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Background: Breast cancer is the leading cause of mortality from cancer in women worldwide,
and cancer stem-like cell (CSC) is responsible for failure treatment of breast cancer. It plays an
important role in resistant disease and metastasis. CD44/CD24 and ALDH are well-accepted
protein markers of breast CSC, and it was reported that distinct subtypes of breast CSC were
identified by the 2 markers. It is possible that there are various kinds of breast CSC which could
be identified by different markers, and CSC markers utilized at present are not enough to fully
understand breast CSC. Finding out more novel CSC markers is necessary. CXCR2 is involved
in breast cancer metastasis, treatment resistance, and recurrence and has positive cross-talk with
known breast CSC protein markers. It can be concluded that CXCR2 is related to breast CSC,
and further study is in need.

Results: In this study, we assessed expression of CXCR2 with immunohistochemistry in
breast cancer tissues from 37 patients and discovered that level of CXCR2 was significantly
lower in triple-negative breast cancer (TNBC) compared with non-TNBC. CXCR2 expression
decreased in estrogen receptor-negative or HER2-negative breast cancer, but not progesterone
receptor-negative counterparts. By immunofluorescence, we observed high coexpression rate
of CXCR2 and CSC-related proteins, including NANOG and SOX2. To prove our speculation
that CXCR2 was a novel CSC marker for TNBC, we used 4T1 cell, which is a TNBC cell
line, to analyze CXCR2-positive subpopulations and observed that CXCR2-positive 4T1 cells
showed characteristics of CSC, including resistance to cisplatinum, radiation, and hypoxia, low
proportion (around 1%), much more tumor xenografts, tumor spherule formation, and higher
levels of CSC-related mRNA compared with CXCR2-negative cells.

Conclusion: CXCR2 is an acceptable and newly discovered CSC marker for only TNBC.
Keywords: cancer stem-like cell, CXCR2, triple-negative breast cancer, marker

Introduction

Breast cancer is one of the leading causes of death in women worldwide, and it is the
most commonly diagnosed cancer among women in People’s Republic of China.'
Development of chemotherapy, radiotherapy, and targeted therapy, such as trastu-
zumab, has decreased mortality of this disease, but millions of breast cancer patients
will still die because of failure treatment. One of the well-known explanations for this
is the presence of cancer stem-like cell (CSC) which is resistant to chemotherapeutics,?
radiation,’ and trastuzumab.* In addition to resistance to therapies, CSC is also respon-
sible for tissue invasion,’ metastasis, and recurrence.® Moreover, CSC is even reported
to mimic endothelial cells and form tumor blood vessels.” Because of these proper-
ties, breast cancer with a high proportion of CSC is correlated with a poor overall
survival (OS),? and CSC thus becomes a promising target. Therefore, research on breast
CSC was important, and many studies were conducted during the recent decade.
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The first step in conducting research on breast CSC is the
identification and differentiation of them from other “ordinary”
tumor cells with protein markers, and breast cancer cells with
high expression of these markers are reported to contain many
more CSCs. Nowadays, CD44*CD24-,*!° ALDH-positive!’
subpopulations are considered as CSCs in breast cancer. The
majority of studies on breast CSCs choose them as the research
target. However, it was shown by a study that CD44*CD24~
breast CSCs represent a quiescent, mesenchymal-like popula-
tion, while ALDH* CSCs represent a cycling, epithelial-like
population, and this discovery suggests that CD44*CD24~ and
ALDH* breast CSCs are distinct from each other.!! It is possible
that several different types of breast CSC with different protein
markers exist in breast cancer, and finding out more subtypes
of markers is important for the study of breast CSCs.

CXCR?2 is a G-protein-coupled cell surface chemokine
receptor, which has been found to be overexpressed in
various cancers including breast cancer;!? in addition,
CXCR2 with its binding partners, such as IL-8, is implicated
in growth, proliferation, metastasis, and resistance to che-
motherapeutic agents of breast cancer.!”! A higher level of
CXCR2 ligand is observed in patients with advanced stages
of breast cancer and is linked to poor prognosis.?>** Our
previous study showed that CXCL1, a ligand of CXCR2,
was able to increase the population of ALDH* breast CSCs
in 4T1 breast cancer cell line, and it was also shown that
inhibition of CXCR2 decreased the volume of breast cancer
and the proportion of breast CSCs (unpublished). These
discoveries suggest that CXCR2-related signaling pathways
are tightly related to breast CSCs and play an important role
in breast cancer.

