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Abstract. Inflammation and cancer stem cells (CSCs) are 
becoming increasingly recognized as components of tumori-
genesis in breast cancer. In the present study, the association 
between inflammation and BCSC phenotype was evaluated in 
human breast cancer tissue. Immunohistochemical staining 
for cluster of differentiation (CD)24, 44, 4, 8 and 68 was 
performed using tissue microarray blocks containing  
47  consecutive cases of invasive breast carcinoma and 
10 normal breast tissue samples. The levels of inflammatory 
modulators and cytokines, and intratumoral or peritumoral 
lymphocyte infiltration, were assessed. BCSCs were defined 
as CD44+/CD24‑ tumor cells. In total, 21.3% of samples 
exhibited the CD44+/CD24‑ phenotype. This phenotype was 
identified to be significantly inversely associated with lymph 
node metastasis. In addition, the CD44+/CD24‑ phenotype 
was significantly associated with the molecular subtype of 
breast cancer, and was particularly increased in the basal‑like 
subtype. Furthermore, the CD44+/CD24‑ phenotype was 
significantly associated with intratumoral inflammation and 
tumor‑infiltrating CD4+ T cell counts. Notably, tumor‑infil-
trating CD4+ T cells were significantly increased in patients 
with the basal‑like molecular subtype of breast cancer. In 
conclusion, the present study identified a significant associa-
tion between inflammation and the CD44+/CD24‑ phenotype 
in breast cancer. These results suggest that the interaction 
between inflammation and CSCs may affect the tumorigenesis 
and progression of breast cancer. Further studies are required 
to clarify the role of inflammation and CSCs in breast cancer.

Introduction

The association between inflammation and the devel-
opment of cancer has been suggested for numerous 
years  (1,2). Specifically, in breast cancer inflammation is 
increasingly recognized as an important component of 
tumorigenesis. Previous studies have reported that numerous 
inflammatory mediators influence breast cancer development and  
progression (3‑7).

There is increasing evidence that cancer stem cells (CSCs) 
mediate tumor growth and metastasis (8). CSCs possess two 
main properties, the ability to self‑renew and the ability to 
differentiate into heterogeneous lineages of cancer cells that 
comprise the tumor. Breast tumors cells that exhibit the prop-
erties of CSCs have been termed breast CSCs (BCSCs) (9,10). 
Previously, it has been suggested that inflammation may 
regulate BCSCs, and certain immune mediators have been 
reported to influence BCSC biology (11). There is an investiga-
tion into immunotherapies targeting CSCs and an initial report 
has demonstrated the potential of immunotherapy as a cancer 
treatment  (12); however, the mechanisms underlying these 
approaches are not yet fully characterized. The majority of 
previous studies were pre‑clinical, and the role of inflammation 
and CSCs in patients with breast cancer was not well defined. 
In the present study, the association between inflammation and 
the BCSC phenotype was evaluated in human breast cancer 
tissue. In addition, the association between BCSCs and inflam-
mation in the progression of breast cancer was investigated.

Materials and methods

Patients and tissue microarrays (TMAs). A total of 47 consec-
utive patients with primary breast cancer who had undergone 
surgery between May 2008 and November 2011 at Daegu 
Catholic University Hospital (Daegu, Korea) were included 
in the present study. The inclusion criteria were as follows: 
i)  Patient had primary breast cancer; ii)  patient provided 
informed consent; iii) patient had undergone surgery, including 
breast conserving surgery or mastectomy; iv) patient had a 
tissue sample available following surgery. All patients were 
female; the mean age of the patients was 55.77±13.47 years 
(range, 34‑90 years).

