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Abstract

Clinical data for solid tumours show a correlation between high-density leukocyte infiltration and poor patient outcomes. Tumour-associated neutrophils (TAN) and
macrophages (TAM) can account for 50% of the total tumour mass in invasive breast carcinomas and these inflammatory cells positively influence tissue remodeling
and the development of angiogenic vasculature by producing pro-angiogenic mediators and extracellular proteases. Lipoxins (LX), trihydroxytetraene-containing
eicosanoids, are endogenous “braking signals” for inflammation. LXs down regulate pro-inflammatory cytokines, inhibit matrix metalloproteinase 9 (MMP-9),
vascular endothelial growth factor (VEGF), and Hypoxia Induced Factor (HIF) and may act as a selective estrogen-receptor modulator (SERM). We hypothesis that
LXA, can alter immune tolerance and augment anti-tumour immune responses in breast cancer.

Methods: The metastatic human breast adenocarcinoma cell line MDA-MB-231 and the murine 4T1 breast cancer cell line were grown in culture and tumour
conditioned medium (TCM) harvested, by centrifugation at 900g, filtered (0.22pm) and stored at -20°C. Human neutrophils were analysed from healthy volunteers’
blood. Cell surface receptor expression was assessed by flow cytometry using FITC-conjugated anti-mouse IACM-1 Mab, PE—conjugated anti-human CD11b and
FITC-conjugated anti-human CD62L. Tumour cell invasion was assed using CytoSelect Cell Invasion culture plates. miRNA was isolated using miRNeasy) and
reverse transcribed using TagMan. miRNA expression was normalized to the values of the internal control Sno135.

Results: LXA, (200nm) treatment significantly reduced CD11b adhesion receptor expression on human neutrophils induced by incubation with tumour conditioned
medium (985+24.88 MCF: TCM vs 806x61.23 MCEF: p<0.05, ANOVA). Treatment with LXA4 also reversed L-selectin shedding from both human and murine
neutrophils induced by TCM (36.21+1.86 vs 47.41+5.8 and 70.53+2.11 vs 108.59+12.06, respectively p<0.05 ANOVA). In addition, LXA, suppressed breast cancer
cell invasion (77+9 cell/field IL-1pB (10ng/ml) vs 57+7 cell/field IL-1B+LXA4 (200nm) p<0.05, ANOVA), and weakened metastatic potential by modulating tumour
cell ICAM-1 expression in vitro (248.06+53.0 MCF IL-1pB (10ng/ml) vs 129.5+46.23 MCF IL-18+LXA4 (10nm) p<0.05, ANOVA n=4 on MDA-MB231; 91.91+-
6.5 MCF IL-1f (10ng/ml) vs 49.32+9.4 MCF IL-1p+LXA4 (200nm) p<0.01, ANOVA n=3 on 4T1). LXA4 deceased secretion of matrix metalloproteinases
(5.03+0.78 IL-1p vs 3.98+0.47 (ng/ml) IL-1p+LXA4 100nm in MDA-MB231 cells and (288.7+16.9 IL-1p vs 228.7+36.48(ng/ml) IL-1p+LXA4 100nm)in 4T1
cells). Furthermore LXA, treatment at 4 hr significantly increased human (2.5 fold change) and murine 4T1 (1.6 fold change) tumour cell expression of miRNA 146.

Discussion: Transduction of miR-146 into breast cancer cells has been shown to inhibited invasion, migration in vitro, and significantly suppressed lung metastasis
in a murine model. We demonstrate for the first time that LXA4 can augment miRNA 146 expression. Taken together, these results indicate that LXA4 has
the potential to reduce breast cancer metastatic spread. Combination antiangiogenic therapeutic strategies that target both tumour-related inflammation and
angiogenesis may prove successful where anti VEGF strategies alone have failed. Further investigation of LXA4 as a potential anti-tumour agent is merited in an in
vivo murine model of breast cancer.

