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Introduction. Breast cancer is one of the most common cancers in females worldwide. There are evidences that women 
with diabetes mellitus have a 40% higher risk of mortality. CD34 is a cell surface glycoprotein, which functions as a cell-
cell adhesion factor. Although its expression is traditionally related to hematopoietic cells, it is actually found on many 
other types of cells, endothelial too. Nowadays there are evidences that CD34 is a prognostic indicator by emphasizing 
its low expression in malignant tumors compared to benign ones. The aim of study was to determine the presence and 
numerical distribution of CD34+ vessels in the normal mammary gland, as well as in NST breast carcinomas, with and 
without diabetes mellitus type 2. 

Materials and methods. We processed immunohistochemically 58 invasive breast carcinomas of NST type. In 29 of cases, 
tumors were associated with diabetes. 

Results. The present study did not reveal any statistical and morphological differences in CD34 expression between 
compared groups. 

Conclusions. The expression of CD34 in breast cancer stroma is not homogenous, irrespective of association with diabetes 
mellitus type 2. The question if breast carcinoma and diabetes mellitus are concurrent or associated disorders remains 
open. Probably, the effect of carcinoma prevails in influencing the structure of the tumor microenvironment. We expect a 
further confirmation in larger study groups.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submitted 
manuscript
Is the microvessels density influenced by associated diabetes 
mellitus?
The research hypothesis 
The systemic metabolic action of diabetes can influence the 
angiogenesis at tumor site.
The novelty added by manuscript to the already published 
scientific literature
There are no data about microvessels density in case of breast 
cancer, alone or associated to diabetes mellitus type 2. For the 
first time was described the process of angiogenesis, at intra- and 
peritumoral sites in case of NST breast cancer, alone and associated 
with diabetes mellitus type 2.
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Introduction 
One of the leading disorders among females’ population 

is considered to be breast cancer. It becomes younger in 
time and brings a serious threat to women’s life as well as 
physical and mental health. 

The pathogenesis of breast cancer is still unclear, which 
leads to poor outcomes of prevention and treatment of this 
disease [1]. In the past decades, the most of investigations 
were focused primarily on tumor cells. However, it is well 
known, that tumors are composed of parenchyma and stro-
ma, two distinct but cooperative components that can influ-
ence malignant cells growth and spread. Many recent studies 
show that the tumor microenvironment plays an important 
role in tumor initiation, therefore it can be a fertile soil for dis-
ease progression [2]. The tumor microenvironment is made 
of cells and extracellular matrix, where the cellular compo-
nent includes different types of cells, such as myofibroblasts, 
fibroblasts, myoepithelial cells, blood and lymphatic endothe-
lial cells (and their precursors), pericytes, inflammatory cells 
and mesenchymal stem cells [3, 4]. Epithelial-mesenchymal 
correlations are crucial for normal mammary gland devel-
opment and therefore they can play a critical role for breast 
cancer development and progression. The peritumoral envi-
ronment interacts with parenchymal cancerous cells and can 
create favorable condition for tumor grow and invasion. 

Cell-surface glycoprotein CD34 represents a glycosylated 
protein expressed by hematopoietic stem/progenitor cells, 
endothelial and mesenchymal cells at different sites, includ-
ing breast [5]. Its function consists in the modulation of cell 
adhesion and signal transduction. This receptor is particu-
larly sensitive to tumor angiogenesis, because it can clearly 
represent the state of neovascularization during the growth 
and progression of tumor [6]. Furthermore, Kaplan-Meier 
analysis showed that the survival time of patients with high 
CD34 expression was significantly shorter than that of pa-
tients with low CD34 expression. In another words, a high 
level of CD34 expression may be a potential indicator of a 
poor prognosis. The new made vessels provide nutrients for 
tumor cells and remove metabolic waste, thus promoting 
the growth rate of tumor [7].

Another raising life- and health-threatening chronic 
disease is diabetes mellitus (DM) type 2. When associated 
with cancer, it can worsen tumors’ evolution and increase 
the mortality risk. Both of these disorders are the major 
causes of death worldwide [8]. However, there are limited 
evidences supporting this correlation that seems to be very 
complex and it needs further epidemiological, morphologi-
cal, and molecular investigation. Insufficient care for either 
diabetes mellitus or breast cancer can affect the survival [9]. 
The wandering stuff is to investigate the impact of preex-
isting diabetes on the histopathological structure of breast 
cancer. It can give a reasonable explanation about breast 
cancer behavior on the diabetes mellitus background.

