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Abstract. CD105 (endoglin) positive microvessel density in squamous cell carcinoma of the tongue. Objectives:
Microvascular density has been used as a marker of angiogenesis. Recently, the superiority of CD105 to other pan-
endothelial markers in the identification of microvascular density has been proven. The aim of this study was to evaluate
the association between the microvessel density detected by CD105 and the prognosis in cases of squamous cell carcinoma
of the tongue.

Methodology: This retrospective study included 37 tongue squamous cell carcinoma cases. Survival, and some
clinicopathological variables including age, gender, histological grade, tumour thickness, T-stage, TNM stage, lymph
node metastasis, local recurrence, and distant metastasis, were noted. Immunohistochemically, microvascular density
(MVD) of the invasive front of the tumour and intratumoural area were identified using CD105.

Results: In cases with high microvessel density at the invasive front of the tumour, there was a higher lymph node
metastasis rate, higher T-stage and greater tumour thickness compared with cases that had a low microvessel density.
Overall, the difference between survival rates associated with low and high microvessel density was not statistically
significant (p =0.060).

Conclusions: High microvessel density identified using CD105 is related to lymph node metastasis, T-stage and tumour
thickness. However, there is no association between microvessel density and survival. The determination of microvessel

density, with CD105 at the invasive front, may be helpful to predict the biological behaviour of tongue cancer.

Introduction

Oral cancers are a major worldwide health problem
with a high incidence, low survival rates, and
functional and cosmetic defects due to tumour and
treatment effects. The tongue remains the most
common intraoral site for oral cancer. Its global
epidemiology shows significant geographical
variation. Tongue cancer remains a serious health
problem in many countries including India (male
incidence rates up to 6.5 per 100,000 per annum)
and parts of Europe (male incidence rates in
France up to 8.0 per 100,000 per annum)." While
the incidence of tongue cancer appears to be
stable or falling in some regions of the world, in
other areas it is rising, particularly among younger
people.! Despite developing surgical techniques,
radiotherapy and chemotherapy protocols, there
has been no clear improvement in survival rates.>?

Angiogenesis is known to be essential for tumour
growth and metastasis. It is a complex process
characterized by re-organization of the extracellular
matrix, endothelial cell migration and proliferation,
microvessel differentiation and anastomosis.*” This
process is controlled by angiogenic growth factors
and their receptors. Tumours secrete growth factors,
such as vascular endothelial growth factor (VEGF)
and platelet-derived growth factor, to induce the
formation of new vessels to ensure blood flow.*” In
oral squamous cell carcinoma (SCC), angiogenesis
is an important factor in tumour progression.
Microvascular density (MVD) is used to determine
angiogenesis. To evaluate MVD, CD31, CD34 and
von Willebrand factor (vWF) are frequently chosen
as pan-endothelial markers.*'* But these markers
have some disadvantages. CD31 stains large and
small vessels by equal amounts. Moreover, in some
cancers, CD31 may also stain tumour cells. CD34
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may be expressed by mesenchymal cells while vVWF
may be expressed by lymphatics. CD34 and vWF
positivity may be lost in normal cells or in some
microvessels in tumour tissue.''? In recent years,
to evaluate intratumoural MVD, CD105 (endoglin)
has entered use with superiority when compared
with other pan-endothelial markers."*"* CD105 is
specifically expressed in activated endothelial cells
that participate in tumour angiogenesis.”

CD105 is a homodimeric membrane glyco-
protein. It is a necessary angiogenic factor for
endothelial cell proliferation. It is related to
proliferation and is induced by hypoxia.” CD105
is released from activated endothelial cells during
angiogenesis.”'*"” Recent studies have revealed that
CD105 is more useful than other pan-endothelial
markers for determining neovascularization in
solid malignancies."** MVD identified by CD105
(MVD-CD105) is related to metastasis and progno-
sis in several malignant tumors.'*'*'6

In our study, we aimed to determine to level
of MVD in tongue SCC using CD105, and to
investigate its prognostic importance.

Materials and methods

Tissues and clinical parameters: This study
included 37 tongue SCC cases diagnosed
from 2001 to 2014 at the Eskisehir Osmangazi
University Pathology Department. Haematoxylin
and eosin stained slides were re-evaluated and the
paraffin blocks best representing morphology were
selected for immunohistochemical studies. Clinical
and pathological characteristics of patients were
obtained from patient files retrospectively. Survival
times, recurrence, distant metastasis rates and some
clinicopathological variables such as age (<60 years
vs. =60 years), gender, T-stage, TNM (tumour, node
and metastasis) stage, histological grade, lymph
node metastasis, and tumour thickness (<8 mm vs.
>8 mm) were evaluated. Our study was approved
by the Non-Drug Clinical Research Ethics Board
of the Medicine Faculty of Eskisehir Osmangazi
University.

