
Int J Clin Exp Pathol 2017;10(2):1738-1746
www.ijcep.com /ISSN:1936-2625/IJCEP0034620

Original Article
Tumor-associated macrophages  
(TAMs) and tumor-infiltrating lymphocytes  
(TILs) in pretherapeutic breast cancer core  
biopsies: Anti-tumoral effect of immune cells  
associated with neoadjuvant chemotherapy

Nara Yoon1, Kang Min Han2, Soo Youn Cho3, Seok Won Kim4, Jeong Eon Lee4, Seok Jin Nam4, Eun Yoon 
Cho3

1Department of Pathology, The Catholic University of Korea Incheon St. Mary’s Hospital, The Catholic University 
of Korea, Incheon, Korea; 2Department of Pathology, Dongguk University Ilsan Hospital, Goyang, Korea; 3Depart-
ments of Pathology and Translational Genomics, Samsung Medical Center, Sungkyunkwan University School of 
Medicine, Seoul, Korea; 4Department of Surgery, Samsung Medical Center, Sungkyunkwan University School of 
Medicine, Seoul, Korea

Received June 28, 2016; Accepted July 15, 2016; Epub February 1, 2017; Published February 15, 2017

Abstract: Purpose: Infiltration of immune cells may be associated with response to chemotherapy. To assess the 
relationship between tumor-associated macrophages (TAMs) or tumor-infiltrating lymphocytes (TILs) and short-term 
response to neoadjuvant chemotherapy (NAC), we analyzed TAM/TILs in pre-NAC breast cancer core biopsy (PNB) 
and their therapeutic contribution to the effectiveness of NAC based on the curative surgical specimen after NAC. 
Methods: In 154 neoadjuvant cohort cases of primary invasive breast cancer, we immunohistochemically mea-
sured subtypes (M1 and M2) of TAMs and histologically valued stromal TILs in PNB samples and assessed their 
correlation with tumor response by pathologic complete response (pCR) and clinicopathological charateristics. 
Results: Although higher CD163-positive M2 score was significantly associated with aggressive clinicopathological 
features including older age (≥45) (P=0.041), higher tumor grade (P≤0.001), higher Ki-67 proliferative index (≥20%) 
(P<0.001), ER negativity (P<0.001), PR negativity (P<0.001) and triple negative type (P=0.023), it was associated 
with better NAC outcome such as smaller post-NAC tumor size (<1.5 cm) (P=0.007), low post-NAC pathologic T 
stages (P=0.021), absence of post-NAC nodal metastasis (P=0.048) and more frequent pCR (P=0.018). High TIL 
score was also related to smaller post-NAC tumor size (<1.5 cm) (P=0.021), low post-NAC pathologic T stages 
(P=0.003) and high pCR rate (P=0.037). Conclusion: A greater number of TAMs and TILs in the pretherapeutic core 
biopsy specimen were associated with better outcome after NAC for breast cancer and have antitumoral effect as-
sociated with NAC.
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Introduction

Breast cancer is the most common cancer and 
the leading cause of death in women worldwide 
[1-4]. The microenvironment of the breast, com-
posed of adipocytes, fibroblasts, inflammatory 
cells, endothelial cells, and extracellular matrix, 
plays a crucial role in breast cancer develop-
ment. Among those components, tumor-associ-
ated macrophages (TAMs) and tumor-infiltrat-
ing lymphocytes (TILs) have recently been high-
lighted as prognostic markers and potential 
targets for adjuvant therapy [1, 2].

TAMs act like a double-edged sword, in that 
they can suppress tumor cells and yet also  
produce cytokines that promote tumor progre- 
ssion [5-7]. Macrophages have plasticity and 
can change their phenotype depending on the 
microenvironment. M1 macrophages (HLA-DR-
positive by immunohistochemistry [5]) are char-
acterized by high expression of pro-inflammato-
ry factors and exhibit high microbicidal and 
tumoricidal activity. M2 macrophages (CD163-
positive by immunohistochemistry [5]) are im- 
munosuppressive and produce high levels of 
anti-inflammatory cytokines and low levels of 



TAM and TIL in breast cancer as predictor of neoadjuvant chemotherapy

1739	 Int J Clin Exp Pathol 2017;10(2):1738-1746

pro-inflammatory cytokines. TAMs are charac-
terized mainly by M2 macrophages [2], which 
convey mostly pro-tumor functions that pro-
mote tumor growth, proliferation and metasta-
sis [1, 2, 5, 8]. In contrast, some reports have 
described that TAMs with an M1 phenotype dis-
play tumoricidal behavior and inhibit tumor pro-
gression [1, 2].

TILs are known to be involved in killing tumor 
cells and are often associated clinically with 
better outcomes. According to previous stud-
ies, stromal TIL have antitumor activity and a 
favorable prognostic effect in breast cancer 
[9-14]. 

