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  Purpose: The purpose of this study was to evaluate  
the clinicopathological significance of the microvessel 
density and macrophage and mast cell counts in invasive 
breast carcinomas. 
  Materials and Methods: 45 invasive breast carcinomas 
were immunohistochemically stained with the endo-
thelial antigen, CD34, and macrophage marker, CD68. 
0.1% toluidine blue was used to highlight mast cells. The  
microvessel and mast cell counts were performed at ×
200 magnification and the macrophages at ×400 magni-
fication. 
  Results: W ith the 45 invasive breast carcinomas, there  
were no statistically significant associations between the 
mast cell, macrophage and microvessel counts and the 
tumor size and lymph node status. ER and PR negative 
mast cells infiltrated more than in cases of positive stati, 
with statistical significance (p-value=0.010 and 0.005, 
respectively). The macrophage counts were negatively 
correlated with the PR status (p-value=0.030). W ith 
respect to the c-erbB-2 status, there was no significance 
correlation with the mast cell, macrophage and microves-

sel counts. The mast cell counts showed significantly 
positive correlation with the microvessel counts in the  
invasive breast carcinomas (p-value=0.015). In a compari-
son of the macrophage counts with the microvessel counts,
a positive tendency for both parameters, but without 
statistical significance (p-value=0.310). 
  Conclusion: Increasing numbers of mast cells and 
macrophages were recruited in invasive breast carcino-
mas, which contribute to angiogenesis. The microvessel 
density in invasive breast carcinomas had no statistically 
significant association with the tumor size, lymph node 
status, and histological grade, presence of DCIS compo-
nent, estrogen/progesterone receptor status and cerbB-2 
status. The evaluation of angiogenesis using these meth-
ods is not thought to provide an independent clinicopa-
thological factor in invasive breast carcinomas. (Cancer 
Res Treat. 2005;37:103-108)
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INTRODUCTION

  Neoplastic transformation evokes an immune response, 
which morphologically manifests as peritumoral and intratu-
moral inflammatory cell infiltrates. Inflammation related host 
cells, including fibroblasts, macrophages and mast cells, which 
are recruited and activated by tumor cells, via a paracrine 
mechanism, act synergistically with cells by secreting the same 
or other factors (1). 
  Experimentally induced tumors display mast cell accumu-

lation close to the tumor cells before the onset of angiogenesis 
(2), and those induced in mast cell-deficient mice showed both 
reduced angiogenesis and metastatic potential (3). 
  Macrophages play a role in the immune response via the 
elaboration of cytokines and growth factors. The presence of 
macrophages has been reported in various tumors, suggesting 
that high macrophage counts were associated with unfavorable 
outcomes in laryngeal carcinomas (4) and meningiomas (5). 
  Angiogenesis is obligatory in the enhancement of solid tumor 
progression, such as the growth, invasion and metastasis of 
solid tumors (6). Endothelial cells also secrete a variety of 
matrix-degrading proteinases, which facilitate invasion (7). 
  Many studies on the association between angiogenesis, tumor 
dissemination and their outcome have been performed. Correla-
tions have been reported between microvessel counts and 
prognosis of melanomas and carcinomas of the breast, lung, 
prostate, head and neck, as well as other tumors. In addition, 
a relation was noted between the macrophage density and 
angiogenesis in breast cancers in a 42 case report, where the 
macrophage density was found to be positively correlated with 
the microvessel density, suggestive of vascular invasion (8). 
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Fig. 1. Mast cells are highlighted with toluidine blue stain in the 
peritumoral area (Toluidine blue, ×400).

Fig. 2. CD68 positive macrophages are infiltrating into breast carci-
noma cells and between tumor cell nests (×400).

Similarly high macrophage counts were associated with high 
vessel counts, and reduced relapse-free and overall survivals in 
invasive breast carcinomas (9). 
  In this study, we analyzed the relationship between the 
macrophage and mast cell counts and the microvessel density 
in 45 invasive breast carcinomas, with a comparison to the 
available clinicopathological parameters. 