potential through inducing the release of matrix metalloproteinases
(MMP-9) and triggering the expression of cellular adhesion molecules
(ICAM) on tumour cell surfaces [5]. Growth factors released due to cell
injury (EGF, IL-6) and hypoxia (VEGF) are highly up regulated during
times of surgical stress, further potentiating the likelihood of tumour
embolization and micro-metastasis [6]. These considerations are
particularly significant because approximately 90% of cancer related
mortality is directly the result of local invasion and distant metastasis
[7]. There exists a gap in clinical practise as to how this deleterious

Introduction

Breast cancer is the second most commonly occurring cancer
worldwide and there were over 2 million new cases diagnosed in
2018 [1]. Further, approximately 85% of such patients receive surgical
intervention [2], as resection remains the essential curative modality for
breast cancer. However, surgical manipulations disrupt the structural
integrity of the tumour, shedding malignant cells into the circulation
and increasing the risk of metastasis. A recent epidemiological study
looking at non-surgically and surgically managed breast cancer patients,
demonstrated that while the former displayed a peak of mortality at
4 years follow up, the latter demonstrated another distinctive peak
at 8 years [3]. A century of investigation has begun to elucidate

*Correspondence to: Claire Condron, Department of Surgery, R.CS.L

a connection between surgical resections and a counter-intuitive
increased risk for distant metastasis [4,5]. In animal models, surgical
resection has been shown to increase perioperative tumour shedding
into local blood and lymphatic channels due to physical manipulation
[5]. In vitro models have revealed that surgery can enhance invasive

Integr Cancer Sci Therap, 2020 doi: 10.15761/ICST.1000337

Education and Research Centre, Dublin 9, Ireland, Tel: 353-1-8092687, Fax: 353-
1-8093335, E-mail: ccondron@rcsi.ie

Key words: breast cancer, metastases, adhesion receptor, tail vein

Received: April 21, 2020; Accepted: May 10, 2020; Published: May 13, 2020

Volume 7: 1-7



Browne E (2020) Lipoxin A4 a novel therapeutic agent for the treatment of breast cancer metastases

perioperative environment could be modulated to improve long-term
outcomes.

Lipoxin A4 (LXA4), a trihydroxytetraene containing an arachidonic
acid (AA) derivative, is classified under the category of eicosanoids
[8]. Contrary to the pro-inflammatory profile of the better-studied
eicosanoids such as prostaglandins and leukotriene’s, lipoxins have
been shown to exhibit potent anti-inflammatory and anti-angiogenic
properties [9,10]. Lipoxins are believed to exert their cellular responses
through their stereospecific agonist activity at the G-protein coupled
AXL receptor, triggering intracellular calcium mobilization and
further intracellular signaling pathways currently less well understood
[8,9]. LXA4 has a well-established experimental capacity to alter the
pro-inflammatory milieu of invasive [9-14]. Within invasive breast
cancers, tumor associated macrophages (TAM’s) can represent up to
50% of total tissue [15]. TAM’s primarily represent a phenotypic switch
from ordinary M1 to M2 macrophages that promote neo-angiogenesis,
tumor growth, tumor invasion, matrix remodeling and suppression of
the adaptive immune system via altered chemokine profiles [16,17].
LXA4 treatment can transform altered M2 macrophages to the classic
M1 phenotype associated with an anti-tumorigenic scope that includes
markedly increased phagocytic power and reactive oxygen species
generation [12]. Increased vascular growth factor (VEGF) expression
has been strongly correlated with poor prognostic outcomes in breast
carcinoma’s [18]. Multiple studies have demonstrated that LXA4
exposure can drastically reduce VEGF and hypoxia induced factor
(HIF-1a) expression thereby reducing tumor growth and angiogenesis
[9-11,13]. Additionally, reduced VEGF expression in the perioperative
period could reduce micro metastasis by blocking VEGFR-2 signaling
cascades that induce local endothelial permeability to tumor cells [14].