Neoadjuvant chemotherapy (NAC) is increas-
ingly used in breast cancer to facilitate con-
serving surgery, initiate early systemic treat-
ment, and assess response to chemothera-
pies. However, not all patients respond to NAC, 
and factors determining clinical response have 
not yet been defined. TILs appear to be an inde-
pendent predictor of NAC response [12, 15], 
but whether TAMs in breast carcinoma tissue 

surgical treatment. Among them, 76 (49.4%) 
patients were treated with conserving surgery 
followed by radiation therapy and 78 (50.6%) 
with modified radical mastectomy (n=74) or 
total radical mastectomy (n=4). 

Clinical data were retrospectively reviewed 
based on electronic medical records, and 
pathologic diagnoses were re-reviewed by two 
pathologists (Yoon N and Cho EY). Tumor stage 
was determined according to the 7th Edition  
of the AJCC Cancer Staging Manual. 

Clinicopathologic characteristics were assess- 
ed, including age at diagnosis, histologic grade, 
tumor type, tumor size, lymph node stage, 
Ki-67 proliferative index and protein expression 
of ER, PR, and HER2. Chemo-response was 
evaluated with the achievement of pathologic 
complete response (pCR). pCR was defined as 
the absence of residual invasive tumor cells in 
both breast and lymph nodes after NAC and 
has been associated with favorable clinical out-
come. In this study, surgically resected speci-
mens revealed pCR in 19 cases and a failure to 

Figure 1. Immunohistochemistry slides of CD163-positive TAMs scored by 
infiltration density in tumor nests and stroma: A: Grade 1, no/low; B: Grade 
2, moderate; C: Grade 3, high; D: Grade 4, massive (×200).

predict the response of pa- 
tients to NAC in breast can- 
cer remains unclear. 

In this study, we analyzed the 
clinicopathologic characteris-
tics and therapeutic effect  
of different subtypes of TAMs 
(M1 and M2) and stromal TILs 
in pre-NAC core biopsy (PNB) 
specimens. 

Methods

Patients

We retrospectively reviewed 
the records of 154 patients 
with primary invasive breast 
cancer who received a se- 
quential schedule of NAC 
from 2005 to 2011 at Sam- 
sung Medical Center, Seoul, 
Korea. Inclusion criteria were: 
1) histologically confirmed in- 
vasive carcinoma on PNB and 
2) NAC with Anthracycline 
and/or Taxane-based chemo-
therapy regimen. After NAC, 
all patients received standard 
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respond (non-pCR) to NAC in 135 cases. The 
mean follow-up time was 48 months. Twenty-
eight (18.2%) patients died of disease and 126 
(81.8%) patients were alive; among the 126 
patients, 8 (5.2%) experienced recurrence, and 
43 (27.9%) had metastasis. 

Biopsy samples were obtained 7-17 days before 
the start of NAC, and 3 mm wide serial sections 
of the biopsy samples were cut, fixed in 10% 
neutral buffered formalin solution, embedded 
in paraffin, stained with hematoxylin-eosin, and 
then evaluated for histology by pathologists.

The study was approved by Institutional Review 
Board of Samsung Medical Center (IRB No: 
2015-11-115-001). All investigations were con-
ducted according to the principles expressed in 
the Declaration of Helsinki.

Immunohistochemistry and assessment of 
TAMs and TILs

Formalin-fixed and paraffin-embedded tissue 
of 154 PNB was used for evaluation of TAMs 
and TILs. 

formed using the DAKO EnvisionTM system 
(EnvisionTM, DAKO).

All slides were evaluated by two pathologists 
(Yoon N and Cho EY) who had no access to the 
clinical data. In case of disagreement, the 
slides were re-examined until a consensus was 
reached. For evaluation of TAMs, CD163 and 
HLA-DR staining was scored from 1 to 4 by the 
infiltration density in tumor nests and stroma: 
1, no/low; 2, moderate; 3, high; and 4, massive 
(Figures 1 and 2). 

Analysis of TILs was performed on hematoxylin 
and eosin-stained sections. TILs were defined 
as lymphocytes located within the stroma. The 
density of TILs was scored into 3 categories as: 
0, no TILs positive infiltrate; 1, low and 2, high 
(Figure 3).

Immunohistochemistry and Evaluation for ER, 
PR, Ki-67, and HER2

Additional immunohistochemistry for ER, PR, 
HER2, and Ki-67 was also conducted using 
standard procedures. Serial sections of forma-
lin-fixed and paraffin-embedded tumor tissues 

Figure 2. Immunohistochemistry slides of HLA-DR positive TAMs scored by 
infiltration density in tumor nests and stroma: A: Grade 1, no/low; B: Grade 
2, moderate; C: Grade 3, high; D: Grade 4, massive (×200).

