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Abstract: ANXA1, first described in the context of inflammation, appears to be deregulated in many cancers and in-
creased in melanomas compared with melanocytes. To date, few studies have investigated the role of ANXAL in mel-
anoma progression. Furthermore, this protein is expressed by various cell types, including immune and endothelial
cells. We therefore analyzed the specific roles of ANXAL using melanoma and stromal cells in two human cell lines
(A375-MA2 and SK-MEL-28) in vitro and in Anxal null C57BI6/J mice bearing B16BI6 tumors. We report decreased
proliferation in both ANXA1 siRNA A375-MA2 and SK-MEL-28, but cell-dependent effects of ANXAL in migration in
vitro. However, we also observed a significant decrease of B16BI6 tumor growth associated with a reduction of Ki-67
positive cells in Anxal null mice compared with wild-type mice. Interestingly, we also found a significant reduction of
spontaneous metastases, which can be attributed to decreased angiogenesis concomitantly with greater immune
cell presence in the Anxal null stromal context. This study highlights the pejorative role of ANXA1 in both tumor and

stromal cells in melanoma, due to its involvement in proliferation and angiogenesis.
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Introduction

Annexin A1 (ANXA1) is known as a protein in-
volved in inflammation, decreasing neutrophil
diapedesis to inflamed sites and inducing their
apoptosis there [1]. This is mediated by extra-
cellular forms of ANXAZL, whose expression can
be modified by glucocorticoids (GC). Macroph-
ages can also produce ANXA1 in response to
stimulation by GC, secreting ANXAL in a para-
crine or autocrine fashion and facilitating the
engulfment of apoptotic cells [1]. The ANXA1
receptor currently described is formyl peptide
receptor 2: FPR2 (also known as ALXR); it be-
longs to the FPR family whose canonic ligands
are bacterial formylated peptides. ANXA1 has
recently been shown to trigger a reparative

macrophage function via FPR2, activating the
AMPK pathway in a muscle injury model [2].
Besides its role in innate immunity, ANXA1 can
boost adaptive immunity, as demonstrated by
Dr. F. D’Acquisto [3]. Interestingly, in knockout
(KO) mice infected with mycobacterium tuber-
culosis, a lack of ANXA1 decreased CD8" acti-
vation by DC [4]. Similarly, ANXAL contributes to
immunogenic cell death following certain can-
cer chemotherapies or radiotherapies [5-8].

During the last twenty years, ANXA1 has been
highlighted as a biomarker for different cancers
(see [9] for a review). As a potential conse-
quence of its immunomodulatory and addition-
al roles, ANXA1 expression is either reduced or
increased in tumors depending on the type of
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cancer. For some locations, such as breast
cancers, conflicting results have been report-
ed [10]. Our team observed increased expres-
sion of ANXA1 in invasive melanomas in pre-
clinical models, which was confirmed on a
patient cohort [11, 12]. Our hypothesis is that
external ANXA1, either linked to the plasma
membrane or secreted, can activate invasive
pathways in melanoma cells via FPR. This has
also been proposed for other malignancies,
such as breast, gastric or prostate cancers,
and gliomas (see [13] for a review). Our team
and others have shown that manipulation of
the level of ANXAL in tumors can affect their
metastatic behavior. More specifically, decre-
asing tumor ANXA1l induces a lower rate of
metastases in 4T1 murine breast cells im-
planted in NOD2SCID mice [14], in syngeneic
murine melanoma B16BI6 [12] and in Mia-
Paca2 pancreatic tumors in SCID mice [15].
Interestingly, decreasing stromal ANXA1 is as-
sociated with slower tumor growth in B16, and
reduced metastases in LLC and 4T1 tumors in
syngeneic models [16, 17]. These later obser-
vations have been linked to decreased angio-
genesis, considering the presence of ANXA1
as a pivotal clue for vasculature walls in tu-
mors [18], and to its immunomodulatory role,
leading to a M1 phenotype for tumor-associat-
ed macrophages (TAMs) [16].

