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Abstract: Objective To detect the expression of vascular endothelial growth factor (VEGF) and microvessel density in cancer
tissues of breast cancer patients, and to analyze their relationship with clinicopathological characteristics of breast cancer.
Methods Ninety-six breast cancer patients treated at the Fourth Affiliated Hospital of Nanjing Medical University from
December 2021 to December 2022 were selected as the research subjects. According to whether the pathology was confirmed
as triple-negative breast cancer (TNBC), they were divided into the TNBC group (24 cases) and the non-TNBC group (72 cases).
Immunohistochemistry was used to detect the expression of VEGF protein in breast cancer tissues, and microvessel density was
evaluated by immunohistochemical labeling of endothelial cells followed by counting the number of microvessels. The
relationship between the two and the clinicopathological characteristics of breast cancer was analyzed. Results The positive
rate of VEGF in TNBC patients (66.67%) was higher than that in non-TNBC patients (25.00%), with a significant difference (χ 2

=13.662, P<0.01); the microvessel density in TNBC patients (66.04±10.29) was higher than that in non-TNBC patients (61.07±
10.36), with a significant difference (t=2.039, P=0.044). In the TNBC group, the positive expression rate of VEGF in patients with
clinical stage I-II and no lymph node metastasis was significantly lower that in patients with clinical stage Ⅲ and lymph node
metastasis (P<0.05), and the microvascular density in patients with tumor diameter ≥ 2 cm and clinical stage I-II was
significantly higher. clinical stage I-II was significantly higher than that in patients with tumor diameter <2 cm and clinical stage
Ⅲ (P<0.05). In non-TNBC group, there was no significant difference in VEGF positive expression rate and microvessel density
between patients with different In non-TNBC group, there was no significant difference in VEGF positive expression rate and
microvessel density between patients with different clinicopathological characteristics (P > 0.05). Conclusion In TNBC
patients, the high expression of VEGF and the increase of microvessel density are related to the tumor diameter, clinical stage
and lymph node metastasis of TNBC, which is helpful to predict the prognosis of patients and provide a new way to target
VEGF pathway or microvessel therapy.
Keywords: Breast cancer, triple-negative; Immunohistochemical staining; Vascular endothelial growth factor; Microvessel
density; Clincopathological feature
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The diagnosis of breast cancer usually relies on a
variety of methods, such as clinical examination, imaging
(mammography, ultrasound), etc. and histopathologic
examination [1]. The incidence of triple-negative breast
cancer (TNBC) is as high as 10.0%-20.8% among breast
cancers, and due to its special biological and
clinicopathological characteristics, higher requirements
for its diagnosis and treatment should be put forward [2].
Efforts are being made to identify new drug targets
against TNBC to improve patient survival and quality of
life [3]. Vascular endothelial growth factor (VEGF) is a
cytokine that plays an important role in tumor progression,
which can promote angiogenesis, provide nutrient and
oxygen supply to tumors, and increase their invasiveness
and metastasis [4]. Microvessel density is the number of
microvessels per unit area, and is an important means of
evaluating tumor neovascularization in tumor research.
The higher the microvessel density, the greater the ability
of tumor growth, invasion and metastasis [5]. So far,
there are relatively few in-depth studies on VEGF
expression and microvessel density in the field of TNBC.

Therefore, the present study is intended to take TNBC as
the research object and take VEGF and microvessel
density as the entry point to explore the correlation
between VEGF and microvessel density in TNBC, so as
to provide new ideas for the treatment of TNBC.

1 Materials and methods

1.1 General information

Patients with breast cancer admitted to the Fourth
Affiliated Hospital of Nanjing Medical University from
December 2021 to December 2022 were retrospectively
collected, and 96 cases met the inclusion and exclusion
criteria, of which 24 were TNBC and 72 were non-TNBC.
The study was ethically reviewed by the Ethics
Committee of the Fourth Affiliated Hospital of Nanjing
Medical University (Ethics No. 20240814-K084).

1.2 Inclusion and exclusion criteria
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Inclusion criteria: (1) meet the diagnostic criteria
for breast cancer [6]; (2) ≥ 30 years; (3) complete
clinicopathologic data; (4) VEGF expression and
microvessel density can be tested with the completeness
and reliability of the samples.

Exclusion criteria: (1) Combined with some other
serious diseases or complications, which affected the
results of the study; (2) Incomplete medical records or
obvious errors; (3) Refused to participate in the study or
withdrew from the study during the study period; (4)
Family history of other tumors.

