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Purpose: Lung cancer and other solid tumors contain not only tumor cells but various types
of stromal cells, such as fibroblasts and endothelial cells. In addition, tumors are infiltrated
by inflammatory cells (neutrophils, macrophages, and lymphocytes). Tumor cells, stromal
cells, and the tumor-associated leukocytes are responsible for the production of chemokines
inside the tumor and the maintenance of systemic circulating chemokine levels. CXCL8 and
its receptors, CXCR1 and CXCR2, were found to play important roles in tumor proliferation,
migration, survival, and growth. We have developed a novel ELR-CXC chemokine antago-
nist CXCLS8-IP10 based on the structure of CXCL8 and IP10.

Patients and methods: We assessed the anticancer efficacies of the blockade of CXCLS-
CXCR1/2 axis in the Lewis lung carcinoma (LL/2) model using CXCLS8-IP10.

Results: We found that CXCLS8-IP10 markedly reduced LL/2 cell anchorage-independent
growth and invasion. Moreover, we demonstrated that CXCLS8-IP10 could significantly
suppress tumor growth and improve survival rate as well as lifespan of C57BL/6 mice
inoculated with LL/2 cells.

Conclusion: Our results suggest that ELR-CXC chemokine antagonism would potentially
be a useful therapeutic approach in patients with lung cancer.
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Introduction

Cancer is now responsible for the majority of global health problems according to
estimates from the World Health Organization (WHO) in 2018." Lung cancer
accounts for the most significant proportion of diagnosed cancer (11.6% of the
total cases) and the mortality rate due to lung cancer has increased over the past
years (18.4% of the total cancer deaths).! There are only a few therapeutic options
available for patients diagnosed with incurable advanced lung cancer. In addition to
the marginally effective chemotherapies, the development of new, targeted agents
such as epidermal growth factor receptor (EGFR) and anaplastic lymphoma recep-
tor tyrosine Kinase (ALK) inhibitors have shown some promising results in its
specific gene mutation population.” However, more than 50% of the lung cancer
patients in East Asia and 90% in the United States do not possess targetable
mutations. Recent advances of immune checkpoint inhibitors (ICIs) for the treat-
ment of advanced cancers, including non-small-cell lung cancer (NSCLC), also
improved the response rate and prolonged long-term survival with limited adverse
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effects.”> However, only 20-30% of the patients with
advanced lung cancer can benefit from ICI treatments.
Moreover, lung cancer cells harboring the epithelial-to-
mesenchymal transition (EMT) feature tend to develop
tolerance to both targeted therapies and ICIs.>* Thus,
novel therapeutic modalities targeting lung cancer cells
with the EMT feature are urgently needed. Lewis lung
carcinoma cell line (LL/2) used in this study was estab-
lished from LLCI1, and these cells have high tumorigenic
ability in C57BL mice and induce primary tumors and
lung metastases at a higher rate than the original tumor
line (LLC1).>® Many research studies have established
this cell line in immunocompetent mice as a model for
NSCLC.”®* This model reveals the immune tumor micro-
environment in NSCLC and helps with understanding the
response of associated therapies and potential drugs.

Chemokines are divided into CXC, CC, C, and CX3C
subgroups. The CXC chemokines can be further classified
into groups that have a Glu-Leu-Arg (ELR) motif and
those groups without. The ELR-CXC chemokines are
important for activating and trafficking inflammatory med-
iators through their engagement of the CXCRI1 and/or
CXCR2 receptors.” CXCL8 (interleukin-8; IL-8), the pro-
totypical ELR-CXC chemokine, is found to be involved in
several diseases such as chronic obstructive pulmonary
diseases (COPD), asthma, and cystic fibrosis.'® CXCR1
is the receptor for CXCL8 and CXCL6 (granulocyte che-
moattractant protein-2) and CXCR2 binds CXCLS,
CXCL6, and other ELR-CXC chemokines. CXCL8 binds
with high affinity to both CXCR1 and CXCR2, while the
others are relatively lower affinity ligands.’