MATERIALS AND METHODS

  The study population was composed of 45 female breast 
invasive ductal carcinomas, which had been surgically diag-
nosed at Chung-Ang University hospital between 1999 and 
2003. The pathological materials and reports were reviewed to 
determine the clinicopathological parameters, including tumor 
size, lymph node status, histological and nuclear grades, the 
ductal carcinoma in situ (DCIS) component, hormone receptor 
(progesterone and estrogen) and c-erbB-2 stati. 

    1) Pathological review and classification

  According to the Nottingham/Tenovus Breast Cancer study's 
modification of the Bloom and Richardson system, the histolo-
gical and nuclear grades, with respect to the degree of tubular 
formation, nuclear pleomorphism, mitosis and nucleolar size, 
the tumors were graded as grades 1, 2, and 3. The tumor size 
was classified as T1 (2 cm or less than 2 cm), T2 (more than 
2 cm and less than 5 cm) and T3 (more than 5 cm) using the 
American Joint Committee on Cancer. Metastatic status of 
lymph node, and were grouped into negative or positive, but 
without considering the number of metastasized lymph nodes. 
The presence of DCIS components was histopathologically 
scanned. The immunohistochemical estrogen and progesterone 
receptors (ER and PR) and c-erbB-2 stati were reviewed from 
the biopsy reports. 
  To evaluate the microvessel density, macrophage counts and 
mast cells, specimens were stained using the usual immunohis-
tochemical ABC method and toluidine blue. The monoclonal 
antibodies for endothelial cells and macrophages were CD34 
(Santa Cruz, UK) and CD68 (Zymed, San Francisco, CA), 
respectively. 

    2) Counts of mast cells, macrophages and microvessels 
and statistical analysis 

  For the microvessel counts, all available slides were exam-
ined at ×40 to identify the 3 areas with the highest number 
of CD34 positive vessels within the tumors. Counts were 
carried out at ×200 field, and averaged. Vessels of a caliber 
larger than approximately 8 red blood cells, with thick muscular 
walls and sclerotic areas were excluded from the count. Single 
or clusters of endothelial cells, with or without a lumen, were 
regarded as individual vessels (10). For the macrophage counts, 
3 fields surrounding the tumors, chosen at areas of maximal 
inflammatory infiltrates, were screened, counts performed and 
then averaged at high-power magnification. Mast cells 
highlighted with toluidine blue stain were counted three times 
at ×200 magnification, and then averaged. 
  Statistical analyses were performed using the SPSS-PC pack-
age (version 10.0 SPSS, Chicago, 2003). Continuous variables 

were compared using independent t-tests for two groups and 

one-way ANOVA for three or more groups. Correlations 
between the microvessel and mast cell and macrophage counts 
were assessed using Pearson's (r) coefficient and simple 
regression analysis. 

RESULTS

  Mast cells were mainly distributed in between expanding 
tumor nests and non-tumoral interstitial tissues (Fig. 1). Among 
the 45 invasive breast carcinomas, the mast cell counts ranged 
from 10 to 98 at ×200 magnification (mean 38.02±21.50). 
The density of CD68-positive macrophages in the invasive 
breast carcinomas ranged from 15 to 350 (mean 120.29±78.05) 
at ×400 magnification. Macrophages were scattered intratumo-
rally, peritumorally and around the tumor necrosis (Fig. 2). 
CD34 positive microvessels were seen both within and in the 
vicinity of invasive tumor nests (Fig. 3). The microvessels 
ranged from 10 to 250 (mean 98.49±49.91) at ×200 magnifi-
cation. 
  No statistically significant associations were found between 
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Fig. 3. CD34 positive microvessels are seen in intratumoral areas 
(×100).

