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Abstract: The main purpose of this study was to investigate the infiltration of tumor-associated macrophages (TAMs)
in normal and malignant breast tissue and the draining lymph nodes, and to explore its effect on breast cancer
invasion and metastasis. The infiltration densities of TAMs was observed using immunohistochemical staining of
CD68 in 100 cases of breast cancer specimens and its paired adjacent non-cancer breast tissues and draining
lymph modes, and then to evaluate the relation of TAMs to various clinicopathological features including patients
prognosis in breast carcinoma. We observed the infiltration densities of TAMs were significantly higher in breast
carcinoma tissue than in adjacent normal tissue and significantly higher in much larger size and higher stage cases.
Furthermore, infiltration densities of TAMs have negative correlation with the 5-year survival rates of breast cancer
patients. But in matched lymph-nodes, the infiltration densities of TAMs were significantly lower in cancerous meta-
static lymph-node samples than in non-metastatic one. Therefore, our data suggests that TAMs infiltration in prima-
ry tumor promote invasion and lymphatic metastasis of breast cancer and have negative correlation with patients
prognosis in breast cancer, but in lymph-node TAMs may play another role and need further study in the future.
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Introduction

Breast cancer is the most prevalent malignant
disease which seriously affects the physical
and mental health of women, and it is one of
the leading causes of death among women [1,
2]. The prevalence of breast cancer tended to
increase. As the considerable progress in treat-
ment (comprehensive as well as radiation, hor-
monal and targeted therapies) and early detec-
tion, breast cancer mortality decreased for few
years [3]. However, not all patients have bene-
fited from those advances, there are still a part
of patients eventually failed to obtain the effec-
tive treatment, and invasion and metastasis is
still a great challenge in the treatment [4].

As technologies advance, we know more and
more about breast cancer. Many studies have
focused on the ability of tumor cell’s invasion
and metastasis which due to the change of the
cell’s genetic and epigenetic. In recently years,
the tumor microenvironment has been suggest-
ed to play an important role in tumor initiation

and promoting the invasion and metastasis of
malignant tumors including breast cancer, how-
ever, rare data is available in metastatic lymph
nodes. Scholars had made some research work
to find that the number of T cells [5], dendritic
cells [6] and angiogenesis [7] in metastatic
lymph nodes’ microenvironment effect tumor
prognosis.

The tumor microenvironment of malignant
tumors is populated by many cells including
immune cells, stromal cells and the secretion of
the active medium with tumor cells [8], most of
which participate as abettors or double-edged
swords in tumor carcinogenesis. The tumor-
associated macrophages (TAMs) are the pre-
dominant components of the cells in tumor
microenvironment, and it is associated with
poor prognosis of solid tumors. CD68 is the
best marker protein TAMs, and the pan-macro-
phage marker CD68 is now generally utilized in
prognosis prediction in many tumors, like in thy-
roid, pancreatic, lung and hepatocellular cancer
[9].
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Breast cancer metastasis primarily happens
through lymphatic system, where the extent of
lymph node metastasis is the major factor influ-
encing staging, prognosis and therapeutic deci-
sion of the disease. Therefore, it's meaningful
to study the influence of the main cells (TAMSs)
in the microenvironment of lymph node, and
recent studies have showed that the increase
of TAMs within breast tumors of breast cancer
patients correlates with poor prognosis [10].
We speculate that TAMs in primary tumor of
breast cancer and corresponding lymph nodes
may be associated with breast cancer invasion
and lymphatic metastasis. Consequently, in
this paper, we examine the infiltration densities
of TAMs in primary cancer tissue and its paired
adjacent non-cancer breast tissue and corre-
sponding lymph node metastases, and investi-
gate a novel metastasis mechanism involving
tumor-associated macrophages. We found that
TAMs infiltration in primary tumor was signifi-
cantly associated with TNM stages and tumor
sizes, and TAMs infiltration in non-metastatic
lymph-node samples was significantly more
than the cancerous metastatic lymph-node
samples in breast carcinomas. We observed
the 5 years survival rate of patients is signifi-
cantly poorer in tumor primary tissue’'s TAMs
high- infiltration density group than TAMs low-
infiltration ones.