Tumour suppressor microRNAs (miRNAs)) and oncogenic
miRNAs (oncomiRs) are implicated in cancer development4 and
malignancies have been classified based on the expression profiles
of individual miRNAs [19,20]. Certain miRNAs such as miR-126,
miR-335 and miR-146, which are differentially expressed in breast
cancer, have been functionally linked with metastatic stage [21,22].
Increasingly studies suggested that the miR-146 family plays a role in
inflammatory process and miR-146a has been shown to be correlated
with BRCAI expression, the human tumour suppressor gene that
codes for breast cancer type 1 susceptibility protein [23]. Transduction
of miR-146 into breast cancer cells down-regulates expression of
epidermal growth factor receptor, inhibites invasion and migration in
vitro and significantly suppresses lung metastasis in a murine model
[24]. Many silenced miRNAs appear to act as tumour suppressors by
targeting oncogenes, thus re-expression of the miRNAs could be an
effective approach to cancer therapy [25]. LXA4 has been shown to
mediate miRNA expression and its transfer via microvesicles [26].

The perioperative period offers a therapeutic window to improve
patient outcomes with adjuvant treatment [27] yet no suitable therapy
currently exists. Lipid mediators may break immune tolerance and
augment anti-tumour immune responses at the time of surgery.
Combination antiangiogenic therapeutic strategies that target both
tumour-related inflammation and angiogenesis may prove successful
where anti VEGF strategies alone have failed. The aim of this work is to
evaluate LXA4 as a potential perioperative adjunct treatment for breast
cancer surgery with particular attention to metastatic invasion capacity.

Methods

The metastatic human breast adenocarcinoma cell line MDA-
MB-231 was obtained from the American Type Culture Collection

Integr Cancer Sci Therap, 2020 doi: 10.15761/ICST.1000337

(ATCC, Rockville, MD). The murine 4T1 breast cancer cell line was
obtained from the American Type Culture Collection (Manassas, VA).
MDA-MB231 and 4T1 cells were grown in DMEM or RPMI 1640
medium, respectively, supplemented with 10%FCS, penicillin(100units/
ml), streptomycin sulphate (100 pug/ml), and 2.0mM glutamine. Cells
were maintained at 37 °C in a humidified 5 % CO, atmosphere and
subcultured by trypsinization with 0.05% trypsin-0.02%EDTA when
cells became confluent.

Tumour Conditioned Medium (TCM)

MDA-MB231 or 4T1 cells (5x10°/) were grown to subconfluency
(~80%) in culture medium, washed 3 x with PBS and treated with
medium only as a control, IL-1B (20ng/ml for MDA-MB231 or 10ng/
ml for 4T1), RvD1 only or RvD1 plus IL-1f (200nM, 100nM and 10nM,
respectively) in fresh culture medium at 37°C in 5% CO, for 24 h. TCM
was then harvested, centrifuged at 900g and 4°C for 20 min. passed
through 0.22-pm pore-sized filters (Gelman Sciences, Ann Arbor, MI),
and stored at -20°C until use.

Adhesion receptor expression

ICAM-1 expression on MDA-MB231 and 4T1 cells was assessed
by flow cytometry as previously described. Briefly, cells were grown to
subconfluency and incubated with 40 ng/ml IL-P as a stimulant and
treated with either 200nM, 100nM or 10nM of LXA,. 100ul of cells
suspension (0.2x10%/ml) were incubated with 1pl of FITC-conjugated
anti-mouse JACM-1 MAb or 5ul of FITC-conjugated anti human
ICAM-1 MAb. FITC-conjugated mouse IgG1 k isotype was used as
negative control. ICAM-1 receptor expression on the tumour cells was
analysed on a FACSCalibur flow cytometer equipped with an argon
laser excitation wavelength of Aex = 488nm. A minimum number of
10,000 events were collected. The data was recorded on a logarithmic
scale of the mean channel florescence (MCF) intensity and analysed
using Lysis II software. The instrument was calibrated daily.

Measurement of Human blood polymorphonuclear leukocyte
(PMN) L-selectin shedding: 1001 of human fresh blood samples were
incubated with 100ul of TCM at RT for 1 h. Cells were then incubation
at RT for 30 min with 5ul of FITC-conjugated anti-human CD62L. 5ul
of FITC-conjugated isotype IgG1 k was used as negative control. After,
L-selectin shed from PMN cells were analysed by flow cytometry.

