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Abstract

Chronic inflammation is a major factor in tumor growth and progression. Cancer cells secrete C-X-C chemokine ligand
8 (CXCLS8) along with its receptor C-X-C chemokine receptor 1 (CXCR1) and chemokine receptor 2 (CXCR2). It plays
a significant role in the activation and trafficking of inflammatory mediators, tumor proliferation and interferes in breast
cancer development by controlling cell adhesion, proliferation, migration, and metastasis. This axis also plays a significant
role in driving different cancers and melanomas, including breast cancer progression, by controlling stem cell masses. Few
small-molecule CXCR1/2 inhibitors and CXCLS releasing inhibitors have been identified in the past two decades that bind
these receptors in their inactive forms and blocks their signaling as well as the biological activities associated with inflam-
mation. Inhibitors of certain inflammatory molecules are projected to be more efficient in different inflammatory diseases.
Preclinical trials indicate that patients may be benefitted from combined treatment with targeted drugs, chemotherapies,
and immunotherapies. Thus, targeting the CXCL8-CXCR1/2 signaling axis in breast cancer could be a promising approach
for its therapeutics. This review examines the roles of the CXCL8-CXCR1/2 signaling axis and how it is implicated in the
tumor microenvironment in breast cancer. In addition, we also discuss the potential role of the CXCL8-CXCR1/2 axis in

targeted therapeutics for breast cancer.
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Introduction

Chemokines and their cognate receptors are involved in a
wide range of pathological conditions due to their engage-
ment in hematopoiesis, stimulation of immune cells, and
maturation of precursor cells [1, 2]. CXCLS8 one of the
leading chemokines that promote inflammatory pathways
by attracting and accelerating neutrophils and granulocytes
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[3]. CXCLS8 exhibits its biological functions after binding
with GPCR receptors, CXCR1 and CXCR2 [4]. CXCL8-
CXCR1/2 axis has been reported to mediate the initiation
and progression of multiple human cancers, including pros-
tate, breast, lung cancer, colon, and skin cancer [5]. This axis
is considered an attractive target due to its diverse contribu-
tion to proliferation, blood vessel differentiation, incursion,
and metastases of cancer [3], particularly in breast cancer
treatment [6]. Generation of tumors by cancer stem cells
(CSCs) has been evaluated in immunocompromised mice
using cell surface marker CD44*CD24~"°¥ lineage [7].
Although the pathways of CXCL8-CXCR1/2 have been
explored widely in the case of tumor proliferation and apop-
tosis, very few studies are available regarding its function
in the development and metastasis of breast cancer [5, 8].
Several studies have revealed the impact of the CXCLS-
CXCR1/2 axis on CSCs, indicating future opportunities to
use it as a therapeutic cancer target [6]. Though CXCR1
has significant therapeutic capability in breast cancer via
the articulation of ALDH, its involvement and activities in
tumor cells such as non-CSC are yet unidentified [9]. The
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combined effect of docetaxel and reparixin (CXCR1/2) on
the implanted mice cell with human breast cancer cells has
found effective downsizing tumors rather than their single
treatment [10]. CXCLS levels were evaluated in malignant
pleural effusion due to breast cancer and/or ascites in where
restoration and in vitro proliferation of tumor cells was
observed [10]. It was found that most mammosphere cells
expressed outer CXCR1 while the outgrowth of CXCLS8 was
obstructed by the CXCR1/2 inhibitor [11]. Both independent
and integrated effects of inhibiting CXCR1/2 in the asso-
ciation of prevailing drugs have been evaluated, aiming for
recovery from lung diseases and metastatic breast cancer
[1]. However, further research is necessary to evaluate the
diagnostic and clinical efficacy of CXCLS8 signaling in breast
cancer prior to their extensive application.