1.3 Methods

1.3.1 Examination and treatment
All patients with breast cancer were admitted to the

hospital for registration of baseline data, imaging
examination, blood sample collection, and clarification of
past medical history.

1.3.2 Clinical data collection
Baseline data were collected by physicians through

telephone, interview, access to the hospital's electronic
case system, and questionnaires included (1) baseline
characteristics: age, gender, and previous cancer history
(2) Clinical and pathological features: tumor size, clinical
stage, lymph node status, and depth of tumor infiltration.

1.4 Diagnosing criteria of TNBC

(1) Human epidermal growth factor receptor 2
(HER2) negative: first of all, the surgical excision
specimen of breast cancer should be tested by
immunohistochemistry (IHC), and IHC +++ should be
judged as HER2 positive, IHC 0 and + are judged as
HER2 negative, IHC ++ need to further apply
fluorescence in situ hybridization (FISH) method to
detect the amplification status of HER2 gene to judge
whether HER2 is positive or not. If the result is negative
and there is no gene amplification, it can be judged as
HER2 negative. (2) Negative is judged when the
expression level of estrogen receptor (ER) is very low or
not expressed at all by IHC assay. (3) If the expression
level of progesterone receptor (PR) is very low or
completely absent by IHC, it will be judged as negative.
Breast cancer can only be judged as TNBC if all three of
the above indicators are negative.

1.5 VEGF expression and microvessel density
detection

The expression of VEGF protein in the tissues was
detected by IHC; microvessel density detection was
assessed by IHC labeling of endothelial cells and then
counting the number of microvessels. Detection of VEGF
protein expression: Samples were collected using
ethylenediaminetetraacetic acid (EDTA) tube and sent to
the medical laboratory department for molecular

diagnostics. Microvessel density detection: tumor tissues
were prepared into 4-μm- or 5-μm-thick tissue sections,
then appropriate vascular endothelial cell (EC) markers
[ CD34 antibody and factor Ⅷ antibody] were selected
for labeling microvessels in the tissue sections. IHC was
used to for detecting microvessels in the tissue sections.
The entire tissue section was scanned under the low
magnification field of view (×40, ×100), and the optical
microscope field of view showed the densest number of
microvessels, clear EC staining, and good contrasts. The
number of all stained microvessels was counted at 200×
field of view (0.72 mm2) within the above selected field
of view. The number of microvessels in each of the three
fields of view from the three microvessel-dense areas was
counted separately, and the mean number of microvessels
was used to express the microvessel density.

1.6 Statistical methods

SPSS 26.0 was used for data processing. Count data
were expressed as cases (%) using chi-square test,
corrected chi-square test or Fisher exact test.
Measurement data conforming to normal distribution
were expressed as sx  using independent samples t-test.
If P<0.05, then the differences are statistically significant.

2 Results

2.1 Description of general clinicopathological
characteristics of patients in the two groups

No statistically significant differences were found
between the two groups in terms of age, menstrual status,
rate of lymph node metastasis and family history
(P>0.05). The proportion of patients with tumour
diameter ≥2 cm, clinical stage III and with lymph node
metastasis was higher in the TNBC group than in the
non-TNBC group. The differences were all statistically
significant (P <0.05). [Table 1]

Tab.1 Baseline clinicopathological characteristics of patients in
two groups [case (%)]

Item
TNBC
(n=24)

Non-TNBC
(n=72)

χ2 value P value

Age
0.948 0.330>45 years 11 (45.83) 25 (34.72)

≤45 years 13 (54.17) 47 (65.28)
Tumor diameter

4.101 0.043<2 cm 6 (25.00) 35 (48.61)
≥2 cm 18 (75.00) 37 (51.39)

Clinical staging
4.236

0.039
Phase Ⅰ-Ⅱ 19 (79.17) 40 (55.56)
Phase Ⅲ 5 (20.83) 32 (44.46)

Menstrual status
1.518 0.218non-menopausal 11 (45.83) 23 (31.94)

menopausal 13 (54.17) 49 (68.06)
Family history

0.041 0.839+ 3 (12.50) 6 (8.33)
- 21 (87.50) 66 (91.67)

Lymph node metastasis
5.292 0.021+ 14 (58.33) 23 (31.94)

- 10 (41.67) 49 (68.06)
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2.2 Expression levels of VEGF and microvessel
density detection in breast cancer

TNBC patients had a higher rate of positive VEGF
expression (16/24, 66.67%) than non-TNBC patients
(18/72, 25.00%), with a statistically significant difference
(χ2 =13.662, P=0.01); and the microvessel density value
(66.04±10.29) was higher than that of non-TNBC patients
(61.07±10.36), with a statistically significant difference
(t=2.039, P=0.044).

