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Chemotherapy induces tumor cell death and inhibits tumor progression, but the accompanying immune
responses in the surrounding dying tissue cause signiﬁcant inﬂammation. These responses, such as
excessive neutrophil inﬁltration into tumor tissue, are the main causes of resistance to anticancer
treatment. The development of drugs that reduce neutrophil inﬁltration into tumors is necessary to
increase the anticancer effect of chemotherapy.
Here, we show that the antitumor effect of the chemotherapy AC regimen (Adriamycin and cyclophosphamide) was increased by 1-palmitoyl-2-linoleoyl-3-acetyl-rac-glycerol (PLAG) cotreatment in the
MDA-MB-231 triple-negative breast cancer xenograft mouse model. Tumor growth was inhibited up to
56% in mice treated with AC and inhibited up to 94% in mice cotreated with AC and PLAG. Side effects of
chemotherapy, such as a reduction in body weight, were alleviated in mice cotreated with AC and PLAG.
Excessive neutrophil inﬁltration caused by the AC regimen was successfully cleared in mice cotreated
with AC and PLAG.
We conclude that PLAG inhibits excessive neutrophil inﬁltration that aids tumor growth. Reduced
neutrophils and increased lymphocytes in PLAG-treated mice can maximize the antitumor effect of the
AC regimen and inhibit tumor growth.
© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).
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1. Introduction
Chemotherapy agents, the ﬁrst generation of anticancer drugs,
remain the most widely used, reliable, and effective treatment for
cancer by directly killing excessively proliferating tumors [1e4].
However, extensive tumor cell death causes the release of damage-

Abbreviations: PLAG: 1-Palmitoyl-2-limoleoyl-3-acetyl-roc-glycerol, TNBC: Triple negative breast cancer; TINs: Tumor inﬁltrating neutrophils, TME: Tumor
microenvironment; BM: Bone marrow, WBC: White blood cells; DAMPs: Damage
associated molecular patterns, AC-regimen: Adriamycin and Cyclophosphamide
regimen; CD: Cluster of differentiation, MPO: Myeloperoxidase; mpk: Milligram per
kilogram, Mip-2: Macrophage inﬂammatory protein-2; CXCL: C-X-C motif ligand,
MMPs: Matrix metalloproteinases.
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associated molecular pattern (DAMP) molecules from dying tumor
cells, which in turn induces an excessive immune response and
recruit immune cells to tumor lesions. The immune cells recruited
to tumors treated with chemotherapy determine chemotherapy
resistance [5,6]. Recruited immune cells can transform the tumor
microenvironment and subsequently affect tumor cell growth and
metastasis, without causing further tumor cell death.
The release of substantial amounts of DAMPs, such as adenosine,
from dying chemotherapy-treated tumor cells, stimulates the
recruitment of neutrophils into tumor lesions. The DAMPs activate
speciﬁc signaling pathways within tumors or induce the expression
of neutrophil inﬁltrationerelated factors, such as C-X-C motif
chemokine (CXCL) 1 and 8 [7e9]. These inﬁltrating neutrophils
help establish tumor microenvironments that induce the release of
tumor growth factors, such as neutrophil elastase and myeloperoxidase (MPO), rather than the release of factors that cause tumor
destruction [10,11]. In addition, inﬁltrating neutrophils promotes
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tissue morphology. All animal experiments were approved by the
Institutional Animal Care and Use Committee, Korea Research Institute of Bioscience and Biotechnology (approval number: KRIBB-AEC18241).

tumor cell metastasis in chemotherapy-treated tumors [12e14].
Therefore, it is particularly important to use a combination of drugs
and other treatments that reduce neutrophil inﬁltration into tumor
tissue to increase the effectiveness of chemotherapy [15e17].
In this study, our results show that the antitumor effectiveness
of the AC regimen (Adriamycin and cyclophosphamide) was
signiﬁcantly increased by 1-palmitoyl-2-linoleoyl-3-acetyl-racglycerol (PLAG) cotreatment in the MDA-MB-231 triple-negative
breast cancer (TNBC) xenograft mouse model. Tumor growth was
delayed by 45% after AC therapy and delayed by 95% after
cotreatment with AC and PLAG compared with untreated tumorbearing mice. We did not observe inﬁltration of active neutrophils into tumor tissue after AC and PLAG cotreatment, which is
consistent with the inhibition of tumor growth observed. In other
words, rapidly proliferating and damaged tumor cells release
DAMPs that induce chemokines to recruit neutrophils into tumor
tissues to support tumor growth. PLAG reduces the release of
DAMPs and inhibits tumor growth.
PLAG successfully reduces excessive neutrophil inﬁltration to
suppress chemoresistance and prevent tumor growth. Excessive
inﬁltration of active neutrophils into tumor tissue induces chemoresistance and excessive tumor growth. Therefore, reduction of
neutrophil inﬁltration is an important developmental strategy to
maximize the antitumor effect of chemotherapy.