Materials and methods
Tissue samples

All of the tissue sample and clinical data collec-
tion was approved by the Hospital Research
Ethics Committee, and consent was obtained
from all patients prior to conducting the
research. Normal and malignant breast tissue
and the corresponding lymph nodes were
obtained from the Department of Pathology at
the Affiliated the Fifth People’s Hospital of
Shanghai of Fudan University from January 1,
2005 to December 31, 2013. There were 100
patients with invasive breast carcinoma
involved in this study, 48 cases with lymph
node metastasis, 52 cases without lymph node
me-tastasis. The median age of these patients
was 55 years with a range of 28-80 years. The
tumor breast tissues were examined by pathol-
ogists. The formalin-fixed, paraffin-embedded
tissues were sectioned with a microtome into 4
pm sections. The diagnosis and certified
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pathologist were according the World Health
Organization tumor classification criteria.

Immunohistochemistry and antibodies

Immunohistochemical staining was performed
using the streptavidin-perosidase (SP) method.
Paraffin-embedded sections were processed
according to previously published standard lab-
oratory protocol, deparaffinized, dehydrated
and immersed in sodium citrate buffer (PH 6.0),
blocked with 3% hydrogen peroxide for 10 min
at room temperature, rinsed with phosphate-
buffered saline (PBS) for 10 min, pretreated in
a microwave oven for 10 min, then the slides
were incubated at 4°C overnight with monoclo-
nal mouse anti-CD68 (DAKO, Carpinteria, CA,
diluted 1:100 in 10 mM PBS). After the slides
were stained with the 2-step plus Poly-HRP
anti-Rabbit IgG Detection System, the slides
were visualized the reaction with the DAB chro-
mogen, counterstained with haematoxylin and
covered with a glyceringel. PBS was used to
substitute the primary antibody for negative
controls.

Evaluation of immunohistochemical staining

CD68+ TAMs was estimated by counting the
number of CD68+ TAMs by light microscope in
400 times in intensive areas, selected 5
regions from each slice, and the mean of 5
counts was taken. The median value was used
to cut the groups of all immunohistochemical
variables in our data. The patients were then
divided into TAMs high-infiltration group and
low-infiltration group.

5-year follow-up

Pathological and clinical records of all patients
on this study were reviewed periodically.
Patients were followed regularly for 5 years
through visits to the clinic or telephone. All
patients were followed for 5 years or until
death. Overall survival (0S) which measured
death from any case was used for prognostic
analyses.

Statistical analysis

All analyses were performed using the statisti-
cal software SPSS 16.0. The x2 test or Fisher’s
exact test was used to analysis the correlation
of TAMs immunoreactivity with paitents’ clinico-
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Figure 1. Immunohistochemical detection of TAMs (CD68+) in breast cancer tissues. CD68 expression was found
in cytoplasm mainly, positive staining was brown or brown particles. In breast cancer samples, TAMs diffusely or
scattered exist in tumor nest, tumor stroma and peritumoral stroma. A. TAMs high-infiltration in breast cancer speci-
men (x100). B. TAMs high-infiltration in breast cancer specimen (x400). C. TAMs low-infiltration in breast cancer
specimen (x100). D. TAMs low-infiltration in breast cancer specimen (x400).

pathological variables. The Kaplan-Meier meth-
od was used to estimate overall survival. P val-
ues of <0.05 were considered statistically si-
gnificant in all of the analyses.

Results

CD68 immunohistochemical pattern of TAMs
in breast carcinoma

CD68 expression, the pan-macrophage marker,
was found in cytoplasm mainly, positive stain-
ing was brown or brown particles. In breast can-
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cer samples, TAMs (CD68 positive cells) dif-
fusely or scattered exist in tumor nest, tumor
stroma and peritumoral stroma. We counted
the number of TAMs in 5 separated tumor nest,
and the its median number was 61.14+23.76/
high-power field (HFP) in 100 breast cancer
cases. In order to investigate the association
between the density of TAMs and clinical fea-
tures, the breast cancer patients were divided
into high- and low-TAMs density groups based
on median density of TAMs positive cells. As
shown in Figure 1.
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Table 1. Comparison of TAMs infiltration den-
sity in breast cancer and adjacent tissues

