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Abstract 

Background: Breast cancer is formed of a neoplastic component (epithelial) and a non-neoplastic 

component (stroma). Stromal- stromal and tumor- stromal interactions have been shown in the 

regulation of cancer cell growth, metastatic capacity and outcome of treatment. Tumor-associated 

macrophages (TAMs) are a component of tumor stroma reactionsand are considered as an important 

component of breast cancer tumor tissue which approximately form 50 % to 80 % of tumor tissue.In this 

study, the frequency of CD68 positive cells in association with other factors such as age, tumor size, ER, 

PR, Ki-67, Her2-neu receptors, stage and grade in invasive carcinoma tissues were morphologically and 

statistically evaluated. The frequency of CD68 was also discussed in relation to the number of involved 

lymph nodes. 

Method: A total of 50 invasive breast cancer patients with and without axillary lymph nodes 

involvement were studied. IHC staining for CD68 and Ki-67 markers was performed. For each tumor, 5 

fields with different density of CD68 were counted under 400x by optical microscopy and the average of 

the five fields was taken as the percentage. Patients were divided into the two groups of low infiltration 

and high infiltration based on the percentage of CD68.By the same way, patients were divided into the 

two groups of low infiltration and high infiltration based on Ki67 percentage.  

Results: CD68 positive cells had significant correlation with ER negative and higher Ki67. No 

significant correlation was found between CD68 positive cells and the number of involved lymph nodes, 

age, size, HER2neu, PR, stage and grade.  

Conclusion: It seems that the presence of CD68 -positive macrophages in invasive breast cancers 

and nearby lymph nodes is associated with a worse prognosis. 
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Introduction 

Proliferation of neoplastic components of 

epithelial and/or stromal cells play role in 

breast cancer development (1-3).  

Stromal-stromal and tumor- stromal 

interactions have been demonstrated in the 

regulation of cancer cell growth, metastatic 

capacity, locations of metastases, and outcome 

of treatment (4).Tumor-associated 

macrophages (TAMs) are a component of tumor 

stroma reaction and an important component of 

breast cancer tumor tissue composed of 

approximately 50 % to 80 % of tumor tissue 

(5). 

TAMs, as the most potent anti-tumor factors 

that suppress the immune system, can be 

considered as the biggest barrier in 

accomplishing immunotherapy (6). 

In recent years, TAMs have been suggested 

as the seventh sign of "Hall Mark" of cancer (7). 

In several studies, adverse prognostic factor 

for patients with TAMs infiltration of invasive 

breast cancer was correlated with worse 

prognosis (8). 

Complementary treatment regimens 

including anti-TAMs were tested on mice with 

invasive breast cancer and 62% of animals who 

received these regimens were completely 

without metastasis (9).   

In this study, the frequency of CD68 cells in 

association with other factors such as age, 

tumor size, ER, PR, Ki-67, Her2-neu receptors 

and stage and grade in invasive carcinoma 

tissues was evaluated morphologically and 

statistically. The frequency of CD68 was also 

discussed in relation to the number of involved 

lymph nodes. 

 

Materials and Methods 

In the present study, medical files of 50 

invasive breast cancer patients with and 

without axillary lymph nodes involvement who 

had pathology reports in the labs of Bahonar 

and Afzalipour hospitals during 2009-2015 

were investigated for demographic and other 

pathologic findings. Important pathological and 

clinical data including grade, tumor size, lymph 

node involvements and stage, and also IHC 

receptors for ER, PR, and Her2Neu were 

collected from the patient’s files. 

Then, all slides were reviewed by two 

pathologists independently. Normal and 

carcinoma areas were selected along with a 

lymph node in the same paraffin block.  

Paraffin blocks were cut in 4 micron sections 

for IHC staining of CD68 (DAKO code was 

IS609) and Ki-67 (DAKO code was IS626). They 

were ready to be used. 

The corresponding silanized slides were 

prepared and then put in oven 60° C for one 

hour. After hydrating step and retrieval buffer 

solution)PH=9), they were put in microwave 

for 20 minutes. Then, slides were placed in 

washing buffer PH = 7.4 for 5 minutes in order 

to get cold. In the peroxidase step, slides were 

put in dark and wet place for 10 minutes, and 

then in washing buffer for 5 minutes. In the 

primary antibody step, specific antibody was 

placed on the sample for one hour, and then 

was placed in washing buffer for 5 minutes. 