Recently, the CXCL8-CXCR1/2 axis has been shown
to play important roles in the tumorigenesis of solid
tumors such as lung, colon, breast, prostate, pancreatic,
melanoma, and ovarian cancers.'' CXCL8 can increase
tumor growth, metastasis, and angiogenesis via upregulat-
ing MMP2 activity.'*'* Besides, CXCL8 secretion also
increases anchorage-independent growth, proliferation,
and invasion by regulating PI3K/Akt and Raf/MEK/ERK
signaling.'* The roles of CXC chemokines and CXCR1/2
receptors in cancer have been depicted comprehensively in
the review article.'' Basically, the CXCL8-CXCR1/2 sig-
naling pathway was found to be involved in tumor

15717 cancer stem cell formation,'” trafficking

progression,
of myeloid-derived suppressor cells (MDSCs) into tumor
microenvironment,'® and resistance to chemotherapeutic

treatments.'” Thus, the development of inhibitors and

antibodies targeting the CXCL8-CXCR1/2 pathway pro-
vides an alternative therapeutic target for cancer.

Previously, we have developed a novel ELR-CXC che-
mokine antagonist CXCL8-IP10 based on the structure of
CXCLS8 and IP10.>° We have demonstrated that CXCLS-
IP10 markedly reduced Klebsiella-induced pulmonary
inflammation, as assessed by gross pathology and histo-
pathology, and airway neutrophil responses as well as air-
way and lung parenchymal myeloperoxidase, IL-1p, IL-6,
IL-10, IFNy, and TNF-o levels.?' Herein, we study the
anticancer efficacies of the blockade of CXCL8-CXCR1/2
axis in the LL/2 model using CXCL8-IP10. LL/2 cell line
was chosen because it is the only reproducible syngeneic
model for lung cancer with the EMT feature.”? Unlike the
widely used xenograft models in which human lung cancer
cells are implanted into mouse tissue, LL/2 cells are
immunologically compatible with the murine system and
the tumor microenvironment can be fully produced. The
true immune and toxicity responses due to the blockade of
CXCL8-CXCR1/2 axis by CXCL8-IP10 can then be mea-
sured accordingly.

Materials and methods

Cell line and culture conditions

LL/2 is a cell line established from the lung of a C57BL
mouse bearing a tumor due to an implantation of primary
Lewis lung carcinoma.” We obtained this cell line from
Bioresource Collection and Research Center, Taiwan.
These lung cancer cell lines were grown in Dulbecco’s
Modified Eagle’s Medium (DMEM, Gibco™) with fetal
bovine serum (FBS, Biological industries) to a final con-
centration of 10%.

CXCLS8-survival and CXCL8-EMT

analyses in human lung cancer data sets
The TCGA LUAD data sets were downloaded from the
UCSC Cancer Genomics Browser. CXCL8 was used for
analyses of gene expression with overall survival and
recurrence-free survival. High and low expression groups
were split by Cutoff Finder Web for plotting Kaplan—
Meier curves. Analysis of the CXCLS8 correlation between
CDH2 and between VIM indicates CXCLS8 is positively
associated with mesenchymal feature in lung adenocarci-
noma patients from the UCSC Cancer Genomics Browser.
By contrast, correlation between CDH1 and CXCLS8 gene
expression indicates negative association in epithelial
characteristics.

submit your manuscript

7612

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Hsu et al

Western blot analysis

LL/2 were plated in 100-mm dish at 1x10° cells and cultured
for 24 hrs in growth medium. After 24 hrs, cells were treated
with CXCLS8-IP10 for 48 hrs. The cells were harvested and
added lysis buffer plus Phosphatase Inhibitor Cocktail (G-
Bioscience). The protein concentration was determined by
Bradford Protein Assay Kit (GeneMark). Each sample (60
mg) was loaded in 8% SDS-PAGE and was blotted onto a
0.45 Micron PVDF transfer membrane (GVS North
America). Primary antibodies, N-cadherin (GeneTex) and
E-cadherin (GeneTex), were diluted in 1x PBS containing
0.1% Tween®20 (PBST) and incubated at 4°C overnight.
After washing with PBST, the membranes were incubated
with Anti-Rabbit IgG (GeneTex) secondary antibody for 1 hr.
The signals were detected by ImageQuant LAS 4000 mini
luminescent image analyzer (GE Healthcare Bio-Sciences
AB). The protein bands were quantified using ImageJ soft-
ware to determine the integrated density of each band, and
the ratio to GAPDH was then calculated. The experiments
were repeated at least 3 times.