The distribution and density 
of TAM subtypes M1 and M2 
in PNB samples were evaluat-
ed by immunohistochemistry 
for HLA-DR and CD163. Im- 
munostaining was done on  
4 um thick sections of for- 
malin-fixed and paraffin-em- 
bedded tissue according to 
standard procedures. The se- 
ctions were subsequently de- 
paraffinized using graded al- 
cohol and xylene. Antigen re- 
trieval reactions were per-
formed in a steamer in citrate 
buffer of pH 10 for 25 min-
utes. H2O2 (3%) solution was 
applied to block endogenous 
peroxides at room tempera-
ture for 5 minutes. The sec-
tions were stained with anti-
bodies against CD163 (dilu-
tion 1:200; Novocastra, New- 
castle, UK) and HLA-DR (dilu-
tion 1:200; DAKO, CA, USA). 
Sections were counterstain- 
ed with Mayer’s hematoxylin 
solution for the identification 
of nuclei. Detection was per-
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were stained using antibodies to ER (clone 
6F11, Novocastra), PR (clone 16, Novocastra), 
Ki-67 (clone MIB-1, Dako, Glostrup, Denmark), 
and HER2 (clone 4B5, Ventana Medical Sys- 
tems Inc., Tucson, AZ, USA) according to the 
manufacturer’s instructions. ER and PR ex- 
pression was analyzed using ASCO/CAP guide-
lines of a threshold of 1% and also evaluated  
by Allred score, a semi-quantitative method. 
HER2 expression was defined according to 
ASCO/CAP guidelines. IHC grades of 0 and 1  
for HER2 were defined as negative, and HER2 
3+ tumors were considered HER2 positive. All 
HER2 2+ cases were confirmed by Fluoresc- 
ence in-situ hybridization (FISH) using a dual-
color probe DNA-specific probe kit from Path- 
VisionTM (Abbott/Vysis: LSI® HER2 Spectrum- 
OrangeTM and CEP 17 SpectrumGreenTM, Des 
Plaines, IL, USA). Tumors with HER2 FISH ampli-
fication of more than 2.0 HER2/CEP17 ratios 
were considered HER2 positive.

Molecular subtypes were defined as follows by 
the definition of St Gallen International Expert 
Consensus 2011 [16]. Luminal A subtype: ER 
and/or PR positive and HER2 negative with low 
Ki-67 labeling index (<14%); Luminal B subtype: 
ER and/or PR positive and HER2 positive with 
any Ki-67 labeling index or ER and/or PR posi-
tive and HER2 negative with high Ki-67 labeling 
index (≥14%); HER2 positive subtype: HER2 
over-expressed or amplified and ER, PR nega-
tive; Triple negative subtype: ER and PR absent 
and HER2 negative.

Statistical analysis

Statistical analysis was performed using SPSS 
20.0 statistical software (SPSS, Chicago, IL, 

USA). Correlation analyses between M1 TAMs, 
M2 TAMs, or TILs in PNB samples and clini- 
copathologic parameters were done using 
Pearson’s chi-square test. A p-value of <0.05 
was regarded as significant. The probability  
of pCR as a function of inflammatory para- 
meters was determined by logistic regression 
analysis.

Results

Patient characteristics

The average age at diagnosis was 46.8 years 
(range from 26 to 73 years) with surgical stag-
ing from ypT0 to ypT4. Nodal stage was variable 
from ypN0 to ypN3. ER was expressed in 79 
(51.3%) of 154 patients and not in 75 (48.7%). 
PR was expressed in 65 (42.2%) of 154 pa- 
tients and not in 89 (57.8%). HER2 was ex- 
pressed in 63 (40.9%) of 154 patients and  
not in 91 (59.1%). As for molecular subtype,  
27 (17.5%) cases were luminal A, 54 (35.1%) 
cases were luminal B, 31 (20.1%) cases were 
HER2-positive, and 42 (27.3%) cases were tri-
ple negative.

Expression of the M2 macrophage marker 
CD163 and M1 macrophage marker HLA-DR 
in breast cancer

Macrophages were stained in cytoplasm str- 
ongly and diffusely by CD163 and HLA-DR. For 
CD163-positive M2 TAM staining, 58 (37.7%) 
patients were graded 1+, 53 (34.4%) patients 
were graded 2+, 30 (19.5%) patients were  
graded 3+ and 13 (8.4%) patients were gra- 
ded 4+. For HLA-DR positive M1 TAM staining, 
13 (8.4%) patients were graded 1+, 81 (52.6%) 

Figure 3. H&E slides of lymphocytes located within the stroma scored by infiltration density: A: Grade 0, no TILs posi-
tive infiltrate; B: Grade 1, low; C: Grade 3, high (×200).
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Table 1. Relationships between CD163-positive TAM in PNB and clini-
copathological characteristics

Characteristics
CD163 grade No. (%)