2.3 Relationship between VEGF expression,
microvessel density in TNBC and clinicopathologic
features

In the TNBC group, the positive VEGF expression
rate was significantly higher in patients with clinical stage
Ⅰ-Ⅱ and no metastasis in lymph nodes than in patients
with clinical stage Ⅲ and metastasis in lymph nodes
(P<0.05), and the difference of the VEGF expression rate
in patients with other different clinicopathologic features
was not statistically significant (P>0.05), see Table 2. The
difference in microvessel density values between patients
of different ages, menstrual status, lymph node metastasis,
and family history was not statistically significant (P >
0.05); the microvessel density values of patients with
tumor diameters of ≥2 cm and clinical stage Ⅰ to Ⅱ were
greater than those of patients with tumor diameters of <2
cm and clinical stage Ⅲ, and the difference was
statistically significant (P < 0.05) . [Table 3]

2.4 Relationship between VEGF expression,
microvessel density in non-TNBC and clinico-
pathologic features

Among the non-TNBC patients, the differences in
VEGF-positive expression rates among patients with
different clinicopathologic features were not statistically
significant (P>0.05). [Table 4] The differences in
microvessel density values among patients with different
pathologic features were not statistically significant
(P>0.05). [Table 5]

Tab.2 Association between VEGF expressions and clinico-
pathological characteristics in TNBC patients [case(%)]

Item Case
VEGF-positive

(n=16)
VEGF-negative

(n=8)
P value

Age

>45 years 11 7 (43.75) 4 (50.00)
1.000

≤45 years 13 9 (56.25) 4 (50.00)
Tumor
diameter
<2 cm 6 3 (18.75) 3 (37.50)

0.362
≥2 cm 18 13 (81.25) 5 (62.50)

Clinical
staging
Phase Ⅰ-Ⅱ 5 1 (8.33) 4 (50.00) 0.028
Phase Ⅲ 19 15 (93.75) 4 (50.00)

Menstrual
status
non-menopau

sal 11 8 (50.00) 3 (37.50) 0.679
menopausal 13 8 (50.00) 5 (62.50)

Family history
+ 3 1 (6.25) 2 (25.00)

0.249
- 21 15 (93.75) 6 (75.00)

Lymph node
metastasis
+ 14 12 (75.00) 2 (25.00) 0.032
- 10 4 (25.00) 6 (75.00)

Note: Fisher's exact test was used in this table.

Tab.3 Association between microvessel density values and
clinicopathological characteristics in TNBC patients ( sx  )

Item Case
Microvascular

density
t value P value

Age
>45 years 11 67.73±9.11

0.731 0.472
≤45 years 13 64.62±11.35

Tumor diameter
<2 cm 6 57.17±8.95

2.773 0.011
≥2 cm 18 69.00±9.08

Clinical staging
Phase Ⅰ-Ⅱ 5 53.20±5.12

4.058 0.001
Phase Ⅲ 19 69.42±8.46

Menstrual state
non-menopausal 11 62.82±10.27

1.445 0.162
menopausal 13 68.77±9.87

Family history
+ 3 64.33±11.93

0.301 0.766
- 21 66.29±10.34

Lymph node metastasis
+ 14 65.71±9.89

0.181 0.858- 10 66.50±11.35

Tab.4 Relationship between VEGF expressions and
clinicopathological characteristics in non-TNBC

patients[case(%)]

Item Case VEGF-positive
(n=18)

VEGF-negative
(n=54)

χ2

value
P

value
Age

>45 years 25 7 (38.89) 18 (33.33)
0.184 0.668

≤45 years 47 11 (61.11) 36 (66.67)
Tumor diameter
<2 cm 35 12 (66.67) 23 (42.59)

3.132 0.077
≥2 cm 37 6 (33.33) 31 (57.41)

Clinical staging
Phase Ⅰ-Ⅱ 32 5 (27.78) 27 (50.00) 2.700 0.100
Phase Ⅲ 40 13 (72.22) 27 (50.00)