Table 1. Correlation of mast cell, macrophage and microvessel 
counts to tumor size and lymph node metastasis

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Mast cells Macrophages Microvessels

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Tumor size
 ＜2 cm (n=11) 41.36±22.69 109.64±83.95 113.82±68.03
 2～5 cm (n=25) 37.48±20.84 127.28±73.61 91.04±41.36
 ＞ 5 cm (n=9) 35.44±23.94 113.89±89.91 100.44±47.74

p＞0.05 p＞0.05 p＞0.05
Lymph node metastasis
 Negative (n=24) 38.50±21.96 113.67±72.35 94.79±47.02
 Positive (n=21) 37.48±21.50 127.86±85.26 102.71±53.87

p＞0.05 p＞0.05 p＞0.05
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

Table 2. Correlation of mast cell, macrophage and microvessel 
counts to the histopathological parameters 

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Mast cells Macrophages Microvessels

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Histologic grade
 Grade 1 (n=8) 25.13±6.75  71.63±44.22  63.50±57.01
 Grade 2 (n=23) 39.43±21.03 135.00±82.34 107.09±41.64
 Grade 3 (n=14) 43.07±25.66 123.93±78.98 104.36±53.15

p＞0.05 p＞0.05 p=0.088
Nuclear grade
 Grade 1 (n=7) 23.57±6.32  69.29±38.88  50.86±22.43
 Grade 2 (n=25) 37.40±20.07 123.48±84.01 101.44±46.51
 Grade 3 (n=13) 47.00±25.69 141.62±73.72 118.46±52.73
 p＞0.05 p＞0.05 p=0.011
DCIS component
 None (n=29) 38.38±21.11 125.31±69.56 102.41±47.95
 Present (n=16) 37.38±22.88 111.19±93.28  91.38±54.13

p＞0.05 p＞0.05 p＞0.05
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

Fig. 4. Mast cell counts in comparison with microvessel counts 
in 45 invasive breast carcinomas (Pearson's (r) coefficient= 
0.362, p-value=0.015).

Table 3. Mast cell, macrophage and microvessel counts to ER, PR, 
and C-erbB-2 status 

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Mast cells Macrophages Microvessels

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Estrogen Receptor 
 Negative (n=20) 44.35±22.72 138.20±85.24 94.30±46.70
 Positive (n=16) 27.19±12.41 106.63±66.82 93.44±47.39
 p=0.010 p＞0.05 p＞0.05
Progesterone Receptor
 Negative (n=13) 48.92±22.91 161.38±88.21 101.31±44.11
 Positive (n=23) 29.83±15.67 103.13±64.79 89.74±47.99
 p=0.005 p=0.030 p＞0.05
C-erbB-2
 Negative (n=4) 25.00±16.55 166.50±125.52 69.50±57.25
 Positive (n=13) 30.92±10.38 98.54±65.60 91.31±48.28
 p＞0.05 p＞0.05 p＞0.05
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

the mast cell, macrophage and microvessel counts with respect 

to the tumor size and lymph node status (Table 1). 
  The mast cell counts had a tendency to increase with the 

higher nuclear and histological grades, but without statistical 

significance (p-value=0.062). S statistically significant relation-
ship was found between the microvessel density and nuclear 
grade (p-value=0.011), but had a slight tendency to increase 
with the histological grade (p-value=0.088). The macrophage 
counts showed no association with the nuclear and histological 
grades. With respect to the DCIS component, there was no 
statistically significant difference between the mast cell, 
macrophage and microvessel counts (Table 2). 
  A statistically significant relationship was found between 
negative ER and PR stati and mast cell infiltration (p-value= 
0.010 and 0.005, respectively). Macrophage counts had a nega-
tive correlation to the PR status (p-value=0.030). There was no 
statistical significance between the mast cell, macrophage and 
microvessel counts with respect to the c-erbB-2 status (Table 
3).
  The mast cell counts showed a positive correlation with those 
of the microvessels (Pearson's (r) coefficient=0.362, p-value= 
0.015, Fig. 4). The macrophage counts had a tendency to increase 
in relation to the microvessel density, but without statistical 
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Fig. 5. Macrophage counts in comparison with microvessel counts 
in 45 invasive breast carcinomas (Pearson's (r) coefficient= 
0.155, p-value=0.310).

