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Abstract

Racial disparities in breast cancer incidence and outcome are a major health care challenge. 

Patients in the black race group more likely present with an early onset and more aggressive 

disease. The occurrence of high numbers of macrophages is associated with tumor progression and 
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poor prognosis in solid malignancies. Macrophages are observed in adipose tissues surrounding 

dead adipocytes in “crown-like structures” (CLS). Here we investigated whether the numbers of 

CD163+ tumor-associated macrophages (TAMs) and/or CD163+ CLS are associated with patient 

survival and whether there are significant differences across blacks, non-black Latinas, and 

Caucasians. Our findings confirm that race is statistically significantly associated with the 

numbers of TAMs and CLS in breast cancer, and demonstrate that the highest numbers of CD163+ 

TAM/CLS are found in black breast cancer patients. Our results reveal that the density of CD206 

(M2) macrophages is a significant predictor of progression-free survival univariately and is also 

significant after adjusting for race and for HER2, respectively. We examined whether the high 

numbers of TAMs detected in tumors from black women were associated with macrophage 

proliferation, using the Ki-67 nuclear proliferation marker. Our results reveal that TAMs actively 

divide when in contact with tumor cells. There is a higher ratio of proliferating macrophages in 

tumors from black patients. These findings suggest that interventions based on targeting TAMs 

may not only benefit breast cancer patients in general but also serve as an approach to remedy 

racial disparity resulting in better prognosis patients from minority racial groups.
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Introduction

Breast cancer is the second leading cause of cancer mortality in women in the United States 

(US) [1]. Disparities in cancer incidence and outcome due to ethnicity and race-related 

differences are a major health care challenge [2]. Even after considering socio-economic 

factors, education and access to health care, African-American (AA) women still exhibit 

breast cancer health disparities in incidence and outcome [3, 4]. These patients present with 

a particular pattern of breast cancer pathogenesis, i.e., early onset, higher incidence in 

younger women, and more aggressive disease with less favorable prognosis. A number of 

biological differences may account for the nature of this disease in AA as compared to 

Caucasian (CA) women [5–11]. Some of these differences may be inheritable; inherited 

predisposition to breast cancer has been shown among AA women [12]. However, whether 

and how immune inflammatory components in the tumor microenvironment (TME) may 

correlate with the aggressiveness of breast cancer in AA women remains unclear.

The occurrence of high numbers of macrophages in the TME has been associated with 

tumor progression and poor tumor prognosis in breast and other solid malignancies [13, 14]. 

Pro-inflammatory (M1) TAMs can be cytotoxic to tumor cells [15, 16]. However, M1 TAMs 

can also contribute to tumor initiation through the mutagenic reactive oxygen and nitrogen 

species they generate [17, 18]. TAMs further impact tumor progression by promoting 

invasion, angiogenesis, and metastasis when in their immunosuppressive (M2) mode [19–

21]. Actually, mixtures of pro-inflammatory M1 and immunosuppressive M2 macrophages 

co-exist in the TME of advanced mouse and human solid malignancies [22–26]. In contrast, 

high numbers of M1 macrophages colonize obese adipose tissues, providing obese adipose 

tissues a pro-inflammatory condition, while M2 macrophages are found in lean adipose 
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tissues [27]. Macrophages are also observed in visceral adipose tissues of obese humans and 

mice surrounding dying adipocytes, forming particular structures known as “crown-like 

structures” (CLS) [28]. In the breast TME, macrophages are observed as isolated or grouped 

TAMs and also in CLS within the breast adipose tissue. Increased numbers of breast CLS 

have been associated with enhanced aromatase expression/activity and with inflammation in 

mammary tumors of obese mice and in obese women with breast cancer [29–31]. Aromatase 

converts androgens to estrogens [32] and promotes ER+ cell growth [33–35]; importantly, 

ER+ breast cancers are the most prevalent breast malignancies [1].