All data was retrospectively analyzed. All tissue speci-
mens had previously been formalin fixed, paraffin embedded, 
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stained with hematoxylin and eosin, and reviewed by an expe-
rienced pathologist. The clinical information of the patients 
and their tumor characteristics, including tumor size, nodal 
status, histological grade, lymphovascular invasion status and 
other prognostic factors, were evaluated based on medical 
records, and pathological reports. Breast cancer staging was 
assessed according to the seventh edition of the American Joint 
Committee on Cancer staging manual for breast cancer (13). 
Histologic grade was assessed using the Nottingham grading 
system (14). Ethical approval for the study was obtained from 
the Institutional Review Board of Daegu Catholic University 
Hospital. Written informed consent was obtained from all 
patients.

TMAs were constructed using representative paraffin 
blocks of 47 cases of invasive breast carcinoma and 10 normal 
breast tissue samples obtained from the same patients, 
following the method described in our previous study (15).

Immunohistochemical staining. Immunohistochemical 
staining was performed on TMA sections, including cancer 
and normal tissue, using the Bond Polymer Intense Detection 
system (Leica Microsystems, Inc., Buffalo Grove, IL, USA) 
according to the manufacturer's protocol with minor modifi-
cations. The TMA blocks were cut into 5‑µm‑thick sections 
and deparaffinized with Bond Dewax solution (Leica 
Microsystems, Inc.). An antigen retrieval procedure was 
performed using Bond ER Solution (Leica Microsystems, Inc.) 
for 30 min at 100˚C.

Endogenous peroxidase activity was quenched with 
hydrogen peroxide for 5 min at 25˚C. Sections were then incu-
bated for 15 min at room temperature with primary monoclonal 
antibodies directed against the following proteins: cluster of 
differentiation (CD)24 (dilution, 1:20; cat. no. SC‑7034; clone 
C‑20; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), CD44 
(dilution, 1:1,000; cat. no. NBP1‑47386; clone, 8E2F3; Novus 
Biologicals, LLC, Littleton, CO, USA), CD4 (ready‑to‑use 
dilution; cat. no. PA0368; clone 4B12; Leica Biosystems, Inc., 
Wetzlar, Germany), CD8 (dilution 1:200; cat. no.  M7103; 
clone C8/144B), CD68 (dilution, 1:200; cat no. M0876; clone, 
PG‑M1), epidermal growth factor receptor (EGFR; dilution, 
1:100; cat. no.  M7239; clone, EGFR.25), apoptosis regu-
lator Bcl‑2 (dilution, 1:4; cat. no. IR614; clone, 124), human 
epidermal growth factor receptor 2 (HER2; dilution, 1:250; 
cat. no. A048529‑1; clone, A0485; all from Dako; Agilent 
Technologies, Inc.), estrogen receptor (ER; dilution, 1:100; 
cat. no. NCL‑L‑ER‑6F11; clone, 6F11), progesterone receptor 
(PR; dilution, 1:100; cat. no.  NCL‑L‑PGR‑312; clone, 16; 
both from Novocastra; Leica Biosystems, Inc.), proliferation 
marker protein Ki‑67 (dilution, 1:200; cat. no. 275R‑16; clone, 
MM1‑L; Sigma‑Aldrich; Merck KGaA) and tumor antigen p53 
(dilution, 1:200; cat. no. 18‑0129; clone, BP53.12; Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA).

The samples were then treated with a biotin‑free polymeric 
horseradish peroxidase‑linker antibody conjugate system 
(Bond Polymer Refine Detection; ready‑to‑use dilution; cat. 
no. DS9800; Leica Biosystems, Inc.). Staining was performed 
in a Bond‑Max Automatic Slide Stainer (Leica Microsystems, 
Inc.). A BX50 light microscope (Olympus Corporation, Tokyo, 
Japan) was used to visualize staining at x400 magnification; 
the stained cells were manually counted.