2.4. AC regimen delivery
Adriamycin and cyclophosphamide (Sigma-Aldrich, MA, USA)
were prepared in accordance with the manufacturer's protocol and
refrigerated until use. Adriamycin (2 mg/kg) and cyclophosphamide (20 mg/kg) were injected intraperitoneally at 17:30 every
Thursday.
2.5. Complete blood count (CBC) analysis
After the mice were humanely killed, whole-body mouse blood
was obtained by cardiac puncture and stored in an EDTA-coated
tube until analysis. Hematopoietic analysis was performed using
a complete blood count analyzer (Mindray, Shenzhen, China). The
serum was separated by centrifugation at 6000 rpm for 10 min at
4  C to measure levels of secreted proteins.
2.6. Enzyme-linked immunosorbent (ELISA) assay
The levels of secreted proteins in the mouse plasma were
analyzed by factor-speciﬁc enzyme-linked immunosorbent assay in
accordance with the manufacturer's protocol (R&D Systems, MN,
USA). The absorbance was measured at 450 nm using an EMax
Endpoint ELISA microplate reader (Molecular Devices Corporation,
CA, USA).

2. Materials and methods
2.1. PLAG synthesis
PLAG was synthesized by the New Drug Production Headquarters, a GMP facility of Enzychem Lifesciences Corporation (Jecheonsi, South Korea) and used in accordance with the manufacturer's
instructions.

2.7. Measurement of extracellular adenosine (eAdo)

MDA-MB-231 cells, a human breast cancer cell line, were obtained from the ATCC (American Type Culture Collection, MD, USA).
The cells were grown in Dulbecco's Modiﬁed Eagle Medium
(DMEM; WelGENE, Seoul, Korea) containing 10% fetal bovine serum
(HyClone, MA, USA) and 1% antibiotics (100 mg/L streptomycin, 100
U/mL penicillin) at 37  C in a 5% CO2 atmosphere.

Mice with MDA-MB-231 xenografts were treated concurrently
with AC and PLAG. Mouse serum and extracellular adenosines were
perfused using tissue storage solution (Miltenyi Biotec, Bergisch
Gladbach, Germany) for 12 h. The perfused solution and serum were
collected and centrifuged at 8800 rpm for 5 min to remove insoluble
particles. Extracellular adenosines were analyzed using an adenosine
assay kit (Cell Biolabs Inc., San Diego, CA, USA). The ﬂuorescence was
measured at 560 nm excitation and 590 nm emission using a Varioskan LUX microplate reader (Thermo Fisher Scientiﬁc, MA, USA).

2.3. Syngeneic tumor implantation and processing

2.8. Immunohistochemical (IHC) staining

Five-week-old female Balb/c nu/nu mice were obtained from Nara
Biotech (Yong-in, South Korea) and housed in sterile ﬁlter-topped
cages. The animals (n ¼ 6 for each treatment group) were anesthetized using isoﬂurane and placed in the right lateral decubitus
position. A total of 1  106 MDA-MB-231 cells in a solution containing
50-mL culture medium and 50-mL Matrigel (BD Biosciences, NJ, USA)
was subcutaneously injected into the right thigh using a 29-G needle
attached to a 0.5-mL insulin syringe (Becton, Dickinson and Company,
NJ, USA). The mice were then allowed to rest on a heating pad until
fully recovered. Starting 3 weeks after cell implantation, the mice
were given daily oral doses of 25-, 50-, or 100 mg/kg PLAG (n ¼ 6 mice
per group) with or without the AC regimen given once per week. A
negative control group (n ¼ 6 tumor-bearing mice) was left untreated.
Tumor burden was calculated every three days after implantation.
Tumor volume was approximated by a simpliﬁed ellipsoidal formula:
(short axis) x (short axis) x (long axis)/2. The animals were humanely
sacriﬁced 9 weeks after implantation and perfused with phosphatebuffered saline. The tumors were extracted and ﬁxed with 10%
formaldehyde. Hematoxylin and eosin staining and immunohistochemical staining were performed on the tissue sections to analyze

Tumor tissue from the mice were ﬁxed in 10% formaldehyde,
embedded in parafﬁn, and sectioned into 5-mm slices. The sections
were treated with 3% H2O2 for 10 min to block endogenous
peroxidase activity and then blocked with bovine serum albumin.
Then, the sections were washed in phosphate-buffered saline and
incubated with an antibody overnight at 4  C. Negative controls
were incubated with normal serum IgG for the species from which
the primary antibody was obtained.