Using samples from an archival breast cancer tumor bank with cases obtained from 1978 to 

1997 at the University of Miami/Jackson Memorial Hospital in Miami, Florida, we 

previously investigated in a pilot study (30 cases) whether the presence of CD68+ TAMs 

was an independent prognostic factor in small T1 ER+ breast cancers across three different 

racial groups [blacks (BL), non-black Latinas (NBLA), and CA women [36]. In Miami, 

where these cases were recruited and treated, there are many black Islanders, Caribbean, 

Haitians, South Americans (Brazilians and others), who do not identify themselves as AA; 

additionally, there are North Africans and South Africans of dark or light black skin color 

and these also are not AA. This led us to classify the patients from this archival bank on the 

basis of their race, not necessarily of their ethnicity. We demonstrated that TAM numbers 

were significantly higher in tumors from BL and NBLA than in CA patients [36]. These 

findings led us to design the present study, in which we used a larger number of tumors of all 

types and stages from the same archival bank and a different pan macrophage marker, 

CD163. CD163 is more sensitive than CD68 in detecting macrophages [37–39]. We also 

examined whether TAMs and CLS are associated with survival in these racial groups, and 

whether there are any differences in TAMs proliferation. Furthermore, we aimed to correlate 

the density and M1/M2 phenotypes of TAMs and also of CLS with clinical pathologic 

characteristics of the tumors across the three different racial groups.

Materials and methods

Case selection

One hundred fifty (150) consecutive cases (50 BL, 50 NBLA, and 50 CA) of women treated 

for breast cancer between 1978 and 1997 at Jackson Memorial Hospital (JMH) and 

University of Miami's Sylvester Comprehensive Cancer Center (UM/SCCC) in Miami, 

Florida, were selected. Tumors were formalin-fixed paraffin-embedded (FFPE) specimens 

from the Cancer Center's Tumor Bank Core Facility. Tumors of any size and any ER and PR 

status were included. Patient inclusion criteria of samples were any stages, any hormonal 

receptor, and HER2 receptor. These cases were followed up for at least 5 years. Patient 

exclusion criteria included: the presence of previous cancers, exposure to previous 

chemotherapy, radio-therapy or hormonal therapy, or presenting bilateral or multifocal breast 

cancers. Patients were not treated with systemic anti-cancer therapy at the moment of the 

tumor sample collection in the surgery, and all (if any) systemic therapy was delivered post-

surgery. Information concerning patient demographics, clinical characteristics, pathologic 

reports, and administered treatments was gathered from both UM/Jackson Memorial 

Hospital's Tumor Registry and medical records and UM/SCCC. The characteristics of 
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patients and their tumors (de-identified) by race are described in Supplementary Table 1. 

The study was approved by the University of Miami's Institutional Review Board (IRB).

Immunohistochemistry (IHC)

IHC was carried out and assessed as briefly described in the legends of Figs. 1, 2 and 3 and 

as previously published [36]. Primary antibodies used were CD163 (pan macrophage 

marker), CD206 (M2 marker), CD40 (M1 marker), and Ki-67 (proliferation marker). 

Qualitative and quantitative analysis of TAMs and CLS densities was assessed blindly and 

independently by two investigators (MJ and AMS), including a breast pathologist (MJ). 

Photomicrographs and measurement of macrophages were conducted blind to patient 

identity. Macrophage proliferation was independently assessed by a breast pathologist (TAI) 

and two other study investigators (LS and AMS).

Statistical analysis

The clinical data were summarized by mean, standard deviation (SD) for continuous 

variables, and by frequencies and percentages for categorical variables for overall sample as 

well as by race (BL, NBLA, CA). Differences in means were tested by either Student's t test 

or one-way ANOVA with Bonferroni correction for multiple comparisons. Differences in 

proportions were tested by Chi-square or Fisher's exact test for categorical variables. Overall 

survival (OS) time is calculated as the elapsed time between the dates of diagnosis and death 

from any cause or last follow-up for alive patients. Progression-free survival (PFS) time is 

calculated as the elapsed time between the dates of diagnosis and earliest progression (local 

recurrence or distant metastasis or death) or last follow-up for patients without progression. 