Altogether, these data encouraged us to inves-
tigate the involvement of tumoral and stromal
ANXAZ1 in melanoma progression in more de-
tail. To improve our knowledge on ANXAL in
human melanomas, we selected two aggres-
sive cell lines, A372-MA2 and SK-MEL-28, to
assess the role of ANXAL on their migrating
properties using exogenous Ac2-26 peptide
mimicking the ANXA1l amino-terminus (Nter)
domain or siRNA-specific ANXA1 knockdown.
Furthermore, considering melanoma, the role
of stromal ANXA1 merits further attention as
the reported results were obtained on a B16
cell line without ANXA1 expression and unable
to metastasize [17]. We therefore investiga-
ted the effect of stromal ANXAL1 on tumor
growth and on the occurrence of metastases
in a B16BI6-/C57BI6/) model using Anxal KO
mice. Our results suggest that tumoral ANXA1
is involved in the proliferation of human mela-
nomas and, depending on the cell line, in in
vitro migration. They also support the notion
that stromal ANXA1 plays an important role in
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melanoma development and dissemination in
vivo, probably through its involvement in tumor
proliferation and angiogenesis.

Materials and methods
Cell cultures and reagent

Human melanomas SK-MEL-3 (derived from
lymph node metastasis of a female patient),
SK-MEL-28 (derived from lymph node metasta-
sis of a male patient) and A375-MA2 (derived
from a non-metastatic cutaneous melanoma,
further selected to become metastatic), were
obtained from the American Type Culture
Collection (ATCC). The murine B16BI6 cell line
came from Professor Fidler's lab (Texas Uni-
versity, Houston, USA). B16BI6-luc cells ex-
pressing the luciferase gene were engineered
in our laboratory by Dr. Claire Viallard. A375-
MA2 and B16BI6 were cultured in DMEM-
Glutamax (31966-021, Invitrogen) with 10%
fetal calf serum (FCS, CVFSVF00-01, Eurobio),
SK-MEL-3 in McCOQOY'S 5A (26600-023, Invit-
rogen) with 15% FCS and SK-MEL-28 in MEM-
Glutamax (41090028, Invitrogen) with 10%
FCS. All the media were supplemented with 4
pg/mL gentamycin (15750-037, Invitrogen).
The cells were grown at 37°C in a humid at-
mosphere containing 5% CO,. The cells were
treated with the peptide Ac2-26, which mimics
the Nter domain of ANXA1 at 10 uM (1845,
Tocris).

ANXA1 expression analysis by RT-qPCR using
the TagMan method

Total RNA was extracted from the cultured cells
(SK-MEL-3, SK-MEL-28, A375-MA2) according
to the manufacturer’s instructions using an
RNeasy mini kit (Qiagen). Samples were then
quantified and RNA integrity was checked with
the Agilent 2100 bioanalyzer using Agilent
RNA 6000 nano kits (Agilent Technologies).
RNA was reverse-transcribed from 1 pg RNA
with a high-capacity cDNA reverse trans-
cription kit (Applied Biosystems), according to
the protocol supplied by the manufacturer.
Reverse transcription was performed as fol-
lows: 10 min at 25°C, 120 min at 37°C and 5
min at 85°C. Real-time PCR using the TagMan
method was performed on 25 ng cDNA. The
UBC gene was used as an endogenous con-
trol. The following primers and TagMan pro-
bes, dye-labeled with FAM-MGB (VIC-MGB for
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UBC), were used in the reaction: Hs001675-
49 _m1 for ANXA1 and Hs01871556_s1 for
UBC. The cycling parameters consisted of a
first step at 50°C for 2 min and at 95°C for 10
min, followed by 40 cycles at 95°C for 15 sec
and 60°C for 1 min. Three experimental repli-
cates were performed. Cycle thresholds were
analyzed with SDS2.4 and RQ Manager 1.2
software. Relative quantification was carried
out using the 222t method.

Cell lysate and supernatant analysis of ANXA1
level by western blotting

The cells were seeded at 2x10° cells per well
in six well plates for 24 hours. After three
washes with DPBS (Dulbecco’s phosphate-
buffered saline), the supernatants were remo-
ved and replaced with 1 mL OptiMEM (31985-
047, Invitrogen) containing 0.9 mM CaCl,
(C4901, Sigma-Aldrich) and supplemented or
not with a calcium chelator EGTA (E-4378,
Sigma-Aldrich). The supernatant was collected
and centrifuged at 460x g for 8 min at room
temperature. The final supernatants were con-
centrated at 4°C using 10 kDa cut-off con-
centrators (Vivaspin 500, VS0102, Sartorius
Stedim) to obtain a volume of less than 30 pL.
Each supernatant sample was used in its en-
tirety for the western blot analyses. The cells
were lysed using an RIPA buffer containing 50
mM Trizma Base (T1503, Sigma-Aldrich) pH
7.5, 150 mM NaCl (7647-14-5, Merk), 1% NP40
(74385, Fluka), 0.5% sodium deoxycholate
(D6750, Sigma-Aldrich), 0.1% SDS (19812323,
Biosolve) and supplemented with 1x phospha-
tase and protease inhibitors (78443, Thermo-
Fisher Scientific). After one centrifugation op-
eration at 10000x% g for 10 min at 4°C, protein
concentration was estimated according to the
Bradford protein assay (23200, Invitrogen).
Equal amounts of protein from each sample
(40 pg) were used for western blotting.