Configuration of CXCL8 chemokine
and CXCR1/2 receptors

Interleukin-8 (IL-8) or C-X-C motif ligand 8 (CXCL8) was
previously known as a neutrophil-activating factor (NAF),
the earliest chemokine to be clarified and sequenced in
1987 [12]. CXCLS is a member of elastin-like recombi-
namer (ELR)* CXC chemokine [13]. The peptide of CXCLS8
forms the C-terminal of 57—72 residues in association along
with one a-helix and three f3-strands [14]. Cys9-Cys50 and
Cys7—Cys34 are two stable disulfide bonds and fix the con-
figuration of the CXCL8-CXCR1/2 axis. The receptor shows
a higher inclination to CXCL8 monomer compare to dimer,
and such variations in the binding sites may be the reason
behind diversified signaling cascades [15, 16].

CXCLS binds with two GPCR (G protein-coupled recep-
tors), i.e., CXCR1 and CXCR2, that help express its signals.
These two receptors have 76% similarity in their sequence
and shackle to CXCL8 with similar impulses (Kd =~ 4 nM)
[17, 18]. Chemokine ligands CXCL6 and CXCLS8 are mostly
bound with chemokine receptor CXCR1. However, CXCL6
and CXCLS also have a strong propensity to CXCR2 with
other chemokine ligands like CXCL1, CXCL2, CXCL3,
CXCLS5, and CXCL7 [19]. The N-terminal of CXCR1 incor-
porates CXCLS8 and nourishes tumor cells, where CXCLS8/
CXCR?2 fosters angiogenesis in prostate cancer [20].

Secretion and expression of CXCL8
and CXCR1/2

Interleukin-8 (IL-8, or CXCLS8), a chemokine, is now
known to possess tumorigenic and pro-angiogenic prop-
erties [21]. Different types of cells, including epithelial,
phagocyte, endothelial, and muscle cells, are the releas-
ing sites of CXCLS8 [21]. A protein consisting of 99 amino
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acids construct the basics of CXCLS8, which then transform
into either CXCLS isozymes retaining 77 or 72 amino acid
and exhibit monocytic and phagocytic behavior [13]. IL-
8RA and IL-8RB consist of 7 transmembrane domains
[22]. Chromosome 4q13-q21 are the carriers of the relevant
genes of CXCLS8 [23], whereas chromosome 2q33-q36
recruits the IL-8RA, IL-8RB, and ILSRBP genes [24]. Up-
regulation of CXCLS8 expression is regulated by the com-
bination of any of the three approaches such as superim-
posed of CXCLS8 promoter, CXCL8 mRNA steadfast via the
p38 MAPK pathway, and enhanced expression of CXCL8
through c-Jun N-terminal kinase (JNK) and NF-kB signal-
ing pathway [25]. Although CXCLS is nearly unidentified in
un-stimulated cells, its multiples cytokines such as CXCL1,
CXCL6, CXCL12, TNFa, hypoxia, and ROS, AP-1, bac-
terial particles, and other environmental factors advances
CXCLS expression [13, 26]. Such stimulation intensifies
the up-regulation of CXCLS8 expression up to 10-100 times
[27]. The N-terminal, extracellular loop 2 (ECL2), and trans-
membrane domain 4 (TM4) of CXCR1/2 are key for the
detection of the rate of receptor internalization, expression
of ligand binding, and their explicitness [28, 29]. However,
CXCR2 ligands bind extensively but have site-specificity on
CXCR2, indicating un-ambivalent binding and activation of
receptor sites [30].

In breast cancer, expression and secretion of IL-8 upregu-
lated both in vitro and in vivo [31, 32]. The IL-8 receptors
CXCR1 and CXCR?2 contribute to IL-8-mediated tumori-
genic and angiogenic responses, both of which are G-pro-
tein coupled, and the Duffy antigen receptor for cytokines
[33, 34]. In a recent study, it has been suggested that the
human Dachshund homolog 1 (DACH]1) is a crucial fac-
tor to inversely regulate CXCLS8 to repress tumorigenesis
of lung adenocarcinoma and improve prognosis [34]. Other
studies have shown that vorinostat induces CXCLS8 expres-
sion in ovarian cancer (OC) cells, which increases OC cell
survival [35].