Median survival and survival rates for both OS and PFS at 12, 24, 36, 60, 96, and 120 

months were calculated by Kaplan–Meier method for all patients as well as by race. Log-

rank test was used to test the differences in survival between the groups. Unadjusted and 

adjusted hazard ratio (HR), its 90 % confidence interval (90 %CI) along with p value were 

calculated from fitting several univariate and bivariate Cox proportional hazard regression 

models to identify significant predictors of OS and PFS, respectively. Race, ER, PR, HER2, 

CD163, CD206, and CD40 included one at a time in the univariate models. The predictors 

for bivariate models included paired variables between each of conventional breast cancer 

markers (ER, PR, and HER2) with each of macrophages surface markers (CD163, CD206, 

and CD40), and between race and each marker (ER, PR, HER2, CD163, CD206, and 

CD40). Patients with unknown ER or PR were excluded from all regression models. Due to 

the exploratory nature of the study, we set the type-I error rate as 10 % for all analysis, 

where p values <0.10 were considered as statistically significant. Statistical analyses were 

performed by SAS v9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Higher densities of tumor-associated macrophages (TAMs) in breast tumors from black 
patients compared to non-black Latino and Caucasian patients

Our IHC staining procedures successfully identified CD163+ TAMs in breast tumor sections 

from the archived samples (Fig. 1a). We calculated the densities of TAMs (cells/mm2) in the 
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different tumors. We found significantly different occurrences of TAMs in breast cancers 

across these races with BL showing the highest numbers and CA the lowest (Fig. 1b).

As detailed in Supplementary Table-2A, densities of TAMs are significantly different among 

the three ethnicities, with tumors from BL patients presenting with the highest densities of 

CD163+ TAMs (mean = 142.21 cells/mm2), followed by tumors from NBLA (110.16 

cells/mm2), with tumors from CA showing the lowest TAM densities (62.72 cells/mm2). 

With Bonferroni multiple comparison analysis, both BL and NBLA tumors exhibited 

significantly higher TAMs densities than CA (p < 0.0001, Supplementary Table-2A).

Higher densities of immunosuppressive M2 macrophages predominate in breast tumors 
from black patients compared to non-black Latino and Caucasian patients

To assess the pro-inflammatory (M1) vs. immunosuppressive (M2) profiles of TAMs, 

CD40+ (M1) and CD206+ (M2) macrophage densities were estimated (Supplementary 

Table-2B). As shown in Fig. 2a, tumors from BL patients contained the highest estimated 

densities of CD163+ total TAM (p = 0.0009).

For all three races, the majority of TAMs were immunosuppressive M2, with BL showing 

the highest densities of M2, followed by NBLA (Fig. 2b; Supplementary Table-2B, p = 

0.0238). In contrast, pro-inflammatory CD40 (M1) macrophages were detected at the lowest 

densities in tumors from NBLA patients (2 %), followed by BL (12.5 %), with CA showing 

the highest (56.3 %) (Fig. 2c; Supplementary Table-2B, p < 0.0001).

TAMs actively proliferate when in contact with breast tumor cells

TAMs have been recently shown to proliferate [40], thus we investigated the proliferative 

status of TAMs across different races. We used double staining IHC (CD163+/Ki-67+) to 

detect dividing TAMs. Ki-67 is a nuclear protein associated with proliferation [41]; during 

interphase, the Ki-67 antigen can be exclusively detected within the cell nucleus, whereas in 

mitosis, most of the protein is relocated to the surface of the chromosomes. Therefore, we 

characterized proliferating macrophages as (a) CD163+ macrophages expressing Ki-67 in 

the nucleus in the absence of mitotic figures, suggestive of non-mitotic phases of the cell 

cycle and (b) CD163+ macrophages with mitotic condensed chromatin, indicative of active 

proliferation. As shown in Fig. 3a, CD163+ TAMs not adjacent to tumor cells are not 

Ki-67+. However, TAMs in contact with tumor cells in the TME exhibited Ki-67 staining 

(Fig. 3b).