Fig. 6. Macrophage counts in comparison with mast cell counts 
in 45 invasive breast carcinomas (Pearson's (r) coefficient= 
0.298, p-value=0.047).

significance (Pearson's (r) coefficient=0.155, p-value=0.310, 

Fig. 5). Macrophages and mast cells were positively correlated, 
which was statistically significant (Pearson's (r) coefficient= 
0.298, p-value=0.047, Fig. 6). 

DISCUSSION

  With the introduction and advancement of different techn-
iques for the management of breast cancer, knowledge of the 
factors that may influence tumor behavior and the disease 
course have become increasingly important in assigning patients 
for different treatments. Several prognostic factors have been 
identified, and successfully used in a clinical setting. The 
known factors are stage at presentation, tumor grades, histolo-
gical types, vascular invasion, and estrogen and progesterone 
receptor stati. Many additional factors have also been inves-
tigated, including the proliferative activity and ploidy status of 
the tumor, amplification of the HER2/neu oncogene and 
overexpression of cathepsin-D. 
  Many studies have reported that suggest tumor angiogenesis, 
expressed as the number of microvessels within the tumor, is 
significantly correlated with the presence of local or distant 
metastasis in invasive breast carcinomas (11). These reports 
have been based on a study performed by Folkman et al (6), 
which suggested that tumor growth is angiogenesis-dependent, 
with a large amount of experimental evidence has supported 
this finding. Quantitative histological studies have suggested 
that angiogenesis correlates with the prognosis of human 
tumors, including breast carcinomas, but this point has been 
disputed.
  In the current study, the microvessel counts showed no 
significant association with either the tumor size or lymph node 
status. However, the microvessel density revealed statistical 
significance with the nuclear grade, and tended to be higher 
with increasing histological grade. No association was found 
between the microvessel counts and DCIS component. With 
respect to the estrogen and progesterone receptor and c-erbB-2 
stati, no significant associations were found in the quantif-

ication analysis of the microvessel counts. 