Intracellular signaling pathways of CXCL8/or
activation and inhibition of CXCL8

PI3K-AKT (phosphatidylinositol 3-kinase/protein kinase
B) signaling pathway, also known as AKT signaling path-
way, catalyzes the phosphorylation of phosphatidylinositol
3-kinase (PI3K) and controls cell stability, angiogenesis,
and mobility. Thus, it becomes a key driver of the down-
stream intracellular signal of CXCLS8 [36]. CXCLS can also
stimulate the AKT synthesis mechanism in androgen-inde-
pendent prostate cancer cells [3]. Despite the subsistence
of several serine or threonine kinases linked in mitogen-
activated protein kinase (MAPK or MAP kinase), the Ras/
Raf/MEK/ERK signaling pathway is unique. This cellular
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system is greatly affected by CXCLS8 and, therefore, regu-
lates oncogenesis [37-39]. CXCLS8 functionalizes MAPK
and Ras-GTPase by stimulating the PI3K and EGFR, respec-
tively [38, 39]. MAPK driven signal function is significantly
restrained by dabrafenib, trametinib, vemurafenib, sorafenib,
PD184352, SCH772984, and XMD8-92 [40], whereas PI3K
is restrained by GDC-0941, LY294002, and BEZ235 [41].
Transcription of phosphorylation of protein kinase C has
occurred when CXCLS activates PLC signaling. Moreover,
CXCLS8 induces a PLC-dependent PKC signaling mecha-
nism for effective migration of human cancer cells [42] as
well as monitors cyclin D1 expression via activation of PKC
[37]. In vivo repression of PKC is triggered by the sotrastau-
rin, Go 6983, enzastaurin, staurosporine, and quercetin [5].

Contribution of CXCL8 and CXCR1/2 pathway
in breast cancer

In breast cancer patients, elevated levels of CXCL8 were
reported as healthier ones, while concentration was variable
with the state of pathogenesis [43]. For example, upregula-
tion of CXCLS8 has been observed among affected people
who experienced bone metastasis [44]. Elevated CXCLS8
retard disease prognostic and heighten the risk of cancer [45,
46]. CXCLS can decline cells' immune capacity against can-
cer and thus create a favorable microenvironment towards
tumorigenesis, whereas facilitation of a suitable microen-
vironment is predominant in breast cancer. The expression
of CXCRI1 and CXCR2 is vivid in all types of breast cancer
cells [6, 33]. The elevated level of CXCLS8 was also demon-
strated in HER2-positive breast cancers, estrogen receptor
(ER) and/or progesterone receptor (PR) negative breast can-
cers [47, 48], while transactivation of HER2 was extremely
proliferated by CXCLS8 [49, 50]. Generally, EGFR/HER2
signaling is activated by CXCL8 with the influence of SRC,
PI3K, and MEK in CSCs, along with the capability of clus-
ter creation of these cells. Blockade of colony formation
with upgraded productiveness of tyrosine kinase inhibi-
tor was the combined effect of CXCR1/2 inhibition with
SCH563705 [11]. Neovascularization that triggers rapid
outgrowth and transformation of tumor cells has become
a major service of CXCLS in the tumor microenvironment
[5]. Vascular endothelial growth factor (VEGF) incorporates
with CXCLS derivative from breast cancer cell to generate,
promote and elongate tumor neovasculature [51]. Simultane-
ously, any default in the endoplasmic reticulum and deple-
tion of glucose are considered the upregulatory components
of VEGF and CXCLS [52].