Expression levels of CD24 and CD44 were graded on 
staining intensity and the proportion of positively stained 
tumor cells. The levels of immunopositivity were semiquanti-
tatively scored as follows: 0, No staining; 1+, minimal staining 
intensity, <10% of cells positively stained; 2+,  moderate 
staining intensity, 10‑50% of cells positively stained and 
3+, marked, staining intensity, >50% of cells positively stained. 
Scores of 0 and 1 were designated as negative, and 2 and 3 
as positive. Examples of this staining are illustrated in Fig. 1. 
BCSCs were defined as CD44+/CD24‑ tumor cells. For ER 
and PR, nuclear staining in ≥1% of tumor cells was considered 
positive. Cytoplasmic and membranous staining of any inten-
sity in ≥5% of the tumor cells was considered as positive for 
Bcl‑2. Membranous staining for HER2 with strong complete 
staining in 30% of the tumor cells was regarded as HER2 
overexpression. p53 staining was scored positive if ≥5% of the 
cells were stained with a strong intensity. The Ki‑67 labeling 
index was expressed as a percentage and was graded as high if 
the number of positively stained cells was ≥14%.

The CD4, CD8 and CD68 immunostained TMA sections 
were evaluated under a microscope and the number of CD4+ 
and CD8+ T cells and CD68+ macrophages were counted in 
the stroma and cancer cell nests. Examples of this staining 
are illustrated in Fig. 2. Intratumoral (in the tumor cell nest) 
or peritumoral (in the stroma around the tumor) lymphocyte 
infiltration was semiquantitatively graded as follows: 0, No 
lymphocyte infiltration; 1, mild scattered lymphocyte infiltra-
tion in either stroma or tumor cell nest; 2, moderate lymphocyte 
infiltration with some lymph follicle formation; 3, dense and 
widespread lymphocyte infiltration.

Reverse transcription polymerase chain reaction (RT‑PCR). 
The levels of inflammatory modulators and cytokines, 
including tumor necrosis factor (TNF)‑α, interleukin (IL)‑2, 
‑4 and ‑6, interferon (IFN)‑γ and nuclear factor (NF)‑κB p50 
were assessed by the levels of mRNA transcripts in frozen 
tissue using RT‑PCR. Total RNA was extracted from frozen 
breast cancer tissues using Trizol reagent (cat. no. A33250; 
Invitrogen; Thermo Fisher Scientific, Inc.). Subsequent to 
lysing and homogenizing samples in the Trizol reagent, 
the samples were incubated for 5 min at room temperature. 
Chloroform was added to the samples, and the samples were 
agitated for 15 sec, then incubated for 2‑3 min at room temper-
ature. Following centrifugation for 5 min at 12,000‑16,000 x g 
at 4˚C, the RNA in the samples was precipitated by adding 
isopropanol. The samples were washed with in 75% ethanol 
then the RNA was dissolved with RNase‑free water. The RNA 
was quantified by measuring absorbance at 260 and 280 nm.

To determine the expression of ALCAM, inflammatory 
modulators and cytokines, reverse transcription of the total 
RNA was performed. First‑strand complementary (c)DNA 
was generated using a commercial kit (Superscript II RNase 
H‑reverse transcriptase, cat no. 18064071; Invitrogen; Thermo 
Fisher Scientific, Inc.) used according to the manufacturer's 
protocol. For the PCR of ALCAM, TNF‑α, IL‑4, IFN‑γ and 
NF‑κB p50, the following primers were used: ALCAM, 
forward, 5'‑CAA​GAC​AAC​CAA​GGC​TGA​CA‑3'; reverse, 
5'‑CGC​AGA​CAT​AGT​TTC​CAG​CA‑3'; TNF‑α, forwards, 
5'‑CCC​TCA​ACC​TCT​TCT​GGC​TC‑3'; reverse, 5'‑AGG​CAG​
CTC​CTA​CAT​TGG​GT​‑3'; IL‑2, forwards, 5'‑GCA​ACT​CCT​
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GTC​TTG​CAT​TG‑3'; reverse, 5'‑TGC​TTT​GAC​AAA​AGG​
TAA​TCC​A‑3'; IL‑4, forwards, 5'‑ACT​GCT​TCC​CCC​TCT​
GTT​CT‑3'; reverse, 5'‑TGA​TCG​TCT​TTA​GCC​TTT​CCA‑3'; 
IL‑6, forwards, 5'‑TAC​CCC​CAG​GAG​AAG​AT​TCC‑3'; 