After 30 minutes, secondary antibodies were 
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washed with washing buffer for 5 minutes. In 

DAB step, after 5-15 minutes, they were washed 

by water. In the next step, nucleolus was 

stained by hematoxylin and then washed by 

water. The final stages were dehydrating, 

clearing and mounting by cover slides. 

For each tumor and lymph node, separately, 

5 fields with different density of CD68 were 

counted by optical microscopy under 400x and 

the average of the five fields was reported as 

percentage. Stromal infiltrations of TAMs were 

diffused sparsely. 

Patients were divided into the two groups 

according to the percentage of CD68 positive 

cells; group 1 consisted of 31 patients with low 

infiltration (5-39%) and Group 2 consisted of 19 

patients with high infiltration (40-

87%)(Figures 1& 2). 

Similarly, for each tumor and lymph node, 

separately, Ki67 was counted by optical 

microscopy and patients weredivided into the 

two groups; group 1 consisted of 35 patients 

with low infiltration (1-24%) and group 

2consisted of 15 patients with high infiltration 

(25-86%) (Figure 3). 

Data were analyzed through SPSS22 

software and using t-test, ANOVA and Tukey 

test. P-value of <0.05 was considered as 

statistically significant level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. IHC detection of TAMs (CD68+) in normal and breast cancer tissues. CD68 expression was found in cytoplasm mainly, positive staining 

was brown particles. In breast cancer samples, sparsely TAMs exist in tumor stroma. A. CD68 positive macrophages in fibrocystic breast tissue (x100). 

B. TAMs low-infiltration in breast cancer specimen (×400). C. TAMs high-infiltration in breast cancer specimen (×400). 
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Figure 2. IHC detection of TAMs (CD68+) in lymph node tissues. In lymph node samples, diffusely scattered TAMs exist in the marginal sinus and 

medullary cord. A. TAMs in involved lymph node specimen (×100). B. CD68 positive cells in unaffected lymph node specimen (x100) 

 

 

 

 

 

 

 

 

 

 

Figure 3. IHC detection of Ki67 in breast cancer tissue.Ki67 was found in nuclear cells, positive staining was deep brown particles. A. Low infiltration 

of Ki67 (x400). B. High infiltration of Ki67 (x400) 

 

Results 

In this study, medical files of 50 breast 

cancer patients with or without axillary lymph 

nodes involvement were investigated. Based on 

CD68 positive cells (TAMs), patients were 

divided into the group 1(low infiltration) and 

group 2 (high infiltration). The average density 

of TAMs infiltration was 32.79% in the tumor 

and 37.7% in the lymph nodes. In the same 

way, the average density of Ki67 was 1.38 % in 

breast tumors and 33.77% in the affected 

lymph nodes. 

In CD68 low infiltration group (group 1), 

83.9% were ER- positive and 16.1% were ER-

negative and in CD68 high infiltration group 

(group 2), 47.4% and 52.6% were ER-positive 

and ER-negative respectively, which 

demonstrated the statistically significant 

relation between infiltration of CD68 positive 

cells and ER- negative (P value = 0.006).  
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In CD68 low infiltration group, 54.8% were 

PR positive and 45.2% were PR negative and in 

CD68 high infiltration group, 47.4% were PR 

positive and 52.6% were PR negative.  

In CD68 low infiltration group, Her2Neu was 

negative in 38.7%, +1 in 19.4%, +2 in 

25.8%,and +3 in 5 16.1% and in the CD68 high 

infiltration group, Her2Neuwas negative in 

21.1%, +1 in 31.6%, 2+ in 26.3%,and +3 in 

21.1%.  

Based on Ki67 infiltration, patients were 

divided into the two groups of low infiltration 

and high infiltration. In CD68 low infiltration 

group, 83.9% had low infiltration of Ki67 and 

16.1% had high infiltration of Ki67. Moreover, 

in CD68 high infiltration group, 47.4% showed 

low infiltration of Ki67 and 52.6% showed high 

infiltration of Ki67; This showed a statistically 

significant relationship between the infiltration 

of CD68 and high Ki67 (P value = 0.006). 

In CD68 low infiltration group, the number 

of involved lymph nodes was 0-2 in 41.9%, 2-7 

in 29% and 8-17 in 29%. In CD68 high 

infiltration group, the number of involved 

lymph nodes was 0 in 36.8%, 2-7 in 47.4% and 

8-17 in 15.8%.  

In CD68 low infiltration group, 48.4% were 

under 40 years and 51.6% were 41 to 80 years 

old and in CD68 high infiltration group, 63.2% 

were under 40 years and 36.8% were 41 to 80 

years old.  