The proteins were separated through 4-15%
SDS-PAGE (456-8084, Bio-Rad) and transferr-
ed onto nitrocellulose membranes (1620115,
Bio-Rad). The membranes were blocked in
TBS (pH 7.6, 200 mM Trizma Base and 1.5 M
NaCl) containing Tween 20 (0.1%) (9005-64-5,
FisherScientific) and 5% milk for 1 hour and
incubated overnight at 4°C with anti-ANXA1
(rabbit polyclonal, 1:10000, 71-3400, Invitro-
gen). After three washes in TBS-Tween 20, the
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membranes were incubated 1.5 hours with
horseradish peroxidase (HRP)-conjugated anti-
rabbit 1gG (1:5000, 4050-05, SouthernBio-
tech). After three washes, HRP activity was
detected with Clarity™ Western ECL Substrate
(170-5061, Bio-Rad) and a ChemiDoc™ MP
Imaging System (Bio-Rad). Total protein nor-
malization was applied using stain-free tech-
nology. A semi-quantitative measurement of
protein level was obtained using Image Lab
software (Bio-Rad).

ANXA1 level analysis by flow cytometry

SK-MEL-3, SK-MEL-28 and A375-MA2 cells
were harvested at a number of 1x10° and
stained with anti-ANXA1 (rabbit polyclonal,
1:500 for permeabilized and 1:100 for non-
permeabilized cells, 71-3400, Invitrogen) to
evaluate total and membrane expression.
Isotype rabbit (EB-003-0110, Diagenode) anti-
body was used as a control. The cells were
centrifuged briefly at 400x g for 5 min. To as-
sess total expression, the cells were permea-
bilized with BD FACS™ permeabilizing solution
10X (347692, BD-Bioscience) for 10 min at
room temperature and then centrifuged at
800x% g for 5 min. For membrane ANXA1, the
cells were not permeabilized. The pellets were
incubated at 4°C for 30 min in a medium con-
taining 1% BSA, 5 mM CaCl, (dilution buffer)
and a primary antibody against ANXALl. The
cells were then washed in a medium contain-
ing 1% FCS, 5 mM CaCl, (wash buffer) and
incubated at 4°C for 30 min in a dilution buf-
fer containing AlexaFluor™ 488 anti-rabbit
(1/2000, A11008, Invitrogen). After one wash,
the cells were stained with 4 ug/mL propidium
iodide (Pl) and analyzed on a BD LSRII flow
cytometer (BD Biosciences, CICS_UCA PARTN-
ER). FACSDiva data manager v8 software was
used to determine the percentage of labelled
cells and the mean fluorescence intensity (MFI).

Cell transfection with siRNA directed against
ANXA1

The A375-MA2 and SK-MEL-28 cells were
seeded at 2x10% and 1.5x10° cells per well,
respectively, in six well plates for 24 hours.
The cells were transfected with 25 pmol siRNA
using the Lipofectamine® RNAIMAX reagent
(13778-030, Invitrogen), according to the man-
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ufacturer’s instructions. The siRNA oligonucle-
otides for ANXA1 (ON-TARGETplus Human
ANXA1, L-011161-00-0005) and the control
(ON-TARGETplus Non-targeting siRNAs, D-
001810-0X) were purchased from Horizon™,
The cells were harvested 48 hours post-trans-
fection to verify ANXA1 depletion by western
blotting.

Migration assay

Culture insert chamber migration assays were
performed in a yDish 35 mm (81176, lbidi®).
The A375-MA2 and SK-MEL-28 cells were
seeded at a density of 50,000 or 30,000
cells/70 L, respectively, to each chamber of
the culture insert. The transfected cells were
seeded 24 hours after transfection. The cells
were incubated for 24 hours to form confluent
monolayers before removing the insert, leaving
a cell-free gap of 500 um without scratching
the cell monolayer (48 hours post-transfec-
tion). The cells were rinsed three times with
DPBS and fresh medium, with or without treat-
ment, was added to the dish. For the siRNA
experiments, 1% FCS medium was used to pre-
vent cell proliferation. Images were taken at dif-
ferent times using an inverted microscope at
5x magnification (TOh corresponds to the time
of insert removal and treatments). The experi-
ments were run at least in triplicate for each
condition. The gap area was estimated using
Fiji software at different times and the percent-
age of wound closure was calculated with the
following formula: [(TOh-Txh)/TOh] x100.