2.2. Cell culture

2.9. Overall survival analysis
We plotted ManteleCox survival curves to 120 days after compound treatment initiation. Survival data were collected until the
ﬁnal observation week, excluding death or moribundity.
2.10. Statistics
The data were analyzed using one-way analysis of variance
(Prism 9, GraphPad Software, CA, USA). P < 0.05 was considered
statistically signiﬁcant.
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TINs in tumor-bearing mice migrate to the tumor tissue in
response to chemokines such as hCXCL1 and hCXCL8 and macrophage inﬂammatory protein 2 (mMip-2). Implanted human cancer
cells (MDA-MB-231) express CXCL1 and CXCL8, and surrounding
cells secrete mMip-2. In addition, host-tissue damage due to the AC
regimen induces mMip-2 expression. PLAG reduced excessive
neutrophil inﬁltration into tumor tissue by reducing chemokines to
their normal levels (Fig. 2C). Tumor cell death by treatment with
the AC regimen is mediated by apoptosis. We found that PLAG did
not interfere with the antitumor effectiveness of the AC regimen
(Fig. 2D) and was highly effective at reducing expression of chemokines that attract excessive neutrophils.

3. Results
3.1. Cotreatment with AC and PLAG enhances antitumor effects in
the MDA-MB-231 xenograft model
Chemotherapy is the gold standard for TNBC tumors because
they are highly resistant to targeted therapies. However, dose
optimization to achieve complete tumor death is difﬁcult owing to
side effects caused by chemotherapy, such as rapid weight loss.
Therefore, combination therapy with an agent that lowers side
effects and that can also increase the effect of the AC regimen is
recommended. In this study, MDA-MB-231 cells were implanted in
mice and allowed to grow for 3 weeks before drug delivery. Mice
were treated with the AC regimen and/or 50 mg/kg PLAG for 6
weeks (Fig. 1A). Tumor size was evaluated every 3 days for 39 days,
and tumor weight was assessed on the day of death. We observed
signiﬁcant antitumor efﬁcacy of AC and PLAG cotreatment in the
TNBC xenograft implantation model. The AC regimen alone
decreased tumor growth by 56% compared with the negative
control group, and AC and PLAG cotreatment decreased tumor
growth by 94% compared with the negative control group
(Fig. 1B,C,D). Mice treated with AC alone had a body weight
reduction of approximately 28% compared with normal mice,
whereas weight loss was minimal in the group treated with PLAG
alone (Fig. 1E).

3.3. Inhibition of tumor growth by PLAG is concentration dependent
We tested whether PLAG alone can inhibit tumor growth in the
TNBC xenograft model. We administered 25-, 50-, or 100-mg/kg
PLAG to TNBC xenograft models for 6 weeks, and tumor size and
tumor weight were evaluated on the same schedule as for
cotreatment of AC and PLAG (Fig. 3A). Tumor size and tumor weight
were suppressed by PLAG in a concentration-dependent manner.
Tumor size was minimal in mice treated with 100-mg/kg PLAG
during the 6-week treatment period (Fig. 3B and C). On the day of
death, the tumor weight was reduced by approximately 89% in the
mice treated with 100-mg/kg PLAG compared with the mice in the
negative control group (Fig. 3D). Importantly, the AC regimen
reduced tumor size but also rapidly reduced mouse body weight.
PLAG alone inhibited excessive tumor growth and caused no side
effects, such as weight loss (Fig. 3E).

3.2. Cotreatment with AC and PLAG reduced tumor-inﬁltrating
neutrophils in tumor tissue
Tumor-inﬁltrating neutrophils (TINs) in the tumor microenvironment promote tumor growth and reduce antitumor activity of
the AC regimen. We found that the number of TINs stained with
Ly6G antibody, neutrophil elastase antibody, and MPO antibody by
immunohistochemical staining was reduced in the tumor tissue of
mice treated with PLAG alone. However, increased numbers of TINs
in tumor tissue were maintained in AC-treated mice (Fig. 2A and B).
These data provide evidence that PLAG reduces inﬁltration of
neutrophils into tumor tissue.

3.4. Levels of tumor-inﬁltrating neutrophils reduce in PLAG-treated
mice
PLAG treatment inhibited tumor growth and excessive inﬁltration
of neutrophils into the tumor microenvironment. The uncontrolled
inﬁltration of neutrophils into the tumor is important for tumor
growth. We stained TINs in the tumor tissue by immunohistochemistry using Ly6G antibody, neutrophil elastase antibody, and MPO