TAMs infiltration

Tissue —_———— X2 P value
High Low
Breast cancer 64 36 9.71 0.002
Adjacent 42 58
w 27 P<0.01
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TAMs infiltration density in breast cancer and adjacent tissues

Figure 2. Comparison of TAMs infiltration density in
breast cancer and adjacent tissues, TAMs infiltration
in scattered was observed in breast cancer adjacent
tissues, and its median density was 37.44+29.26/
HFP. In breast cancer samples TAMs diffusely or
scattered exist in tumor nest, tumor stroma and
peritumoral stroma, and the its median number was
61.14+23.76/HFP. TAMs infiltration in breast can-
cer adjacent tissues was significantly less than the
breast cancer tissue one (P < 0.01).

TAMs infiltration in scattered was observed in
breast cancer adjacent tissues, and its median
density was 37.44+29.26/HFP and significant-
ly less than the breast cancer tissue one (P <
0.01, Table 1; Figure 2).

Correlations of TAMs status to clinicopathologi-
cal features

100 patients with invasive breast carcinoma
were included in the study. 60 patients were for
>50 years of age, 40 patients were for <50
years of age. With tumor size distribution, 42
patients were for <2 cm, 42 patients were for
>2 & <5 cm, 16 patients were >5 cm. Among
the patients, 52 patients were lymph node
metastasis-negative, 21 patients with 1-3
lymph node metastasis-positive, 27 patients
with 23 lymph node metastasis-positive. At the
time of diagnosis, 12 patients were at stage |,
41 patients were at stage ll, 47 patients were at
stage IlI&IV. Further detailed clinical informa-
tion is presented in Table 2.

TAMs infiltration was significantly associated
with TNM stages and tumor size (P < 0.05,
Table 2). We found no significant correlations
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between TAMs status and age, lymph node
metastasis.

Correlations of TAMs status to survival time of
breast cancer patient

100 breast cancer patients were divided into
high- and low-density two groups on the basis
of TAMs infiltration. The time of follow-up was
60 months, during the follow-up period 13
patients died of breast cancer; the shortest
survival time was 12 months. The average sur-
vival time was 56.68 months, and five-year sur-
vival rate was 87% for all patients. 5 years sur-
vival rate was respectively 80.3% and 93.8% in
TAMs high-density group and low one, and the
difference was significant (P < 0.05, Table 3).

Using Kaplan-Meier survival analysis, among
the 100 breast cancer patients, TAMs high-infil-
tration in tumor tissues patients experienced
significantly poorer outcomes in terms of over-
all survival (P < 0.05) in comparison with
patients who were TAMs low-infiltration (Figure
3).

CD68 immunohistochemical pattern of TAMs
in lymph nodes

CDG68 expression, the pan-macrophage marker,
was found in cytoplasm mainly, positive stain-
ing was brown or brown particles. In lymph
node samples, TAMs (CD68 positive cells) dif-
fusely or scattered exist in the marginal sinus
and medullary cord (Figure 4). We counted the
number of TAMs in 5 separated marginal sinus.
The median number was 48.67+23.45/HFP in
48 metastatic lymph-node samples, and the
range was 8-98 cells/HPF. TAMs infiltration in
non-metastatic lymph-node samples was ob-
served, and its median density was 119.38+
40.07/HFP and the range was 44-210/HPF,
which was significantly more than the cancer-
ous metastatic lymph-node samples TAMs infil-
tration (P < 0.01, Table 4).