In CD68 low infiltration group, tumor size 

was less than 2 cm in 9.7%, 2- 5 cm in 67.7% 

and greater than 5 cmin 22.6% and in CD68 

high infiltration group, tumor size was less than 

2 cm in 15.8%, 2-5 cm in 52.6% and greater 

than 5 cm in 31.6%.  

In CD68 low infiltration group, the stage was 

IIA in 29%, IIB in 38.7%, IIIAin 16.1%, IIIBin 

3.2% and IIIC in 12.9%. While, in CD68 high 

infiltration group, the stage was IIA in 21%, IIB 

in 26.3%, IIIA in 36.8%, IIIB in 0%and IIIC 

in15.8%.  

In CD68 low infiltration group, the grade 

was I in6.5%, II in 61.3%and III in 32.3% and 

in CD68 high infiltration group, the grade was I 

in 28.1%, II in 47.34% and III in 31.6%.  

Overall, there were negative correlation 

between CD68 positive cells infiltration and ER 

(P value = 0.006). 

A positive correlation was found between 

CD68 positive cells infiltration and Ki67 index 

(P value = 0.006). 

There was not any association between 

CD68 positive cells infiltration and PR, 

Her2Neu receptors, stage and grade. 

There was not any relationship between 

CD68 positive cells infiltration and the number 

of involved lymph nodes The above results have 

been summarized in table1. 
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Table 1. Demographic data of high and low positive CD68 cells comparing with age , tumor size, number of involved lymph nodes, estrogen 

receptor (ER), progesterone receptor (PR), Her2 Neu receptor, Ki 67, grade and stage of tumor 

Variables Number of Cases 
High 

CD68 

Low 

CD68 
P value 

Age 

< & = 40 

> 40 

(years) 

 

27 

23 

 

12 

7 

 

15 

16 

 

 
0.309 

 

Tumor size 

<2 

>2 & <=5 

>5 

(cm) 

 
6 

31 

13 
 

 

3 
10 

6 

 

3 
21 

7 

 

 

0.558 

Number of axillary  lymph nodes 

0 

1-3 

>3 

 

 
16 

13 

21 

 

 
6 

4 

9 

 

 
10 

9 

12 

 
 

0.779 

ER 

+ 

- 

 

35 

5 

 

9 

10 

 

26 

5 

 
0.006 

PR 

+ 

- 

 

26 

24 

 

9 

10 

 

17 

14 

 
0.608 

Her2neu 

- 

+1 

+2 

+3 

 

16 

12 
13 

9 

 

4 

6 
5 

4 

 

12 

6 
8 

5 

0.564 

Ki67 

1-24% 

25-86% 

 
35 

15 

 
9 

10 

 
26 

5 

 

0.006 

Grade 

I 

II 

III 

 

6 

28 

16 

 

4 

9 

6 

 

2 

19 

10 

 

 
0.286 

Stage 

IIA 

IIB 

IIIA 

IIIB 

IIIC 

 

13 

17 
12 

1 
7 

 

 
4 

5 
7 

0 

3 

 
9 

12 
5 

1 

4 

 

 
 

0.461 

 

Discussion 

According to Zhang study, the frequency of 

tumor-associated macrophages (TAMs) is 

higher in the higher grades of breast cancer. In 

breast cancer, focal infiltrations of TAMs are 

directly correlated with the invasion of tumor 

cells, enhancement of vascularization and 

involvement of axillary lymph nodes. Patients 

with high density of TAMs have shorter survival 

life. Invasive breast cancer patients with higher 

infiltration of TAMs have worse prognosis and 

this marker can be used as a prognostic marker 

in invasive breast cancers (8). 

In a study conducted by Yang et al, TAMs 

infiltration was much higher in the tumor tissue 

than in normal tissue and tumors with larger 

size and higher grade had higher infiltration of 

TAMs. They led to cancer progression with poor 

prognosis. However, they suggested that in 

relation to lymph node involvement, TAMs 

density in metastatic lymph nodes was lower 

than that in non- metastatic lymph nodes 
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suggesting their different role in lymph nodes 

which requires further studies in the future 

(10). 

In a study conducted by Medrek et al, TAMs 

were mostly present in the tumor stroma, not 

between the tumors nests. CD68 was a marker 

of pan _ macrophage. CD163 was a specific 

marker of M2 TAMs. TAMs staining by CD163 in 

the stroma had positive relationship with 

higher grade, larger size, higher Ki67 

presentation, ER negativity, PR negativity and 

also triple negativity (11). 