Fig. 1. Inhibition of cancer progression by AC and PLAG cotreatment in the MDA-MB-231 triple-negative breast cancer xenograft model.
(A) Experimental design to evaluate prevention of tumor progression by cotreatment with AC and PLAG. (B) Tumor burden and tumor size were measured in mice cotreated with AC
and PLAG on the day of death. (C) Analysis of increased tumor size in each group measured at 3-day intervals for 39 days. (D) Tumor weight was measured in mice cotreated with AC
and PLAG on the day of death. (E) Body weight was measured in mice cotreated with AC and PLAG on the day of death.
Data are presented as mean ± SD. Compared with the negative control group: *P < 0.05, **P < 0.01, ***P < 0.001; compared with the tumor-bearing untreated group: #P < 0.05,
##P < 0.01, ###P < 0.001; compared with the AC-treated group: $P < 0.05, $$P < 0.01, $$$P < 0.001 (n ¼ 6 for each experiment); N.S., not signiﬁcant.
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Fig. 2. Reduced neutrophil inﬁltration after cotreatment with AC and PLAG in the MDA-MB-231 triple-negative breast cancer xenograft model.
(A) Tumor-inﬁltrating neutrophils in PLAG-treated tumor-bearing mice were identiﬁed by immunohistochemical staining using anti-Ly6G, anti-neutrophil elastase, and antimyeloperoxidase antibodies. (B) We analyzed 3,30 -diaminobenzidine-positive cells in tumor tissues stained with anti-Ly6G, anti-neutrophil elastase, and anti-myeloperoxidase
antibodies. (C) Enzyme-linked immunosorbent assay was used to evaluate expressed chemokines associated with neutrophil inﬁltration in serum of mice cotreated with AC
and PLAG. (D) Validation of apoptosis activity in tumor tissue of mice cotreated with AC and PLAG by TUNEL assay.
Data are presented as mean ± SD. Compared with the negative control group: *P < 0.05, **P < 0.01, ***P < 0.001; compared with the tumor-bearing untreated group: #P < 0.05,
##P < 0.01, ###P < 0.001; compared with the AC-treated group: $P < 0.05, $$P < 0.01, $$$P < 0.001 (n ¼ 6 for each experiment); N.S., not signiﬁcant.

Fig. 3. Concentration-dependent inhibition of cancer progression by PLAG treatment in the MDA-MB-231 triple-negative breast cancer xenograft model.
(A) Experimental design to evaluate prevention of tumor progression with the treatment of 25-, 50-, or 100-mg/kg PLAG in the mouse model. (B) On the day of death, tumor burden
and tumor size were measured in mice treated with 25-, 50-, or 100-mg/kg PLAG. (C) The tumor size of each group was measured every 3 days for 39 days. (D) Tumor weight of mice
in each group was measured on the day of death. (E) Body weight of mice in each group was measured on the day of death.
Data are presented as mean ± SD. Compared with the negative control group: *P < 0.05, **P < 0.01, ***P < 0.001; compared with the tumor-bearing untreated group: #P < 0.05,
##P < 0.01, ###P < 0.001; N.S., not signiﬁcant.

4. Discussion

antibody and found that TINs were reduced in a dose-dependent
manner in the PLAG treatment group (Fig. 4A and B). The TINs are
mediated by tumor-derived neutrophil inﬁltrationerelated factors
(hCXCL1 and hCXCL8) and surrounding cells that produce neutrophil
inﬁltration-inducing factors (mMip-2). Induced hCXCL8 and mMip-2
levels in tumor-bearing mice were reduced by PLAG treatment in a
dose-dependent manner (Fig. 4C). These data suggest that PLAG reduces chemokines in tumor tissue, which leads to a reduction in
neutrophil inﬁltration into tumor lesions.

The goal for patients receiving cancer treatment is complete
destruction of tumors. Chemotherapy is easily administered and
can quickly reduce tumor size. However, chemotherapy causes
non-speciﬁc tissue damage, including damage of tumor cells, and it
activates the host's immune system [18,19]. High doses or frequent
treatments of chemotherapy induce uncontrolled immune responses and cause serious side effects, such as symptoms of
113
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Fig. 4. Neutrophil inﬁltration into tumors in PLAG-treated mice.
(A) Tumor-inﬁltrating neutrophils in mice treated with 25-, 50-, or 100-mg/kg PLAG were measured by immunohistochemical staining using anti-Ly6G, anti-neutrophil elastase,
and anti-myeloperoxidase antibodies. (B) We analyzed 3,30 -diaminobenzidine-positive cells in tumor tissues stained with anti-Ly6G, anti-neutrophil elastase, and antimyeloperoxidase antibodies. (C) Enzyme-linked immunosorbent assay was used to evaluate expressed chemokines associated with neutrophil inﬁltration in serum of mice
treated with PLAG.
Data are presented as mean ± SD. Compared with the negative control group: *P < 0.05, **P < 0.01, ***P < 0.001; compared with the tumor-bearing untreated group: #P < 0.05,
##P < 0.01, ###P < 0.001; N.S., not signiﬁcant.