Higher proliferative capacity for TAMs in breast tumors from black patients compared to 
non-black Latino and Caucasian patients

To analyze whether any differences in the proliferative capacity of TAMs could be detected 

across races, we randomly selected 23 cases representatives of the three racial groups 

studied and blindly assessed TAMs’ proliferation. The majority of the samples with high 

TAM proliferation activity (CD163+/Ki-67+ cells with or without mitotic chromatin) were 

tumors from BL patients, with NBLA and CA showing lower proliferative activity (Fig. 4a, 

b). Supplementary Table-3A shows the calculated densities of TAMs (total, CD163+ and 

proliferating, CD163+/Ki-67+), as well as the average numbers of CD163+/Ki-67+ 
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proliferating TAMs in the three races within these 23 cases when all CD163+/Ki-67+ TAMs 
were considered. Supplementary Table-3B is similar to Table-3A except that it shows only 

actively dividing TAMs, exclusively expressing Ki-67 in mitotic figures. The calculated 

densities of total number of TAMs (CD163+) and of total dividing TAMs (CD163+/Ki-67+) 

in these 23 patients are shown in Fig. 4c and d, respectively; Fig. 4e depicts the proliferating 

ratios of TAMs across the three races, which are significantly different. When all 
proliferating TAMs are considered (Supplementary Table-3A), the ratios resulting from 

dividing the density of proliferating TAMs by the density of total number of TAMs 

(proliferation ratio) are approximately 1:18 (or 0.05) for NBLA, 1:12 (0.091) for CA and 

1:10 (0.095) for BL. When the comparison is done considering only actively dividing TAMs 

(Supplementary Table-3B), the ratios are 1:56 (0.018) for NBLA, 1:59 (0.017) for CA and 

1:23 (0.044) for BL, indicating a significantly higher proliferative capacity for TAMs in 

tumors from BL than in the other two races (p = 0.0353). Importantly, when actively 

proliferating TAMs were only considered (Supplementary Table-3B), the average numbers 

of proliferating TAMs as well as the density of proliferating TAMs were all statistically 

significantly different across the races.

Even within the small group of n = 23 patients used in the TAMs proliferation study, the 

calculated densities of CD163+ TAMs show distributions similar to those in the large sample 

of 145 patients (Supplementary Table-2A, p < 0.001), with statistically significant 

differences across the three racial groups, revealing that CA patients exhibit on average 

significantly less (mean = 169.0) TAM density than BL (mean = 236.9) (Bonferroni multiple 

comparison analysis, p = 0.0701) (Supplementary Table-3A, B).

Density of CD163+ TAMs (cells/mm2), average number of cells of CD163/Ki67+, and 

density of CD163/Ki67+ were summarized by ER, PR, and HER2 status (Supplementary 

Tables 4–6, respectively). There were no significant differences observed except the mean 

density of CD163+ (cells/mm2) of ER (p = 0.0269) and PR (p = 0.0722) positive was less 

than ER and PR negative patients.

Crown-like structures (CLS), like TAMs, are differently expressed in the breast cancer 
microenvironment across diverse races

Since the numbers and inflammatory profiles of TAMs present differently in breast cancers 

across three different racial groups of women, we examined whether macrophages within 

CLS in the adipose tissues of these tumors would follow a similar expression pattern. To this 

aim, we inspected the breast adipose tissues in tumors for CD163+ CLS using the same 

sections analyzed for CD163+ TAMs and calculated the densities of these structures in the 

different sections. Moreover, the M1 or M2 phenotypes of the macrophages within these 

CLS were investigated. Supplementary Table-7 reveals that, as expected, the frequency of 

CLS is much lower than the frequency of TAMs, because CLS are structures only present in 

the fat tissue of the breast TME, whereas TAMs occur throughout the entire TME. 

Supplementary Table-7 also shows a signifi-cant difference in the densities of CLS (p = 

0.0167) among BL, NBLA, and CA patients, with BL exhibiting significantly higher 

densities than CA, and NBLA being in between, as happened with TAMs. However, the 

densities of neither CD40 nor CD206 CLS were significantly different among the three 
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racial groups. Figure 5a shows representative IHC showing staining of CLS (CD163+ 

macrophages surrounding dying adipocytes) in breast cancers from patients of the three 

different races. These results are summarized in Fig. 5b, c, and d.

Overall survival (OS) and progression-free survival (PFS) analysis

OS and PFS curves were similar across three racial groups (Supplementary Figure 1). 

However, survival rates for BL patients were lower than NBLA and CA patients for both OS 

and PFS, and survival rates for NBLA were lower than for CA (Supplementary Table-8).