Cell viability assay

To assess the cytotoxicity of the peptide Ac2-
26 and the siANXA1 transfection, the resazurin
reduction assay was used as an indicator of
cell viability. Cytotoxicity was investigated 24
hours and 48 hours after treatment for the
peptide and 48 hours and 72 hours post-trans-
fection for the siANXAL1. The control or trans-
fected A375-MA2 (6x10° cells/well) and SK-
MEL-28 (4x10° cells/well) cells were seeded in
a 96-well plate in a culture medium. The cells
were allowed to adhere for about 24 hours,
then the non-transfected cells were treated
with 10 uM Ac2-26. The cells were washed
twice with DPBS and 25 yg/mL resazurin was
added to each well. After 1-2 hours’ incubation,
fluorescence was measured with a microplate
reader (Fluoroskan Ascent, Labsystems) using
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excitation and emission wavelengths of 530
nm and 590 nm, respectively. The percentage
of living cells was determined relative to control
conditions.

In vivo experimental models

All our experiments were conducted in compli-
ance with the relevant guidelines and regula-
tions and approved by both the local ethics
committee of Clermont-Ferrand (C2E2A) and
the French Ministry of Education and Research
(approval n°17844). The C57BL6/J wild type
(WT) mice were purchased from Charles River
and the C57BL6/J Anxal KO mice were sup-
plied by Dr. Juban, Claude Bernard University,
Lyon (CNRS UMR 5310, INSERM U1217) and
correspond to the ANXA1-/- mice developed by
Peretti’'s group [19]. Groups of mixed-sex ani-
mals were used, and animals of similar age and
weight were selected.

Subcutaneous model: B16BI6 murine melano-
ma cells suspended in DPBS were injected
subcutaneously into the right flanks of the
mice at the number of 2x105. Intratumoral
injections of 20 pyL NaCl were made at days 9
and 12 after cell implantation to promote the
formation of metastases. The body weight of
the mice and the tumor sizes were measured
three times per week. The tumors were mea-
sured using a caliper and volume was calcu-
lated with the formula (LxS?)/2, where L and S
are the largest and the smallest diameters in
mm, respectively. Tumor growth was reported
as the ratio (Vt-Vi)/Vi, where Vt is measured
tumor volume on a given day and Vi initial vol-
ume (first day of measurement). The mice were
sacrificed 19 days after cell inoculation. The
tumors were removed, frozen in liquid nitrogen
and stored at -80°C for protein and RNA
extraction or fixed in formalin (HT501128,
Sigma-Aldrich) for 24 hours and stored in 70%
ethanol for the immunostaining analyses. The
lung surface metastases visible under a binoc-
ular magnifier were counted.

Intravenous model: B16BI6-luc cells suspend-
ed in DPBS were injected intravenously into
the caudal veins of the mice at the number of
1.5%10%. The body weight of the mice was
measured three times per week. Lung tumor
invasion was monitored using in vivo biolumi-
nescence imaging on the day of cell injection
(day 0) and at days 7, 14 and 18. The mice
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Table 1. List of primers used in RT-qPCR studies

Genes Forward primers 5’ to 3’ Reverse primers 5’ to 3’ i?;é)l(lggr; tem22?:$:2%°C)
Cd45 ATGGTCCTCTGAATAAAGCCCA TCAGCACTATTGGTAGGCTCC 70 60
Cd3 ATATCTCATTGCGGGACAGG TCTGGGTGCTGGATAGAAGG 196 57
Cd8a CTTGTGCCTCAAACTGCAAG CCGCTAAAGGCAGTTCTCC 100 58
Grzb GCTGCTCACTGTGAAGGAAGT TGGGGAATGCATTTTACCAT 107 58
Ifny AAAGAGATAATCTGGCTCTGC GCTCTGAGACAATGAACGCT 229 57
Cd4 GCGAGAGTTCCCAGAAGAAG AAACGATCAAACTGCGAAGG 126 58
Foxp3 CACCTGGAAGAATGCCATC AGGGATTGGAGCACTTGTTG 146 57
Tbp CCTTGTACCCTTCACCAATGAC ACAGCCAAGATTCACGGTAGA 59 59

were injected intraperitoneally with 15 mg/mL
luciferin (122799, PerkinElmer) and imaged 5
min thereafter. Average radiance of the lungs
(p/s/cm?/sr) was computed using Living Image
software and radiance relative to day O was
reported as the ratio (Rt-Ri)/Ri, where Rt is
radiance on a given day and Ri initial radiance
(day 0). The mice were sacrificed on day 18
after cell injection.