Immunohistochemistry: The paraffin blocks best
reflecting tumour morphology were studied immu-
nohistochemically for the presence of CD105
(NCL-CD105; Novocastra, Leica, Newcastle,
UK). Sections measuring 5 um were taken from
the paraffin blocks. Deparaffinization and immuno-
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peroxidase staining of slides were completed using
an automatic staining machine (Ventana BenchMark
XT Automated IHC/ISH slide staining system) in
accordance with the manufacturer’s instructions.
Chromogeneous DAB (diaminobenzidine) was
used. Counter-staining was applied with Harris
haematoxylin. For the negative controls, instead
of the primary antibody, the same concentration of
immunoglobulin (IgG1; Dako, Ely, UK) was used.
For the positive controls, tonsil specimens were
used.

MVD quantification: Quantification of blood
vessel staining was made according to the method
proposed by Weidner et al.® The sections were
scanned at a magnification of 100x and the areas
of highest CD105 staining were noted (hot spots).
Four hot spot fields in each intratumoural area and
invasive front were determined. Then, each of the
hot-spot areas were assessed at 400x magnification.
Any brown staining endothelial cell or endothelial
cell cluster that was clearly separate from adjacent
microvessels, tumour cells and other connective
tissue elements was considered a single, countable
microvessel. Areas of necrosis, haemorrhage and
sclerosis were excluded and vessels with smooth
muscle around their lumen were not counted. The
average of the vessel counts in each case was used
as the final mean MVD value.

Statistical analysis: To evaluate the statistical
associationbetweentheclinicopathological variables
and CD105 expression, in 2x2 crosstabs, Fisher’s
Exact test, continuity correction and Pearson chi-
square tests were performed. Survival analysis was
based on the Kaplan—Meier method and statistical
significance was assessed by log-rank test. A
p-value of less than 0.05 was considered significant
in all the statistical analyses.

Results

The mean age of the 37 patients was 55 years
(range 31-86 years). There were 17 male and 20
female patients. The mean follow-up period of the
cases was 50.7 months (range 6-152 months). Most
cases were in the early (T1-2) stages. The clinical
and pathological characteristics of the cases are
summarized in Table 1. In the intratumoural area
and invasive front, there were many vessels positive
for CD105 (Figure 1). Some of the vessels were

6/02/18 15:08 ‘ ‘



CD105 positive MVD and tongue carcinoma

Table 1
Clinicopathological features of patients with tongue cancer

Variables N %
Male 17 422
Gender
Female 20 57.8
1 11 29.7
Histological grade 2 20 54.1
3 6 16.2
<8 mm 15 40.5
Tumour thickness
=8 mm 22 595
I 12 324
1I 14 37.8
T-stage
I 5 135
v 6 16.2
Lymph node metastasis (-) 25 67.6
(+) 12 324
Distant metastasis (-) 33 89.2
+) 4 10.8
Clinical (TNM) stage 1 9 243
1I 9 243
I 7 18.9
v 12 324
Local recurrence (-) 28 75.7
(+) 9 243

negative for CD105 (Figure 2). The mean MVD
in the intratumoural area was 21.6 + 9.4; the mean
at the invasive front was 23.0 £10.4. The critical
MVD value was determined using the receiver
operating characteristic (ROC) curve. In the
intratumoural area, the surface under the curve was
0.920 (95% CI: 0.831 —1.0) and 26.0 was detected
as an acceptable cut-off point (100.0% sensitivity,
82.8% specificity). For the invasive front tissue, the
surface area under the curve was 0.748 (95% CI:
0.578 —0.918) and an acceptable cut-off point for
this area was also 26.0 (75.0% sensitivity, 65.5%
specificity). Values above this point were grouped
as high MVD, while those below were grouped
as low. There were 13 patients with high MVD
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Figure 1

Angiogenic vessels stained with CD105 at the invasive front of
the tumour (200x magnification).

Figure 2

Vessels that did not participate in angiogenesis (arrow) were
negative (400x magnification).

