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Abstract
Background. Two members of the vascular endothelial growth factor (VEGF) family, VEGF-C and -D, are 
known as lymphangiogenic growth factors and play an important role in tumor lymphangiogenesis via 
activation of the VEGF receptor (VEGFR)-3, which is expressed in lymphatic endothelial cells. D2-40 is a spe-
cific antibody for lymphatic vessel density (LVD).

Objectives. In the present study, we have aimed to evaluate whether intra- and peri-tumoral D2-40-pos-
itive lymphatic vessels affect lymph node metastasis and to investigate the relationship between LVD and 
lymph node metastasis in breast cancer.

Material and methods. We have evaluated the relationships between lymph node metastasis and 
VEGF-C, VEGF-D, VEGFR-3 and D2-40 expressions in breast cancer cells using immunohistochemistry. 
VEGF-C, VEGF-D and VEGFR-3 expression were found in tumor cells in the majority of the cases (83.75, 97.5 
and 95%, respectively).

Results. There was a significant positive relationship between VEGF-D expression and lymph node metas-
tasis (p < 0.05) however no significant association was found in VEGF-C and VEGFR-3 expressions. It was 
found that patients with high-expression of VEGF-D have a high level of both peri- and intra-tumoral LVD 
compared to those with low expression of VEGF-D (p < 0.05).

Conclusions. Our results support that examination of VEGF-D expression in breast cancer cells may be 
beneficial in the identification of lymph node metastasis.
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Breast cancer is the most commonly diagnosed cancer 
in Turkish women as well as women worldwide.1 Accord-
ing to GLOBOCAN 2012, the most common cause of 
cancer mortality among women in Turkey is breast can-
cer. Although several molecular and clinicopathological 
factors have been investigated in breast cancer prognosis, 
lymph node status is still the most important prognostic 
factor.2 Lymph node-positive breast cancer is associated 
with poor prognosis as compared to node-negative tu-
mors and also the number of involved lymph nodes is the 
most important and widely used independent prognostic 
factor in breast cancer.3

Breast cancer has a predilection to initially metastasize to 
the axillary lymph nodes, most commonly via the lymphat-
ic system.4 Members of the vascular endothelial growth 
factor (VEGF) family, VEGF-C and VEGF-D are thought to 
be the lymphangiogenic factors that stimulate lymphangio-
genesis via activation of VEGF receptor (VEGFR)-3 specifi-
cally expressed on lymphatic endothelial cells.5 Although 
the exact mechanisms and the role of lymphangiogenesis 
are unclear, VEGF-C and VEGF-D are believed to stimulate 
lymphangiogenesis. VEGFR-3 is expressed predominantly 
in the lymphatic endothelium and thus is considered to be 
a major regulator of lymphangiogenesis.

Staining of lymphatic endothelial cells by immunohisto-
chemistry allows visualization of lymphatic vessels within 
and around tumors. D2-40/podoplanin is well known as 
one of the selective markers of lymphatic endothelial cells 
and therefore is used as a marker for identifying lymph 
vessels and detecting peri- and intra-tumoral lymphatic 
vessel density (LVD).

VEGF-C is considered to be a  relatively specific lym-
phatic endothelial growth factor in normal tissues. Al-
though VEGFR-3 is described as a  predominantly lym-
phatic endothelial marker, Valtola et  al. showed that 
VEGFR-3 is also very weakly expressed in the capillary 
endothelium of normal breast tissue.6 The authors dem-
onstrated that both intraductal and invasive cancer cells 
contain VEGF-C protein. VEGF-C, VEGF-D and their 
binding to the cognate receptor VEGFR-3 in the regula-
tion of lymphangiogenesis is accepted, but their value for 
lymph node metastasis in breast cancer is controversial. 
In a number of studies, elevated VEGF-C expression has 
been reported in 30–40% of breast cancer. Although some 
studies have demonstrated that VEGF-C expression is sig-
nificantly correlated with lymph node metastasis, some 
authors have found no correlation with lymphatic vessel 
invasion (LVI) or lymph node metastasis.7,8

The aim of this study was to investigate the possible re-
lationships between VEGF-C, VEGF-D and VEGFR-3 ex-
pressions, LVD as determined by D2-40 and lymph node 
metastasis in primary invasive breast cancer. To the best 
of our knowledge, this is first study from Turkey which 
has evaluated the possible correlation between lymph 
node metastasis and the expression of VEGF-C, VEGF-D 
and VEGFR-3 and in breast cancer.

