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ABSTRACT

Objective: The present study aims to investigate the presence of pericyte loss in malignant vascular tumors and investigate the expression of cell
cycle regulators, cyclin D1 and estrogen receptor (ER), and tumor-associated glycoprotein 72 (TAG72) in tumor cells and tumor microenvironment in
benign/malignant vascular tumors and benign/malignant pericytic tumors.

Methods: Cyclin D1, ER, and TAG72 were examined by immunohistochemistry in 38 cases of tumors of vascular and pericytic origins. The data on
metastasis and prognosis of malignant cases were retrieved from the hospital information system.

Results: The 38 patients included the following types of neoplasms: hemangioma (n=16), glomus tumor (n=9), epithelioid angiosarcoma (n=8),
epithelioid hemangioendothelioma (n=3), infantile hemangiopericytoma (n=1), and malignant glomus tumor (n=1). No statistically significant
difference was found in cyclin D1 expression between pericyte-derived tumors and malignant vascular tumors (p=0.508). When benign-malignant
vascular and pericytic tumors were compared, no statistically significant difference was found in cyclin D1 expression between the 4 groups (p=0.465).
No statistically significant difference was observed in staining between tumors of vascular and pericytic origin (p=0.104). ER expression was detected
in only one case of malignant glomus tumor. TAG72 expression was not observed in any of the cases.

Conclusion: The present study supports the notion that cyclin D1 may be present as a driver mutation in this group of tumors. The findings of this
study did not produce any data to support the hypothesis claiming that pericyte loss led to malignancy. We believe that our results on the comparison
of cell cycle protein expressions in cutaneous vascular and pericytic tumors shed light for future studies to elucidate the pathogenesis of this group
of rare tumors.
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INTRODUCTION

Vascular tumors are endothelium-derived neoplasms that are
categorized as benign, intermediate, or malignant based on the
World Health Organization classification of soft tissue tumors. The
most common type of these tumors is hemangiomas, where total
excision results in cure. However, recurrence may occur in patients
in whom total excision cannot be performed, such as vertebral
hemangiomas. The differential diagnosis of benign vascular
tumors from malignant tumors is of critical importance and may
sometimes be challenging, as is the case with anastomosing
or epithelioid hemangiomas. The intermediate group involves
retiform  hemangioendothelioma,  papillary  intralymphatic
angioendothelioma, composite hemangioendothelioma, Kaposi's
sarcoma and pseudomyogenic hemangioendothelioma, which
are locally aggressive tumors that rarely metastasize. Epithelioid
hemangioendothelioma and angiosarcoma are malignant
vascular tumors. Glomus tumor is the most common type of
pericyte-derived tumors, and only a limited number of patients
with malignant glomus tumor has been reported in the literature
to date (1,2).

Accumulating  observations show that not only genetic
abnormalities in malignant cells but also tumor microenvironment
play an effective role in the physiopathology of cancer. In addition
to cancer-associated fibroblasts, immune cells, endothelial cells
and pericytes are also the main cellular components of tumor
microenvironment, and their various functions in tumor initiation

and progression have been the subject of recent researches (3).

The first stage of tumor angiogenesis begins with pericyte-
endothelial cell detachment. The detachment of pericytes, which
are responsible for vascular stabilization, from the vascular wall
allows endothelial cells to migrate to the surrounding matrix to
form new blood vessels while increased vascular permeability
leads to leakage of plasma proteins, which serve as a temporary
matrix for the endothelium, as well as pericyte migration between
integrins and plasma proteins (4,5). The facts that pericytes are
the main cells that initiate tumor angiogenesis and that the way
pericytic cell loss impairs vascular stabilization have led us to the
question, “Do vascular tumors become malignant in the event of
pericytic cell loss?”

The effects of estrogen and estrogen receptors (ER) on the G1
and G1-S phases of the cell cycle are well-established. Central to
these cell cycle checkpoint mechanisms are the retinoblastoma
susceptibility gene, pRB and the cyclin D1-CDK4 and cyclin
E-CDK2 complexes that phosphorylate substrates, thereby
allowing the initiation of DNA synthesis (6).