Surprisingly, densities of CLS with CD40+ macrophages were significant predictors of OS 

(Table 1). The higher the density of CLS for CD40, the worse the OS was (HR = 12.15; p = 

0.058) in univariate analysis, and in bivariate analysis after adjusting the effect of race (HR = 

9.14; p = 0.100), PR status (HR = 17.43; p = 0.036), or HER2 status (HR = 13.59; p = 

0.047).

On the other hand, a higher estimated density of M2 TAMs (CD206+) was a predictor for 

lower PFS (HR = 1.65; p = 0.019) in the univariate model (Table 2). In addition, estimated 

densities of CD206+ M2 TAMs were significant predictors of PFS after adjusted with race 

in the bivariate models (HR = 1.55; p = 0.056). Furthermore, a higher density CD206 was 

associated with worse PFS (HR = 1.59; p = 0.031) after adjusting the effect for HER2 in the 

bivariate model.

Discussion

Here, we provide evidence that the breast TME of BL women contains significantly higher 

numbers of TAMs compared to the other two races studied. We show that these are mainly 

tumor-promoting, M2, immunosuppressive macrophages with higher proliferative capacity, 

as compared with tumors from NBLA and CA women. Our results offer another potential 

explanation for the aggressiveness of breast cancers among BL women. To the best of our 

knowledge, our work is one of the first to report the existence of statistically significant 

differences in the numbers, densities, activation profiles, and proliferative capacity of TAMs 

and of CLS among breast cancer patients of different races. We found that tumors were 

mainly populated by immunosuppressive M2 TAMs (CD206+), as previously reported in 

other solid malignancies and specifically in breast cancer [42, 43]; M2 TAMs have been 

associated with tumor invasion, angiogenesis, and metastasis [44–46]. Interestingly, the 

highest M2 densities were found in tumors from BL women, followed by tumors from 

NBLA, with CA exhibiting the lowest M2 densities. In contrast, tumors were in general less 

populated by M1 pro-inflammatory TAMs (CD40+), and interestingly, the highest M1 

densities were observed in tumors from CA, followed by tumors from BL, with tumors from 

NBLA showing the lowest densities of M1 TAMs.

We further showed that tumors from BL patients exhibit significantly higher densities of 

CLS than those from NBLA, with CA having the lowest densities, paralleling the situation 

with TAM. Previously, Morris et al. [29] found increased numbers of CLS in breast cancers 

from obese women. Due to an absence of height information, we were not able to calculate 

body mass index (BMI). It has been reported that obese individuals have CLS with M1 
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macrophages in their visceral adipose tissues [27]. In our study, we assessed the 

inflammatory profiles of macrophages within CLS in the fat portions of the tumor sections, 

and even though we saw no statistically significant differences across races for both M2 

(CD206+) or M1 (CD40+) CLS, we did observe a trend for a prevalence of an M2 

immunosuppressive CLS phenotype in all three groups, and a trend that showed a density of 

CD206+ M2 CLS that decreased from highest in BL to the lowest in CA (BL > NBLA > 

CA). Therefore, our results suggest that the patients in our study were unlikely to have been 

obese because a predominance of M2 CLS and not of M1 CLS was observed in all tumors. 

The high numbers of CLS—and thus, the amount of breast fat inflammation—observed in 

the breast tumors of BL patients was more likely associated with their biological race rather 

than potential obesity. Interestingly though, the only tumors showing few M1 CLS were 

from BL patients. Importantly, the high numbers of CLS in BL parallels the high numbers of 

immunosuppressive TAMs in the same tumors. Nevertheless, future studies are needed 

wherein not only races but also particular ethnicities within races and patient's BMI 

information will be gathered, to corroborate our findings in a larger Florida-based 

population, as well as the patient population in all states and worldwide.

Macrophages have been considered terminally differentiated cells without proliferative 

capacity, thought to originate exclusively by replenishment and differentiation from blood 

monocytes. However, evidence on the diverse ontogeny and proliferative capacity of resident 

versus inflammatory macrophages has recently emerged [40, 47]. These new data 

demonstrate the embryonal origin of the majority of tissue resident macrophages with self-

renewal capabilities, in contrast to macrophages recruited to the tissues after a pathogenic or 

damaging insult, which in the majority of the cases seem to differentiate from blood 

monocytes and lack proliferative capacity [48]. Proliferation of macrophages has now been 

identified in various settings, such as in nematode-infected tissues, obese adipose tissues, 

glomerulonephritis, atherosclerosis, AIDS-related dementia, and in a variety of murine 

tumors, when the resident versus inflammatory origin (ontogeny) of these macrophages is in 

many cases uncertain [49, 50]. Proliferating macrophages have also been recently 

recognized in human lymphomas and in breast tumors [51–54].