In contrast, the microvessel density (MVD) of ER-negative
tumors can be reduced due to the downregulation of CXCL8
without influencing acceleration and cell division of cancer
cells [53]. Both the generation and multiplication of breast

cancer along with blood circulation for remote metastasis are
greatly benefitted by tumor neovascularization. The abnor-
mal outgrowth of CXCLS instigated via IL-1p and TNF-a
can nurture angiogenesis and neutrophils, thus the secretion
of enzymes causing tissue rupture and tumor development
[54]. CXCLS available in ER-negative breast cancer because
cyclooxygenase-2 (COX-2) is potent enough for confirma-
tion of human osteoclast and bone endurance [55]. In addi-
tion, newly discovered tumor inhibitors, such as Dachshund 1
(DACH), that incorporate the AP-1 and NF-kB, were identi-
fied as inhibitors of breast cancer cell delocalization and trans-
formation [56]. The formation of tumor clusters and distant
metastasis are the initial clinical signs of increased serum lev-
els of CXCLS [43]. It was reported that CXCR2 knock-down
in the mammal tumor cell, i.e., C166, 4T1 through short hair-
pin RNA (shRNA) liable to dwindling cell invasion without
affecting cell multiplication. In contrast, normal lung metas-
tasis up to 40% was diminished by CXCR2 knock-down in the
case of implanted mice models with the cell lines (C166, 4T1).
CXCL1, CXCL3, CXCLS5, and CXCL7 were studied for their
effect on CXCR?2 in the case of anti-drug breast cancer cells,
and massive alteration was observed in the xenograft experi-
ment [57]. Expression of CXCR1 and CXCR?2 are reported
in all breast cancer cells [33]. CXCLS is also associated with
growth receptors expressed on the surface of breast cancer
cells. Increased CXCLS8 has been primarily detected in triple-
negative breast cancer (ER—, PR—, and HER2-) [33, 48]. In
a study that compared triple-negative breast cancer patients,
CXCLS was identified as the top-ranked gene linked with
poor prognosis [58]. Human cytokine antibody arrays con-
firmed that CXCLS expression is inversely associated with ER
status but positively associated with the metastatic potential
of ER— breast cancer cells [59]. Moreover, CXCLS has the
potential to increase the invasiveness of ER + breast cancer
cells and increase the activity of breast cancer stem-like cells
(CSCs) by transactivating HER2 [50].

Owing to the effects of the CXCL8 (—251) A allele and
CXCR2 (+1208) T allele, the single nucleotide polymorphism
(SNP) has identified that Tunisian people are highly prone
to breast cancer [60]. On the other hand, CXCLS8 A allele is
responsible for a higher risk of breast cancer among Asian
people but a lower risk to Africans [61]. However, the effi-
cacy of SNPs to evaluate the impacts of CXCL8 (—251) strain
in breast cancer remains challenging [5]. Activation of the
CXCL8-CXCR1/2 axis in breast cancer is depicted in Fig. 1.

Role of CXCL8-CXCR1/2 signaling axis
in the tumor microenvironment
One of the first chemokines that are investigated for their

pro-inflammatory role in the body is CXCLS8. In the late
1980s. Neutrophil-activating factor (NAF)is a secretory
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Fig. 1 The diagram summarizes
the major signaling pathways
of CXCLS in cancers (adapted
with permission from Ref.

[5], Copyright 2016 Else-
vier). CXCLS interacts with

G protein-coupled receptors
(GPCRs), such as CXCRI1 or
CXCR2, leading to G protein
activation at the cellular level.
Heterotrimeric Ga and bg subu-
nits activate the major effectors
PLC and PI3K to induce phos-
phorylation of PKC and Akt,
respectively. The two signaling
pathways have been shown to
activate transcription factors
involved in tumor cell survival,
angiogenesis, and migration.
CXCLS also promotes cell
proliferation, survival, motility,
and invasion by activating non-
receptor tyrosine kinases (e.g.,
Src and FAK) and members of
the RhoGTPase family. Cell
proliferation and survival are
aided by an activated Raf-1/
MAP/Erk signaling cascade.
Dashed arrows show uncon-
firmed pathways implicated in
the CXCLS signaling axis