100ul of fresh human or murine whole blood was incubated
with 100ul of tumour conditioned medium (TCM) (MDA or 4TT as
appropriate) at room temperature (RT) for 1h. Cells were stained with
2ul of FITC-conjugated anti-mouse CD11b or 5ul of PE-conjugated
anti-human CD11b. 5ul of PE-conjugated anti-mouse Ly-6G, 2ul of
FITC-conjugated isotype IgG or 5ul of PE-conjugated isotype 1gG2a
k were used as negative control. After incubation at 4°C for 30 min,
CD11b expression was analysed by flow cytometer.

MMP-9 secretion

Total MMP-9 secretion in cell culture supernatant was measured
by ELISA according to the manufactures instructions. Briefly 50l of
sample per well were incubated for 2 hr at RT. After aspiration/wash x
3, 100p] of mouse total MMP-9 conjugate was added to each well and
incubated for 2 h at RT. The aspiration/wash was repeated three times.
100yl of substrate solution then incubated for 30 min at RT. 100ul of
stop solution was added and the optical density of each well determined
using a Microtiter Plate Reader set to 450 nm. (Victor™ X3multilable
Reader PerkinElmer, Ohio, USA).
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Tumour cell invasion

Tumour cell invasion potential was assessed using CytoSelect
Cell Invasion culture plates (Cambridge Biosciences). Briefly, 500ul
of medium containing 10% FBS was added to the lower well of the
invasion chamber and 300ul of the treated cell suspension solution
(1.5x10%ml) to the top of each insert for 48h at 37°C in 5% CO, The
top side of the inserts were gently swabbed to remove non-invasive
cells. The insert was transferred to 400ul of stain solution and incubate
for 10mins at RT. Invasive Tumour cells were counted with a light
microscope with at least three individual fields per insert at 200x.

miRNA expression

Total RNAs was extracted using the miRNeasy Micro Kit (Qiagen)
and reverse transcribed using the TagMan MicroRNA Reverse
Transcription Kit. The TagMan Universal Master Mix II (Applied
Biosystems) was used for quantitative PCR to determine mRNA levels.
PCR was performed on a LightCycler 480 (Roche). Ct values were used
for quantification of transcripts. miRNA expression was normalized
to the values of Sno135, considered as internal control miRNAs. Data
were acquired and analysed using the 2724 method [28].

Results

Adhesion receptor expression

CD11b: CD11b regulates leukocyte adhesion and migration and
incubation with TCM for 1h increased CD11b expression on human
neutrophils compared to controls (844.72 + 78.88 MCF/cell vs 984.96
+ 24.88 MCF/cell (p<0.05, Figure 1). The addition of IL-1p further
increased CD11b expression (1161.95 + 70.25MCF/cell). Treatment
with LXA, significantly decreased CD11b expression induced by TCM
(870.23 £ 74.69 MCF/cell) and IL-1p (921.46 + 32.03).

L-selectin: L-selectin is cleaved during the multistep adhesion
cascade regulating leucocyte invasion and this shedding is responsible
for amplifying leukocyte recruitment [29]. TCM-induced L-selectin
shedding from neutrophils compared to control (36.21 + 1.86 MCF/cell
vs 53.18+ 0.97 MCF/cell (p<0.0001, Figure 2A) and stimulation with
IL-1P further increased shedding (29.96+£1.23MCF/cell). In contrast,
treatment with LXA, and the combination of II-18/LXA, significantly
reversed this shedding to 49.21 + 3.33 MCF/cell (p<0.001) and 39.0
+ 7.27 (p<0.078), respectively. TCM-induced murine L-selectin
shedding compared to control (70.54 + 2.11 MCF/cell vs 101.27+ 10.9
MCF/cell (p<0.01, Figure 2B). The addition of IL-1p further increased
to 50.96+10.0 MCF/cell. In contrast, treatment with LXA, and the