and 24 patients with low MVD in intratumoural
area. At the invasive front of the tumour, 16 cases
had high MVD and 21 cases had low MVD. The
mean ages in the low and high MVD groups at the
invasive front of the tumour were 49.8 and 61.7,
respectively (p = 0.151). Cases with high MVD at
the invasive front of the tumour were observed to
have a higher incidence of lymph node metastasis
compared with cases with low MVD (p = 0.019).
There was a significant relationship between T-stage
and MVD at the invasive front of the tumour (p =
0.008). Using the ROC curve, the critical value of
the tumour thickness was 0.8 mm statistically. It
was detected that tumours thicker than this value
had a higher MVD (p = 0.044). There was no
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Table 2
Correlation between MVD identified using CD105 and clinicopathological features and survival.
Intratumoural area Invasive front
Low High Low High
n n p-value n n p-value
Age Mean 520 60.4 0.465 49.8 61.7 0.151
Gender Male 11 0.985 9 8 0.921
female 13 12 8
Local recurrence ) 19 0.691 15 13 0.702
(+) 5 4 6 3
Lymph node metastasis ) 15 10 0.476 18 7 0.019
(+) 9 3 3 9
Distant metastasis (-) 22 11 0441 18 15 0.435
(+) 2 3 3 1
Tumour dimension mean 3.14 249 0.169 2.63 3.28 0.525
Tumour thickness <8 mm 10 5 0.859 12 3 0.044
=8 mm 14 8 13
Histological grade 1 6 5 0.519 4 0.729
2 13 7 10 10
3 5 1 4 2
T-stage 1 8 4 0.448 11 1 0.008
I 7 7 4 10
I 4 1 2
0% 5 1 3
Clinical (TNM) stage Early (I) 6 3 0.896 8 1 0.050
Late (II-IV) 18 10 13 15
Disease free survival mean (months) 404 47.1 NP 454 39.2 0.065
Overall survival mean (months) 475 56.7 NP 56.3 434 0.060
NP: Not performed because of the absence of deaths in this subgroup; bold characters reflect statistically
significant values.

significant relationship between cases with high
and low MVD at the invasive front of the tumour
in terms of gender, presence of local recurrence
and distant metastasis, histological grade, size of
the tumour, or TNM stage. In the evaluation of
statistical difference, when the TNM stage was
grouped as early stage (I) and late stage (II-1V),
the p-value was on the significance limit (p =
0.050) in these groups. MVD in the intratumoural
area was not statistically significant in terms of all
these variables. The correlation between CD105

expression and clinicopathological features is given
in Table 2.

In survival analysis, the overall survival rate was
93.3% and 68.8% for the cases with low and high
MVD at the invasive front of the tumour. The mean
survival time was longer in cases with low MVD
(56.3 months) than cases with high MVD (43.4
months). But this difference is not statistically
significant (p = 0.060) (Figure 3). Disease-free
survival times were not statistically significant in
these groups either (p =0.065). In the intratumoural
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Figure 3

Overall survival estimated from microvessel density assessed
by CD105 in tongue squamous cell carcinoma (SCC) patients;
time calculated in months.

area, because of the absence of deaths in the low
MVD subgroup, survival analysis could not be
performed.

Discussion

Tumour angiogenesis is known to have a role in
tumour growth and progression. The prognostic
importance of angiogenesis has been investigated
widely, and with significant results. This has led to
further discussion about the use of anti-angiogenic
agents in tumour chemotherapy. The tumour needs
to develop its own vessel network for growth
and this is based on formation of new vessels
from existing ones.” The new vessels ensure the
necessary blood flow to the tumour. These vessels
have functional and structural abnormalities such
as shunt formation, vasomotor disorders, unstable
circulation, and microvessel obstruction. These
abnormalities facilitate the entry of tumour cells into
the circulation.” Angiogenesis has been frequently
studied in various tumours. Intense angiogenesis
is related to a worse prognosis in a variety of
cancers.'”"*'"*'* Angiogenesis in oral SCCs is an
important factor for tumour progression.''*** In the
evaluation of angiogenesis, the determination of
microvessel density (MVD) is used. To evaluate the
MVD, pan-endothelial markers such as CD34 and
CD31 are commonly used.*’ Although some studies
found MVD to be an independent prognostic factor
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for head and neck SCCs, others failed to confirm
such a correlation .®*'%"

CD105 is a disulphide-linked, proliferation-
associated, hypoxia-inducible homodimeric cell
membrane glycoprotein. It is a component of
the receptor complex of transforming growth
factor-} (TGF-f), a pleiotropic cytokine that
modulates angiogenesis by regulating various cell
functions, including proliferation, differentiation
and migration.” The number of vessels stained
by CD105 in tumour tissue was found to be more
than in the surrounding non-neoplastic mucosa.’
The possible reason for increased intratumoural
CD105 expression could be related to tissue
hypoxia as CDI105 expression is induced by
hypoxia.'** Hypoxic stress disrupts the regulation
of oncogene expression in solid tumours. This
causes irregular proliferation and differentiation in
vascular endothelium.” Release of endothelial cell
regulators such as CD105 causes the development
of new capillaries and vascularized tumours. In
clinical studies, neovascularization detected using
CD105 was a potential prognostic predictive factor
in solid malignancies. Many studies have revealed
the prognostic importance of CD105 in various
cancers including ovarian, cervical and urothelial
cancers."”?'? In head and neck SCCs, the prognostic
significance of MVD has been widely investigated.
These studies generally include all cancers in
the head and neck region or only oral cavity
cancers.”!1¢18%2 Margaritescu et al.* examined
CD105 expression in 19 cases of oral SCC. The
highest levels MVD-CD105 were reported at the
invading tumour front, followed by intratumoural
locations. Similarly, in our study, MVD-CD105
levels were higher at invasive front of the tumour
than intratumoural area. The mean MVD-CD105
was 21.6 in the intratumoural area and 23.0 in the
invasive front tissue.