reverse, 5'‑AAA​GCT​GCG​CAG​AAT​GAG​AT‑3'; interferon‑γ, 
forwards, 5'‑TTG​GCT​TTT​CAG​CTC​TGC​AT‑3'; reverse, 
5'‑CTG​TTT​TAG​CTG​CTG​GCG​AC‑3'; NF‑kB p50, forwards, 
5'‑CAC​CTA​GCT​GCC​AAA​GAA​GG‑3'; reverse, 5'‑TCA​GCC​

Figure 1. Immunohistochemical staining for CD24 and CD44 in breast cancer tissue. The expression level was graded on the staining intensity and the propor-
tion of positively stained tumor cells (magnification, x400). (A) Immunopositive and (B) immunonegative CD44 expression results. (C) Immunopositive and 
(D) immunonegative CD24 expression results. CD, cluster of differentiation.

Figure 2. Immunohistochemical staining for CD4, CD8 and CD68 in breast cancer tissue (magnification, x400). The immunostained sections represent positive 
staining for (A) CD4+ T cells, (B) CD8+ T cells and (C) CD68+ macrophages. CD, cluster of differentiation.
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AGC​TGT​TTC​ATG​TC‑3'. β‑actin was used as a reference 
gene and the primer was as follows: Forwards, 5'‑AGG​GTG​
TGA​TGT​GGG​TAT​GG‑3'; reverse, 5'‑CAG​GAT​CTT​CAT​
GAG​GTA​GTC‑3'.

PCR was performed with 1 µl of cDNA and 0.4 U Taq 
polymerase (cat. no. #18038042; Thermo Fisher Scientific, 
Inc.). The thermocycler settings were as follows: An initial 
temperature of 94˚C for 2 min, then 35 cycles of 94˚C for 
30 sec, 65˚C for 30 sec and 72˚C for 1 min. PCR products were 
analyzed by agarose gel electrophoresis and visualized with 
ethidium bromide staining.

Statistical analysis. Statistical analyses were performed using 
SPSS software (version 15.0; SPSS, Inc., Chicago, IL, USA). 
A one‑sample Kolmogorov‑Smirnov test was used to evaluate 
the distribution of continuous parameters. The association 
between BCSC phenotype and the number of inflammatory 
cells was assessed using a Student's t‑test for CD8+ T cells and 
CD68+ macrophages and a non‑parametric Mann‑Whitney U 
test for CD4+ T cells. The association between other inflam-
matory modulators and the BCSC phenotype was assessed 
using a χ2 test for intratumoral and peritumoral inflammation, 
and Fisher's exact test for TNF‑α, IL‑4 and NF‑kB p50 expres-
sion status. The association between the BCSC phenotype 
and the clinicopathological characteristics of the patients 
was analyzed using the Chi‑square test for categorical data, 
including menopausal state, T stage, node metastasis, histo-
logic grade, lymphovascular invasion, ER, PR, Bcl‑2, p53 and 
EGFR expression status, HER2 overexpression status, Ki‑67 
index and molecular subtype. All tests were two‑tailed. P<0.05 
was considered to indicate a statistically significant difference.

Results

The clinicopathological characteristics of the patients included 
in the present study are illustrated in Table I. The mean age 
of the patients with breast cancer was 55.77±13.47  years 
(range, 34‑90 years). All cases were categorized into four 
groups according to the immunohistochemical results for 
CD44 and CD24 (Table II). Of the 47 patients, 10 (21.3%) 
exhibited the BCSC phenotype (CD44+/CD24‑). CD44 posi-
tivity was significantly higher in postmenopausal women 
compared with in premenopausal women (P=0.004; data not 
shown). Intratumoral inflammation was significantly more 
frequent in the CD44‑negative groups (P=0.018) compared 
with CD44‑positive groups (data not shown).