decreasing neutrophil inﬁltration in a concentration-dependent
manner by regulating the expression of factors associated with
neutrophil movement (Fig. 4).
According to a recent report, the neutrophil-lymphocyte ratio
(NLR) is one of the key factors that determines the efﬁcacy of the
regimen [30e32]. High NLR values are frequently observed in ACtreated because many neutrophils are produced with excessive
tumor growth and are recruited into tumor lesions. Also, the
number of lymphocytes rapidly decreases in AC-treated [33,34].
High NLR values indicate tumor-friendly microenvironments.
Cotreatment with AC and PLAG lowered the NLR values and
restored the NLR values of normal mice (Suppl. Fig. 3).
We have previously reported that PLAG alleviates the symptoms
of some inﬂammatory diseases by controlling excessive neutrophil
inﬁltration [35e38]. It has also been suggested that PLAG controls
tumor metastasis by downregulation of neutrophils [39,40]. Here,
we demonstrated that reduction of neutrophil inﬁltration by PLAG
treatment increases the antitumor effectiveness of the AC regimen
in mice. Our data suggest that PLAG enhances the therapeutic potential of chemotherapy in cancer patients by mitigating excessive
neutrophil inﬁltration and therefore reducing chemotherapy
resistance.

inﬂammation, which limit the use of chemotherapy [20e22]. The
symptoms of inﬂammation induced by chemotherapy are accompanied by excessive inﬁltration of neutrophils, which is the most
important cause of chemotherapy resistance [13,15]. Therefore,
excessive neutrophil inﬁltration should be appropriately controlled
to maximize the antitumor effect of chemotherapy.
This study demonstrates the role of PLAG in improving the
antitumor effectiveness of the AC regimen in the MDA-MB-231
TNBC xenograft model. We found that tumor size decreased by
56% in tumor-bearing mice treated with AC alone compared with
that in the negative control group, but the tumors from mice
cotreated with AC and PLAG decreased in size by about 94% (Fig. 1).
Four out of six tumor-bearing mice that received no AC or PLAG
treatment died within 120 days. However, there were no deaths
within 120 days in tumor-bearing mice treated with PLAG alone or
cotreated with AC and PLAG. In the AC regimen alone, two out of six
mice died within 120 days (Suppl. Fig. 1). Many neutrophils were
recruited into the tumor tissue during MDA-MB-231 tumorigenesis. These recruited neutrophils support tumor growth and progression. PLAG treatment decreased the number of TINs
(Fig. 2AeC). PLAG, in combination with AC, suppressed excessive
inﬁltration of neutrophils in tumor tissue by regulating neutrophilattractant factors that originated from the implanted tumor cells
(hCXCL1 and hCXCL8) and from the surrounding non-tumor cells
(mMip-2) that were generated by the AC regimen (Fig. 2D).
Chemokine induction by chemotherapy is mediated by the
release of DAMPs. Elevated levels of DAMPs released in response to
excessive tumor growth and non-speciﬁc tissue damage by the
regimen contribute to the establishment of a tumor-friendly
microenvironment [23e26]. Elevated levels of extracellular adenosine aid the rapid recruitment of neutrophils via speciﬁc receptor
activation [27e29]. We found that excess extracellular adenosine in
serum from untreated tumor-bearing mice was reduced compared
to PLAG-treated mice, and the excess adenosine present in the tumor microenvironment also returned to normal levels after PLAG
treatment (Suppl. Fig. 2). Thus, PLAG inhibits tumor growth by

Ethics approval
a. All animal care and experimental protocols were carried out
according to the Korea Research Institute of Bioscience &
Biotechnology (KRIBB) regulations and animal care and experimental protocols were approved by the Institutional animal
care and use committee (IACUC), Korea Research Institute of
Bioscience & Biotechnology (approval number: KRIBB-AEC18241).
b. The authors conﬁrmed that all methods were performed
following the relevant guidelines and regulations.
c. The study was carried out in compliance with the ARRIVE
guidelines.
114

G.T. Kim, S.-H. Shin, E.Y. Kim et al.