The present study aims to investigate the presence of
pericyte loss in malignant vascular tumors and investigate the
expression of cell cycle regulators, cyclin D1 and ER, and tumor-
associated glycoprotein 72 (TAG72) in tumor cells and tumor
microenvironment in benign/malignant vascular tumors and
benign/malignant pericytic tumors in order to elucidate the
pathogenesis of vascular and pericyte-derived tumors.
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METHODS

Cutaneous vascular tumors and pericytic tumors diagnosed at
pathology departments of two tertiary centers between 2016-
2020 were included in the study. Data on the diagnosis, age, tumor
location, metastasis and prognosis of the patients were retrieved
from the hospital information system. This was a retrospective
study of the archived materials of these patients.

Immunohistochemistry

Sections of 4-micron thickness were obtained from 38 paraffin-
embedded archive tissues for immunohistochemistry (IHC)
analysis, and then, these sections were deparaffinized and placed
in a BenchMark XT device. Staining was performed after applying
the antibodies, cyclin D1 (Ventana, RTU, clone SP4-R, USA), ER
(Ventana, RTU, clone SP1, USA) and TAG72 (Cell Marque, RTU
clone B72.3, USA). The preparations stained in an automated
staining device were covered using an appropriate fluid-based
covering material. Results were evaluated with an Olympus BX51
microscope.

Immunohistochemistry Evaluation

Scoring was performed simultaneously by two independent
pathologists blinded for the clinical data. The intensity of cyclin
D1 IHC staining was scored as +1, +2, and +3 for weak, moderate,
and strong stains, respectively. The IHC score of cyclin D1 was
reported as negative, low score (+1) and high score (+2 & +3)
(7). ER expression was quantified in line with the scoring system
proposed by Remmele and Stegner (8) for ER in breast cancer.
Staining intensity was scored from 0 (no reaction) to 3 (strong
reaction), and the percentage of stained nuclei was scored
from 0 (no positive nuclei) to 4 (more than 80% positive nuclei).
The scores of staining intensity and stained nuclei were then
multiplied, yielding a total score of 0 to 12. Positive ER expression
was defined as a score of 3 or more (9).

For the IHC evaluation of TAG72, we used the 12-point Remmele
scoring system (score: 0-12). To calculate this score, a number out of
0, 1, 2, or 3 was chosen according to the intensity of staining, and a
number out of0, 1, 2, 3, or 4 was chosen according to the percentage
of positive tumor cells. The final scores of staining intensity and
stained nuclei were then multiplied, yielding a total score of 0 to
12(3%4). In this study, total scores below 3 were considered negative,
and scores of 4-12 were considered positive (8,10).

Statistical Analysis

Patient demographics and data were analyzed using the SPSS
24 (IBM Corp., Armonk, NY, USA) software. The chi-square test
was used to compare variables between the patients in groups,
and the Kruskal-Wallis test was used for comparisons across the 4
groups. P<0.05 was considered statistically significant.

The study was approved by the Cukurova University Faculty of
Medicine Non-Interventional Clinical Trials Ethics Committee
(number: 102, date: 7 august 2020).
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RESULTS

Of the 38 patients, 26 had benign (16 hemangiomas, 9
12
had malignant (8 epithelioid angiosarcomas, 3 epithelioid

glomus tumors, 1 infantile hemangiopericytoma) and
hemangioendotheliomas, 1 malignant glomus tumor) tumors.
The tumors were in the extremities or the head and neck regions.
The mean age of the 38 patients was 41.9 years (minimum: 1,
maximum: 78).

The distribution of cyclin D1 and ER staining in tumor cells and
ER staining in tumor microenvironment by diagnosis are shown in
Table 1. There was no TAG72 staining in tumor cells and/or tumor
microenvironment in any of the patients. No cyclin D1 staining
was observed in tumor microenvironment in any of the patients.