Discussion

In this study, we found that TAMs infiltration in
primary tumor was significantly associated with
TNM stages and tumor size, and TAMs infiltra-
tion in non-metastatic lymph-node samples
was significantly more than the cancerous met-
astatic lymph-node samples in breast carcino-
mas. We observed the infiltration densities of
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Table 2. Correlation between TAMs expression and various clinico-

pathological features

TAMs in primary tumor tissue
correlate negatively withthe 5-

TAMs infiltration

year survival rates of pa-

Variables No. of Cases High Low x?  Pvalue tients with invasive breast
Age carcinomas, and the TAMs
high-infiltration in tumor tis-
<50 40 18 22 sues patients experienced
250 60 33 27 096 0327 significantly poorer out co-
Tumor size mes in terms of overall sur-
<2 42 16 26 vival in comparison with pa-
>2 & <5 42 23 19 tients who were TAMs low-
>5 16 12 4 6.72 0.034 infiltration.
Lymph node metastasis )
0 52 23 29 Breast cancer is the most
B common cancer among wo-
i33 zi 1; ig 252 0984 men wor!dwide [2]. It is has
been paid more and more
TNM stages attention that the microevi-
' 12 2 10 ronment of breast cancer pl-
Il 41 22 19 ay an important role in pro-
N~V A7 27 20 6.56 0.037 moting tumor invasion and

Table 3. Comparison of TAMs infiltration density in breast cancer

and 5-years survival status

metastasis. The tumor mic-
roenvironment has been in-
creasingly considered as a
therapeutic target or bio-

Survi marker for diagnosis and
urvival Status .

TAMs infiltration No. of cases P value prognosis [11]. TAMs are

Alive  Death believed the inhibitors of anti-

High 51 41 10 4.02 0.045 tumor immunity [12]; clinical

Low 49 46 3 evidences compellingly indi-

cate that there is the associa-

tion between high TAMs influx

- 1 “TAMSs low (n=49) and poor prpgnosis in _patients with breast can-

j—\_\_\_ .o cers. There is a analysis has been reported that

- T over 80% of studies on macrophage show a

E TAMs-high (n=51) "+ correlation between macrophage density and

z patient’s poor prognosis [13], and it have been

= ol supported by this study.

§ 0.49 We observed that the infiltration density of

TAMs in primary breast tumor tissue was signifi-

0.2 cantly higher than that in breast cancer adja-

cent tissues, consistent with previous results.

0.0 P<0.05 At the same time, we observed that increased

0 10 20 30 40 50 60 infiltration of TAMs in primary breast tumor tis-

0S (months)

Figure 3. Kaplan-Meier analysis for OS based on
CD68 expression in patients with breast cancer,
TAMs high-infiltration in tumor tissues patients ex-
perienced significantly poorer outcomes in terms
of overall survival in comparison with patients who
were TAMs low-infiltration (P < 0.05). Green: TAMs
low-infiltration in breast cancer specimen. Blue:
TAMs high-infiltration in breast cancer specimen.
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sue along with the increased tumor stage and
size. Therefore, there is a strong association
between increased TMAs infiltration and tumor
invasion. Although the increase of TAMs in
tumor tissues could be a consequence of tumor
invasion, several studies have argued that mac-
rophage-derived factors can enhance invasion
of breast cancer cells via increased angiogen-
esis or activation of tumorigenic signaling [14].

Int J Clin Exp Pathol 2015;8(6):6656-6664
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Figure 4. Immunohistochemical detection of TAMs (CD68+) in lymph node tissues. CD68 expression was found in
cytoplasm mainly, positive staining was brown or brown particles. In lymph node samples, TAMs diffusely or scat-
tered exist in the marginal sinus and medullary cord. A. TAMs high-infiltration in lymph node specimen (x100). B.
TAMs high-infiltration in lymph node specimen (x400). C. TAMs low-infiltration in lymph node specimen (x100) D.
TAMs low-infiltration in lymph node specimen (x400).

Recently, Mahmoud and colleagues [15] have
confirmed the predictive value of TAMs using a
large cohort of patients with breast cancer. In
their study, higher numbers of CD68+ macro-
phages predict worse overall survival. In this
study, we observed the TAMs in breast tumor
tissue infiltration density was negatively corre-
lated with the survival time of patients, the 5
years survival rate of high-density group was
lower. Our data strongly indicated that high-
infiltration of TAMSs is an important factor in pro-
moting tumor cell metastasis in breast carci-
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noma, which was consistent with the research
results in lung cancer [16], colorectal cancer
[17], ovarian cancer [18], classical Hodge lym-
phoma tissues [19].