P-value
1 2 3 4

Age
    <45 32 (55.2) 23 (43.4) 11 (36.7) 4 (30.8) 0.041
    ≥45 26 (44.8) 30 (56.6) 19 (63.3) 9 (69.2)
Post-NAC tumor size
    <1.5 cm 19 (32.8) 18 (34.0) 14 (46.7) 10 (76.9) 0.007
    ≥1.5 cm 39 (67.2) 35 (66.0) 16 (53.3) 3 (23.1)
Nuclear grade
    1 15 (31.9) 5 (9.4) 1 (3.3) 1 (7.7) <0.001
    2 37 (63.8) 28 (52.8) 14 (46.7) 5 (38.5)
    3 6 (10.3) 20 (37.7) 15 (50.0) 7 (53.8)
Post-NAC LN metastasis
    Absent 24 (41.4) 21 (39.6) 12 (40.0) 8 (61.5) 0.048
    Present 34 (58.6) 32 (60.4) 18 (60.0) 5 (38.5)
Ki-67
    <20% 23 (39.7) 14 (26.4) 7 (23.3) 1 (7.7) <0.001
    ≥20% 35 (60.3) 39 (73.6) 23 (76.7) 12 (92.3)
ypT stage
    ypT0 4 (6.9) 7 (13.2) 7 (23.3) 5 (38.5) 0.021
    ypTis 5 (8.6) 2 (3.8) 0 (0.0) 0 (0.0)
    ypT1 18 (31.0) 15 (28.3) 9 (30.0) 6 (46.2)
    ypT2 19 (32.8) 15 (28.3) 7 (23.3) 2 (15.4)
    ypT3 or 4 12 (20.7) 14 (26.4) 7 (23.3) 0 (0.0)
ER expression
    Negative 15 (25.9) 31 (58.5) 19 (63.3) 10 (76.9) <0.001
    Positive 43 (58.6) 22 (41.5) 11 (36.7) 3 (23.1)
PR expression
    Negative 22 (37.9) 35 (66.0) 21 (40.0) 10 (76.9) <0.001
    Positive 36 (62.1) 18 (34.0) 9 (60.0) 3 (23.1)
HER2 expression
    Negative 33 (56.9) 34 (64.2) 16 (53.3) 8 (61.5) 0.975
    Positive 25 (43.1) 19 (35.8) 14 (46.7) 5 (38.5)
Type
    Non-triple negative 50 (86.2) 35 (66.0) 19 (63.3) 8 (61.5) 0.023
    Triple negative 8 (13.8) 18 (34.0) 11 (36.7) 5 (38.5)

patients were graded 2+, 48 (31.2%) patients 
were graded 3+ and 12 (7.8%) patients were 
graded 4+.

Table 1 shows the correlations between CD-163 
positive TAMs in PNB and clinicopathologic vari-
ables. A high score of CD-163 positive TAMs in 
PNB correlated with old age (≥45) (P=0.041), 
high nuclear grade (P<0.001), and high Ki-67 
proliferative index (≥20%) (P<0.001) and was 
associated with ER negativity (P<0.001), PR 

In the scoring of TILs, 40 (26.0%) patients  
were graded 0, 81 (52.6%) were graded 1+, and 
33 (21.4%) were graded 2+. The correlations 
between TILs of PNB and clinicopathologic vari-
ables are summarized in Table 3. A high TILs 
score of PNB was correlated with ER negativity 
(P=0.002), PR negativity (P=0.005), smaller 
post-NAC tumor size (<1.5 cm) (P=0.021), and 
low post-NAC pathologic T stages (P=0.003). 
Age, nuclear grade, Ki-67 proliferative index, 
post-NAC nodal status, HER2 expression and 

negativity (P<0.001) and 
triple negative type (P= 
0.023). In addition, a high 
score of CD-163 positive 
TAMs in PNB was corre-
lated with smaller post-
NAC tumor size (<1.5  
cm) (P=0.007), low post-
NAC pathologic T stages 
(P=0.021) and absence  
of post-NAC nodal me- 
tastasis (P=0.048). HER2 
expression was not sig- 
nificantly correlated with 
CD-163 positive TAMs in 
PNB.

Table 2 demonstrates  
the correlations between 
HLA-DR positive TAMs in 
PNB and clinicopatholo- 
gic variables. A high score 
of HLA-DR positive TAMs 
in PNB was correlated 
with ER negativity (P= 
0.004), PR negativity (P= 
0.044), smaller post-NAC 
tumor size (<1.5 cm) (P= 
0.001), and low post-NAC 
pathologic T stages (P= 
0.012). Age, nuclear gra- 
de, Ki-67 proliferative in- 
dex, post-NAC nodal sta-
tus, HER2 expression and 
triple negative type were 
not significantly correlat-
ed with HLA-DR positive 
TAMs in PNB.