Biochemical and Biophysical Research Communications 619 (2022) 110e116

Author contribution

[9] Z.-G. Gao, K.A. Jacobson, A2B adenosine receptor and cancer, Int. J. Mol. Sci. 20
(2019) 5139.
~ ate, G. Pe
rez, M.F. Sanmamed, M. Andueza,
[10] C. Alfaro, A. Teijeira, C. On
D. Alignani, S. Labiano, A. Azpilikueta, A. Rodriguez-Paulete, S. Garasa,
s, M. Pizzol, M. Allegretti, J. Medina-Echeverz,
J.P. Fusco, A. Aznar, S. Inoge
P. Berraondo, J.L. Perez-Gracia, I. Melero, Tumor-produced interleukin-8 attracts human myeloid-derived suppressor cells and elicits extrusion of
neutrophil extracellular traps (NETs), Clin. Cancer Res. 22 (2016) 3924e3936,
https://doi.org/10.1158/1078-0432.ccr-15-2463.
, V. Ardi, T. Muramatsu, J. Schmidt, C. Pham, J.P. Quigley,
[11] E. Deryugina, A. Carre
Neutrophil elastase facilitates tumor cell intravasation and early metastatic
events,
iScience
23
(2020),
101799,
https://doi.org/10.1016/
j.isci.2020.101799.
[12] Y. Wang, J.-N. Chen, L. Yang, J. Li, W. Wu, M. Huang, L. Lin, S. Su, Tumorcontacted neutrophils promote metastasis by a CD90-TIMP-1 juxtacrineparacrine loop, Clin. Cancer Res. 25 (2018), https://doi.org/10.1158/10780432.ccr-18-2544.
[13] S. Jaillon, A. Ponzetta, D. Di Mitri, A. Santoni, R. Bonecchi, A. Mantovani,
Neutrophil diversity and plasticity in tumour progression and therapy, Nat.
Rev. Cancer 20 (2020) 485e503, https://doi.org/10.1038/s41568-020-0281-y.
[14] Q. Chen, L. Zhang, X. Li, W. Zhuo, Neutrophil extracellular traps in tumor
metastasis: pathological functions and clinical applications, Cancers 13 (2021)
2832, https://doi.org/10.3390/cancers13112832.
[15] M.H. Shahzad, L. Feng, X. Su, A. Brassard, I. Dhoparee-Doomah, L.E. Ferri,
J.D. Spicer, J.J. Cools-Lartigue, Neutrophil extracellular traps in cancer therapy
resistance, Cancers 14 (2022) 1359.
[16] L. Wu, S. Saxena, P. Goel, D.R. Prajapati, C. Wang, R.K. Singh, Breast cancer cellneutrophil interactions enhance neutrophil survival and pro-tumorigenic
activities, Cancers 12 (2020) 2884, https://doi.org/10.3390/cancers12102884.
nez, A. Pandiella, A.J. Templeton, Neutrophils in cancer:
[17] A. Ocana, C. Nieto-Jime
prognostic role and therapeutic strategies, Mol. Cancer 16 (2017) 137, https://
doi.org/10.1186/s12943-017-0707-7.
[18] L. Zitvogel, L. Apetoh, F. Ghiringhelli, G. Kroemer, Immunological aspects of
cancer chemotherapy, Nat. Rev. Immunol. 8 (2008) 59e73, https://doi.org/
10.1038/nri2216.
[19] N. Behranvand, F. Nasri, R. Zolfaghari Emameh, P. Khani, A. Hosseini,
J. Garssen, R. Falak, Chemotherapy: a double-edged sword in cancer treatment, Cancer Immunology, Immunotherapy 71 (2022) 507e526, https://
doi.org/10.1007/s00262-021-03013-3.
[20] D. Vyas, G. Laput, A.K. Vyas, Chemotherapy-enhanced inﬂammation may lead
to the failure of therapy and metastasis, OncoTargets Ther. 7 (2014)
1015e1023, https://doi.org/10.2147/OTT.S60114.
[21] T. Brown, D. Sykes, A.R. Allen, Implications of breast cancer chemotherapyinduced inﬂammation on the gut, liver, and central nervous system, Biomedicines 9 (2021) 189.
[22] E.G. Vichaya, G.S. Chiu, K. Krukowski, T.E. Lacourt, A. Kavelaars, R. Dantzer,
C.J. Heijnen, A.K. Walker, Mechanisms of chemotherapy-induced behavioral
toxicities, Front. Neurosci. 9 (2015), https://doi.org/10.3389/fnins.2015.00131.
[23] H. Yang, Y.-H. Geng, P. Wang, H.-Q. Zhang, W.-G. Fang, X.-X. Tian, Extracellular
ATP promotes breast cancer chemoresistance via HIF-1a signaling, Cell Death
Dis. 13 (2022) 199, https://doi.org/10.1038/s41419-022-04647-6.
[24] Y. Liu, Y.H. Geng, H. Yang, H. Yang, Y.T. Zhou, H.Q. Zhang, X.X. Tian, W.G. Fang,
Extracellular ATP drives breast cancer cell migration and metastasis via
S100A4 production by cancer cells and ﬁbroblasts, Cancer Lett. 430 (2018)
1e10, https://doi.org/10.1016/j.canlet.2018.04.043.
[25] H. Yang, Y.H. Geng, P. Wang, H. Yang, Y.T. Zhou, H.Q. Zhang, H.Y. He,
W.G. Fang, X.X. Tian, Extracellular ATP promotes breast cancer invasion and
chemoresistance via SOX9 signaling, Oncogene 39 (2020) 5795e5810, https://
doi.org/10.1038/s41388-020-01402-z.
[26] Z. Ai, Y. Lu, S. Qiu, Z. Fan, Overcoming cisplatin resistance of ovarian cancer
cells by targeting HIF-1-regulated cancer metabolism, Cancer Lett. 373 (2016)
36e44, https://doi.org/10.1016/j.canlet.2016.01.009.
[27] X. Wang, D. Chen, Purinergic regulation of neutrophil function, Front.
Immunol. 9 (2018), https://doi.org/10.3389/ﬁmmu.2018.00399.
[28] R. Strakhova, O. Cadassou, E. Cros-Perrial, L.P. Jordheim, Regulation of tumor
inﬁltrated innate immune cells by adenosine, Purinergic Signal. 16 (2020)
289e295, https://doi.org/10.1007/s11302-020-09701-6.
be
, Production of adenosine by
[29] F. Ghiringhelli, M. Bruchard, F. Chalmin, C. Re
ectonucleotidases: a key factor in tumor immunoescape, J. Biomed. Biotechnol. (2012), 473712, https://doi.org/10.1155/2012/473712, 2012.
[30] H.Y. Kim, T.H. Kim, H.K. Yoon, A. Lee, The role of neutrophil-lymphocyte ratio
and platelet-lymphocyte ratio in predicting neoadjuvant chemotherapy
response in breast cancer, J Breast Cancer 22 (2019) 425e438, https://doi.org/
10.4048/jbc.2019.22.e41.
[31] T. Nemoto, S. Endo, N. Isohata, D. Takayanagi, D. Nemoto, M. Aizawa, K. Utano,
K. Togashi, Change in the neutrophil-to-lymphocyte ratio during chemotherapy may predict prognosis in patients with advanced or metastatic
colorectal cancer, Mol Clin Oncol 14 (2021) 107, https://doi.org/10.3892/
mco.2021.2269.
[32] M. Mori, K. Shuto, C. Kosugi, K. Narushima, H. Hayashi, H. Matsubara, K. Koda,
An increase in the neutrophil-to-lymphocyte ratio during adjuvant chemotherapy indicates a poor prognosis in patients with stage II or III gastric
cancer, BMC Cancer 18 (2018) 1261, https://doi.org/10.1186/s12885-0185171-2.