Thus, until now there are no evidences about how associ-
ated diabetes can influence the content of CD34+ vessels in-
side of breast tumor and in the peritumoral area. The aim of 
this study was to clarify how diabetes mellitus, which affects 

many tissues, can influence the breast cancer environment.  
Therefore, we investigated the distribution of CD34+ vessels 
inside of non-cancerous breast parenchyma, as well as in di-
abetic and non-diabetic breast cancer. As a result, we deter-
mined that diabetic status does not influence the amount of 
CD34+ blood vessels at the intra- and peritumoral sites.

Materials and methods
Patients. We have investigated immunohistochemically 

58 cases of invasive ductal breast carcinomas of NST type 
(during 2021-2022, Institute of Oncology, Republic of Mol-
dova). In 29 cases, the tumor was associated with DM type 
2.  The mean age was 63.2±6.5 years in the group of pa-
tients with diabetes mellitus type 2 and 64.5±7.9 years in 
the non-diabetic group. All patients underwent a Madden 
modified radical mastectomy with lymph nodes dissection, 
without prior chemo- and radiotherapy. Pre-operative fast-
ing blood sugar level was measured by colorimetric method.

Ten samples (breast) of women which died accidentally 
served as control group. The mean age was 64.2±6.2.

Tissue processing and immunohistochemistry. The speci-
mens were fixed in 10% phosphate buffered formalin for 24-
48h and paraffin (Tissue-Tek Paraffin Wax TEK III) embedded 
as traditionally (Tissue-Tek VIP 6 AI, Sakura Finetek, USA). 
3-5 μm sections were cut for histopathological assessment 
(Accu-Cut® SRM™ 200 Rotary Microtome, Sakura Finetek, 
USA), stained with Carazzi hematoxylin (Bio-Optica, Italy) 
and eosin Y (05-M10007, Bio-Optica, Italy) and mounted 
(Tissue-Tek Glas g2 Glass Coverslipper, Sakura Finetek, USA). 
The histological grading of breast carcinoma was performed 
according to the Nottingham system, which takes into consid-
eration tubules and glandular/acini formation, nuclear pleo-
morphism and mitosis [10]. The Ft of Nottingham score was 
evaluated by evaluating tubules and glandular/acini forma-
tion: score 1 – majority (>75%) form tubules and glandular/
acini, score 2 – moderate (10-75%), score 3 – low (<10%) or 
none tubules and glandular/acini formation.

The evaluation of mitotic activity was made according to 
WHO (2019) recommendation, as follows (x400): score 1 – 
nuclei are very similar in size to the nuclei of benign pre-ex-
isting epithelial cells (< 1.5 times the size), with minimal pleo-
morphism, nucleoli are either not visible or very inconspicu-
ous; score 2 – nuclei are 1.5-2 times bigger in size, with mild to 
moderate pleomorphism, with visible, small and inconspicu-
ous nucleoli; score 3 – nuclei larger 2 times than the size of be-
nign epithelial cell nuclei, with vesicular chromatin, with high 
variation in size and shape, often with prominent nucleoli.

In the present study we used pathological TNM staging, 
which is based on tumor size, the number of affected lymph 
nodes and the presence of distant metastases [11].

The histopathological diagnosis was assessed by two 
pathologists and suitable for immunohistochemistry cas-
es were carefully selected. Heat-induced epitope retrieval 
(microwave, 900W, 95°C, 20 min, followed by cooling at RT 
for 20 min) was made in citrate buffer (10mM Citric Acid, 
0.05% Tween 20, pH 6.0). Incubation with primary mono-
clonal antibody (CD34 Ab1, RTU, 30 min, clone QBEND/10, 
NeoMarkers, Fremont, CA) was followed by Novolink Max 
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Polymer Detection System (RE7280-K, 15 min, Leica Bio-
systems, DE). Specimens were processed automatically on 
Dako Autostainer Link 48 system. The Mayer’s hematoxylin, 
Lille’s modification (HMM500, ScyTek Laboratories) was 
used for counterstaining.