Comparison of cyclin D1 expression between pericyte-derived
tumors (9 glomus tumors, 1 infantile hemangiopericytoma, 1
malignant glomus tumor) and malignant vascular tumors (8
epithelioidangiosarcomas, 3epithelioid hemangioendotheliomas)
did not reveal a statistically significant difference (p=0.508). The
cyclin D1, ER and TAG72 immunostainings in a malignant glomus
tumor are presented in Figure 1.

Cyclin D1 and ER staining, follow-up duration, and metastasis
status of malignant tumors are presented in Table 2.

When benign and malignant vascular and pericytic tumors were
compared, no statistically significant difference was found in terms
of cyclin D1 expression between the four groups (p=0.465). No
statistically significant difference was observed in terms of cyclin
D1 staining between vascular tumors and tumors of pericytic
origin (p=0.104). Table 3 shows the cyclin D1 expression of the
patients by diagnosis. Cyclin D1 immunostainings of the patients
with hemangioma, hemangioendothelioma, and angiosarcoma
are presented in Figure 2.

DISCUSSION

A better understanding of the variable expression of different
pericyte markers in tumors would provide a better understanding
of pericyte-mediated angiogenesis. Since there are only a
limited number of studies in the literature, especially in tumors
such as angiosarcoma, epithelioid hemangioendothelioma and
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malignant glomus tumor, which are rare and have poor prognosis,
we believe that there is a need for studies aiming to elucidate the
pathogenesis and shed light for further research on the treatment
of these tumors. Although conducted with relatively small sample
size, the present study is one of the few studies in the literature
investigating the expression of cell cycle-regulatory proteins such
as cyclin D1, ER, and TAG72 in tumors of vascular and pericytic
origins to shed light on the pathogenesis of this group of tumors.
We detected cyclin D1 expression in both benign and malignant
tumors of vascular and pericytic origins, and we observed ER
expression only in one case of malignant glomus tumor. We
did not find a significant difference in these proteins between
pericyte-derived tumors and vascular tumors. Our results suggest
that especially cyclin D1 may be present as a driver mutation in
this group of tumors; however, further comprehensive research is
needed on this subject matter. Furthermore, we did not detect
pericyte loss in malignant tumors. Findings of this study did not
produce any data to support the hypothesis claiming that pericyte
loss led to malignancy.

Overexpression of cyclin D1 may serve as a driver oncogene through
the cell cycle-regulatory function of this protein. In the literature,
amplification and/or overexpression of cyclin D1 has been shown in
various human tumors, such as breast and parathyroid neoplasms
(11). Moreover, there are studies supporting that this parameter
indicates poor prognosis in tumors such as endometrial tumors
(7). In our study, we found no significant difference in cyclin D1
expression between benign and malignant tumors. We detected
low or high scores of cyclin D1 expression in 11 of our 12 malignant
tumors. Despite the small sample size and limited follow-up
period in our study, we believe that cyclin D1 expression may be
a prognostic factor to predict metastasis and life expectancy in
angiosarcoma cases provided that this is confirmed in larger future
studies. Girard et al. (12) detected cyclin D1 expression in 12 of 16
benign glomus tumors located in the upper digestive tract and
suggested that cyclin D1 overexpression might be involved in the
pathogenesis of glomus tumors (12).