Guen Tae Kim: Writing e Original draft, Methodology, Validation, Investigation, Formal analysis, Data curation Su-Hyun Shin:
Investigation Eun Young Kim: Investigation, Formal analysis Hyowon Lee: Investigation Se Hee Lee: Investigation Ki-Young Sohn:
Funding acquisition Jae Wha Kim: Project administration, Supervision, Conceptualization, Writing e Review & editing.
Declaration of competing interest
The authors declare the following ﬁnancial interests/personal
relationships which may be considered as potential competing
interests:
Guen Tae Kim reports ﬁnancial support was provided by Enzychem Lifesciences Corporation.
Eun Young Kim reports ﬁnancial support was provided by
Enzychem Lifesciences Corporation.
Su-Hyun Shin reports ﬁnancial support was provided by Enzychem Lifesciences Corporation.
Hyowon Lee reports ﬁnancial support was provided by Enzychem Lifesciences Corporation.
Se Hee Lee reports ﬁnancial support was provided by Enzychem
Lifesciences Corporation.
Ki-Young Sohn reports ﬁnancial support was provided by
Enzychem Lifesciences Corporation.
Jae Wha Kim reports ﬁnancial support was provided by Korea
Research Institute of Bioscience and Biotechnology.
Acknowledgements
This work was supported by the KRIBB Research Initiative Program (KGM5252221) and grants (IGM0382211 and IGM0402111)
from Enzychem Lifesciences. Corresponding authors J.W.K. declare
that the research was conducted in the absence of any commercial
or ﬁnancial relationships that could be constructed as a potential
conﬂict of interest.
Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.bbrc.2022.06.051.
References
[1] A. Gonzalez-Angulo, F. Morales-Vasquez, G.N. Hortobagyi, Breast Cancer
Chemosensitivity, springer, 2007, pp. 1e22, https://doi.org/10.1007/978-0387-74039-3_1.
[2] D.G. Campelj, C.A. Goodman, E. Rybalka, Chemotherapy-induced myopathy:
the dark side of the cachexia sphere, Cancers 13 (2021), https://doi.org/
10.3390/cancers13143615.
[3] M. Fahad Ullah, Breast cancer: current perspectives on the disease status, Adv.
Exp. Med. Biol. 1152 (2019) 51e64, https://doi.org/10.1007/978-3-03020301-6_4.
[4] M. Manjunath, B. Choudhary, Triple-negative breast cancer: a run-through of
features, classiﬁcation and current therapies, Oncol. Lett. 22 (2021) 512,
https://doi.org/10.3892/ol.2021.12773.
[5] M. Nedeljkovi
c, A. Damjanovi
c, Mechanisms of chemotherapy resistance in
triple-negative breast cancer-how we can rise to the challenge, Cells 8 (2019),
https://doi.org/10.3390/cells8090957.
€lzel, A. Bovier, T. Tüting, Plasticity of tumour and immune cells: a source
[6] M. Ho
of heterogeneity and a cause for therapy resistance? Nat. Rev. Cancer 13
(2013) 365e376, https://doi.org/10.1038/nrc3498.
[7] A. Mohsenin, M.D. Burdick, J.G. Molina, M.P. Keane, M.R. Blackburn, Enhanced
CXCL1 production and angiogenesis in adenosine-mediated lung disease,
Faseb. J. 21 (2007) 1026e1036, https://doi.org/10.1096/fj.06-7301com.
[8] E.S. Ramos, M. Pedram, R.E. Lee, D. Exstrom, O. Yilmaz, R. Coutinho-Silva,
D.M. Ojcius, A.C. Morandini, CD73-dependent adenosine dampens IL-1binduced CXCL8 production in gingival ﬁbroblasts via HO-1 and pAMPK,
J. Immunol. 202 (2019), 185.115-185.115.
115