Nair et al.” identified that MVD in tumour tissue
is higher than in non-neoplastic neighbouring
tissue. They found an association between MVD-
CD105 and TNM stage in oral cavity cancers and
stated that CD105 could be used in the prediction
of prognosis in oral cavity cancer patients. Chien
et al.” evaluated the expression of vascular
endothelial growth factor (VEGF) and CD105 for
the prediction of neck metastases in preoperative
biopsy specimens from 176 patients with early oral
SCC. They reported high expression of CD105 and
VEGEF correlated significantly with positive nodes,
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and low expression of CD105 and VEGF correlated
significantly with a longer survival.

There are very few studies focussed specifically
on the prognostic effect of MVD-CD105 in SCC
of the tongue. Eshghyar et al." reported that
MVD-CD105 was significantly higher in patients
with lymph node metastasis when compared with
patients without metastasis, in tongue SCC. There
was no association between MVD-CD105 and
clinicopathological parameters such as age, gender,
and tumour grade. In our study, MVD-CD105 at
the invasive front of the tumour was significantly
different in lymph node positive and negative
groups (p = 0.008). We found that tumours with
higher levels of MVD tend to metastasize to the
lymph nodes and therefore suggested that CD105
may be beneficial in the prediction of lymph node
metastasis risk in tongue cancer. However, between
the high and low MVD-CD105 groups, neither age,
gender nor tumour grade were statistically different.

Chuang et al® evaluated the expression of
CD105 and VEGF immunohistochemically in
biopsy samples taken from 94 cases of early stage
(T1 and T2) tongue SCCs. They found higher levels
of MVD in T2 cases than T1 cases. Mean follow-
up was 44.1 months and the 5-year disease-free
survival rate was 86.6%. In cases with high levels
of MVD-CD105, the 5-year disease-free survival
rate was significantly lower when compared with
cases with low levels of MVD. Contradictorily,
Alkhabuli et al.” stated that in tongue cancer cases
there was no association between MVD-CD105 and
the overall survival rate. In addition, they failed to
detect any correlation between MVD-CD105 and
tumour differentiation and nodal metastasis. In our
study mean follow-up was longer (50.7 months)
and the 5-year survival rate was 83.0%. We also
found that survival times were not statistically
different between the low and high MVD groups in
early stage tumours.

Tumour thickness is one of the prognostic
parameters in tongue cancer. Deeper tumours (=4
mm) tend to have higher levels of MVD.” Using
the ROC curve we determined the critical value of
the thickness as 0.8 mm. Using statistical analysis,
tumours deeper than or equal to this value have
higher levels of MVD-CDI105 (p = 0.044).

Most of the previous studies reported an
association between the survival and prognostic
parameters and MVD-CDI105. Our results are
mainly concordant with literature. In cases with
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low MVD levels, the overall survival and disease-
free survival times were longer than cases with
high MVD levels. However, the difference was
not statistically significant (p = 0.060 and 0.065,
respectively). While there was no relationship
between the presence of distant metastasis, local
recurrence, tumour size, or histological grade, and
MVD-CD105levelin our study, there are studies that
do report a statistically significant association.”'"'¢
Although CD105 is a specific marker of tumour
angiogenesis, discordant results are found. These
discrepancies may be the result of the differences
in study populations, in antibodies used, and/
or microvessel counting methods. Additionally,
counting MVD in a single area of small tissues may
not fully represent the angiogenic situation of the
tumour, so evaluation may be limited.*

Conclusions

CD105 reacts specifically with angiogenic
endothelial cells and is a widely accepted specific
marker for tumour angiogenesis. Our study proves
that CD105 identified angiogenic vessels with a
high sensitivity in intratumoural areas and invasive
fronts. For prognostic assessments, determination
of MVD-CD105 at the invasive front of the tumour
is superior to intratumoural area. MVD detected by
CD105 at the invasive front of the tumour was found
to be associated with more lymph node metastasis,
higher T-stage and greater tumour thickness. The
identification of MVD using CD105 in tongue
cancer may be helpful to predict the biological
behaviour of the tumour. Additional studies with
broader series are needed to show whether CD105
could be a target molecule in treatment approaches.
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