Evaluation of TILs and 
association with clinico-
pathologic characteristics
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Table 2. Relationships between HLA-DR-positive TAM in PNB and clini-
copathological characteristics

Characteristics
HLA-DR grade No. (%)

P-value
1 2 3 4

Age
    <45 7 (53.8) 41 (50.6) 15 (31.3) 7 (58.3) 0.299
    ≥45 6 (46.2) 40 (49.4) 33 (68.8) 5 (41.7)
Post-NAC tumor size
    <1.5 cm 4 (30.8) 18 (22.2) 23 (47.9) 8 (66.7) 0.001
    ≥1.5 cm 9 (69.21) 63 (77.8) 25 (52.1) 4 (33.3)
Nuclear grade
    1 1 (7.7) 14 (17.3) 5 (10.4) 2 (16.7) 0.618
    2 10 (76.9) 40 (49.4) 28 (58.3) 6 (50.0)
    3 2 (15.4) 27 (33.3) 15 (31.3) 4 (33.3)
Post-NAC LN metastasis
    Absent 10 (76.9) 51 (63.0) 40 (83.3) 10 (83.3) 0.074
    Present 3 (23.1) 30 (37.0) 8 (16.7) 2 (16.7)
Ki-67
    <20% 2 (15.4) 29 (35.8) 11 (22.9) 3 (25.0) 0.597
    ≥20% 11 (84.6) 52 (64.2) 37 (77.1) 9 (75.0)
ypT stage
    ypT0 1 (7.7) 10 (12.3) 9 (18.8) 3 (25.0) 0.012
    ypTis 1 (7.7) 4 (4.9)  1 (2.1) 1 (8.3)
    ypT1 4 (30.8) 21 (25.9) 18 (37.5) 5 (41.7)
    ypT2 2 (15.4) 26 (32.1) 13 (27.1) 2 (16.7)
    ypT3 or 4 5 (38.5) 20 (24.7) 7 (14.6) 1 (8.3)
ER expression
    Negative 3 (23.1) 37 (45.7) 25 (52.1) 10 (83.3) 0.004
    Positive 10 (76.9) 44 (54.3) 23 (47.9) 2 (16.7)
PR expression
    Negative 6 (46.2) 42 (51.9) 31 (64.6) 9 (75.0) 0.044
    Positive 7 (53.8) 39 (48.1) 17 (35.4) 3 (25.0)
HER2 expression
    Negative 8 (61.5) 46 (56.8) 31 (64.6) 6 (50.0) 0.976
    Positive 5 (38.5) 35 (43.2) 17 (35.4) 6 (50.0)
Type
    Non-triple negative 11 (84.6) 63 (77.8) 30 (62.5) 8 (66.7) 0.057
    Triple negative 2 (15.4) 18 (22.2) 18 (37.5) 4 (33.3)

triple negative type were not significantly cor-
related with TIL score of PNB. 

Correlation between TAMs/TILs and chemo-
response

Table 4 shows the correlation between TAMs 
and TILs of PNB and pCR rate to chemotherapy. 
A high score of CD-163 positive TAMs and TILs 
in PNB correlated with a high pCR rate (P=0.018 
and P=0.037, respectively). HLA-DR positive 

more positive lymph nodes [18-22]. We found 
that a high TAM score of PNB was correlated 
with ER and PR negativity. We also revealed 
that higher M2 macrophage (CD163-positive 
TAMs) scores of PNB were related aggressive 
clinicopathological features including older age 
(≥45), higher tumor grade, higher Ki-67 prolif-
erative index (≥20%) and triple negative type.

It has been known that a greater density of 
TAMs is associated with higher tumor stage 

TAMs of PNB were not  
correlated with pCR rate 
(P=0.062). In the multi-
variate analysis combined 
with subtype, a high TAM 
or TIL score of PNB was 
not an independent pre-
dictive factor of pCR.

Discussion 

Improvement of breast 
cancer prognosis requires 
the development of new 
prognostic and predic- 
tive markers for therapy 
capable of selecting pa- 
tients most likely to be- 
nefit from chemotherapy. 
PNB offer an excellent sa- 
mple for the analysis of 
predictive markers [12].

Although the role of tumor 
microenvironment, espe-
cially TILs and TAMs, is 
becoming more apparent 
in breast cancer, the prog-
nostic effect of TILs and 
TAMs is still poorly defin- 
ed [17]. Accordingly, we 
examined the presence  
of TAMs and TILs in PNB 
samples from 154 breast 
cancer patients.

The presence of a large 
number of TAMs has been 
reported to be associ- 
ated with hormone re- 
ceptor negativity, higher 
mitotic count, higher tu- 
mor grade, larger tumor 
size, higher stage, and 
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Table 3. Relationships between tumor-infiltrating lympho-
cytes in PNB and clinicopathological characteristics

Characteristics
TIL grade No. (%)