protein released by LPS-stimulated blood monocytes
stirred exocytosis of neutrophils and rapid release of reac-
tive oxygen species, also known as an oxidative burst [62].
Chemokines such as CXCL1, CXCL5, CXCL7, and CXCLS8
are produced and released by different forms of oncogenic
cells and function in a paracrine manner by facilitating the
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proliferation and migration of cancer cells [63]. The expres-
sion of chemokines in human tumors also indicates tumor
grade and metastatic progression. For example, patients with
prostate cancer show marked release in serum CXCLS8 levels
compared to healthy controls, which correlates with stages
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CXCR1/2, along with their ligand CXCLS, is proven to
be essential for the function and operation of inflammatory
mediators, tumor development, and metastasis. The signal-
ing axis CXCL8-CXCR1/2 also involves in the pathogenesis
of various disorders, including asthma, cystic fibrosis, and
cancers. Complementary signaling in the tumor microen-
vironment between CXCL8 on cancer cells and CXCR1/2
on surrounding stromal cells is essential to cancer progres-
sion and metastasis and inhibits signaling. This axis may
help control the proliferation of cancer stem cells (CSCs)
and their self-renewal [1]. The signal plays a key role in the
development of initial and adaptive immune responses as
well as the maturation of precursor cells and hematopoiesis
[2].

The tumor microenvironment is important in tumor devel-
opment and metastasis. Tumor-associated macrophages,
adipocytes, fibroblasts, and other types of non-malignant
stromal cells are part of the tumor microenvironment, tumor
development, and metastasis [64]. Oncogenic cells secrete
boosted levels of CXCR1/2 ligands even when the expres-
sion of the receptors is amiss. This indicates CXCR1/2
ligands may act as a paracrine-like factor in the tuamor micro-
environment. In addition, the CXCR1/2 ligands played key
roles in the infiltration of neutrophil tumors that facilitated
the proliferation, invasion, and chemoresistance of cancer
cells through increased angiogenic levels and growth factors
produced by the neutrophils associated with the tumors [64].
Being the most copious cytokines in tumor tissues, CXCL8
facilitates tumor-associated macrophages (TAMs) depend-
ent papillary thyroid carcinoma (PTC) invasion and tumor
metastasis [65]. Adipose stromal cells (ASC) associated with
obesity, which augments some types of cancer, such as pros-
tate cancer, are conscripted by the CXCL1/8-CXCR1/2 axis
into the tumor microenvironment [66]. In the blood, CXCR2
signaling controls the development and metastasis of breast
cancer. Female mice that lack the CXCR2 gene show dimi-
nution in angiogenesis, the development of tumor cells,
metastasis, and apoptosis [67]. Fluorescence imaging, both
optical and laser-induced studies, shows the favorable cor-
relation of tumor burden in the tumor microenvironment and
expression of CXCR?2 [68]. Within the tumor microenviron-
ment of colon cancer, it was seen thatCXCL8 and CXCR2
facilitated cell development, progression, and metastasis of
the same [69]. KrasLA1 mouse-derived LKR-13 lung adeno-
carcinoma cells have an immunogenic response to in-vitro
anti-CXCR?2 antibodies. The same genetically engineered
cells developed into the human tumor in vaccinated mice.
However, they are responsive to the antibody, suggesting the
CXCR2 receptor plays a role in microenvironmental health
related to the tumor. CXCL1 was identified in stromal cells
to have mediated paracrine functions in the tumor microen-
vironment of an osteogenic prostate tumor via the CXCR2
receptor [70]. In a mixed cell xenograft model, therapeutic

intervention with an inhibitor of CXCR2 had a delayed effect
on tumor development. These findings culminated in the
understanding that it is essential for stromal cells and cancer
cells to interact for tumor cells to form, invade, and metasta-
sis. As well as validate the interaction between CXCL8 and
CXCR?2 as a crucial therapeutic target [71].