Doubling-time assays of suspended cells
LL/2 were plated in non-coated 24-well plates at 2x10*
cells/well and cultured for 72 hrs in growth medium. Cells
were treated with CXCL8, CXCL8 plus CXCLS8-IP10, or
CXCLS8-IP10. Measurements were followed up in a pre-
vious study.”® Cells were counted from at least 3 wells of
the same group in a single experiment. After 72 hrs, 3
counting results were analyzed to get the doubling-time of
cells. The experiments were repeated at least 3 times.

Cell anchorage-independent growth assays
Cell proliferation assay was performed using the cell count-
ing kit-8 (CCK-8) (Dojindo, Kumamoto, Japan). LL/2 cells
were plated in non-coated 24-well plates at 5x10* cells/well
and cultured in growth medium. Cells were treated with
CXCL8, CXCLS8 plus CXCL8-IP10, or CXCLS-IP10.
Equal volume of growth medium was added in the control
wells. Assays were manipulated according to the operation
manual. The absorbance of each well was determined at 450
nm and cell proliferation rate was calculated. These experi-
ments were repeated at least 3 times.

Cell cycle assays

Cell cycle assays of cancer cells were evaluated by propi-
dium iodide (PI) as reported previously.24 LL/2 cells
(1x10° cells per well) were cultured in 6-well dishes

serum-free for 16-18 hrs, then treated without (control)
or with CXCL8, CXCLS8 plus CXCL8-IP10, or CXCLS8-
IP10 for 24 hrs. The results were followed by an analysis
with a flow cytometer (BD Accuri™ C6) and FlowJo 7.6.1
for data acquisition and analysis. The assays were repeated
at least 3 times.

In vitro invasion assays of LL/2
The invasion ability of LL/2 was performed using 8§ um

pore size transwell (Corning FluoroBlok™).%3

The assay
was executed in accordance with the previous research.?
A total of 2.5x10* cells in DMEM medium containing 1%
FBS were seeded into the upper chamber, and then treated
with the target drug (CXCL8, CXCLS8-IP10 or MIP-2).
DMEM medium containing 10% FBS was added into the
lower chamber. After 24-hr incubation, the invasive cells
in the bottom of the membrane were fixed, imaged, and
counted using a fluorescence microscope at 100x magnifi-
cation over 5 random fields in each well. The invasive

experiments were repeated at least 3 times.

Anti-tumor effects in vivo studies

Male C57BL/6 mice (4- to 6-week old) were purchased
from the National Laboratory Animal Center (Taipei,
Taiwan) and maintained in a specific pathogen-free and
controlled environment. LL/2 cells were harvested and
resuspended at a density of 1x107 cells/mL in sterile
phosphate-buffered saline. In the experimental group,
LL/2 cells were pre-treated with 200 pg/mL of CXCLS-
IP10. A total of 1x10° cells (mixed equal volume of
matrigel) were injected subcutaneously into the back of
the mice (6/group). Then, CXCLS8-IP10 (500 pg/kg) or
saline (control group) was administered by intraperitoneal
injection 3 times a week, and the tumor size was measured
on the same day. The volume of the tumors was calculated
using the following formula: Tumor size (mm?®)=0.5x
(width*xlength). The results were shown as volume
+SEM. The survival rates of tumor-bearing mice were
observed and recorded continuously until all animals
were dead. All the procedures were conducted according
to the regulations of Laboratory Animal Care and Use
Committee or Group Setup and Management and the law
of Animal Protection. The study was approved by the
Ethics Committee of National Tsing Hua University.

Statistical analyses
All results are presented as means=SEM. Levels of signifi-
cance were calculated using one-way ANOVA, followed by
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Student’s t-tests (two-tailed), using GraphPad Prism soft-
ware (significance between data with a threshold of
*P<0.05; **P<0.01; ***P<0.001).

Results
CXCLS8 plays a vital role in cancer survival

and EMT in human lung cancer data sets
Previous studies have shown that CXCL8 promotes cell
progression and EMT in breast cancer, lung cancer, and
pancreatic cancer.”’ Besides, reduced levels of CXCLS
and inhibition of CXCR2 prolong patient overall survival.''
Big Data analysis indicated that CXCLS8 is highly asso-
ciated with patients’ overall survival and progression-free
survival (Figure 1A, Table 1). In addition, the mesenchymal
markers CDH2 and VIM show a positive correlation with
CXCLS; by contrast, the epithelial marker CDHI1 shows a
negative correlation with CXCL8 (Figure 1B). Taking these
Big Data analysis together, we found that CXCLS8 indeed
actuates EMT and further impacts survival in clinical
practice.