  Much experimental evidence has suggested that angiogenesis 
could facilitate the expansion of a primary tumor and increase 
its proliferative rate. Microvessel proliferation could increase 
the vascular area, which is the target of the invasive cancer 
cells, thereby facilitating the metastatic process (12). This step 
may be augmented by the leaky and immature nature of newly 
formed blood vessels, making the vascular invasion process 
easier. The above mechanism is supported by the fact cancer 
cells hardly invade blood vessels in the absence of neovascu-
larization. In addition, according to the Uzzan et al (13), who 
performed a systematic review of the literature and meta- 
analysis, a high microvessel density significantly predicted poor 
survivals, both relapse free and overall. They concluded that 
although variations between studies could result from the 
patient selection criteria, the techniques used to stain and count 
the microvessels and the selection of cutoff values, the 
microvessel density was a significant prognostic factor in 
women with breast cancer. 
  However, the results of our investigation found no associa-
tion between an increased microvessel density in invasive 
breast carcinomas and the clinically well-known prognostic 
factors of tumor size and lymph node status. Also, with respect 
to the DCIS component, CD34 positive microvessels were also 
noted around the component, and clearly considered incapable 
of metastasizing or showing tumor aggressiveness. Thus, even 
though angiogenesis may be necessary for metastasis or tumor 
aggressiveness, it does not appear to be sufficient as an 
independent factor of breast carcinoma invasiveness; therefore, 
other factors must be considered. With regard to the histopa-
thological evaluation, the microvessel quantification showed 
significant association with the nuclear and histological grades, 
which are features of the morphological aggressiveness of an 
invasive breast carcinoma. 
  It has been reported that angiogenesis in malignant tumors 
may be induced by tumor cells via secretion of various types 
of angiogenic factors and inflammatory cells, including mast 
cells, via secretion of their angiogenic factors (14). Also, the 
expression of cyclooxygenease-2 in human breast carcinomas 
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may play a role in tumor angiogenesis (15). It has also been 
reported that mast cells are conspicuously associated with 
angiogenesis, as they are found in chronic inflammatory dis-
eases, for example, rheumatoid arthritis and psoriasis, and in 
tumors, such as hemangiomas, carcinomas, lymphomas and 
multiple myelomas (14,16). Histamine and tryptase, two other 
mast cell-derived factors, also stimulate angiogenesis. Mast 
cells have been reported as producing a variety of multifunc-
tional cytokines and growth factors, such as IL-6 and IL-8, 
TNF-α, granulocyte-macrophage colony-stimulating factor 
(GM-CSF), TGF-β, FGF-2 and VEGF-A (17～20). Also, mast 
cells may contain heparin, in secretory granules, which has 
been shown to stimulate endothelial cell proliferation and 
migration in vitro (21), but have variable effects on angiog-
enesis in vivo, thus stimulating, inhibiting, or having no effect 
(22,23). 
  In the comparative analyses between the mast cell counts and 
microvessel density performed in this study, the number of 
mast cells was significantly increased with higher microvessel 
densities. We think that mast cells contribute to angiogenesis 
in invasive breast carcinoma, and also found mast cell counts 
to be significantly associated with the estrogen/progesterone 
receptor stati, with negatively correlations. In the study of 
Dabiri et al (24), the hormone receptor status (both estrogen 
receptor and progesterone receptor) was found to be correlated 
with a good outcome, while the overexpression of c-erbB-2 was 
associated with a poor outcome, and the presence of mast cells 
in the stroma were also correlated with a good prognosis (24). 
Considering the mast cell counts showed an inverse relationship 
with the hormomes' receptor stati in our study, the presence 
of increased mast cells could be suggested to have a relation-
ship with a rather poor outcome. 
  In this study, no significant association was found between 
the mast cell counts and other parameters, including tumor size, 
lymph nodes status, nuclear and histological grades and DCIS 
component, even when the number of mast cells showed an 
increasing trend as the nuclear and histological grades became 
higher.
  Macrophages had no correlation with the parameters analyzed 
in this study, with the exception of the progesterone receptor 
status, but a significantly negative correlation was shown with 
the protesterone (progesterone?) receptor status. As noted 
above, the macrophage increment could be presumed to be 
related with a poor outcome. 
  Macrophages are recruited to tumors through the local 
expression of potent chemoattractants, such as colony stimula-
ting factor 1 (CSF-1) and macrophage chemoattractant protein 
1, where their normal trophic functions are subverted to 
promote tumor progression and metastasis. In an experimental 
study on mice, the absence of macrophages did not change the 
incidence or growth of the primary tumor, but decreased the 
rate of progression and inhibited metastasis (25). We think that 
the abundance of tumor associated macrophages is correlated 
with poor prognosis. 
  In addition, mast cells and macrophages were positively and 
significantly correlated with each other. Therefore, we think 
that malignant tumor cells of invasive breast carcinoma recruit 
inflammatory cells, such as mast cells and macrophages, which 
contribute to angiogenesis.

CONCLUSIONS

  This study suggests that increases numbers of mast cells and 
macrophages may be recruited and activated by malignant 
tumor cells, which contribute to angiogenesis in invasive breast 
carcinomas. Mast cells, however, were correlated with the 
nuclear grade, and also had a significant correlation with the 
estrogen and progesterone receptor stati. Macrophages showed 
a negative correlation with progesterone receptor status. 
Angiogenesis in invasive breast carcinomas had no significant 
association with the accepted prognostic parameters, such as 
tumor size, lymph node status, histological grade, the presence 
of the DCIS component and the estrogen/progesterone receptor 
and c-erbB-2 stati, but had a significant positive correlation 
with the nuclear grade. We think our angiogenesis evaluation 
using the microvessel density does not provide an independent 
clinicopathological factor for invasive breast carcinomas. 
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