Material and methods
The study consisted of 80 female patients with invasive 

breast carcinoma (stage 1, stage 2 or stage 3), aged 31–
80 years (mean 52 ± 14 years) who received primary sur-
gical treatment by one surgical oncologist (A.E.) between 
2008 and 2013 at the Department of Surgical Oncology, 
Ankara University Faculty of Medicine, and had suffi-
cient paraffin-embedded tumor specimens. No patients 
had distant metastasis or received neoadjuvant chemo-
therapy or radiation therapy prior to surgery. The study 
was carried out with the approval of the Ethics Commit-
tee of Ankara University Faculty of Medicine (project 
no.  03-81-13) and a  grant from the Scientific Research 
Project of Ankara University (project no. 13B3330015).

Immunohistochemical staining

For the 80 cases, the best paraffin block that showed the 
histological features of the tumor was selected; 4 µm sec-
tions were cut and stained using the streptavidin-biotin 
peroxidase method on a  “Ventana automatic immunos-
taining device” (BenchMark XT Staining Module, Ven-
tana Medical Systems) for VEGFR-3 (ABCAM), VEGF-C 
(ABCAM), VEGF-D (ABCAM) and D2-40 (DAKO) at 
1 : 150, 1 : 20, 1 : 200 and 1 : 100 dilutions, respectively 
(Table 1). The antibody dilutions and sources are shown 
in Table 1. Appropriate control tissues were included in 
each staining run.

Cytoplasmic staining in invasive tumor cells was consid-
ered as positive in the assessment of VEGFR-3, VEGF-C 
and VEGF-D staining. The staining results were evaluated 
using the immunoreactive score (IRS) proposed by Rem-
mele and Stegner (9) with a slight modification as follows: 
staining intensity (SI) × percentage of positive cells (PP). 
SI was defined as 0 = negative; 1 = weak; 2 = moderate; 
3 = strong. PP was evaluated as 0 = negative; 1 = 1–50% 
positive cells; 2 = 51–100% positive cells. An IRS of 0 to 2 
was considered as low-expression. IRSs from 3 to 6 were 
accepted as high-expression. In the D2-40 evaluation, the 
number of D2-40 stained lymphatic vessels were counted 
on 10 intra-tumoral (located within the tumor) and 10 
peri-tumoral (located in the adjacent non-tumoral pe-
ripheral tissue) high power fields (HPFs).

Table 1. Source and technical characteristics of antibodies

Antibody Clone Dilution Source

VEGFR-3 ab51496
mouse monoclonal

1 : 150 ABCAM

VEGF-C ab9546
rabbit polyclonal

1 : 20 ABCAM

VEGF-D ab155288
rabbit monoclonal

1 : 200 ABCAM

D2-40 M3619
mouse monoclonal

1 : 100 DAKO
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Statistical analysis

Between-group comparisons were evaluated using the 
Mann-Whitney U-test or ANOVA  test. The  Lease Sig-
nificant Difference (LSD) test was used for the post-hoc 
tests to determine which specific groups differ signifi-
cantly from one another. Mean differences in peri- and 
intra-tumoral LVD and IRS counts were compared with 
the use of the paired t-test. The χ2 test or Fisher’s exact 
test were used to see if there was a relationship between 
2 categorical variables. A p value < 0.05 was considered 
to be statistically significant. The statistical analysis was 
done using IBM SPSS Statistics Premium 22 V (License 
manager name: spss.hacettepe.edu.tr).

Results
VEGFR-3 expression was observed in tumor cells in 76 of 

80 (95%) breast cancer patients. VEGF-C immunoreactiv-
ity was detectable in 67 (83.75%) patients. VEGF-D expres-
sion in tumor cells was found in 78 (97.5%) cases (Fig. 1).