Table II. Immunohistochemical staining results for CD44 and 
CD24.

Tumor cell phenotype	 No. of patients (%)

CD44+/CD24‑	  10 (21.3)
CD44+/CD24+	 9 (19.1)
CD44‑/CD24+	  22 (46.8)
CD44‑/CD24‑	 6 (12.8)

CD, cluster of differentiation.

Table I. Clinicopathological characteristics of patients with 
breast cancer.

Clinicopathological characteristic	 Value

Age, years [mean ± standard 	 55.77±13.47 (34‑90)
deviation (range)]	
Menopausal status, n (%)	
  Premenopausal 	 17 (38.6)
  Postmenopausal 	 27 (61.4)
Tumor size, cm [mean ± standard 	 1.97±1.04 (0.10‑4.50)
deviation (range)]	
Histologic grade, n (%)	
  I 	 8 (17.0)
  II 	 12 (25.5)
  III 	 27 (57.5)
Nodal involvement, n (%)	
  Negative 	 29 (61.7)
  Positive 	 18 (38.3)
Distant metastasis, n (%)	
  Negative 	 45 (95.7)
  Positive 	 2 (4.3)
Tumor stage, n (%)	
  I	 18 (40.0)
  IIA	 15 (33.3)
  IIB	 9 (20.0)
  IIIA	 2 (4.5)
  IIIB	 0 (0.0)
  IIIC	 1 (2.2)
  IV	 0 (0.0)
Molecular subtype, n (%)	
  Luminal A 	 9 (22.0)
  Luminal B 	 23 (56.1)
  HER2 	 6 (14.6)
  Basal‑like 	 3 (7.3)
Lymphovascular invasion, n (%)	
  Negative 	 27 (57.4)
  Positive 	 20 (42.6)
ER expression status, n (%)	
  Negative 	 15 (31.9)
  Positive 	 32 (68.1)
PR expression status, n (%)	
  Negative 	 10 (21.3)
  Positive 	 37 (78.7)
HER2 overexpression status, n (%)	
  Negative 	 24 (57.1)
  Positive 	 18 (42.9)
Ki‑67 index, n (%)	
  <14% 	 2 (4.3)
  ≥14% 	 44 (95.7)

ER, estrogen receptor; PR, progesterone receptor; HER2, human 
epidermal growth factor receptor 2.
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A CD44+/CD24‑ phenotype was significantly inversely 
associated with lymph node metastasis (P=0.038; Table III). 
The CD44+/CD24‑ phenotype was also significantly associ-
ated with the molecular subtype of breast cancer (P=0.042), 
being particularly more abundant in the basal‑like subtype 
(Table III). In addition, the presence of CD44+/CD24‑ tumor 
cells was associated with intratumoral inflammation (P=0.032; 
Table III) and tumor‑infiltrating CD4+ T cell counts (P=0.003; 
Table IV).

Analysis of the clinicopathological significance of inflam-
matory mediators and inflammatory cells demonstrated that 
tumor‑infiltrating CD8+ T cells were significantly increased 
in patients with basal‑like subtype of breast cancer (P=0.037) 
compared with other molecular subtypes (data not shown).

Discussion

There is increasing evidence that inflammation and CSCs 
are associated with carcinogenesis in numerous tumor 
types (11,16‑19). Recent studies have suggested an association 

Table III. Continued.

Clinicopathological	 C D 4 4 + / C D 2 4 ‑  	
characteristic	 positive patients (%)	 P‑value

  Positive 	 18.8	

ER, estrogen receptor; PR, progesterone receptor; HER2, human 
epidermal growth factor receptor 2; EGFR, epidermal growth factor 
receptor; Ki‑67, proliferation marker protein Ki‑67; Bcl‑2, apoptosis 
regulator Bcl‑2; p53, cellular tumor antigen p53.

Table III. Clinicopathological characteristics associated with 
a CD44+/CD24‑ phenotype in invasive breast cancer tissue 
samples.