P-value
0 1 2

Age
    <45 16 (40.0) 38 (46.9) 16 (48.5) 0.455
    ≥45 24 (60.0) 43 (53.1) 17 (51.5)
Post-NAC tumor size
    <1.5 cm 10 (25.0) 26 (32.1) 17 (51.5) 0.021
    ≥1.5 cm 30 (75.0) 55 (67.9) 16 (48.5)
Nuclear grade
    1 5 (12.5) 14 (17.3) 3 (9.1) 0.1
    2 28 (70.0) 39 (48.1) 17 (51.5)
    3 7 (17.5) 28 (34.6) 13 (39.4)
Post-NACLN metastasis
    Absent 24 (60.0) 63 (77.8) 24 (40.0) 0.189
    Present 16 (40.0) 18 (22.2) 9 (60.0)
Ki-67
    <20% 12 (30.0) 26 (32.1) 7 (21.2) 0.448
    ≥20% 28 (70.0) 55 (67.9) 26 (78.8)
ypT stage
    ypT0 5 (12.5) 10 (12.3) 8 (24.2) 0.003
    ypTis 1 (2.5) 4 (4.9) 2 (6.1)
    ypT1 9 (22.5) 25 (30.9) 14 (42.4)
    ypT2 13 (32.5) 23 (28.4) 7 (21.2)
    ypT3 or 4 12 (30.0) 19 (23.5) 2 (6.1)
ER expression
    Negative 14 (35.0) 37 (45.7) 24 (72.7) 0.002
    Positive 26 (65.0) 44 (54.3) 9 (27.3)
PR expression
    Negative 18 (45.0) 44 (54.3) 26 (78.8) 0.005
    Positive 22 (55.0) 37 (45.7) 7 (21.2)
HER2 expression
    Negative 23 (57.5) 51 (63.0) 17 (51.5) 0.658
    Positive 17 (42.5) 30 (37.0) 16 (40.9)
Type
    Non-triple negative 31 (77.5) 60 (74.1) 21 (63.6) 0.23
    Triple negative 9 (22.5) 18 (34.0) 12 (36.4)

and nodal metastasis [8, 22, 23]. However, 
CD163-positive M2 TAMs from PNB were cor-
related with smaller post-NAC tumor size, low 
post-NAC pathologic T stage and negative post-
NAC nodal status and showed more frequent 
pCR in our study. HLA-DR-positive M1 TAMs 
scores of PNB were also correlated with smaller 
post-NAC tumor size and low post-NAC patho-
logic T stage. This result suggests that when 
chemotherapy is applied TAMs have anti-tumor-
al properties and may be a sensitive predictor 
of chemotherapy effectiveness. 

immunologic therapeutic agents and classical 
chemotherapy to improve NAC response rates. 
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In addition, high TIL score of PNB was 
correlated with smaller post-NAC 
tumor size, lower post-NAC pathologic 
T stage and higher pCR rate. These 
results support a previous hypothesis 
of Denkert et al. that TILs enhance 
chemo-agents to eliminate cancer 
cells and are a predictor of response 
to NAC [12]. 

We observed a significant associ- 
ation of TAMs and TILs in PNB with  
ER and PR negativity. Calabro et al. 
discovered that immune response 
genes are over-expressed more fre-
quently in ER-negative compared to 
ER-positive breast cancer [4, 25], 
suggesting that ER might have an 
inhibitory effect on immune response 
[25]. 

In this study, infiltration density of  
M1 and M2 TAMs tend to go along 
with that of TILs (P<0.001) suggest-
ing that humoral immune reaction 
against tumor occurred simultane-
ously through complex and diverse 
process. TAMs can switch pheno- 
type and interact with TILs according 
to the stage of tumor development 
[26-28].

The present study was limited by  
the small number of cases of each 
molecular subtype. There is no pCR 
case in lumnal A subgroup, thus, we 
statistically failed to figure out that 
TAMs and TILs are independent pre-
dictive factors for pCR. 

In summary, TAMs and TILs in PNB 
have an anti-tumoral effect in breast 
cancer associated with NAC. Our re- 
sult suggests possible new thera- 
peutic approaches using combined 
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Table 4. Relationships between TAMs/TILs in 
PNB and pCR

pCR No. (%)
P-value

Complete Incomplete
CD163 grade
    1 4 (6.9) 54 (93.1) 0.018
    2 6 (11.3) 47 (88.7)
    3 5 (16.7) 25 (83.3)
    4 4 (30.8) 9 (69.2)
HLA-DR grade
    1 1 (7.7) 12 (92.3) 0.062
    2 7 (8.6) 74 (91.4)
    3 8 (16.7) 40 (83.3)
    4 3 (25.0) 9 (75.0)
TILs grade
    0 3 (7.5) 37 (92.5) 0.037
    1 8 (9.9) 73 (90.1)
    2 8 (24.2) 25 (75.8)

+82-2-3410-2796; +82-2-3410-2817; Fax: +82-2-
3410-0025; E-mail: eunyoon.cho@samsung.com 
(EYC); sooyoun.cho@samsung.com (SYC); Kang Min 
Han, Department of Pathology, Dongguk University 
Ilsan Hospital, 27 Dongguk-ro, Ilsandong-gu, Go- 
yang, Gyeonggi-do 10326, Korea. Tel: +82-31-961-
7933; Fax: +82-31-961-7939; E-mail: kiekie53@
hanmail.net

References

[1]	 Tang X. Tumor-associated macrophages as po-
tential diagnostic and prognostic biomarkers 
in breast cancer. Cancer Lett 2013; 332: 3-10.