In this study, we assessed expression of CXCR2 in human
breast cancers and explored the relationship of CXCR2 and
breast CSCs by experiments in vitro and in vivo, trying to
find out a novel treatment target for breast cancer.

Materials and methods

Cancer cell culture and treatment

The 4T1 cell line was obtained from the American Type Cul-
ture Collection (Manassas, VA, USA). Cells were cultured
in DMEM (Life Technologies, Bedford, MA, USA) contain-
ing 10% FBS and 1% penicillin/streptomycin and kept in a
humid chamber at 37°C with 5% CO,. In vitro studies were
performed as follows: 6-well plates with the same volume of
4T1 cells were prepared. About 200 umol/L cobalt chloride
(CoCl,) and 10 ng/mL cisplatinum were used, respectively,
to treat 4T1 cells for 48 hours. About 8 Gy radiation, once
every other day for twice (16 Gy in total) was used for radio-
therapy of 4T1 cells.

Murine model and in vivo tumor

formation assay

Female BALB/C mice, which were 68 weeks old (Sichuan
University, Chengdu, People’s Republic of China), were
maintained in the Laboratory for Animal Experiments under
specified pathogen-free conditions. Indicated numbers of
sorted CXCR2" or CXCR2™ cells were implanted subcutane-
ously in the breast pad of mice. The number of palpable tumors
was counted after 12 weeks. All procedures involving animals
were approved by the Animal Care and Use Committee of
Sichuan University. The experimental manipulation of mice
was conducted in accordance with the National Institutes of
Health Guide for the Care and Use of Laboratory Animals.

Flow cytometry

For the assessment of CXCR2 expression in single cells from
4T1 tumors, cells were washed and counted to make sure that
the number of cells in each test was between 3x10° and 1x10°.
The primary antibody, PE-CXCR2 (149609, BioLegend,
San Diego, CA, USA), was added. Cells were then placed at
room temperature and incubated in the dark for 30 minutes in
accordance with the manufacturers’ instructions. Cells were
rewashed with PBS and resuspended in 400-500 uL PBS,
then analyzed or separated in a cell sorter.

Sphere formation assay

4T1 cells or separated CXCR2"/CXCR2™ 4T1 cells were
plated in ultra-low attachment 6-well plates (Corning,
Lowell, MA, USA) and grown in serum-free DMEM/F12
(1:1) (Invitrogen, Carlsbad, CA, USA). 1X-N2 supplement
(Invitrogen), 10 ng/mL EGF (Peprotech, Rocky Hill, NJ,
USA), and 10 ng/mL bFGF (Peprotech) were added into
the culture medium. These cells were cultured for 60 days.
Images of tumor spheres were taken with a phase contrast
microscope (Nikon, Tokyo, Japan).

Reverse-transcription PCR and
quantitative real-time PCR

Expression of mRNA of ALDH, ABCG2, NOTCH1, SOX2,
and NANOG were analyzed by applying the quantitative
reverse-transcription PCR (Takara, Kyoto, Japan) and SYBR
green detection (Takara). Expression of -actin was used as
the control. The primers are listed in Table 1.

Immunofluorescence and
immunohistochemical analysis

A total of 37 paraffin-embedded tissue sections from
37 patients with breast cancer were provided by the West
China Hospital. CXCR2 expression was determined using
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Table | Primers used in RT-PCR

Gene
CD44 Primer forward 5 TCGATTTGAATGTAACCTGCCG 3’
Primer reverse 5" CAGTCCGGGAGATACTGTAGC 3’
NOTCH | Primer forward 5" GATGGCCTCAATGGGTACAAG 3’
Primer reverse 5 TCGTTGTTGTTGATGTCACAGT 3’
ABCG2 Primer forward 5 GAACTCCAGAGCCGTTAGGAC 3’
Primer reverse 5" CAGAATAGCATTAAGGCCAGGTT 3’
[-actin Primer forward 5" CCTCTATGCCAACACAGTGC 3’
Primer reverse 5" ACATCTGCTGGAAGGTGGAC 3’
SOX2 Primer forward 5" GCCGAGTGGAAACTTTTGTCG 3’
Primer reverse 5 GGCAGCGTGTACTTATCCTTCT 3’
ALDH Primer forward 5" TTTGGAGGCAACGATGGCTT 3’