Clinicopathological	 CD44+/CD24‑ 	
characteristic	 positive patients (%)	 P‑value

Menopausal state		  0.057
  Pre‑menopausal 	 5.9	
  Post‑menopausal 	 29.6	
T stage	 	 0.366
  ≤T1 	 25.9	
  ≥T2 	 15.0	
Node metastasis	 	 0.038
  Negative 	 31.0	
  Positive 	 5.6	
Histologic grade	 	 0.092
  1 	 50.0	
  2 	 16.7	
  3 	 14.8	
Lymphovascular invasion	 	 0.366
  Negative 	 25.9	
  Positive 	 15.0	
ER expression status	 	 0.536
  Negative 	 26.7	
  Positive 	 18.8	
PR expression status	 	 0.103
  Negative 	 40.0	
  Positive 	 16.2	
HER2 overexpression status	 	 0.347
  Negative 	 29.2	
  Positive 	 16.7	
Bcl‑2 expression status	 	 0.778
  Negative 	 25.0	
  Positive 	 20.5	
p53 expression status	 	 0.609
  Negative 	 28.6	
  Positive 	 20.0	
Ki‑67 index	 	 0.322
  <10% 	 50.0	
  ≥10% 	 20.5	
EGFR expression status	 	 0.579
  Negative 	 19.4	
  Positive 	 27.3	
Molecular subtype	 	 0.042
  Luminal A 	 44.4	
  Luminal B 	 8.7	
  HER2 	 33.3	
  Basal‑like 	 66.7	
Intratumoral inflammation	 	 0.032
  Negative 	 50.0	
  Positive 	 14.3	
Peritumoral inflammation	 	 0.156
  Negative 	 50.0	

Table IV. Association between a CD44+/CD24‑ phenotype and 
inflammatory markers in invasive breast cancer tissue samples.

	 CD44+/CD24‑ tumor
	 cell phenotype
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Inflammatory marker	 Positive	 Negative	 P‑value

TNF‑α expression status, n
  Negative	 2	 13	 0.362
  Positive	 8	 24	
IL‑4 expression status, n
  Negative	 4	 18	 0.627
  Positive	 6	 19	
NF‑κB p50 expression status, n
  Negative	 0	 2	 0.452
  Positive	 10	 35	
CD4+ T cell count, mean 	 9.2	 31.7	 0.003
CD8+ T cell count, mean 	 64.0	 120.3	 0.110
CD68+ macrophage count, mean 	 25.6	 31.9	 0.505

TNF‑α, tumor necrosis factor‑α; IL‑4, interleukin‑4; NF‑κB p50, 
nuclear factor κB p50; CD, cluster of differentiation.
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between inflammation within the tumor microenvironment 
and CSCs  (17,19); however, the effect of inflammation on 
CSCs has yet to be fully determined. Blaylock (19) reported 
that inflammation is essential to cancer induction through its 
mutagenic effects on stem cell DNA. Shigdar et al (17) demon-
strated that inflammatory response and stimuli from immune 
cells, including cytokines, cause cancer cells to dedifferentiate 
into CSCs through several signaling pathways, including the 
NF‑κB signaling pathway. In breast cancer, several studies 
have reported that inflammatory signaling within the tumor 
microenvironment affects CSCs (20‑23). Particularly, IL‑6 has 
been reported to induce epithelial‑mesenchymal transition, 
which has been implicated in the generation of a stem cell 
phenotype (20,21). The main inflammatory cells in the tumor 
microenvironment are lymphocytes and macrophages, and the 
main inflammatory cytokines include TNF‑α, IL‑6, IL‑8 and 
IFN‑γ. Based on the results of previous in vitro studies (20‑23), 
the association between inflammation and CSCs in human 
breast cancer tissue was analyzed in the present study. The 
results of the current study demonstrated that intratumoral 
inflammation and tumor‑infiltrating CD4+ T cell counts are 
associated with CSCs in breast cancer. Typically, activated 
Th1 cells secrete TNF‑α, IL‑2, TGF‑β and IFN‑γ, and acti-
vated Th2 cells secrete IL‑4, ‑5, ‑6, ‑10 and ‑13 (24,25). In 
combination with the results of previous studies, the results of 
the current study suggest that tumor‑infiltrating lymphocytes 
are implicated in the generation of CSCs through their secre-
tion of inflammatory cytokines.