[2]	 Xuan QJ, Wang JX, Nanding A, Wang ZP, Liu H, 
Lian X and Zhang QY. Tumor-associated macro-
phages are correlated with tamoxifen resis-
tance in the postmenopausal breast cancer 
patients. Pathol Oncol Res 2014; 20: 619-624.

[3]	 Ding J, Jin W, Chen C, Shao Z and Wu J. Tumor 
associated macrophage x cancer cell hybrids 
may acquire cancer stem cell properties in 
breast cancer. PLoS One 2012; 7: e41942.

[4]	 Chen Z, Chen X, Zhou E, Chen G, Qian K, Wu X, 
Miao X and Tang Z. Intratumoral CD8(+) cyto-
toxic lymphocyte is a favorable prognostic 
marker in node-negative breast cancer. PLoS 
One 2014; 9: e95475.

[5]	 Obeid E, Nanda R, Fu YX and Olopade OI. The 
role of tumor-associated macrophages in 
breast cancer progression (review). Int J Oncol 
2013; 43: 5-12.

[6]	 Galdiero MR, Bonavita E, Barajon I, Garlanda 
C, Mantovani A and Jaillon S. Tumor associat-
ed macrophages and neutrophils in cancer. 
Immunobiology 2013; 218: 1402-1410.

[7]	 Mahmoud SM, Paish EC, Powe DG, Macmillan 
RD, Grainge MJ, Lee AH, Ellis IO and Green AR. 
Tumor-infiltrating CD8+ lymphocytes predict 
clinical outcome in breast cancer. J Clin Oncol 
2011; 29: 1949-1955.

[8]	 Mahmoud SM, Lee AH, Paish EC, Macmillan 
RD, Ellis IO and Green AR. Tumour-infiltrating 
macrophages and clinical outcome in breast 
cancer. J Clin Pathol 2012; 65: 159-163.

[9]	 Loi S, Michiels S, Salgado R, Sirtaine N, Jose V, 
Fumagalli D, Kellokumpu-Lehtinen PL, Bono P, 
Kataja V, Desmedt C, Piccart MJ, Loibl S, 
Denkert C, Smyth MJ, Joensuu H and Sotiriou 
C. Tumor infiltrating lymphocytes are prognos-
tic in triple negative breast cancer and predic-
tive for trastuzumab benefit in early breast 
cancer: results from the FinHER trial. Ann 
Oncol 2014; 25: 1544-1550.

[10]	 West NR, Milne K, Truong PT, Macpherson N, 
Nelson BH and Watson PH. Tumor-infiltrating 
lymphocytes predict response to anthracy-
cline-based chemotherapy in estrogen recep-
tor-negative breast cancer. Breast Cancer Res 
2011; 13: R126.

[11]	 Ono M, Tsuda H, Shimizu C, Yamamoto S, 
Shibata T, Yamamoto H, Hirata T, Yonemori K, 
Ando M, Tamura K, Katsumata N, Kinoshita T, 
Takiguchi Y, Tanzawa H and Fujiwara Y. Tumor-
infiltrating lymphocytes are correlated with re-
sponse to neoadjuvant chemotherapy in triple-
negative breast cancer. Breast Cancer Res 
Treat 2012; 132: 793-805.

[12]	 Denkert C, Loibl S, Noske A, Roller M, Muller 
BM, Komor M, Budczies J, Darb-Esfahani S, 
Kronenwett R, Hanusch C, von Torne C, 
Weichert W, Engels K, Solbach C, Schrader I, 
Dietel M and von Minckwitz G. Tumor-asso- 
ciated lymphocytes as an independent pre- 
dictor of response to neoadjuvant chemo- 
therapy in breast cancer. J Clin Oncol 2010; 
28: 105-113.

[13]	 Loi S, Sirtaine N, Piette F, Salgado R, Viale G, 
Van Eenoo F, Rouas G, Francis P, Crown JP, 
Hitre E, de Azambuja E, Quinaux E, Di Leo A, 
Michiels S, Piccart MJ and Sotiriou C. 
Prognostic and predictive value of tumor-infil-
trating lymphocytes in a phase III randomized 
adjuvant breast cancer trial in node-positive 
breast cancer comparing the addition of 
docetaxel to doxorubicin with doxorubicin-
based chemotherapy: BIG 02-98. J Clin Oncol 
2013; 31: 860-867.