We identified Ki-67+ nuclei in various stages of the cell cycle in CD163+ TAMs. 

Interestingly, macrophage proliferation was only observed when they were in direct contact 

with tumor cells and not when they were in contact with stromal cells of the TME, 

suggesting that cytokines or other factors produced by tumor cells could be acting in 

paracrine fashion stimulating macrophage proliferation. Of relevance, when assessing ratios 

of proliferating vs. total number of TAMs across the three races, our data also strongly 

demonstrate a significantly higher active (mitotic) proliferation in TAMs from BL tumors 

compared with TAMs from the other two races.

A recent study on young BL breast cancer patients reports that the prevalence of BRCA 

mutations among a Florida-based sample of young black women with breast cancer exceeds 

that previously reported for non-Hispanic white women [55]. However, it is becoming 

increasingly clear that some of the differences in cancer risk, incidence and survival among 

individuals of different racial and ethnic backgrounds can be attributed to biological factors 

other than the inheritance of predisposing tumor suppressor genes [3]. We propose that 
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significant differences in the cellular and molecular components of the TMEs do exist across 

various races and may contribute to these differences. Future studies are needed to determine 

if there is a difference in inflammatory gene expression profiles of the TME across these 

three races with or without obesity. Difference in epigenetic regulation may also exist that 

contribute to TAM abundance and function. This might also impact the future use of novel 

immunomodulating agents in patients with different TME and should be considered as 

potential companion diagnostics in future clinical trials.

In summary, our work demonstrates that breast cancers from BL patients contain 

significantly higher densities of TAMs and of CLS compared with NBLA and CA. 

Importantly, numbers of M2 TAMs and M1 CLS are associated with worse survival in all 

racial groups. Our results also confirm that TAMs do have the capacity to divide in breast 

cancers, and that they do it when in direct contact with tumor cells. Our work also 

demonstrates the existence of significant differences in the average numbers and densities of 

actively proliferating TAMs across races, with TAMs from BL patients proliferating in 

higher numbers than those in tumors from NBLA and CA. Possibly, significant differences 

in the cellular and molecular regulation of the TME exist across various races. Further 

studies are needed to elucidate the particular cytokines, chemokines, and other molecules 

that predominate in TME of breast cancer patients in the minority race groups. Those 

molecular differences may account for the particular TAMs’ functional patterns that may 

contribute to aggressiveness of the tumors. Overall, our findings suggest the potential 

application of third-generation checkpoint inhibitors [56] to activate macrophage's M1 

killing activities in breast cancer immunotherapies, and its possible use as a biological 

intervention to address breast cancer disparity in minority race groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
TAMs occur at significantly higher densities in breast cancers from blacks. a IHC for CD163 

macrophage marker (AbD Serotec, Raleigh, NC, USA) was done in 4 μm sections from 

FFPE tumor blocks. Sections were deparaffinized in xylene and hydrated in series of graded 

alcohols (100, 95 and 75 %). Heat-induced antigen retrieval was carried out in water bath 

(90 °C) in the presence of antigen unmasking solution (Citric Acid Based from Vector 

Laboratories, Burlingame, CA, USA). Antigen retrieval was followed by one incubation step 

with Peroxidase blocking reagent (dilution 1:100 of Perdrogen 30 %, Sigma-Aldrich, St. 
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Louis, MO, USA) for 30 min at room temperature, followed by another step of blocking 

serum (normal horse serum 1.5 %, Vector Laboratories, in PBS) for 20 min at RT. CD163 