It has been suggested that CSCs mediate tumor growth 
and metastasis (8,10). However, the prognostic significance 
of CSCs in breast cancer remains unclear. Previous studies 
have reported that BCSCs are associated with the basal‑like 
molecular subtype of breast cancer and a poor clinical 
outcome (26,27). However, Mylona et al (28) revealed that 
BCSCs are associated with a lack of lymph node metas-
tasis and an improved clinical outcome. Furthermore, 
Abraham et al (29) reported that BCSCs were not associated 
with the clinical outcome. Notably, consistent with these 
previous studies, the results of the present study demonstrated 
that a BCSC phenotype (CD44+/CD24‑) was significantly asso-
ciated with the basal‑like molecular subtype of breast cancer, 
which confers a poor prognosis, whereas it was significantly 
inversely associated with lymph node metastasis. These results 
suggest that BCSCs may be able to initiate tumorigenesis (30), 
but that signaling pathways that modulate BCSCs, and interac-
tions between BCSCs and the tumor microenvironment, may 
affect breast cancer progression. Further studies are required 
to clarify the prognostic significance of CSC phenotype in 
breast cancer.

It has been recognized that inflammatory mediators in the 
tumor microenvironment affect breast cancer development and 
progression (3‑7,31). Previous studies have revealed that cyto-
toxic T lymphocytes and natural killer cells exhibit antitumor 
activity against breast cancer  (32‑34). However, numerous 
studies (31,35‑37) have demonstrated mechanisms by which 
breast tumors avoid antitumor immune responses; protumori-
genic inflammation in breast cancer has been reported (31). 
The inflammatory mediators in breast carcinogenesis include 
proinflammatory cytokines and chemokines, including IL‑1, 
IL‑6, IL‑8, TNF‑α, MCP‑1, CCL5 and CXCL1/2  (3,6,7). 

Furthermore, previous studies have suggested that CD8+ T cells 
exhibit antitumor activity in breast cancer, which is dependent 
on the breast cancer subtype (38,39). Liu et al (38) reported 
that CD8+ T cell infiltration was associated with improved 
patient survival in basal‑like, but not non‑basal, triple nega-
tive breast cancer. In the current study, the clinicopathological 
significance of inflammatory mediators and inflammatory 
cells were investigated, and tumor‑infiltrating CD8+ T cells 
were revealed to be increased in patients with the basal‑like 
subtype of breast cancer compared with other subtypes. 
However, it was not possible to analyze the prognostic role of 
tumor‑infiltrating CD8+ T cells in basal‑like breast cancer in 
the current study. Further studies investigating the mechanism 
by which inflammation influences the progression of different 
breast cancer subtypes are warranted.

Although preliminary evidence suggests that inflammation 
and BCSCs are associated with breast carcinogenesis, there is 
limited data available. The acquisition of more clinical evidence 
is important for designing effective therapies and identifying 
improved therapeutic targets for patients with breast cancer. 
The present study analyzed the association between inflamma-
tion and the BCSC phenotype in human breast cancer tissue. 
However, the results of the current study were limited due to 
a relatively small sample size, and the clinical significance of 
these results requires further evaluation.

In conclusion, the present study identified significant asso-
ciations between inflammation and the BCSC phenotype in 
breast cancer. The results suggest that the interaction between 
inflammation and BCSCs may affect tumorigenesis, in addi-
tion to the progression of breast cancer. Further studies are 
required to clarify the role of inflammation and BCSCs in 
breast cancer.
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