CXCLS8-IP10 inhibit EMT characteristics

of cancer cells
According to clinical data analysis, we realize EMT has
high correlation with CXCL8. Besides, in vivo research

also indicates the essential role of CXCLS signaling for
the acquired mesenchymal and invasive features of tumor
cells. Moreover, it suggests that CXCLS signaling blockade
may act as a means of targeting mesenchymal-like and
invasive tumor cells.”” To confirm that CXCL8-IP10 can
compete with CXCL8 and inhibit EMT, Western blot ana-
lysis of endothelial and mesenchymal marker, E-cadherin
and N-cadherin, was implemented. The results show
CXCLS8-IP10 can significantly reduce EMT by enhancing
E-cadherin expression and decreasing N-cadherin expres-
sion compared to control panel (Figure 2A—C). These data
give us confidence to ensure CXCL8-IP10 can inhibit
CXCLS8-induced cancer characteristics in vivo experiences.

CXCLS8-IP10 decreases the anoikis-

resistant growth rate of cancer cells

LL/2 is a highly malignant tumorigenic cell line with the
EMT feature (slender phenotype) derived from C57BL mice.
Similar to the characteristics of human lung cancer cells, it
divides relentlessly and grows abnormally rapid.” To test
whether CXCLS8 induction promotes anoikis resistance of
LL/2, we measured the doubling time of LL/2 under a sus-
pended condition in the presence and absence of CXCLS
stimulation. In the doubling-time assay, we found that
CXCLS-IP10 can significantly increase the doubling time
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Figure | CXCL8-survival and CXCL8-EMT clinical analysis by the TCGA LUAD from the UCSC Cancer Genomics Browser.
Notes: (A) CXCL8 expression predicts poor prognosis in lung adenocarcinoma. (B) CXCL8 level is associated with EMT marker expression in lung adenocarcinoma.
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Table 1 CXCL8 expression and outcome of survival

Variables CXCL8 mRNA expression
High (n=419) Low (n=145) P-value
oS Md 22.20 23.03 0.0435
95% Cl 27.52-32.99 27.68-38.25
High (n=359) Low (n=124) p-value
RFS Md 18.87 20.95 0.0207
95% Cl 24.04-29.61 23.37-32.82

Notes: The cutoff value of OS and RFS is 77% and 77.2%, respectively. The unit of Md and 95% Cl are months.
Abbreviations: OS, overall survival; RFS, recurrence-free survival; Md, median; Cl, confidence interval.
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Figure 2 CXCL8-IP10 inhibit the EMT characteristics of LL/2.

Notes: After treating CXCL8-IP10 200 ng/mL for 48 hrs, (A) Western blot analysis of endothelial, E-cadherin, and mesenchymal marker; N-cadherin, was conducted. (B) and (C)
The panels of Western blot analysis were calculated and quantified into bar chart. Results were obtained from three experiments, and the bars represent means+SEM. *P<0.05;

#4P<0.01, Student’s t-test.

of LL/2 compared with the control (Figure 3A). On the other
hand, we found that CXCLS8 reduced the doubling time of
LL/2 (Figure 3B). The addition of CXCLS8-IP10 with
CXCLS8 was found to increase the doubling-time again
(Figure 3B). This result indicates that CXCL8-IP10 can

slow down the anoikis-resistant growth rate of cancer cells.

CXCLS8-IPI0 significantly inhibits cancer
cells anchorage-independent growth

Previous studies have shown that CXCLS is an autocrine
growth factor in lung cancer cells.”® Existence of CXCLS
resulted in a greater potential for anchorage-independent
growth." To assess whether CXCL8-IP10 can efficiently

block the CXCLS8-induced anchorage-independent growth,
we implemented cell suspended growth by CCK8 assay in
24 hrs. The results showed that CXCLS8 indeed signifi-
cantly increased the anchorage-independent rate in a short
period (Figure 4B), but when CXCLS8-IP10 was present,
the growth rate all notably decreased (Figure 4A and B).