In the present study, TAMs were mostly 

present in the tumor stroma, not inside the 

tumor nests. The infiltration of tumor CD68 

positive cells was positively associated with 

Ki67 index. Furthermore, tumor infiltration of 

CD68 positive cells was significantly correlated 

with negative ER. Nevertheless, there was not 

any significant relationship between tumor 

infiltration and lymph node involvement, age, 

tumor’s size, stage and grade, PR and Her2-Neu 

receptors. We found out that CD68 positive 

cells as a factor can worse the prognosis. 

Overall, there were generally two types of 

macrophages: Macrophages type 1 (M1) and 

macrophages type 2 (M2).Unlike M1, M2 

macrophages are the cause of cancer 

development (12). Although both types of 

macrophages in the tumor stroma can be found, 

TAMs mainly consisted of M2 (8). 

However, the dual nature of the 

macrophages in tumor progression is 

called“balance of macrophages” and it has been 

led to the development of macrophage balance 

hypothesis. In other words, due to their ability 

in tumor progression and prevention of tumor 

progression, they were known as "double - 

edged sword" (12-19). 

Metastasis to the axillary lymph nodes was 

the most valid factor among prognostic factors 

in breast cancers treatment followed by 

hormone receptors, HER2-neu expression, 

tumor size, histologic type, grade of tumor, 

lymph-vascular invasion, and speed of 

proliferation. Although, there are many 

prognostic factors for predicting clinical 

outcome of invasive breast cancers, the issue of 

better prognostic markers that can lead to more 

effective treatment has been still remained 

controversial (20). 

In some studies, the effects of anti-TAMs 

were evaluated by small molecule inhibitors 

that had tumor suppression activity (21). For 

example, Yondelies anti neoplastic materials 

have showed cytotoxic effects on TAMs and 

caused significant decrease in production of IL-

6 and CCL-2, which suppressed the growth of 

inflammatory cells associated with the tumor 

(22).  

In another study, a combination that 

inhibited the secretion of MMP (matrix 

metalloproteinase) of TAMs could inhibit 

Metalloproteinase activity of tumor and reduce 

angiogenesis through VEGF (vascular 

endothelial growth factor) tyrosine kinase 

receptors (23). 

In a different study, CCL-5 chemokine, as a 

key marker, was secreted by TAMs. CCL-5 

chemokine antagonist reduced tumor’s growth 

and spread significantly (24).  
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In order to have more precises assessment, it 

is better to check the specific marker of CD163 

in the detection of M2 TAMs, and the frequency 

of this markerin relation to variables such as 

age, tumor size,ER, PR, Ki-67, Her2-neu 

receptors, stage, grade andlymph nodes 

involvement. 

 

Acknowledgement 

We appreciate great technical assistance of Mrs Zahra 

Shaykhshoaei for performing excellent IHC staining. 

 

References 

1. De Wever O, Mareel M. Role of tissue 

stroma in cancer cell invasion. J Pathol 

2003; 200(4):429-47. 

2. Yamashita M, Ogawa T, Zhang X, 

Hanamura N, Kashikura Y, Takamura 

M. Role of stromal myofibroblasts in 

invasive breast cancer: stroma 

expression of alpha-smooth muscle 

action correlates with worse clinical 

outcome. Breast Cancer 2012; 19(2): 

170-6. 

3. Mishra PJ, Mishra PJ, Humeniuk R, 

Medina DJ, Alexe G, Mesirov JP, et al. 

Carcinoma-associated fibroblast-like 

differentiation of human mesenchymal 

stem cells. Cancer Res 2008; 

68(11):4331-9. 

4. Li H, Fan X, Houghton JM. Tumor 

microenvironment: the role of the 

tumor stroma in cancer. J Cell 

Biochem2007; 101(4): 805-15. 

5. Allavena P, Sica A, Garlanda C, 

Mantovani A. The Yin-Yang of tumor 

associated macrophages in neoplastic 

progression and immune surveillance. 

Immunol Rev 2008; 222(1): 155-61. 

6. Becker JC, Andersen MH, Schrama D, 

Thor Straten P. Immune-suppressive 

properties of the tumor 

microenvironment. Cancer Immunology, 

Immunotherapy 2013; 62(7): 1137-48 

7. Hanahan D, Weinberg RA. Hallmarks of 

Cancer: The Next Generation. Cell 2011; 

144(5): 646-74. 