Lymph node metastasis (N1 to N3) was positive in 51 
(63.75%) patients. No significant association was found 
between VEGF-C or VEGFR-3 expression and lymph 
node status. However, a  significant positive relationship 
between VEGF-D expression and the presence of N2 
or N3 lymph node metastasis was observed (p  <  0.05). 
As seen in Table 2, patients with N2 and N3 lymph node 
metastasis had a significantly higher IRS for VEGF-D.

Intra-tumoral LVD ranged from 0 to 3, peri-tumoral 
LVD ranged from 1 to 12 (Fig. 2). To correlate LVD and 
VEGF-D expressions, the patients were divided into 

2 groups with regard to VEGF-D expression: low-level of 
VEGF-D expression and high-level of VEGF-D expression. 
There were 10  patients with low-expression of VEGF-D 
and 70 patients with high expression of VEGF-D. As shown 
in Table 3, patients with high-expression of VEGF-D were 
observed to have high levels of both peri- and intra-tumor-
al LVD compared to those with a low level of VEGF-D ex-
pression. In addition, VEGFR-3 expression in tumor cells 
was found to be significantly correlated with peri-tumoral 
LVD (p < 0.05), but not with intra-tumoral LVD (Table 3).

In addition to lymph node status, we evaluated the re-
lationships between VEGF-C, VEGF-D and VEGFR-3 ex-
pressions and other clinicopathological variables. It was 
found that there were no significant correlation between 
VEGF-C, VEGF-D and VEGFR-3 expressions and the pa-
tient’s age, tumor size, TNM stage or tumor grade (data 
not shown).

Table 2. Relationship between lymph node status and mean VEGF-D IRS

Lymph node status VEGF-D (IRS) p value*

N0 2.69 ± 0.26 0.058

N1 3.23 ± 0.29

N2 2.81 ± 0.59

N3 4.11 ± 0.59

* ANOVA test was used ; p = 0.01 for N0 vs N3, and p = 0.031 for N2 vs N3, 
with LDS test

Table 3: Peri- and intra-tumoral lymphatic vessel density (LVD) according to the level of VEGF-D and VEGFR-3 expressions

Level of VEGF expressions Peritumoral LVD p-value* Intratumoral LVD p-value*

VEGF-D

low expression (n = 10) 2.4 ± 0.8 0.002 0.8 ± 0.4 0.031

high expression (n = 70) 5.5 ± 3.1 1.29 ± 0.7

VEGFR-3

low expression (n = 12) 3.1 ± 2 0.014 1.2 ± 0.8 0.650

high expression (n = 68) 5.5 ± 3.1 1.3 ± 0.6

* Mann-Whitney U test was used.

Fig. 1. Strong and diffuse VEGF-D staining in carcinoma cells, ×20

Fig. 2. Lymphatic vessels in peri-tumoral area, D2-40, ×10
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Discussion
It is known that breast cancer may spread via the lym-

phatic vessels into the axillary lymph nodes.4 Lymphatic 
vessel invasion (LVI) has also been shown to significantly 
correlate with lymph node metastasis as well as sentinel 
and non-sentinel lymph node metastasis.10 VEGF-C and 
VEGF-D are known as lymphangiogenic factors; both 
growth factors mediate their biological activity mainly by 
VEGFR-3.11

Although the relationships of VEGF-C and -D with 
lymph node metastasis are still a controversial issue, they 
are generally accepted to be significantly associated with 
the extent of lymph node metastasis in breast cancer.12 
Bando et al. evaluated intra-tumoral levels of VEGF-C and 
VEGFR-3 by using enzyme-linked immunosorbent assay 
in human breast cancer tissues and found that there was 
no significant prognostic value of VEGFR-3.11 Recently, 
some authors have demonstrated that different molecu-
lar subtypes of breast cancer correlate with the expression 
of VEGF-C and/or VEGF-D.13,14 Raica et al. investigated 
the differential of expressions VEGF-C, VEGFR-3 and 
D2-40 by immunohistochemistry to evaluate lymphangi-
ogenesis and the lymphatic microvessel density in breast 
cancer patients.13 They found that VEGF-C expression 
significantly correlated with lymph node metastasis, but 
not tumor grade. The authors showed the highest level of 
VEGF-C expression in HER2 and luminal types and the 
lowest expression in basal-like carcinoma. In contrast, Liu 
et al. showed that triple-negative breast cancer correlates 
with a high expression of VEGF-C and -D.14

