not predict prognosis of advanced
ovarian cancer (10). Moreover, in gastric cancer, differences in
VEGF expression did not influence the post-operative survival
rate (11). Among the VEGF family, it has been assumed that
VEGF-A and C contribute to the vascular endothelium
formation. Recent knowledge however elucidated that VEGF-
C was mainly concerned with lymphangiogenesis (12). In
addition to VEGF expression, pan-endothelial markers,
including von Willebrand factor (factor VIII), CD31, and
CD34, have been used for neovascular evaluation to determine
MVD. Recently, endoglin (CD105) has also been used to
evaluate MVD; this marker is considered an important advance,
as it is thought to identify only new blood vessels induced by
the tumor and not normal vessels (13, 14).

The aim of this retrospective study was to examine the
relationship between CD105 expression, CD31 expression,
VEGF-A expression and clinicopathological findings in
surgical specimens of ESCC. We compared CD105 with
CD31 in terms of application in predicting outcome.
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Patients and Methods

Study groups. This study enrolled 142 consecutive patients (130 men
and 12 women) with ESCC who underwent curative surgery at the
Kagoshima University Hospital between 1996 and 2003. All patients
underwent curative esophagectomy consisting of a laparotomy and
right thoracotomy with three-field lymphadenectomy. To examine
the degree of lymph node metastasis, all patients received
ultrasound, endoscopic ultrasonography and computed tomography
of the neck, thorax and abdomen before surgery. None of them
underwent endoscopic mucosal resection, palliative resection,
preoperative chemotherapy or radiotherapy, and none had
synchronous or metachronous multiple cancers in other organs.
Patient age ranged from 38 to 86 years (mean=64.9). Specimens of
the tumor were collected from the patients at operation after
informed consent had been obtained and the study had been
approved by the institutional review board of our university.

Clinicopathological findings were based on the tumor-node-
metastasis classification for esophageal carcinoma from the
International Union Against Cancer (15). Histologically, all patients
had squamous cell carcinoma; well-differentiated in 41, moderately-
differentiated in 76, and poorly-differentiated in 25. Depth of tumor
invasion was assessed as pathological (p) T1 in 57 (40.1%), pT2 in
22 (15.5%), pT3 in 54 (38.0%), and pT4 in 9 (6.4%). Lymph node
metastasis (pN1) was found in 81 (57.0%) of the 142 patients and
distant metastasis (pM1) in 27 (19.0%). Lymphatic and venous
invasion were found in 69.7% (99/142) and 57.0% (81/142) of
patients, respectively. All of the M1 tumors demonstrated distant
lymph node metastases. All patients were followed-up after
discharge with a radiographic examination every 1-3 months,
computed tomography every 3-6 months, and ultrasonography every
6 months. Follow-up data after treatment were collected from all
patients with a median follow-up period of 41 months (range 1-137
months). The clinicopathological features of the study group are
summarized in Table I.

Immunohistochemistry. Tumor samples were fixed with 10%
formaldehyde in phosphate buffer saline (PBS), embedded in
paraffin, and sectioned into 4-pum thick slices. They were de-
paraffinized in xylene and dehydrated in graded ethanol. Sections
did not need manipulation for antigen retrieval. The endogenous
peroxidase activity of specimens was blocked by immersing the
slides in a 3% H,O, solution for 30 min. After washing three times
with PBS for 5 min each, the sections were treated with 3% bovine
serum albumin (BSA) for 30 min at room temperature. The blocked
sections were incubated for 2 h at room temperature with the anti-
human CDI105 mouse monoclonal antibody (Dako Corp.,
Carpinteria, CA, USA) 1:200, anti-CD31 mouse monoclonal
antibody (Dako) 1:50, and purified rabbit polyclonal antihuman
VEGF (A-20; Santa Cruz Biotechnology, Inc., CA, USA) diluted
1:200, followed by staining with a streptavidin-biotin peroxidase kit
(Nichirei, Tokyo, Japan). The sections were washed three times in
PBS for 5 min each time and the immune complex was visualized
by incubating the sections with diaminobenzidine tetrahydrochloride
(DAB*4HCI). Sections were then counterstained with hematoxylin.