Macrophages display remarkable plasticity that
allows them to efficiently respond to environ-
mental signals and change their phenotype and
physiology [20]. Macrophages continuously
infiltrate into the tumor microenvironment,
where breast cancer cells and several other gr-
owth factors including CSF-1, IL-3, CCL-2 what

Int J Clin Exp Pathol 2015;8(6):6656-6664
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Table 4. Comparison of TAMs infiltration density in lymph-

node samples

than the cancerous metastatic
lymph-node samples. This outcome

Tissue No. of Cases TAMs

P value is to indicate that the number of

Metastatic 48

Non-metastatic 52 119.38+40.07

48.67+23.45 108.77

<0.01 TAMs in lymph nodes is associated

with the tumor metastasis. Studies

induce macrophages to TAMs. TAMs belongs to
a class of undifferentiated macrophages, with
a high degree of plasticity, in different tumors,
different parts, and even the same kind of
tumor in different growth stage, the TAMs phe-
notypic expression level of membrane mole-
cules and cytokines are not the same.

Macrophages are generally differentiated into
classically activated macrophages (M1) or
alternatively activated macrophages (M2). M1
macrophages have a high bactericidal and
tumoricidal capacity. M2 is involved with pro-
motion of tissue remodeling and pro-tumor
functions [21]. Both M1 and M2 can infiltrate
into tumor sites and secret cytokines what reg-
ulate the tumor evolution and development
direction. TAMs are heterogeneous population;
distinct subsets perform distinct functions
[22]. Naturally raised TAMs are biased towards
the M2 type, it has been established that M2
macrophages are linked to the growth, angio-
genesis, migration and invasion of a variety of
cancers [23]. Either depletion of TAMs or rever-
sion of their phenotype (M2 to M1) has been
demonstrated to reject tumor progression in
mouse models of breast cancer [6]. However,
some macrophages exhibit both the M1 and
M2 behaviors, which depend on the certain
physiological and pathological conditions and
the microenvironment [24].

Distant metastasis is the most important char-
acteristics of malignant tumor; lymph node is
most easily organs. It has an important signifi-
cance to observe the variety of TAMs in the
lymph node. Currently, the researches on the
lymph mode of breast tumor are mainly con-
centrated in the change of the number and
function of T-cells, B-cells, natural killer (NK)
cells and dendritic cells (DC). DC and macro-
phages comprise the major types of antigen
presenting cells (APC) in the lymph node, the
majority of scholars believe that less numbers
of DC in lymph nodes predict the more easily
metastasis breast cancer [6]. In this study, we
found TAMs infiltration in non-metastatic
lymph-node samples was significantly more
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in mice have shown that DC in the
tumor-draining lymph nodes (TDLN) is very poor
stimulators of T-cells [25], its function is inhib-
ited. In the lymph nodes, the main function of
macrophage is phagocytes, and function as a
kind of APC in the immune response. Since
there is not result about the function of TAMs in
lymph node, we hypothesis that the function of
TAMs in lymph nodes was suppressed, and had
different phenotype and function with the pri-
mary tumor. However, this theory need to be
further investigated.

Breast cancer is a systemic disease has been a
broad consensus, and current treatment main-
ly depends on operation excision, local treat-
ment with radiotherapy and chemotherapy,
some patients with hormone treatment, and
the mortality rate has not been effectively con-
trolled, the development of new therapeutic
method is required. To investigate the role of
TAMs, the tumor microenvironment main in-
flammatory cells, infiltrate in breast and the
influence in metastasis, is of positive signifi-
cance. As a matter of fact, TAMs have now been
considered as potential targets for adjuvant
therapy [26].

In conclusion, high-infiltration of TAMs correlat-
ed with shorter survival in patients with breast
carcinoma, and high-infiltration of TAMs was
associated with high-TNM stage and tumor
size. TAMs infiltration in non-metastatic lymph-
node samples was significantly more than the
cancerous metastatic lymph-node samples.
Our results suggest that TAMs are a negative
predictor of breast carcinoma and that TAMs
could emerge as an attractive new drug target
in the treatment of breast carcinoma.
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