(1:250) was incubated for 1 h at RT. As a detection system, we used Vectastain Elite ABC 

kit (Biotin/Avidin System) from Vector Laboratories; slides were counterstained with 

hematoxylin for 30 s. Pictures (×40) show the different densities of CD163 expression 

across the three racial groups. b Quantitative (calculated) macrophage density was 

determined in one tumor section slide per tumor. Density was calculated by dividing the 

number of CD163+ cells observed using a ×40 lens of a Olympus BX41 microscope by the 

area of the visual field, calculated as πr2, where the radius of the visual field was determined 

using a calibration graduated slide. TAMs’ density was calculated for 20 different and 

randomly selected visual fields in each tissue section, and a final average was determined 

and reported as the TAMs’ density per each case as cells/mm2. The graph shows TAMs’ 

density distribution across the three racial groups studied
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Fig. 2. 
Estimated densities of TAMs and their M1/M2 activation phenotypes in breast cancers 

exhibit different distributions across races. IHC for CD206 (1:50, M2 macrophage marker) 

and CD40 (1:200, M1 macrophage marker), both from R&D, Minneapolis, MN, was done as 

in Fig. 1, except Antigen Unmasking Solution High pH from Vector Laboratories was used. 

After staining, each histological sample was assessed qualitatively for CD163, CD206, and 

CD40. These estimated densities were assessed by visually scanning the whole tissue slide 

with a ×10 lens and arbitrarily assigning 1+ (low), 2+ (medium) or 3+ (high) as follows: 1+ 

= 1–150 cells/mm2; 2+ = 151–300 cells/mm2, and 3+ = >300 cells/mm2. a Estimated density 

of CD163+ TAMs expressed in % of total patients with low, medium, or high densities per 

each race. b Estimated density of CD206+ (M2) expressed in % of total patients with low, 

medium, or high densities per each race. c Estimated density of CD40+ (M1) expressed in % 

of total patients with low, medium, or high densities per each race
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Fig. 3. 
TAMs in breast cancers proliferate when in contact with tumor cells. For the analysis of 

proliferating macrophages (double staining with Ki-67 and CD163), tumor sections were 

first incubated with Ki-67 (Dako, Carpinteria, CA, USA) for 180 min (1:25 dilution) at RT 

and developed in brown. Then, the slides were incubated with CD163 (1:250) for 30 min 

(RT) and developed in red. The slides were then counterstained with hematoxylin for 30 s. 

As a detection system, Vectastain Elite ABC and ABC-AP Mouse kits (Biotin/

AvidinSystem) from Vector Laboratories were used. In this case, breast biopsies were 

photographed at ×20 using an Olympus BX41 microscope with an Olympus DP15 digital 

camera. Images were stored in JPEG format, and density was calculated by dividing the 

number of proliferating TAMs in one image per case by the area observed in each picture of 

the analyzed tissue, calculated using the reference of 50 μm divisions. Proliferating 

macrophages were considered the cells simultaneously expressing CD163 (red) and Ki-67 

(brown) staining. a TAMs far from the tumor cells marked negative for proliferative activity 

(CD163+/Ki67−, see inset with amplification); b TAMs in close contact with tumor cells 

exhibit proliferative activity (CD163+/Ki-67+, see inset with amplification)
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Fig. 4. 
Breast cancers from BL patients show the highest numbers of proliferating TAMs. a Double 

staining (CD163+/Ki-67+) shows proliferative activity in the three racial groups. b Double 

staining (CD163+/Ki-67+) show proliferative activity with mitotic figures in the three racial 

groups. c Graph shows the density distribution of total CD163+ TAMs in 23 patients of the 

three racial groups studied. d Graph shows the density distribution of proliferating CD163+/

Ki67+ TAMs in the 23 patients of the three racial groups studied. e TAMs from Black 
patients exhibit increased proliferating ratios as compared with the other two races
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Fig. 5. 
Crown-like structure (CLS) occur at significantly higher numbers in breast cancers from 

Blacks. To calculate the density of CLS, total numbers of CLS present in one slide per tumor 

sample were counted, and this number was divided by the tumor tissue area (approximately 

calculated as a rectangle). This was done for CD163, CD206, and CD40 markers in CLS. a 
IHC results showing CD163 + CLS in the three racial groups (see inset and amplification). b 
Graph shows density of CD163+ CLS in the three racial groups. c Graph shows density of 
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CD206+ CLS in the three racial groups. d Graph shows density of CD40+ CLS in the three 

racial groups
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