Microscopic evaluation. Microvessels amount was deter-
mined by hotspot approach [12]. Counts were made in ten 
fields (intra- and peritumoral or periductal/periacinar in 
case of control group, x200) containing the most abundant 
vascularity and the mean value (+/- SD) was determined. 
Any stained endothelial cells from adjacent vessels were 
counted as a single vessel, even in the absence of lumen.

Image acquisition and data processing. Slides were exam-
ined with Zeiss AxioImager 2.0 microscope with AxioCam 
Mrc5 installed camera by using ZEN core 3.5 imaging software. 

Statistical analysis. Cases were grouped (MS Access 2007) 
into diabetic and non-diabetic groups by taking into account 
clinical and morphological data. The WINSTAT 2012.1 (R. 
Fitch Software, Bad Krozingen, Germany) software was used 
for descriptive statistics (M±SD, the median). The Spearman 
correlation (rs) was used to determine the relationship be-
tween different variables. The CD34 values from 2 groups 
were compared by t-independent test. For all tests a value of 
p≤0.05 was considered statistically significant.

Ethics. This study has been approved by the Ethics Com-
mittee of the Nicolae Testemitanu State University of Medi-
cine and Pharmacy (nr.7, 12.11.2021).

Results
Morphologically normal breast tissue contained dense 

concentric network of CD34 positive vessels in the intra- and 
interlobular area, around glandular ducts and acini (Fig.1). 
The extralobular stroma harbored few CD34+ fibrocytes, 
which mainly surrounded thick-walled arteries. Slight CD34 
staining was noted on small caliber blood vessels within the 
stroma. The mean of CD34 positive vessels in the periduc-
tal/periacinar region was estimated as 24.8±11.2 (ranging 
between 16 – 45, with 14 as median). No CD34 reactivity 
was observed inside of epithelial sheath.

In case of invasive ductal carcinoma, without associated 
diabetes, blood vessels with small, thin wall were haphaz-
ardly distributed within tumoral nests. The peritumoral ar-
eas contained blood vessels of medium caliber. Comparing 
the border between breast tumor and cancer-free zone, the 
abrupt loss of CD34+ blood vessels was observed. The intra-
tumoral content of CD34+ vessels was evaluated as 10.5±8.3 
(range 0 – 30, median equal to 9). At the peritumoral site, the 
number of CD34+ cells was 14±8.5 (range 2 – 45, the median 
as 14). These values can be considered similar, because no 
differences were determined in case of t-independent (t=-1.6, 
p=0.12), as well as t-dependent tests (t=-1.58, p=0.13).

In case of carcinoma associated with diabetes the mean 
of CD34+ vessels was 12.9±12.7 (0 – 59, median as 12) in 
the intratumoral site and 16±7.3 (0 – 27, 16 for median) in 
the peritumoral region. By comparing these areas we could 
not find statistically significant differences in case of t-inde-
pendent (t=-1.17, p=0.25), as well as in case of t-dependent 
tests (t=-1.19, p=0.25).

Single statistically significant correlation was deter-
mined at the intratumoral site (table 1). In case of tumors 
with normal sugar level in the blood, intratumoral ex-
pression of CD34 correlated statistically significant with 
lymphovascular invasion (rs=0.34, p=0.03) and pT stage 
(rs=0.54, p=0.001).

Table 1. Spearman correlation between CD34 expression, patients’ age, 
glucose level and tumor’s features

CD34it CD34pt
Cancer Cancer + 

Diabetes 
Cancer Cancer + 

Diabetes 
rs p rs p rs p rs p

Patients age -0.08 0.34 0.07 0.36 -0.30 0.06 0.17 0.19
Sugar level 0.06 0.38 0.0 0.49 0.04 0.42 0.01 0.48
Nottingham grade -0.04 0.42 -0.34 0.04 0.19 0.17 -0.17 0.19
Ft -0.01 0.48 -0.34 0.04 0.23 0.11 0.16 0.20
Nuclear atypia -0.09 0.32 0.0 0.49 0.04 0.42 -0.23 0.11
Mitotic activity 0.05 0.39 -0.22 0.13 0.12 0.27 -0.19 0.16
Lymphovascular 
invasion