In the present study, comparison of cyclin D1 expression between
11 pericyte-derived tumors and 12 malignant vascular tumors did
not reveal a statistically significant difference (p=0.508). Therefore,

Cyclin D1
Diagnosis
Low
Neg
score
Hemangioma 3 3
Glomus 1 2
Infantile hemangiopericytoma 0 1
Epithelioid hemangioendothelioma 1 1
Angiosarcoma 0 5
Malignant glomus 0 1

ER: estrogen receptor

ER in tumor cells 3¢ By
in microenvironment Total

. number
oy Negative Positive Negative Positive of cases
score
10 16 0 16 0 16
6 9 0 9 0 9
0 1 0 1 0 1
1 3 0 3 0 3
3 8 0 8 0 8
0 0 1 0 1 1
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our findings did not produce any data to support the hypothesis studies have shown that estradiol modulates pericyte activity in
in favor of pericyte loss in malignant vascular tumors. However, the brain, thereby improving endothelial integrity (14). However,
we believe that more robust results can be obtained with studies in our study, we did not detect ER expression in any of the benign
using IHC methods where staining is specific to pericytes. and malignant tumors of vascular and pericytic origins, and we
There are studies in the literature demonstrating the effect of found ER expression only in one case of malignant glomus tumor.
estrogen and ER in the pathogenesis of hemangiomas (13). Some Estrogen may contribute to the malignant transformation of
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Figure 1. Malignant glomus tumor A: H&E x40, B: Estrogen receptor x100, C: cyclin D1 x100, D: TAG72 x100

Diagnosis ::lal;r(\:)er i Cyclin D1 ER Metastasis zzlrI:;:: :p Outcome
Angiosarcoma 1 Low score Negative Lung metastasis 12 months
Angiosarcoma 2 High score Negative Null 13 months
Angiosarcoma 3 High score Negative Lung metastasis 24 months Exitus
Angiosarcoma 4 Low score Negative Lung metastasis 8 months Exitus
Angiosarcoma 5 Low score Negative Null 14 months Exitus
Angiosarcoma 6 Low score Negative Null 8 months
Angiosarcoma 7 Low score Negative Null 6 months Exitus
Angiosarcoma 8 High score Negative Null 12 months Exitus
Malignant glomus 9 Low score Positive Null 7 months
Hemangioendothelioma 10 Negative Negative Null 24 months
Hemangioendothelioma 11 Low score Negative Null 24 months
Hemangioendothelioma 12 High score Negative Null 21 months

ER: estrogen receptor
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Figure 2. A: Hemangioma cyclin D1 high score x100, B: Hemangioendotelyoma, cyclin D1 low score x100, C: Angiosarcoma cyclin D1 high

score x100

Cyclin D1
Diagnosis

Negative (n)
Benign vascular tumors 3
Benign pericytic tumors 1
Malignant vascular tumors 1
Malignant pericytic tumors 0

pericytic tumors by affecting pericytic activity; however, we cannot
draw a definitive conclusion in this regard since our study included
only one malignant case of pericytic origin.

TAG72 is a high-molecular weight, tumor-associated glycoprotein
known to be overexpressed in various carcinomas, including
ovarian, breast, and colon tumors (15). The lack of TAG72
expression in normal adult tissues except secretory endometrial
tissues has been proven (16). There are only a limited number
of studies in the literature investigating TAG72 expression in
angiosarcomas (17,18). These studies were conducted with a small
sample size and the presence of TAG72 expression was shown in
epithelioid angiosarcomas. However, we could not find any study
investigating TAG72 expression in benign vascular tumors and

Total
Low score (n) High score (n) (n)
4 10 17
2 6 9
6 4 i
1 0 1

pericytic tumors in the literature. Although staining was detected
in the control tissue, we did not detect TAG72 expression in any of
the benign or malignant tumors included in our study.

Study Limitations

The small sample size was the main limitation of our study. For
this reason, statistical evaluation could not be made between
subgroups. Further research is needed to evaluate the effect of
estrogen on these tumors, especially by means of ER studies to be
conducted in larger numbers of malignant glomus tumors, which
are malignant pericytic tumors. Finally, we could not investigate
pericytic cell loss using an IHC stain specific for pericytes in
malignant tumors.
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CONCLUSION

We believe that our results on the comparison of cell cycle protein
expressions in cutaneous vascular and pericytic tumors shed light
for future studies to elucidate the pathogenesis of this group of
tumors, which are rarely malignant.
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