Therapeutic potential of targeting
CXCL8-CXCR1/2 axis in breast cancer

With the increase in gene copy numbers in CXCL1/2,
CXCL1/2 expression is also high in breast cancer cells. The
resultant paracrine loop of CXCL1/2 promotes chemoresist-
ance and metastasis in breast cancer [72]. The formation
of thrombin triggers CXCL1 and CXCR6 expression and
secretion in the tumor. Against CXCL1, antibodies are pro-
duced that inhibit endothelial tube formation. Tumor for-
mation, angiogenesis, and metastasis reduced by CXCL1
depletion in 4T1 cells were due to lower CXCL1 and higher
CXCR2 expression in malignant ones than in premalignant
ones [73]. In the epithelium of breast cancer cells, fibroblast
growth factor receptors (FGFRs) are activated, resulting in
the downregulation of transforming growth factor-betal
(TGF-p1)/SMAD3 pathways in tumor tissue macrophages
that have associated with increased CXCL1/CXCL2 expres-
sion [5]. A series of chemokines stimulated the invasive
potential of breast cancer cells while inhibiting their inva-
siveness [74]. In order to promote breast cancer metastasis,
the multipotent mesenchymal stem cells produce CXCL1
and CXCLS5 for the recruitment of cancer cells. The inhibi-
tion by CXCL1, CXCL5, and CXCR2 antibodies, as well as
by SB265610, was observed during this phase [6]. Mesen-
chymal stem cells formed CXCL1 and CXCL5 and caused
breast cancer cells to metastasize to/in bone [11]. Antibodies
that act against CXCL1, CXCLS5, and CXCR2, along with
SB265610, have been demonstrated to inhibit this process.
CXCR2 shRNA (HCCB827, 4T1) decreased cell invasion in
human breast cancer cell lines but did not affect cell prolif-
eration. CXCR2 knock-down in an orthotopic mouse model
led to a decrease of spontaneous lung metastases by 40%.
In the in vitro and in vivo mouse models, transfection with
shRNA knock-down cells has also boosted paclitaxel and
doxorubicin efficacy [11]. Xenograft studies featuring repa-
raxin resulted in reduced tumor growth and metastasis. In
the breast cancer stem cells of human-derived metastatic
cancer and invasive breast cancer, CXCLS8 induces SRC, PI3
K, and MEK mediated EGFR/HER?2 signaling pathways as
well as boost these cells' growth capacity [11]. Correlating
to the disease stage, the available levels of these chemical
entities in breast cancer patients were higher than in healthy
volunteers [43]. Increased expressions of CXCR2 ligands
CXCL1, CXCL3, CXCLS5, and CXCL7 were observed in
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breast cancer cells with drug resistance but with less meta-
static potential in the xenograft mouse model [55]. When a
person receives a microbial infection, macrophages at the
site secrete CXCLS8, attracting neutrophils and expressing
CXCR1/2 at the infection target. CXCR2 is responsible for
recruiting neutrophils at the target site of infection, whereas
CXCR1 battles microbes by facilitating granule release and
oxidative burst. The role of CXCL8 and CXCR1/2 in breast
cancer is given in Table 1.

In breast cancer, the expression of either ALDH or CD24/
CD44++1is characterized by tumor cells that shape tumors
in immunocompromised mice [7]. A phenotype that rep-
resents two predominantly non-overlapping populations of
cells, which was developed as a drug target for breast cancer
stem cells (BCSCs), its expression was almost untraceable in
greater amounts of (i.e., non-CSCs) tumor cells [9]. BCSCs
have been shown to multiply in response to the inclusion of
endogenous CXCLS, but limited molecular weight CXCR1/2
antagonists (reparixin) have been shown to multiply in
response to the addition of endogenous CXCLS8 [79]. Both
monoclonal antibodies were able to inhibit the migration of
stem cells into CSCs. When a FAS-FASL signal was added,
a number of bulk tumor cells were killed, which indicates
that synergistic effects are possible with chemotherapy. The
application of weekly docetaxel and reparixin resulted in
more sustained tumor growth inhibition than either treat-
ment alone in in-vitro and in-vivo models of breast cancer.
However, although reparixin was used along with chemo-
therapy, much lower amounts of CSCs were observed in the
mice tumor when compared to mice treated with chemo-
therapy alone. This study finds that CXCL8 and FASL are
released from cells within the tumor bulk that are dying dur-
ing chemotherapy treatment [10]. CXCR1 on CSCs produces
a survival signal on the surface that enables CSCs to with-
stand FASL-supplied apoptotic signals. Conversely, these
cells experience programmed cell death by Fas-dependent
apoptosis when CXCRI1 signaling on CSCs is inhibited by
reparixin.