LXA, treatment significanly reduced CD11b adhesion receptor
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Figure 1. LXA, treatment significantly reduced CD11b adhesion receptor expression on
human neutrophils induced by incubation with tumour conditioned medium *, p<0.05,
ANOVA n=5. LXA, treatment significantly reduced CD11b adhesion receptor expression
on human neutrophils induced by incubation with IL-1p. Data represent the mean + SEM
*, p<0.01, ANOVA n=5.
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Figure 2. LXA, treatment significantly reverses L-Selectin shedding from human and
mouse neutrophils induced by incubation with tumour conditioned medium or IL-1p. Data
represent the mean £SEM *, p<0.0001, & p<0.001 * p<0.078 ANOVA n=4. For human
neutrophils. (A). *, p<0.01, &,p<0.05, %,p<0.001 ANOVA n=4. For mouse neutrophils. (B )

combination of Il-1B/LXA, significantly reversed the shed to 110.08 +
25.15 MCF/cell (p<0.05) and 102.52 + 12.11 (p<0.001), respectively.

ICAM-1: ICAM-1 adhesion receptor activates cancer cells
promoting cell motility, invasion, and metastasis [30]. Our experiments
demonstrated that LXA, downregulated ICAM-1 expression on both
murine and human breast cancer cells. After MDA-MB231 or 4T1
cell stimulated by the inflammatory factor IL-1pB, the expression of
ICAM-1 increased from 50.63 + 2.82 MCF/cell to 248.06+53.0 MCF/
cell, p<0.001, treatment LXA . for 24h ICAM-1 decreased to 129.45 +
46.23 MCF/cell, p<0.05 on MDA-MB231 (Figure 3A). Similarly, on
4T1, the expression of ICAM-1 increased from 42.1 + 4.05MCF/cell to
91.91+6.49MCF/cell, p<0.001 LXA4 reversed to 29.77 + 1.74 MCF/cell,
p<0.001 (Figure 3B).

MMP-9: IL-1f stimulated an increased MMP-9 secretion from
MDA-MB231 cells compared to the control 5.02 + 0.78 vs 3.75 + 0.38
(ng/ml) p<0.05. Treatment with LXA4 significantly reduced this MMP-
9 secretion 3.98 + 0.47 (ng/ml), p<0.05, n=>5. (Figure 4A). Similar results
were found with 4T1 cells where stimulation with IL-1f increased
MMP-9 secretion 288.7 + 16.90 (ng/ml) compared to controls 237.6 +
39.33 (ng/ml) p<0.05. and treatment with LXA, significantly reduced
to 228.7 + 36.48 (ng/ml) p<0.05, n=5 (Figure 4B).

Invasion: Stimulation with IL-1f increased MDA-MB231 invasion
through a basement membrane compared with control (76.7 £ 8.94
cells/field vs 58.5 + 4.37 *p<0.05 n=4). Treatment with LAX_ suppresses
this stimulated invasion (57.3 + 6.71 cells/field Ap<0.05 n=4. (Figure 5).

MiRNA: LX4 treatment alters miRNA expression of both Human
MDA-MB231 (2.57 fold) and murine 4T1 (1.87 fold) breast cancer
cells. A significant fold difference in the expression of miRNA between
the LX4 treated and untreated breast cancer cells was noted in vitro at
4 hrs (Figure 6.)
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LXA, reduces ICAM-1 expression on MDA-MB231
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Figure 3. LXA, (10nm) reduces ICAM-1 surface expression on breast tumour cells following pre-treatment with IL-1 for 24 hours. Data represent the mean £SEM . * p<0.001 IL-1B
vs control medium, #p<0.05 IL-1B+LXA, vs IL-13 ANOVA n=4 on human MDA-MB231 cells (A).  *p<0.001 IL-1B vs control medium, "p<0.001 IL-1B +LXA, Vs IL-1B  ANOVA
n=3 on 4T1 murine cells. (B)
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Figure 4. LXA, (100nm) reduces MMP?9 secretion from breast cancer cells. Cell were pre-treatedt with IL-1f or IL-1B+LXA, for 24 hours. Data represent the mean = SDM. *p<0.05 IL-
1B vs control medium. "p<0.05 IL-1B+LXA, vs IL-1B alone ANOVA n=4 for MDA-MB231 cells (A). * p<0.05 IL-1pB vs control medium, * p<0.05 IL-1B +LXA4 Vs IL-1 ANOVA
n=3 for 4T1 (B).
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LXA4 treatment reduced breast cancer invasion
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Figure 5. LXA, suppressed IL-1B (10nM for 48hrs) stimulated MDA-MB-231 cell invasion through a matrigel-coated basement membrane. Invading cells were quantified under light
microscopy in 10 random fields per Transwell. Data is expressed as mean +/- SEM. * p<0.05 IL-1B Vs control, ” p<0.05 IL-1 +LXA, Vs IL-18 ANOVA n=4