G.T. Kim, S.-H. Shin, E.Y. Kim et al.

Biochemical and Biophysical Research Communications 619 (2022) 110e116
J. Kim, 1-palmitoyl-2-linoleoyl-3-acetyl-rac-glycerol ameliorates arthritic
joints through reducing neutrophil inﬁltration mediated by IL-6/STAT3 and
MIP-2
activation,
Oncotarget
5
(2014),
https://doi.org/10.18632/
oncotarget.19384.
[38] H.-R. Lee, N. Yoo, J. Kim, K.-Y. Sohn, H.-J. Kim, M.-H. Kim, M. Han, S. Yoon,
J. Kim, The therapeutic effect of PLAG against oral mucositis in hamster and
mouse model, Front. Oncol. 6 (2016) 209, https://doi.org/10.3389/
fonc.2016.00209.
[39] K.H. Yang, G.T. Kim, S. Choi, S.Y. Yoon, J.W. Kim, 1-Palmitoyl-2-linoleoyl-3acetyl-rac-glycerol ameliorates EGF-induced MMP-9 expression by promoting receptor desensitization in MDA-MB-231 cells, Oncol. Rep. 44 (2020)
241e251, https://doi.org/10.3892/or.2020.7599.
[40] G.T. Kim, K.W. Hahn, S.Y. Yoon, K.-Y. Sohn, J.W. Kim, PLAG exerts antimetastatic effects by interfering with neutrophil elastase/PAR2/EGFR
signaling in A549 lung cancer orthotopic model, Cancers 12 (2020) 560,
https://doi.org/10.3390/cancers12030560.

[33] J.-L. Ethier, D. Desautels, A. Templeton, P.S. Shah, E. Amir, Prognostic role of
neutrophil-to-lymphocyte ratio in breast cancer: a systematic review and
meta-analysis, Breast Cancer Res. 19 (2017) 2, https://doi.org/10.1186/
s13058-016-0794-1.
[34] P.R. Walker, J.R. Hildebrand, Pretreatment neutrophil to lymphocyte ratio
(NLR) in patients with triple negative breast cancer (TNBC) treated with
neoadjuvant chemotherapy, J. Clin. Oncol. 34 (2016), https://doi.org/10.1200/
JCO.2016.34.15_suppl.e12570 e12570-e12570.
[35] S.H. Shin, J. Jeong, J.H. Kim, K.Y. Sohn, S.Y. Yoon, J.W. Kim, 1-Palmitoyl-2Linoleoyl-3-Acetyl-rac-Glycerol (PLAG) mitigates monosodium urate (MSU)Induced acute gouty inﬂammation in BALB/c mice, Front. Immunol. 11 (2020)
710, https://doi.org/10.3389/ﬁmmu.2020.00710.
[36] H.R. Lee, S.H. Shin, J.H. Kim, K.Y. Sohn, S.Y. Yoon, J.W. Kim, 1-Palmitoyl-2Linoleoyl-3-Acetyl-rac-Glycerol (PLAG) rapidly resolves LPS-induced acute
lung injury through the effective control of neutrophil recruitment, Front.
Immunol. 10 (2019) 2177, https://doi.org/10.3389/ﬁmmu.2019.02177.
[37] Y.-J. Kim, J. Shin, S.-H. Shin, J. Kim, K.-Y. Sohn, H.-J. Kim, J.-K. Kang, S. Yoon,

116