Evaluation of CD105 and CD31. Immunostaining for CD105 and
CD31 was used to determine MVD (CD105-MVD and CD31-MVD,
expressed in terms of vessel count). Vessel count was assessed by
light microscopy in those areas of the tumor containing the highest
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numbers of capillaries and small venules at the invasive edge. These
highly vascular areas were identified by scanning tumor sections at
low power (x40 and x100). After six areas were identified, vessel
count was performed in a x200 field, and the average of six areas
was determined as MVD. As described by Weidner et al.,
identification of a vessel lumen was not necessary for a structure to
be defined as a vessel (16).

Evaluation of VEGF-A. Five fields were viewed at low power (x40
and x100) and predominant VEGF intensity was determined based
on a tumor scale of 0 to 3+. We defined a score of 3+ as the strongest
stain (positive control) and 0 as no detectable stain (negative control)
as reported previously (17). We defined tumors with a score of 3 as
positive, and those with a score of 0-2 as negative.

Statistical analysis. Data were analyzed using the 2 test or Student’s
t-test for statistical significance. The Kaplan-Meier method was used
for survival analysis, and differences were estimated with the log rank
test. The prognostic factors were examined by univariate and
multivariate analyses (Cox proportional hazards regression model).
The p-values in this study were two-sided and a p-value of <0.05 was
considered to indicate statistical significance. All statistical analyses
were performed using the software package StatView™ version 5.0
(Abacus Concepts, Berkeley, CA, USA). Results are given as
mean+SD, other than where indicated.

Results

Expression of CD105 and CD31 in ESCC. CD105 (Figure 1A)
and CD31 (Figure 1B) were detected in blood endothelial
cells. Comparison of CD105 and CD31 expression revealed
fewer vessels with better contrast for CD105 than for CD31.
CD31-MVD was significantly greater than CD105-MVD
(mean+SD: 46.3+25.4 vs. 35.9+21.2; p<0.0001).

Relationship between the expression of CD105-MVD, CD31-
MVD, and clinicopathological findings. Tumors were divided
into low-MVD and high-MVD groups, according to the
median MVD values of 34.7 for CD105 and 44.4 for CD31.
High CD105-MVD was significantly associated with the
following parameters: tumor length (p=0.001), tumor
invasion depth (p<0.0001), lymph node metastasis
(»<0.0001), distant metastasis (p=0.005), stage (p<0.0001),
lymphatic invasion (p=0.0001), and venous invasion
(p<0.0001). High CD31-MVD was significantly associated
with the following clinicopathologic parameters: tumor
length (p=0.01), tumor invasion depth (p=0.0002), lymph
node metastasis (p=0.03), stage (p=0.0003), lymphatic
invasion (p=0.04), and venous invasion (p=0.03). Hence
CD105-MVD correlated more with clinicopathological
parameters than CD31-MVD (Table I).

Correlation between CD105-MVD, CD31-MVD, and VEGF -
A. The expression of VEGF-A was examined as a marker of
angiogenesis. VEGF-A was detected in the cytoplasm of
ESCC cells (Figure 1C). Seventy-six patients (53.5%) were
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Table 1. Correlations of CD105 and CD31 expression with clinicopathologic findings.

CD105 expression CD31 expression

Low High p-Value Low High p-Value
<34.7 (n=71) >34.7 (n=71) <444 (n=71) >44.4 (n=71)
Gender
Male 61 66 NS 65 65 NS
Female 7 5 6 6
Age 64+9 65+9 NS 64+8 65+9 NS
Tumor length 42453 5438 0.001 4350 5.2+4 .4 0.01
Histology
Well 17 24 NS 17 24 NS
Mod. 45 31 45 31
Poor 9 16 9 16
pT
Tl 44 13 <0.0001 42 15 0.0002
T2 11 11 9 13
T3 11 43 17 37
T4 5 4 3 6
pN
NO 42 19 <0.0001 37 24 0.03
N1 29 52 34 47
pM
MO 64 51 0.005 60 55 NS
M1 7 20 11 16
pStage
1 31 6 <0.0001 29 8 0.0003
1I 24 19 22 21
111 9 26 26
v 7 20 11 16
Lynphatic invasion
Negative 32 11 0.0001 27 16 0.04
Positive 39 60 44 55
Venous invasion
Negative 43 18 <0.0001 37 24 0.03
Positive 28 53 34 47
NS: Not significant.
Table II. Correlations of CD105 expression and CD31 expression with VEGF-A.
CD105 expression CD31 expression
VEGF-A Low (n=71) High (n=71) p-Value Low (n=71) High (n=71) p-Value
Negative 45 21 <0.0001 41 25 0.007
Positive 26 50 30 46

considered as having a positive result. Both CD105-MVD and
CD31-MVD were significantly associated with VEGF-A
expression. VEGF-A expression was stronger in the tumors
with high MVD than in those with low MVD (p<0.0001 vs.
p=0.007). Furthermore, VEGF-A expression correlated more
with CD 105-MVD than with CD31-MVD (Table II).