Primer reverse

5" CAGGGACCATAAGGCGGGTA 3’

Abbreviation: RT-PCR, reverse-transcription PCR.

rabbit anti-human CXCR?2 antibody (GR132442-8, Abcam,
Cambridge, MA, USA) immunostaining. NANOG expres-
sion was determined using mouse anti-human NANOG anti-
body (0710165 G-1, Novus Biologicals, Littleton, CO, USA)
immunostaining. Sox2 expression was determined using
mouse anti-human Sox2 antibody (0726153 H-8, Novus
Biologicals) immunostaining. ALDH and CD44 expres-
sions were determined using mouse anti-human ALDH
(600162, ZenBio, Chengdu, People’s Republic of China)
and mouse anti-human CD44 antibody (600211, ZenBio),
respectively. Paraffin sections were dewaxed and blocked
with 5% BSA. The sections were then incubated with the
relevant antibodies, optimally diluted, at 4°C overnight. The
sections were washed with PBS. For immunohistochemi-
cal analysis, sections were incubated with goat anti-rabbit
or goat anti-mouse antibody (diluted 1:500). Peroxidase
activity was visualized by utilizing 3,3’diaminobenzidine
substrate according to the kit instructions (Beyotime Bio-
science, Shanghai, People’s Republic of China). Sections
were then counterstained with hematoxylin. Slides were
examined using a microscope (Eclipse E600; Nikon). For
immunofluorescence analysis, slides were incubated with
fluorescein isothiocyanate goat anti-rabbit or tetramethylrho-
damine goat anti-mouse antibody (diluted 1:500). Positive
expression cells were observed with an Eclipse E600 light
microscope (Nikon).

Statistical analysis

Data were expressed as meantstandard error of the mean.
Statistical analyses were performed with the SPSS (version
16.0; SPSS Inc., Chicago, IL, USA). Student’s f-test was
used to determine between-group statistical significance, and
log-rank statistics were used to test for differences among
subgroups. Statistical significance was set at P<<0.05.

Ethical approval

This study was approved by Ethics and Scientific Committees
of West China Hospital of Sichuan University, and written
informed consent was obtained from all patients.

Results
CXCR?2 expression in tissue sections of

human breast cancer from 37 patients

We assessed the expression of CXCR2 in human breast
cancer tissue sections from 37 patients with breast can-
cer using immunohistochemistry (Figure 1A), and the
information of these 37 patients is shown in Table 2. The
immunohistochemistry findings showed that the expression
of CXCR2 was significantly lower in TNBC (a subtype of
breast cancer which has negative expression for estrogen
receptor [ER], progesterone receptor [PR], and Her2) when
compared with non-TNBC. The expression of CXCR2 was
related with the expression of Her2 protein and ER, but not
PR. Expression of CXCR2 was lower in Her2-negative or
ER-negative breast cancer patients and was similar between
PR-positive and PR-negative cases. CXCR2 expression
has limited relationship with Ki67. Also, advanced (stage
II-1V, according to National Comprehensive Cancer Net-
work guidelines for breast cancer) and nonadvanced (stage
I-1II) breast cancer showed similar expression of CXCR2
(Figure 1B).

High rate of coexpression of CXCR2 and
CSC-related proteins

A quite low expression of CXCR2 in TNBC had been
observed. So, the proportion of cells coexpressing CXCR2
and NANOG, SOX2, ALDH, and CD44, respectively,
was measured to test the “stemness” of CXCR2-positive
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cells in TNBC, and the result of this study showed that the
expression levels of CXCR2 and NANOG were relevant,
as nearly 100% of CXCR2-positive cells also expressed
NANOG. Among SOX2-positive cells, there were on aver-
age 89% (17/19) that also expressed CXCR2. There were
29% (15/51) ALDH-positive cells and 15% CD44-positive

cells (17/114) that also coexpressed CXCR2 (Figure 2).
These results support the relationship between CXCR2
and NANOG, CXCR2, and SOX2, and the possibility that
CXCR2-positive cells in TNBC were CSCs. The findings
also excluded the possibility that CXCR2 could be used as
amarker of CSC in non-TNBC, because CSC is considered