0.34 0.03 -0.04 0.41 -0.06 0.38 -0.11 0.29

Perineural 
invasion

0.0 0.50 0.23 0.12 0.21 0.14 0.23 0.11

pT 0.54 0.001 -0.20 0.15 0.11 0.28 0.17 0.18
pN 0.30 0.06 0.18 0.18 -0.09 0.32 -0.07 0.36
CD34it 0.02 0.46 -0.16 0.20
Note: CD34it – CD34 positive vessels at the intratumoral site; CD34pt – at 
the peritumoral site; rs – Spearman correlation; p – statistical significance; 
Ft – Nottingham’s score Ft; pT – pathologic stage of tumor; pN – pathologic 
stage of lymph node metastases. With Bold are selected the statistically 
significant correlations.

In case of tumors associated with DM, CD34+ vessels 
amount of intratumoral site negatively correlated with 
tumors grade and Ft (rs=-0.34, p=0.04). No statistically 
significant correlations were determined in case of peri-
tumoral expression of CD34 in both groups.

Comparing both groups, only sugar level (p=0.0001) and 
Ft (p=0.05) values were statistically different (table 2).

Table 2. The differences between breast cancers, alone or in association 
with DM type 2

Student independent t-Test (p)
Patients age 0.51
Sugar level 0.0001
Nottingham grade 0.29
Nuclear atypia 0.79

Mitotic activity 0.48
Lymphovascular invasion 0.41
Perineural invasion 0.34
pT 0.79
pN 0.60
Ft 0.05
Nuclear atypia 0.81
CD34pt 0.34
CD34it 0.41
Note: p – statistical significance; pT – pathologic stage of tumor; pN – 
pathologic stage of lymph node metastases; Ft – Nottingham’s score Ft; CD34it 
– CD34 positive vessels at the intratumoral site; CD34pt – at the peritumoral 
site. With Bold are selected the statistically significant differences.
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Discussions 
There are many experimental evidences to prove that 

tumor growth and future prognosis are dependent on an-
giogenesis [13]. The expansion of the tumor cells popula-
tion requires the generation of new vessels, which in turn 
increase the opportunity of tumor to develop metastases. 
Thus, the intensity of angiogenesis can predict the future 
tumor’s behavior and stimulate the expansion throughout 
body. Different studies have used diverse markers to high-
light blood vessels in breast tumors in order to describe and 
measure angiogenesis.

CD34, also known as human hematopoietic progenitor 
cell antigen, is a constitutive stroma component of most tis-
sues, including female breast [5]. It is a single-chain trans-
membrane glycoprotein with a molecular weight of 105-120 
kDa, located on the long arm of chromosome, predominant-
ly expressed on endothelial and hematopoietic progenitor 
cells, and closely associated with the process of angiogenesis 
[6, 12]. Nowadays, there are many studies, which have been 
conducted to investigate the distribution of CD34+ stromal 
cells and vessels in neoplasms of various organs including 
salivary gland, stomach, colorectal tissue, breast, pancreas, 
uterine cervix and mammary gland [4, 13-15]. 

A total of 382 million people had diabetes in 2013 and 
this number is expected to rise to 592 million by 2035 [15]. 
About 16% of breast cancer patients suffer from diabetes 
and the last can be associated with 10-20% excess rela-
tive risk of breast cancer [16]. This opinion is in line with 
Giovannucci et al. (2010) data, which supports that diabetes 
can increase the risk of tumor development [17]. A well-de-
signed meta-analysis provided by Bruijn et al. (2013) shows 
that women with diabetes had a 23% greater risk of subse-
quent breast cancer than those without diabetes [18].

CD34 has a diverse distribution in the tumoral stroma 
and it is evident that we have to consider carcinogenesis 
and tumor progression as a multicellular interaction within 
newly formed tissue, so called cancer tissue. Although the 
role of CD34, as a marker of angiogenesis in tumors is still 
unclear, there are many evidences that increase of CD34+ 
vessels associates with a high risk of metastasis develop-
ment [19]. Fathy et al. (2018) demonstrated that high CD34 
expression is statistically significant associated with tumor 
size and stage, as well as lymph nodes metastasis develop-
ment in cervical cancer [20]. Authors consider that high 
expression of CD34 signifies the presence of an anomalous 
vessel pattern and disturbing tumor vasculature is one of 
the primary strategies in cancer chemotherapy. Moreover, 
this marker has an important diagnostic and prognostic 
value – the decrease of CD34 expression after therapy cor-
relates with its effectiveness [21].