Menstrual state
non-menopausal 23 9 (50.00) 14 (25.93)

3.599 0.058menopausal 49 9 (50.00) 40 (74.07)
Family history
+ 6 3 (16.67) 3 (5.56)

0.970 0.325- 66 15 (83.33) 51 (94.44)
Lymph node
metastasis
+ 23 8 (44.44) 15 (27.78)

1.725 0.189- 49 10 (55.56) 39 (72.22)
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Tab.5 Association between microvessel density values and
clinico- pathological characteristics in non-TNBC patients

( sx  )

Item Case Microvascular
density

t value P value

Age

>45 years 25 63.84±9.43
1.677 0.098

≤45 years 47 59.60±10.62
Tumor diameter

<2 cm 35 62.06±12.01
0.785 0.435≥2 cm 37 60.14±8.58

Clinical staging

Phase Ⅰ-Ⅱ 32 62.94±9.57
1.378 0.173

Phase Ⅲ 40 59.58±10.83
Menstrual state
non-menopausal 23 58.50±9.80

1.515 0.134
menopausal 49 62.43±10.47

Family history

+ 6 56.50±14.34
1.131 0.262

- 66 61.48±9.96
Lymphatic node
metastasis
+ 23 63.48±10.73

1.360 0.178- 49 59.94±10.09

3 Discussion
Globally, there are approximately 1.68 million new

cases of breast cancer each year, and the incidence is
closely related to a variety of factors [7]. TNBC is a
uniquely characterized type of breast cancer that is highly
invasive, prone to metastasis, and has a poor prognosis
[8]. Compared with other types of breast cancer, TNBC
lacks sensitivity to endocrine therapy and targeted therapy,
and treatment options are limited [9-10]. Malignant
tumors are seriously damaging diseases characterized by
the uncontrolled development of abnormal cells [11-12].
The research aims to investigate the relationship between
VEGF expression, microvessel density and the
clinicopathologic features of breast cancer, which is
expected to provide more basic research data for clinical
treatment.

Several studies have shown that VEGF expression is
associated with microvessel density and TNBC
clinicopathologic features. Feng et al. [13] showed that
VEGF positive rate was significantly higher in tissues
with lymph node metastasis than in tissues without lymph
node metastasis in 102 specimens. Li et al. [14] found
that VEGF expression was high in TNBC, and that the
metastasis rate of lymph nodes, the degree of lymphatic
infiltration, and the microvessel density of the tumor
tissue were significantly higher than other types of breast
cancer. The study of Tian et al.[15] also showed that VEGF
positive rate correlated with the clinical pathology of
patients' tumor size and clinical stage. Sun et al. [16]
analyzed 89 samples with breast cancer and showed that
microvessel density values were significantly higher in
patients with breast cancer and axillary lymph node
metastasis. Li and Jitariu et al.[17-18] also concluded that
the microvessel density of patients with TNBC were
correlated with tumor size, clinical stage, and lymph node

metastasis.
In this study, VEGF expression and microvessel

density were correlated with tumor size, clinical stage and
lymph node metastasis in TNBC patients. The mechanism
may be that bulky tumor cells often crave for more blood
flow supply to obtain the required nutrients and oxygen in
many cases. In this process, the level of VEGF expression
in the tumor may rise, which stimulates and accelerates
angiogenesis and angiectasis. In terms of clinical stage, as
the disease progresses, the invasiveness of the tumor will
change, requiring more neovascularization to support its
growth and metastasis. Levels of VEGF expression and
microvessel density may change accordingly. In tumor
spreading and invasion, lymph node metastasis is a key
step. Tumor cells need to rely on the neovascular network
to provide nutrients and oxygen. VEGF plays a crucial
role in this process, which not only promotes
angiogenesis, but also regulates the density of the
microvessels [19]. Based on the above results, it can be
analyzed that the high expression of VEGF and higher
microvessel density may suggest a poor prognosis. On the
contrary, lower microvessel density and VEGF expression
may reflect to a certain extent that the growth and spread
of the tumor is somewhat limited, which may be
associated with a better prognosis [20].
In summary, VEGF expression and microvessel density
correlate with tumor size, clinical stage and lymph node
metastasis in TNBC patients, which is helpful in
predicting the prognosis of patients and may provide a
new idea for targeting the VEGF pathway or
microvessels.
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