Figure | (Continued)
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Figure 1 CXCR2 expression in tissue sections of human breast cancer from 37 patients.
Notes: (A) CXCR2 expression in 37 breast cancer tissue sections shown by immunohistochemistry. (B) The expression of CXCR2 (IOD/area) between TNBC and non-
TNBC, ER-positive and ER-negative, PR-positive and PR-negative, HER2-positive and HER2-negative, Ki6é7 =14% and >14%, and advanced breast cancer and nonadvanced

breast cancer cases. *P<0.05.

Abbreviations: ER, estrogen receptor; IOD, integrated optical density; PR, progesterone receptor; TNBC, triple-negative breast cancer; ns, non significant.

Table 2 Characteristics of the 37 patients with breast cancer

Characteristics

Patients (N=37)

Age, year
Median
Range

Tumor stage
DICS
TI
T2
T3
T4

Nodal status
NO
NI
N2
N3

Metastasis
MO
M

52
37-76

n (%)

| (2.70)

7 (18.92)
21 (56.76)
4(1081)
4(1081)
n (%)

16 (43.24)
I5 (40.54)
6 (16.22)
0(0)

n (%)

33 (89.19)
4(1081)

Abbreviation: DICS, ductal carcinoma in situ.

to be a small subpopulation of cells within the tissue,

typically =1%.7

CXCR2+ cells were enriched with CSCs

in 4T cell line

We utilized 4T 1 breast cell, a TNBC cell line for further stud-
ies. CXCR2-positive and CXCR2-negative 4T1 cells were
identified and sorted by flow cytometry to detect “stemness-
related phenotypes,” including resistance to chemotherapy,
radiation, and hypoxia, spherule formation, tumorigenic
ability, and mRNA levels of CSC-related proteins. A low
proportion of CXCR2-positive cells was observed in the
4TI cell line (about 1%), which is consistent with the result
that we observed in TNBC tissues from patients. Flow
cytometry results showed that proportion of CXCR2-positive
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Notes: Three-color immunofluorescence staining shows close apposition between CXCR2-positive cells and NANOG-positive cells. In order to quantify this association,
12 fields were counted (there should be at least | cell staining for CXCR2 and included as | field) to determine the frequency of association of CXCR2-positive cells and
NANOG-positive cells. A total of 18 cells were positive for CXCR2 and 100% of them were also staining for NANOG. This statistically significant positive association
demonstrates the nonrandom distribution of these 2 cell types in tumor xenografts. DAPI (blue) for cell nuclei staining; CXCLI (green) and NANOG (red).

Abbreviation: CSC, cancer stem-like cell.

cells increased after treatment with cisplatinum, radiation,
and hypoxia (Figure 3A), which indicated their resistance
to traditional cancer treatment methods. CXCR2-positive
4T1 cells were capable of forming tumor spherules and
transplanted tumors with a very low cell number (20,000,
2,000, and 200 in this study). CXCR2-negative 4T1 cells
were also able to form tumors with a low cell number, but the
success rate is much lower than CXCR2-positive ones and
they quickly died in stem cell medium and could not form
spherules (Figure 3B and C). The mRNA levels of several

proteins were evaluated that are closely related with CSCs,
including ALDH, ABCG2, NOTCH1, SOX2, and NANOG.
The results showed that ALDH, SOX2, and NANOG were
increased in CXCR2-positive cells (Figure 3D). These prop-
erties supported the hypothesis that CXCR2 could be used
as a novel TNBC CSC marker.

Discussion
In this study, we observed low expression of CXCR2 in TNBC
tissues from patients and assessed the rate of coexpression
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Figure 3 CXCR2 is a novel cancer stem-like cell marker for 4T| breast cancer cells.