Cell cycle G| phase was arrested by

CXCLS8-IPI0
After realizing CXCL8-IP10 can decrease cancer rapid

anoikis-resistant and anchorage-independent growth char-
acteristics, we would like to understand how it affects cells

in more detail. Many studies in cancer research showed
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Figure 3 Inhibition of CXCL8-induced anoikis-resistant growth by CXCL8-IP10 in the doubling-time assay of suspended LL/2 cells.

Notes: The cells were seeded in non-coated 24-well plates and cultured for 72 hrs in DMEM and were counted every 24 hrs by pipetting 10 uL/well to a hemocytometer
using the dye exclusion test. (A) Cells were treated with CXCL8-IP10 200 ng/mL and compared to control (DMEM). (B) Cells were treated with CXCL8 100 ng/mL or
CXCL8 100 ng/mL plus CXCL8-IP10 200 ng/mL. Results were obtained from three experiments, and the bars represent means+SEM. *P<0.05; **P<0.01, Student’s t-test.
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Figure 4 Cell anchorage-independent growth decreased when treated with CXCL8-IP10.

Notes: LL/2 cells were plated in non-coated 24-well plates and cultured in growth medium. After 24 hrs, the media with cells were taken from wells to the other 96-well
plates, and CCK-8 solution was added about 2 hrs. The absorbance of each well was determined at 450 nm and cell growth rate was calculated. (A) Cells were treated with
CXCL8-IP10 200 ng/mL and compared to control (DMEM). (B) Cells were treated with CXCL8 100 ng/mL or CXCL8 100 ng/mL plus CXCL8-IP10 200 ng/mL. Results were

obtained from three experiments, and the bars represent means+SEM. *P<0.05; **P<0.01; ***P<0.001, Student’s t-test.

that induced G1 phase cell cycle arrestment is associated
with apoptosis and a decrease in proliferation.?’!
Furthermore, studies indicated that G1 phase arrest was
accompanied by a decreased number of cells in S and G2
phase.**? In the cell cycle assay studied by flow cytome-
try, it showed a significant decrease of the G2 phase and an
increase of the Gl phase by addition of CXCL8-IP10
(Figure 5A). This result again proved that CXCL8-IP10
can inhibit LL/2’s growth. Increasing cell percentage in
G1 phase and decreasing cell percentage in S phase were
found in the CXCLS8 plus CXCL8-IP10 group while com-
pared with the CXCLS8 only group (Figure 5B). This result
suggested that cells stayed in G1 phase and reduced synth-
esis of protein for mitosis in G2 phase when treated with
CXCLS-IP10. In the CXCLS8-IP10 treatment group, a high

possibility of cell apoptosis or slower growth was
observed.

CXCLS8-IP10 decreased cell invasion
while CXCL8 and MIP-2 induced cell

invasion

The metastasis of tumor cells is the main reason for the
progressive deterioration and development of cancer.*?
The expression of CXCL8 and its receptors CXCR1/2
play critical roles in cell migration and invasion in many
types of cancer.** CXCLS8 secretion increases anchorage-
independent growth and accompanies malignant behavior,
including angiogenesis, adhesion, and invasion.'
Matrigel-coated transwell assay was used to investigate

the effect of CXCL8-IP10 on LL/2’s invasion ability.
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Notes: The cells were starved for 16—18 hrs, and then treated with drugs for 24 hrs. The results were followed by analysis with a flow cytometer (BD Accuri™ C6). Cell
cycle analysis of (A) CXCL8-IP10 200 ng/mL compared with control (growth medium) and (B) CXCL8 100 ng/mL plus CXCL8-IP10 200 ng/mL compared with CXCL8 100
ng/mL shows arrest in G| phase. Results were obtained from at least three experiments, and the bars represent means+SEM. *P<0.05; **P<0.01; ***P<0.001, Student’s t-test.

The results showed that CXCL8 excited LL/2’s invasion
ability and, on the other hand, CXCLS8-IP10 significantly
suppressed CXCLS8-stimulated cell invasion (Figure 6A).
As shown in the CXCLS8 stimulation assay, MIP-2, the
functional homologue of CXCLS8 in murine, demonstrated
the same results in the MIP-2-induced cell invasion
(Figure 6B). CXCL8-IP10 also decreased the invasion
rate in the MIP-2 stimulated group. These results sug-
gested that not only can CXCL8-IP10 attenuate CXCLS-
induced invasion but also attenuate the MIP-2-induced

invasion in murine.