By altering pathways linked with apoptosis and multid-
rug resistance, the CXCL8—CXCR1/2 signaling axis directly
modulates tumor cell chemosensitivity [76, 80]. In vitro
and in vivo studies reported deviant expression of CXCLS,

which linked to progression, VEGF-independent angio-
genesis, and chemoresistance of colorectal cancer [81, 82].
Similarly, CXCLS in renal cancer cells induces the migra-
tion of mesenchymal stem cells, which play a key role in
the development, metastasis, and drug resistance of cancers
[83]. Resistance to kinase inhibitors like sunitinib is asso-
ciated with increased expression of tumor-derived CXCL8
in clear cell renal cell carcinoma [84]. Anti-CXCL8 might
make tumors more sensitive to sunitinib therapy in a nude
mouse model [84]. In breast cancer, prostate cancer, and
colorectal carcinoma, the CXCL8-CXCR1/2 signaling axis
has been linked to chemotherapy resistance. In an in vitro
study on colorectal cancer, the CXCL8-CXCR1/2 role in
chemoresistance has been well characterized in colorectal
cancer, where CXCLS8 has been demonstrated to reduce
oxaliplatin sensitivity [81]. In ovarian cancer, CXCLS sign-
aling has also been linked to enhanced resistance to cispl-
atin and paclitaxel [85]. In addition, a CXCR2 antagonist
(SCHS527123) has been demonstrated to make cells more
sensitive to oxaliplatin in vivo [86].

Clinical trials in breast cancer

In a phase Ib study (NCT02001974) [87, 88], to evaluate the
safety and define the pharmacokinetic (PK) profile of orally
administered Reparixin in combination with Paclitaxel in HER
2 (Human epidermal growth factor receptor-2) negative meta-
static breast cancer patients. The secondary objectives were to
evaluate the effects of orally administered reparixin on cancer
stem cell (CSC) markers, evaluate peripheral blood samples
for enumeration of circulating tumor cells (CTCs), and assess
disease response for indication of efficacy. In this study, 33
participants were involved, divided into three groups. Group
1 participants in this clinical trial receive Paclitaxel 80 mg/
m? i.v. (Days 1, 8, and 15 of a 28-day cycle) and Reparixin
oral 400 mg three times daily (t.i.d.) 3 weeks on 1 week off
(three to six patients). Group 2 participants in this clinical trial
receive Paclitaxel 80 mg/m? i.v. (Days 1, 8, and 15 of a 28-day
cycle) and Reparixin oral 100% increase to 800 mg. Group
3 participants in this clinical trial receive Paclitaxel 80 mg/
m? i.v. (Days 1, 8, and 15 of a 28-day cycle) and Reparixin