The assumption before making this study was that DM 
affects blood vessels and this can alter the tumor’s grow. DM 
is characterized by poor circulation and impaired angiogen-
esis, which appear to contribute to lesions and poor wound 
healing. Lega et al. (2018) consider that patients with asso-
ciated DM have a poorer prognosis because of estrogenic ef-
fects of obesity or metabolic factors like growth-promoting 

influence of hyperinsulinemia and insulin resistance [22]. 
In case of present study, we couldn’t find any numerical dif-
ferences between vessels density, at intra- and peritumoral 
sites, caused by DM. It looks like, the tumor progression oc-
curs in the similar way, in spite of all lesions caused by DM. 

The effect of DM on normal tissues does not resume only 
on sugar level and atherosclerosis. D’Alessandra et al. (2021) 
determined that diabetes induces a transcriptional signature 
in bone marrow-derived CD34+ hematopoietic stem cells 
[23]. Specifically, these cells displayed reduced expression of 
genes coding for proteins regulating antibacterial and antivi-
rus host defense as well as macrophage differentiation and 
lymphocyte emigration, proliferation, and differentiation. 
Moreover, a consistent number of inflammatory genes coding 
for chemokines and cytokines were up-regulated.

The existing reports regarding the amount of vessels are 
still controversial, which led us to examine the distribution 
of CD34+ vessels in the intra- and peritumoral stroma in dia-
betic and non-diabetic patients. Jarajapu et al. (2014) demon-
strated that DM patients have microvascular complications, 
which exhibit severely limited capacity to generate ex-vivo 
expanded endothelial progenitor populations [24]. Moreover, 
vasoreparative dysfunction observed in diabetic CD34+ cells 
is due to impaired autocrine/paracrine function and reduced 
sensitivity to hypoxia.  In Durrani et al. (2021) opinion,  as-
sociation of DM type 2 worsen breast cancer prognosis and 
may decrease body defense capacity by changing tumoral 
microenvironment under disturbed hormonal activity by 
altering endogenous sex-hormone regulation and activation 
of the IGF and insulin-signaling pathways [25]. Rask-Madsen 
et al. (2013) consider that DM background alters blood ves-
sels permeability at the level of microcirculation, statement, 
which let us initially to launch hypothesis that intra- and per-
itumoral environment of breast cancer, alone or in DM asso-
ciation, can be different [26].

This study has some limitations. First, it does not reflect 
the general population, because only women of 50 years 
and older have been taken. Secondly, we did not measure 
the sugar level in case of control group. Thirdly, we have no 
data about diabetes duration, a factor that in Zoungas et al. 
(2014) opinion is directly associated with macro- and mi-
crovascular changes [27]. Another limitation is the absence 
of a cut-off for CD34 expression, which splits the cases into 
the high/low expression [6]. Moreover, we did not take into 
consideration the status of lymph nodes.

Conclusions 
The expression of CD34 in breast cancer stroma is not 

homogenous, irrespective of association with diabetes mel-
litus type 2. Question if breast carcinoma and diabetes mel-
litus are concurrent or associated disorders remains open. 
Probably, the effect of carcinoma prevails in influencing the 
structure of the tumor microenvironment. We expect a fur-
ther confirmation in larger study groups.
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Fig.1
The representative image of 
CD34 (CD34 Ab1) expression 
in normal breast (A), breast 
cancer alone (B) and in 
association (C) with DM 
type 2 (x200). A – dense 
concentric network of CD34 
positive vessels in the intra- 
and interlobular area, around 
glandular ducts and acini. The 
extralobular stroma harbors 
solitary CD34+ fibrocytes, 
which mainly surround thick-
walled arteries. B, C – blood 
vessels with small, thin wall 
are haphazardly distributed 
within tumoral nests. The 
peritumoral areas contain 
blood vessels of medium 
caliber. Between breast tumor 
and cancer-free zone, the 
abrupt loss of CD34+ blood 
vessels is observed.
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