8. Zhang Y, Cheng SH, Zhang M, Zhen L, 

Pang D, Zhang Q, et al. High-Infiltration 

of Tumor-Associated Macrophages 

Predicts Unfavorable Clinical outcome 

for Node-Negative Breast Cancer.PLOS 

ONE2013; 8 (9): e76147 

9. Luo Y, Zhou H, Krueger J, Kaplan CH, 

Lee SH, Dolman C. Targeting tumor-

associated macrophages as a novel 

strategy against breast cancer.J 

ClinInvest 2006; 116(8):2132-41. 

10. Yang J,Li X,Liu X,Liu Y. The role of 

tumor-associated macrophages in 

breast carcinoma invasion and 

metastasis. Int J ClinExp Pathol 2015; 

8(6): 6656–64. 

11. Medrek C,Pontén F,Jirström 

K,Leandersson K. The presence of 

tumor associated macrophages in 

tumor stroma as a prognostic marker 

for breast cancer patients.BMC 

cancer2012; 12: 306. 

12. Mantovani A, Sozzani S, Locati M, 

Allavena P, Sica A. Macrophage 

polarization: tumor-associated 

macrophages as a paradigm 

forpolarized M2 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26261547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=26261547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=26261547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26261547
http://www.ncbi.nlm.nih.gov/pubmed/?term=Medrek%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22824040
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pont%C3%A9n%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22824040
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jirstr%C3%B6m%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22824040
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jirstr%C3%B6m%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22824040
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leandersson%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22824040


Journal of Kerman University of Medical Sciences 2017, Vol. 24, Issue 6 

467 

mononuclearphagocytes. 

TrendsImmunol 2002; 23(11): 549-55. 

13. Mantovani A, Sica A. Macrophages, 

innateimmunity and cancer: balance, 

tolerance, anddiversity. 

CurrOpinImmunol 2010; 22(2): 231-7. 

14. Qian BZ, Pollard JW. Macrophage 

diversity enhances tumor progression 

and metastasis. Cell 2010; 141(1): 39-

51. 

15. Fidler IJ, Schroit AJ. Recognition and 

destruction of neoplastic cells by 

activated macrophages: discrimination 

of altered self. BiochimBiophysActa 

1988; 948(2): 151-73. 

16. Eubank TD, Roberts RD, Khan M, Curry 

JM,Nuovo GJ, Kuppusamy P, Marsh CB. 

Granulocyte Macrophage Colony-

Stimulating Factor Inhibits Breast 

Cancer Growth and Metastasis by 

Invoking an Anti-Angiogenic Program in 

Tumor-Educated Macrophages. Cancer 

Res2009; 69(5): 2133-40. 

17. Gordon S, Martinez FO. Alternative 

activation of macrophages: mechanism 

and functions. Immunity 2010; 32(5): 

593-604. 

18. Heusinkveld M, van der Burg SH. 

Identification and manipulation of 

tumor associated macrophages in 

human cancers. J Transl Med 2011; 9: 

216. 

19. Heusinkveld M, de Vos Van Slinwijk PJ, 

Goedemans R, Ramwadhdoebe TH, 

Gorter A, Welters MJ et al. M2 

macrophages induced by prostaglandin 

E2 and IL-6 from cervical carcinoma 

are switched to activated M1 

macrophages by CD4+ Th1 cells. J 

Immunol 2011; 187(3): 1157-65. 

20. Dabiri Sh, Huntsman D, Marketsov N, 

Cheang M, Gilks B, BadjikC, et al. The 

presence of stromal mast cells 

identifies a subset of invasive breast 

cancers with a favorable prognosis.Mod 

Pathol 2004; 17(6): 690-5  

21. Lewis C, Murdoch C. Macrophage 

responses to hypoxia: implications for 

tumor progression and anti-cancer 

therapies. AmJ Pathol2005; 167(3):627-

35. 

22. Allavena P, Signorelli M, Chieppa M, 

Erba E, Bianchi G, Marchesi F, et al. 

Anti-inflammatory properties of the 

novel antitumor agent Yondelies 

(trabectedin): inhibition of macrophage 

differentiation and cytokine 

production. Cancer Res 2005; 

65(7):2964-71. 

23. Giraudo E, Inoue M, Hanahan D. An 

amino-bisphosphonate targets MMP-9-

expressing macrophages and 

angiogenesis to impair cervical 

carcinogenesis. J Clin Invest2004; 

114(5):623-33. 

24. Robinson SC, Scott KA, Wilson JL, 

Thompson RG, Proudfoot AE, Balkwill 

FR. A chemokine receptor antagonist 

inhibits experimental breast tumor 

growth. Cancer Res 2003; 63(23):8360-

65. 

 