Table 1 The major role. of SN Key activities/functions Relevant factors References
CXCLS8 and CXCR1/2 in breast
cancer 1. Acceleration Cyclin D1, P27Kip21 [75]
2. Metamorphosis Integrin 3 [44,75]
3. Angiogenesis Microvessel density (MVD) [8, 48, 51]
4. Chemoresistance Matrix metalloproteinase (MRP) [76]
5. Initiation of CSCs HER2 [49, 50]
6. CXCR2 knock-down shRNA [77, 78]
7. Neovascularization Vascular endothelial growth factor (VEGF) [5, 51]
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oral 50% increase to 1200 mg. All three groups receive the
same intervention, association of Paclitaxel at fixed dosage
with three increasing dosages of Reparixin. The first results of
this study were posted on April 19, 2021. Weekly Paclitaxel
and Reparixin combination in metastatic breast cancer (MBC)
appeared to be safe and tolerable, with demonstrated responses
in the enrolled population for this study in this clinical trial
phase. Considering the safety data from the above clinical trial,
a pilot study (NCT01861054) of single-agent reparixin was
started to evaluate the safety and biological effects of orally
administered reparixin in early breast cancer [89]. The primary
objectives of this study were to evaluate the effects of orally
administered reparixin on CSCs in the primary tumor, and the
tumoral microenvironment in an early breast cancer population
and the safety of oral reparixin administered three times daily
(t.i.d.) for 21 consecutive days. The secondary objective was
to define the pharmacokinetic (PK) profile of orally admin-
istered reparixin. In this study, 20 participants were involved
divided into two groups assignment. Patients of Group A
(ER+and/or PR+/HER2-) were given Reparixin 1000 mg
(two 500 mg tablets) for 21 consecutive days. Reparixin was
administered orally, every 6-8 h t.i.d. preferably with food.
Patients of Group B (ER—/PR—/HER2—) were given Repar-
ixin 1000 mg (two 500 mg tablets) for 21 consecutive days.
Reparixin was administered orally, every 6-8 h t.i.d. preferably
with food. The first results of this study were posted on March
25, 2021. Reparixin appeared safe and well-tolerated. CSCs
were reduced in several patients as measured by flow cytom-
etry, suggesting targeting of CXCR1 on CSC. Flow cytometry
indicated activity in the majority of patients [90]. However,
later published evidence that the two breast cancer CSC popu-
lations investigated (i.e., ALDH+and CD24/CD44+) reside
in different areas of primary breast tumors and can transition
from one phenotype to the other [91] may have an impact on
the accuracy of CSC counts in this patient population. In gen-
eral, the therapeutic significance of a>20% reduction in CSC
after a single 21-day course of reparixin in this patient cohort
is unknown, and it was outside the scope of this study. Also,
in this trial, reparixin looked to be well-tolerated in terms of
safety, with 10/20 participants suffering one or more adverse
drug reactions (ADRs), all of which were of grade <2. Nei-
ther treatment-emergent adverse events (TEAE) leading to
treatment cessation nor TEAE-related surgical delays were
documented. However, the effect of therapies on neutrophil
migration was not established in the research mentioned above,
and it has to be determined in the clinical setting.

Conclusion
The CXCL8-CXCR1/2 axis function in inflammatory

disorders ranging from cystic fibrosis, asthma, alzhei-
mer's disease, and various cancer is well known. CXCL8

plays a significant role in initiating inflammatory immune
responses. A variety of signaling channels are involved in
the CXCL8-induced cellular signals. The axis is consid-
ered significant to the growth of different types of cancer.
Genes involved in this signaling system are key players
in the tumor microenvironment, promoting tumor growth
and leading to the tumor's capacity to spread and metasta-
size. The combination of chemotherapy along with anti-
CXCR?2 agents has proven to be more successful than any
treatment alone. Rather than hampering the expression or
secretion of CXCLS, targeting the CXCLS8 along with its
receptors, CXCR1/2 may be the most successful strategy,
which could still result in receptor activation from other
chemokines. Clinical studies to establish and confirm
inhibitors and antibodies targeting CXCL8-CXCR1/2 sign-
aling pathways for inflammatory diseases are underway.
While reparixin is found to be well-tolerated, a very low
number of CSCs in typical primary breast tissues form an
obstruction to effective assessment. Identification of clini-
cal and cellular or molecular biomarkers of breast cancer
gives way to a future direction of research in the (neo)
adjuvant setting. The axis of CXCL8-CXCR1/2 performs
the dual responsibility of promoting tumor formation and
suppression of tumors. All the extensive evidence suggests
that the targeted inhibition of CXCLS8 could prove valu-
able in sensitizing tumor cells to chemotherapeutic drugs
and increasing the survival of patients who have breast
cancer. Close consideration should be paid to cultivating
either inhibitors or stimulators of this axis. Overall assess-
ment of the prognostic, analytical, and therapeutic value
of the CXCL8-CXCR1/2 signaling axis in breast cancer
is required.
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