Although some researchers have suggested that 
VEGF-C, but not VEGF-D, has an important role in lym-
phangiogenesis, others believe that VEGF-D is a predic-
tor for lymphatic metastasis, and an independent prog-
nostic factor.15–19 The  first group of researchers have 
suggested that VEGF-C promotes lymphangiogenesis 
and that tumor lymphangiogenesis in turn promotes 
lymphatic metastasis.15,16,20 In  the present study, we 
showed that VEGF-C, VEGF-D, and VEGFR-3 were ex-
pressed in a substantial percentage of breast carcinomas. 
VEGF-D expression was associated with lymph node 
metastasis, however there were no significant correla-
tions between the expressions of VEGF-C and VEGFR-3 
and lymph node status. In  a  study by Nakamura et  al., 
LVD was evaluated by podoplanin immunostaining and 
the relationships between LVD and lymph node status as 
well as VEGF-C immunoreactivity and some clinicopath-
ological parameters were analyzed.20 The authors found 
that increased LVD was correlated with lymph node me-
tastasis and VEGF-C expression. In their series, peri-tu-
moral lymph vessels were slightly higher in number when 
compared to intra-tumoral lymph vessels. Similarly, we 
have also observed that peri-tumoral lymph vessels were 
significantly higher than intra-tumoral lymphatic vessels 
in our study.

Contrary to the findings of the previous studies demon-
strating that high expression of VEGF-C in human breast 
cancer is significantly correlated with lymph node metas-
tasis and unfavorable prognosis, we have not observed 
any correlation of VEGF-C expression in tumor cells with 
lymph node status. In  some studies, peri-tumoral LVD 
was found to be an independent risk factor for axillary 
lymph node metastasis.10,21 In a recent study, VEGF-C and 
-D expressions were significantly associated with peri-
tumoral LVD, as determined by D2-40 staining, but not 
intra-tumoral LVD in breast cancer.22 The  authors have 
found that peri-tumoral LVD was associated with lymph 
node metastasis, LVI and advanced tumor stage and thus 
they suggested that tumor derived VEGF-C and -D induce 
peri-tumoral lymphangiogenesis, which may be related to 
lymphatic invasion and metastatic spread. Mohammed 
et  al. showed that high expressions of VEGF-A  and -C, 
but not of VEGF-D, were associated with a higher LVD 
and lymph node metastasis.16 In  another study by Gu 
et al., LVD was found to be significantly associated with 
lymphatic metastasis and advanced tumor stage.17 In their 
series, increased LVD was significantly correlated with 
high expressions of VEGF-C and -D. In their study, there 
was a close correlation between VEGF-D expression and 
lymphatic metastasis. In  our study, VEGF-D expression 
was found to be significantly associated with both peri-
tumoral and intra-tumoral LVD. There was also a signifi-
cant correlation between VEGF-D expression and lymph 
node metastasis. We have observed that peri-tumoral, but 
not intra-tumoral, LVD was closely related to the high ex-
pression of VEGFR-3 in breast cancer cells.

In  summary, our findings suggest that high level 
VEGF-D expression by breast cancer cells may induce 
lymphangiogenesis in the peri-tumoral and intra-tumoral 
region and thus contribute to a high peri- and intra-tu-
moral LVD, leading to lymphatic vessel invasion and met-
astatic spread to lymph nodes. According to the previous 
published studies and our present series, we can suggest 
that inhibition of VEGF-D expression to control peri- and 
intra-tumoral lymphangiogenesis may contribute to the 
development of novel therapeutic strategies for breast 
cancer treatment.23
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