[14]	 Adams S, Gray RJ, Demaria S, Goldstein L, 
Perez EA, Shulman LN, Martino S, Wang M, 
Jones VE, Saphner TJ, Wolff AC, Wood WC, 
Davidson NE, Sledge GW, Sparano JA and 
Badve SS. Prognostic value of tumor-infiltrat-
ing lymphocytes in triple-negative breast can-
cers from two phase III randomized adjuvant 
breast cancer trials: ECOG 2197 and ECOG 
1199. J Clin Oncol 2014; 32: 2959-2966.

mailto:eunyoon.cho@samsung.com
mailto:sooyoun.cho@samsung.com


TAM and TIL in breast cancer as predictor of neoadjuvant chemotherapy

1746	 Int J Clin Exp Pathol 2017;10(2):1738-1746

[15]	 Miyashita M, Sasano H, Tamaki K, Chan M, 
Hirakawa H, Suzuki A, Tada H, Watanabe G, 
Nemoto N, Nakagawa S, Ishida T and Ohuchi 
N. Tumor-infiltrating CD8+ and FOXP3+ lym-
phocytes in triple-negative breast cancer: its 
correlation with pathological complete re-
sponse to neoadjuvant chemotherapy. Breast 
Cancer Res Treat 2014; 148: 525-534.

[16]	 Goldhirsch A, Wood WC, Coates AS, Gelber  
RD, Thurlimann B, Senn HJ and Panel M. 
Strategies for subtypes--dealing with the diver-
sity of breast cancer: highlights of the St. 
Gallen International Expert Consensus on  
the Primary Therapy of Early Breast Cancer 
2011. Ann Oncol 2011; 22: 1736-1747.

[17]	 Criscitiello C, Esposito A and Curigliano G. 
Tumor-stroma crosstalk: targeting stroma in 
breast cancer. Curr Opin Oncol 2014; 26: 551-
555.

[18]	 Mukhtar RA, Moore AP, Nseyo O, Baehner FL, 
Au A, Moore DH, Twomey P, Campbell MJ and 
Esserman LJ. Elevated PCNA+ tumor-associat-
ed macrophages in breast cancer are associ-
ated with early recurrence and non-Caucasian 
ethnicity. Breast Cancer Res Treat 2011; 130: 
635-644.

[19]	 Tiainen S, Tumelius R, Rilla K, Hamalainen K, 
Tammi M, Tammi R, Kosma VM, Oikari S and 
Auvinen P. High numbers of macrophages, es-
pecially M2-like (CD163-positive), correlate 
with hyaluronan accumulation and poor out-
come in breast cancer. Histopathology 2015; 
66: 873-83.

[20]	 Tsutsui S, Yasuda K, Suzuki K, Tahara K, 
Higashi H and Era S. Macrophage infiltration 
and its prognostic implications in breast can-
cer: the relationship with VEGF expression and 
microvessel density. Oncol Rep 2005; 14: 425-
431.

[21]	 Medrek C, Ponten F, Jirstrom K and Lean- 
dersson K. The presence of tumor associ- 
ated macrophages in tumor stroma as a prog-
nostic marker for breast cancer patients. BMC 
Cancer 2012; 12: 306.

[22]	 Bolat F, Kayaselcuk F, Nursal TZ, Yagmurdur 
MC, Bal N and Demirhan B. Microvessel den-
sity, VEGF expression, and tumor-associated 
macrophages in breast tumors: correlations 
with prognostic parameters. J Exp Clin Cancer 
Res 2006; 25: 365-372.

[23]	 Jubb AM, Soilleux EJ, Turley H, Steers G, Parker 
A, Low I, Blades J, Li JL, Allen P, Leek R, 
Noguera-Troise I, Gatter KC, Thurston G and 
Harris AL. Expression of vascular notch ligand 
delta-like 4 and inflammatory markers in 
breast cancer. Am J Pathol 2010; 176: 2019-
2028.

[24]	 Baker K, Lachapelle J, Zlobec I, Bismar TA, 
Terracciano L and Foulkes WD. Prognostic sig-
nificance of CD8+ T lymphocytes in breast can-
cer depends upon both oestrogen receptor 
status and histological grade. Histopathology 
2011; 58: 1107-1116.

[25]	 Calabro A, Beissbarth T, Kuner R, Stojanov M, 
Benner A, Asslaber M, Ploner F, Zatloukal K, 
Samonigg H, Poustka A and Sultmann H. 
Effects of infiltrating lymphocytes and estrogen 
receptor on gene expression and prognosis in 
breast cancer. Breast Cancer Res Treat 2009; 
116: 69-77.

[26]	 de la Cruz-Merino L, Barco-Sanchez A, Henao 
Carrasco F, Nogales Fernandez E, Vallejo 
Benitez A, Brugal Molina J, Martinez Peinado 
A, Grueso Lopez A, Ruiz Borrego M, Codes 
Manuel de Villena M, Sanchez-Margalet V, 
Nieto-Garcia A, Alba Conejo E, Casares Lagar N 
and Ibanez Martinez J. New insights into the 
role of the immune microenvironment in breast 
carcinoma. Clin Dev Immunol 2013; 2013: 
785317.

[27]	 Biswas SK and Mantovani A. Macrophage plas-
ticity and interaction with lymphocyte subsets: 
cancer as a paradigm. Nat Immunol 2010; 11: 
889-896.

[28]	 Zamarron BF and Chen W. Dual roles of im-
mune cells and their factors in cancer develop-
ment and progression. Int J Biol Sci 2011; 7: 
651-658.