Post-operative recurrence pattern according to CDI105 and
CD31 expression. Among the study group, 28 patients had
hematogenous recurrence and 34 patients had lymph node
recurrence in this follow up period. In the high CD105-MVD
group, hematogenous or lymph node metastasis occurred in
19 and 20 patients, respectively. In the high CD31-MVD
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Figure 1. Expression of microvessels in the tissue of esophageal squamous cell carcinoma. (A), CD105 expression in ESCC (x200). (B): CD31
expression in ESCC (x200). (C): strong expression of VEGF-A detectable in cytoplasmic regions (x200). (D): negative expression of VEGF-A.

group, hematogenous or lymph node metastasis occurred in
14 and 16 patients, respectively (Table III). Hematogenous
metastasis was more frequent in the high CD105-MVD
group than in the high CD31-MVD group (p=0.03).

Relationship between expression of CDI105, CD31 and
prognosis. CD105-MVD was significantly associated with
overall survival (p=0.001) and disease-free survival
(p=0.0044). On the other hand, CD31-MVD was not
associated with overall survival (p=0.35) or disease-free

3434

survival (p=0.28). Patients with high CD105-MVD had poor
prognosis (Figure 2).

Univariate and multivariate analysis of survival. Univariate
analysis showed that the following factors were significantly
related to post-operative survival: depth of tumor invasion,
lymph node metastasis, lymphatic invasion, venous invasion,
and CD105-MVD. Multivariate regression analysis indicated
that tumor invasion depth, lymphatic invasion, and venous
invasion were independent prognostic factors (Table IV).



Sakurai et al: CD105 Expression in ESCC

P=0.001

CDI105 low

Overall survival
(=)
(=]

), S
40 i i
CD105 high
20
0
0 20 40 60 80 100 120
Time after operation (months)
C
%
100 P=0.0044
80 I
= 3\ CD105 low
= 1
z 60
2] M
§ _________
bl CD105 high
A 20
0
0 20 40 60 80 100 120

Time after operation (months)

140

B
%
100
P=0.35
80
E 60 CD31 low
z
a TTTTL
5 40 CD31 high
4
o
20
0
140 0 20 40 60 80 100 120 140
Time after operation (months)
D
%
100 P=0.28
80
E CD31 low
= 60
a —— o ———— — -
3
= 40 .
P CD31 high
3
A 20
0
0 20 40 60 80 100 120 140

Time after operation (months)

Figure 2. Overall survival (A, B) and disease-free survival (C, D) curves according to the expression of CD105 and CD31. (A) The patients with low
CDI105 expression tumors had longer overall survival than those with high CD105 expression tumors (p=0.001). (B)There was no significant
difference of overall survival between the patients with high CD31 expression and the patients with low CD31 expression. (C) The patients with low
CD105 expression tumors had significantly longer disease-free survival than those with high CD105 expression tumors. (D) There was no significant
difference of disease-free survival between the patients with high CD31 expression and the patients with low CD31 expression.

Discussion

The relationship between tumor properties and MVD has
been discussed in reports in which factor VIII, CD31, and
CD34 were used to evaluate MVD. Increased MVD assessed
using factor VIII was related to tumor differentiation and
lymph node metastasis, but not to tumor depth in breast
cancer (17). In esophageal cancer, increased factor VIII-
MVD was significantly associated with tumor depth,
intramural metastasis, and stage. Furthermore, factor VIII-
MVD was an independent predictor of poor prognosis (18).
The survival rate was significantly poorer in patients with

high-factor VIII-MVD than in those with low-factor VIII-
MVD (5). MVD assessed with CD31 was correlated
significantly with lymph node metastasis, stage, and depth
of tumor invasion, as well as with stage and survival rate (19,
20). Regarding CD34, MVD assessed using this factor was
an independent prognostic factor for overall survival (21).
High CD34-MVD associated with stage, tumor size, and
lymph node metastasis was an independent predictor of
survival in lymph node-negative cases (22).