CXCLS8-IPI0 inhibits tumor growth and

prolongs the survival in C57BL/6 mice

To evaluate the effect of CXCL8-IP10 in vivo, we used the
LL/2 allogeneic model in C57BL/6 mice. Mice were inocu-
lated with LL/2 cells subcutaneously and then treated with
saline or CXCL8-IP10 (500 pg/kg) by intraperitoneal (i.p.)
injection 3 times a week. We found that CXCL8-IP10 sig-
nificantly inhibited tumor growth in vivo compared to the
saline control group (Figure 7A and C). Additionally, treat-
ment of CXCL8-IP10 did not lead to a reduction in the body
weight of mice (data not shown), meaning that CXCLS8-
IP10 might have no toxicity effect in vivo. Furthermore,
CXCLS8-IP10 prolonged the lifespan of tumor-bearing mice
(Figure 7B). The median lethal time (LT50) of CXCLS-
IP10 group and control group was 36 days and 28 days,
respectively. These results demonstrated that CXCLS8-IP10
could significantly suppress tumor growth and improve the
survival rate of C57BL/6 mice; however, there was no

significant metastasis nodules occurrence in this model

(Figure 7D), which may have been due to the low incidence
of metastasis of tumors by subcutaneous injection.

Discussion
Lung cancer is the leading cause of cancer deaths in most
countries.' The development and implementation of novel
therapeutics based on new, targeted approaches are
urgently required. Lung cancer and other solid tumors
contain not only tumor cells but various types of stromal
cells, such as fibroblasts and endothelial cells. In addition,
tumors are infiltrated by inflammatory cells (neutrophils,
macrophages, and lymphocytes).”> Tumor cells, stromal
cells, and the tumor-associated leukocytes are responsible
for the production of chemokines inside the tumor and
systemic circulating chemokine levels. CXCL8 and its
receptors, CXCR1 and CXCR2, were found to play impor-
tant roles in tumor proliferation, migration, survival, and
growth.'" The impact of CXCR1 and CXCR2 on NSCLC
in vitro and in vivo was studied recently.>* Concretely
speaking, Luppi et al showed that the CXCL8 mediated
the proliferation of NSCLC by additional CXCL8® and
Wang Y et al demonstrated that overexpressing-CXCLS
cell lines show increased anchorage-independent growth
but decreased in IL-8 depleted cell lines.'* Moreover, the
role of CXCLS in the resistance of lung cancer cells to
EGFR inhibitors was reported.'® However, the above-men-
tioned results were all studied by using xenograft mouse
models that may not represent the true tumor microenvir-
onment in patients with lung cancer.

Chemokines are relatively small molecular weight proteins
(8-10 Kd) that are important in the recruitment of leukocytes
to extravascular tissues.” The ELR" CXC chemokines include
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Figure 6 The CXCL8 and MIP-2 capability of invasion was attenuated by CXCL8-IP10 in LL/2 cells.

Notes: Cells were seeded onto Matrigel-coated polycarbonate filters to analyze their invasive potentials. The cells were then incubated for 24 hrs in modified Boyden
chambers and the cells that invaded through the filters were stained by Pl and counted under a light microscope. Representative fields of invasive cells on the transwell
membrane (at 100x magnification) and the invasion rate show in two conditions. (A) cells were treated with CXCL8 100 ng/mL or CXCL8 100 ng/mL plus CXCL8-IP10 200
ng/mL and (B) cells were treated with MIP-2 50 ng/mL or MIP-2 50 ng/mL plus CXCL8-IP10 200 ng/mL. Results were obtained from five random fields in each well and were
repeated three times. The bars represent means+SEM. *P<0.05; ***P<0.001, Student’s t-test.

CXCLI1, CXCL2, CXCL3, CXCL5, CXCL6, CXCL7, and
CXCLS8.” These redundantly expressed chemokines all bind to
either the CXCR1 or CXCR2, and collectively recruit neutro-

phils into the local inflammatory responses’ in a complex

multistep process.’’ > We have previously designed
CXCLB8-IP10, a very high-affinity antagonist of CXCR1 and
CXCR2, based on the structures of CXCL8 and IP10.%!