Notes: (A) CXCLI cells were treated with 10 ng/mL cisplatinum (48 hours) and radiotherapy (8 Gy once the other day, and the total dose was 16 Gy). A solution of
200 umol/L cobalt chloride (CoCl,) was used to mimic hypoxia, and the treatment time was 48 hours. After treatment, proportion of ALDH-positive cancer stem-like cell
(CSCs) were counted and compared. (B) CXCR2-positive and CXCR2-negative 4T | cells were identified and separated by flow cytometry and injected into breast of BALB/c
mice in doses at 20,000, 2,000, and 200 cells, respectively. The formation of tumors was observed for 12 weeks and number of palpable tumors was counted. (C) CXCR2-
positive and CXCR2-negative 4T | cells were cultured in CSC medium. The number of formed tumor spherules were counted and compared. Scale bar =100 um. (D) In
CXCR2-positive and CXCR2-negative 4T | cells, level of ALDH, ABCG2, NOTCH I, SOX2, and NANOG mRNA was measured by RT-PCR and compared. *P<<0.05.

Abbreviation: RT-PCR, reverse-transcription polymerase chain reaction.

of CXCR2 with CSC-related proteins, including NANOG,
ALDH, CD44, or SOX2.% The corresponding mRNAs were
mostly highly expressed in CXCR2-positive 4T1 cells in the
present study. Results of immunofluorescence assays showed
that nearly all CXCR?2 cells expressed NANOG at the same
time and most SOX2-positive cells also expressed CXCR2,
suggested the “stemness” of CXCR2-positive cells. The
coexpression of CXCR2 and ALDH, CXCR2, and CD44
in TNBC cells was also relatively common but obviously
lower than CXCR2 and NANOG, or CXCR2 and SOX2.
During further studies with a TNBC cell line, we observed
a series of characteristics of CSC in CXCR2-positive 4T1
cells. First, the proportion of CXCR2-positive cells is quite
low (around 1%), and it was surprising that so few cells were
responsible for the development of ALDH-positive CSCs
(according to our unpublished data). On review of related
studies published in the literature, the expression of CXCR2
was also previously reported to be low in LM2-4175 lung
cancer cell,” which was derived from the MDA-MB-231

human breast cancer cell line (also a TNBC cell line). Other
studies on CXCR2 suggested a role for CXCR2 in breast
cancer metastasis, angiogenesis, and recurrence.’*’' One
study also reported positive cross-talk between CXCR2 and
CXCR4,*? which is a well-known CSC marker and a protein
that is associated with metastasis. Therefore, we believed that
CXCR2 might be a novel CSC marker for TNBC. Next, the
present study tested the resistance of CXCR2-positive 4T1
cells to cisplatinum, radiation, and hypoxia, followed by
the use of 4T1 tumor xenografts and assessment of tumor
spherule formation and measurement of the levels of CSC-
related mRNA. The findings from these study approaches
all supported the possibility that CXCR2-positive 4T1 cells
were a group of CSCs. Together with properties of CXCR2
observed in breast cancer tissues from patients, we assumed
that CXCR2 might be a potential novel marker for TNBC.
At the present time, no studies have reported specific
CSC markers for certain molecular subtype of breast cancer.
In this study, for the first time, we identified CXCR2 as a
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novel CSC marker only for TNBC, using a TNBC cell line
model and breast cancer sections from patients. Clinically,
TNBC accounts for 15% of breast cancers, which have a
more aggressive clinical course, with a higher risk of death
and an early pattern of metastasis compared with non-TNBCs,
particularly in the first 5 years.**** However, the major thera-
peutic approaches for breast cancers, including antihormone
therapy or trastuzumab therapy, are not suitable for patients
with TNBC due to the lack of a corresponding therapy target,
which means that chemotherapy and radiation therapy are
the main treatment choices for patients with TNBC. As we
identified CXCR2 as a CSC marker for TNBC, treatment tar-
geting CXCR2 may be a promising future treatment approach,
but requires further study. Currently, a Phase Ila study to
evaluate the safety and tolerability of AZD5069, a selec-
tive CXCR2 antagonist, in patients with moderate to severe
chronic obstructive pulmonary disease was completed in 2015
(NCTO01233232). The compound was well tolerated overall in
those patients who completed the study treatment.* Therefore,
drugs such as AZD5069, which are in development and have
been shown to have good safety profiles, may be studied in
future in controlled clinical trials in patients with TNBC.

Conclusion
The findings of this study suggest that CXCR2 can be used
as a novel CSC marker for TNBC.
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