Accordingly, the results regarding MVD vary considerably.
This might have two reasons: methodological differences in
assessing MVD and differences in antibodies used to
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Table III. Comparison of the post-operative recurrence pattern according to CD105 and CD31 expression.

CD105 expression

CD31 expression

Type of recurrence Low (n=71) High (n=71) p-Value Low (n=71) High (n=71) p-Value
Hematogenous
Negative 62 52 0.03 57 57 NS
Positive 9 19 14 14
Lymph node
Negative 57 51 NS 53 55 NS
Positive 14 20 18 16

Table IV. Univariate and multivariate analyses of prognostic factors in esophageal squamous cell carcinoma.

Prognostic factors Univariate P

Multivariate P

Hazard ratio (95%confidence interval)

pT (12/34) <0.0001
PN (0/1) <0.0001
ly (-/+) <0.0001
v (/4 <0.0001
CD105 Low/ High 0.002

0.002 0.382 (0.176-0.828)
0.445 0.760 (0.375-1.540)
0.023 0.315 (0.116-0.859)
0.007 0.412 (0.216-0.784)
0414 0.759 (0.455-1.383)

ly: Lymphatic invasion; v: venous invasion.

immunostain microvessels. Regarding the first issue, while
there are various evaluation methods, de Jong er al.
demonstrated that MVD counted in 4 or 5 fields at high power
(x400) was the best method in predicting prognosis, compared
to MVD in more or less fields (23). This group reported that
the most reliable total area for estimating MVD was around
0.7 mm? and that the measurement of MVD by the hotspot
method was preferred to the vascular localization method.
Hence, in previous studies, that did not fulfil the above
criteria, MVD would not be an independent prognosticator.
Regarding the second issue, results appear to differ depending
on the type of antibody used to evaluate MVD. Factor VIII
antibody reacts with not only blood vessels but also with
lymphatic tissue, platelets, megakaryocytes, mast cells, and
background stroma (24, 25). CD31 has been considered more
suitable for evaluation of MVD; however, it has also been
reported to react with platelets, lymphatics and inflammatory
cells (25, 26). Further, CD34 reacts with some mesenchymal
cells (27, 28). Hence pan-endothelial markers such as factor
VIII, CD31, and CD34 have low sensitivity and specificity for
blood vessels and seem to be inadequate for an accurate
measurement of MVD.

CD105 is a transmembrane glycoprotein and is a
component of the transforming growth factor (TGF)-f
receptor complex that is expressed on the surface of
endothelial cells (29). By modulating TGF-f3 signalling,
CDI105 is involved in promoting the proliferation of
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endothelial cells (30). In vivo, CD105 knockout mice die at
an early embryonic stage because blood vessels do not
mature (31). CD105 is thought to be necessary for the early
phase of remodelling new blood vessels, and, as a result,
CD105 antibody binds preferentially to ‘activated’
endothelial cells (13, 14, 30, 32). Recent research revealed
that promoter hypermethylation of CD105 appears to be a
frequent event in the tumor of ESCC patients and exhibits a
field defect with promising biomarker potential for the early
detection of ESCC (33).

Based on these previous studies, we immunohisto-chemically
investigated the correlation between CD105-MVD, CD31-
MVD, and VEGF-A expression and clinicopathological factors
including prognosis in ESCC. We investigated MVD in a total
area of 0.72 mm? by the method of Weidner et al. (16). CD31-
MVD was significantly associated with tumor length, depth of
tumor invasion, lymph node metastasis, stage, lymphatic
invasion, venous invasion and VEGF-A expression, but not with
overall survival or disease-free survival. CD105-MVD showed
a stronger correlation with all clinicopathological parameters
than CD31-MVD. Furthermore, CD105-MVD but not CD 31-
MVD was significantly correlated with overall survival and
disease-free survival. In contrast with CD31-MVD, CD105-
MVD predicted post-operative metastasis, particularly
hematogenous metastasis. Taken together, these results
suggest that CD105 expression can become an important
marker of new blood vessels induced by ESCC as much as
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CD31. In conclusion, we demonstrated that CD105
expression was related to malignant tumor properties, as well
as prognosis, in ESCC. We also showed the usefulness of
CD105 as a marker of angiogenesis. Although CD105 was
not identified as an independent prognostic factor, further
study of CDI105 expression may be proven useful for
determining malignant properties and clinical outcome in
patients with ESCC.
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