LXA4 increased MDA-MB231 cells expression of miRNA146
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Figure 6. LXA, treatment for 4 hrs significantly increases MDA-MB231 and 4T1 tumour cell expression of miRNA 146 as assessed PCR. Data are expressed as means and are representative
of 4 separate experiments. LXA, Vs control *p< 0.05 for MDA-MB231 (A). *p<0.079 for 4T1 (B), ANOVA.
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Discussion

Surgery augments the invasion capacity of free malignant cells
by inducing the release of MMPs [31] and by enhancing adhesion-
molecule expression on tumour cells [32]. Our data shows that LXA4
significantly down regulates adhesion receptor expression on tumor
cells and reduces tumour cell invasion. ICAM-1 adhesion receptor is
known to activate cancer cells promoting cell motility, invasion and
metastasis [33]. LXA4 downregulated ICAM-1 expression on both
murine and human breast cancer cells.

Circulating neutrophils have been identified in close association
with metastatic tumour cells throughout the process of tumour cell
arrest and extravasation in vivo and have been shown to promote the
deposition of tumour cells in the microvasculature of target organs
in animal models [34-36] Neutrophil extracellular traps (NET)
sequester circulating tumour cells and assist metastasis [37]. This work
demonstrates that LXA4 reduces the rolling receptor L-selectin and the
adhesion receptor CD11b on PMN that have been cultured in a tumour
environment.

Many silenced miRNAs appear to act as tumour suppressors
by targeting oncogenes, thus re-expression of the miRNAs could
be an effective approach to cancer therapy [38]. Our miRNA data
demonstrated that LXA4 treatment increases miR-146b expression
in human breast cancer cells. Hurst el al previously linked the miR-
146 family to metastasis in breast cancers, showing that Breast Cancer
Metastasis Suppressor 1 (BRMS1) significantly up-regulates miR-146
expression which in turn down-regulated the expression of epidermal
growth factor receptor (EGFR), inhibiting invasion and migration
in vitro and significantly suppressing lung metastasis in a murine
model [24]. Decreased miR-146a expression also contributes to the
up-regulation and overexpression of COX-2 in lung cancer cells [39].
miR-146 has also been shown to inhibit cell migration and invasion by
targeting RhoA in breast cancer [40].

Down-regulation of miR-146a and miR-146b expression in breast
tissues is related to the development and deterioration of breast cancer
[41]. The mechanisms underlying the immune modulating effects of
LXA4 are complex. It is known that LXA, inhibits VEGF-stimulated
proliferation of endothelial cells [42,43] and LXA, has been shown
to reduce the stabilisation of hypoxia-inducible factor 1-alpha (HIF-
la) under hypoxic conditions in a murine model of hepatocarcinoma
[44,45]. LXA, is also known to inhibited the progression of murine
endometriosis by attenuating prostaglandin E, production and
estrogen signaling suggesting a selective oestrogen-receptor modulator
(SERM)-like inhibition of estradiol action [46].

Surgical resection remains the essential curative modality for breast
cancer despite the fact that surgical procedures can cause tumor cells
to disseminate into the circulatory system, and although breast cancer
surgery is classified as minor surgery, the surgical procedure produces
substantial immunomodulation with significant effects on disease
recurrence rates andlong-term patient prognosis [47]. The perioperative
period offers a therapeutic window to improve patient outcomes with
adjuvant treatment, and in this context, adjunct immunomodulation
with pro-resolving lipids may augment the host anti-cancer defense
mechanisms in the perioperative period. Our initial work is promising
and needs to be more fully elucidated in a series of in vivo experiments
that explore the balance between therapeutic benefit of these lipid
mediators in the perioperative period and potential adverse effects on
post-operative healing of reduced innate immune responses.
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