CXCLS8-IP10 has a structural frame of CXCLS8 and the 30’s
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Notes: LL/2 cells were subcutaneously inoculated to male C57BL/6 mice (4- to 6-week old). Then, CXCL8-IP10 (500 pg/kg) or saline (control group) was administrated by
intraperitoneal injection every 3 times a week. (A) The LL/2 tumor size was measured and (B) the survival curves of tumor-bearing mice were recorded after being treated
with CXCL8-IP10 and control (saline). The survival rates of tumor-bearing mice were observed and recorded continuously until all mice were dead. (C) and (D) After mice
were dead, tumor and lung tissue were taken out and pictures were taken as shown. Data are shown as means+SEM (n=6). *P<0.05; ***P<0.00| compared with control

group, Student’s t-test.

loop of CXCL10 benefited from strong receptor-binding affi-
nity but not the neutrophil-attracting properties.”’ CXCLS-
IP10 effectively antagonizes human neutrophil responses to
ELR-CXC chemokine CXCL8.”>' Moreover, CXCLS8-IP10
was found to efficiently block pulmonary pathology in a
mouse model of Klebsiella pneumoniae infection.'

In this study, we used the Lewis lung carcinoma (LL/2)
model to investigate the impact of CXCR1/2 antagonism
by CXCLS8-IP10. Lewis lung carcinoma was chosen
because it is immunologically compatible with the murine
system and the tumor microenvironment can be fully pro-
duced; furthermore, it is normally established to reveal the
NSCLC in immunocompetent mice.”® Besides, LL/2 has
an EMT feature which indicated as a driving force in
tumor progression and trigger cancer cells to evade their
original place and to colonize other locations, cell lines
have this feature may be a malignant cancer.*” In this
study, we did not’ discuss about EMT in depth, but EMT
shows positive correlation with CXCL8.*' Furthermore,
CXCLS8-IP10 significantly decreased the N-cadherin
expression (Figure 2C). The addition of CXCLS-IP10
with CXCLS8 significantly increased the doubling-time,
hence slowed down the growth rate of LL/2 cells. One

thing needed to be mentioned is that in the doubling-time
assay and the CCK8 assay, the LL/2 cells were cultured in
suspended conditions to mimic the metastasis growth,
anoikis-resistant growth condition of cancer cells.
Previous studies have shown that the increasing arrest in
the G1 phase will reduce cell proliferation and enhance
cell apoptosis.’’ " Our results also indicate that CXCLS-
IP10 increased the LL/2 cell arrest in G1. These results
were verified again by the CXCL8-IP10’s ability to inhibit
cancer growth. The novel CXCLS8-IP10 effected signal
pathway is still unclear, but in previous studies, JAK2/
STAT3, PI3K/AKT, and Raf/MEK/ERK pathways are nor-
mally involved in CXCL8-associated-EMT,*" prolifera-

123, and drug resistance.**

tion/surviva

Other than the in vitro studies, the in vivo pharmacology
effects of CXCLS8-IP10 on C57BL/6 mice inoculated with LL/
2 tumor cells showed CXCLS-IP10 significantly inhibited the
tumor growth in vivo without disrupting diet consumption
when compared to the PBS control group (data not shown).
Additionally, treatment of CXCL8-IP10 did not lead to a
reduction in the body weight of mice which indicated that
CXCLS8-IP10 might not have adverse effects. Furthermore,

CXCLB8-IP10 prolonged the lifespan of tumor-bearing mice.
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The median lethal time (LT50) of the CXCL8-IP10 group and
control group was 36 days and 28 days, respectively. The
overall results demonstrated that CXCL8-IP10 could signifi-
cantly suppress tumor growth and improve the survival rate of
C57BL/6 mice.

Conclusion

Our data indicate that the ELR-CXC antagonist CXCLS8-
IP10 can effectively decrease tumor cell anoikis-resistant
and anchorage-independent growth by Gl phase arrest,
invasion, as well as reduce tumor size and prolong the
lifespan of tumor-bearing mice in the Lewis lung carci-
noma model. It thereby suggests that the ELR-CXC che-
mokine antagonism would potentially be a useful
therapeutic approach in patients with lung cancer.
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