Tumor immune infiltrate analysis by RT-qPCR
using the SYBR green method

The tumors were dissociated for RNA extrac-
tion with a GentleMacs using the RNA_02 pro-
gram recommended for frozen tissues (130-
093-235, Miltenyi Biotec). Total RNA was extra-
cted according to the manufacturer’s instruc-
tions, using NucleoSpin® RNA (740955.250,
Macherey-Nagel™). Total RNA was quantified
at 260 nm using a uDrop™ Plate (N12391,
ThermoScientific) and RNA purity was mea-
sured using the absorbance ratio at 260 and
280 nm. RNA (1.5 pg) was reverse-transcribed
with SuperScript™ IV VILO™ Master Mix with
the ezDNase™ enzyme (ThermoFisher, Cour-
tabceuf, France). Reverse transcription was
performed as follows: 10 min at 25°C, 10 min
at 50°C and 5 min at 85°C. gPCR-reactions
were performed in triplicate with SYBR® Mix
(KAPABIOSYSTEMS, Boston, USA) on a Step-
OnePlus device (Applied BioSystems, Foster
City, USA) (Table 1). The cycling parameters
consisted of a first step at 95°C for 3 min fol-
lowed by 40 cycles at 95°C for 3 sec and at
annealing temperature for 30 sec. PCR pro-
duct specificity was checked according to the
melting curve. The PCR cycles consisted of a
step at 95°C for 15 sec followed by the dedi-
cated annealing temperature for 1 min and a
final step at 95°C for 15 sec. The cycle thresh-
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olds were analyzed using StepOne software.
Relative quantification was determined accord-
ing to the 22t method after normalizing the
expression to that of Thbp.

VEGF dosage by enzyme-linked immunosor-
bent assay (ELISA)

Tumor protein extraction was performed with
the Tissuelyser system (Qiagen®) in a urea
buffer containing 6 M urea (211823, Bio-
solve), 2.5 mM sodium pyruvate (11360-039,
Invitrogen), 1 mM EDTA (15575-038, Invitro-
gen), 0.5% Triton X100 (T8787, Sigma) and 1x
phosphatase and protease inhibitors (78443,
ThermoFisher Scientific). The tumors were
mechanically disrupted for 5 min at 30 Hz in
300 pL urea buffer using 5 mm beads. The
extracts were separated by centrifugation (10
min, 14000x g, 4°C) and the supernatants run
through a Bradford assay for protein quantifi-
cation. ELISA analyses were run on around 20-
30 pg of each extract using the Quantikine®
ELISA kit (MMVOO, R&DSYSTEMS®), according
to the manufacturer’s instructions.

Histological analysis

The tumors were embedded in paraffin and
cut into 4 um serial sections. They were immu-
nostained using specific antibodies including
anti-CD31 (ab28364, Abcam) and anti-Ki-67
(@b15580, Abcam) as follows. The sections
were deparaffinized and rehydrated before
being subjected to antigen retrieval using 10
mM Tris, 1 mM EDTA buffer pH 9 for CD31 or
10 mM citrate pH 6 for Ki-67. After two washes
with water and one wash with PBS, endoge-
nous peroxidases were inhibited using 0.3%
hydrogen peroxide for 30 min (for Ki-67 stain-
ing only). After another PBS wash step, the
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Figure 1. Comparison of total and secreted level of ANXA1 in different human cell lines. A. RT-gPCR analysis of
ANXA1 in human melanoma cell lines. UBC was used as housekeeping gene and SK-MEL-3 as reference. B. West-
ern blot analysis of ANXA1 in cell lysates and supernatants of human cells treated or not with the calcium chelator
EGTA (2 mM). Total proteins were used as a loading control. Full lenght ANXA1 (37 kDa) and cleaved form (33 kDa)
were detected. C. Flow cytometry analysis of total and membrane ANXAL. Results represent percentage of labelled

cells (MFI).

sections were blocked 1 hour with 1% bovine
serum albumin, before overnight incubation
with anti-CD31 (1:100) or anti-Ki-67 (1:2000)
at 4°C. The sections were then washed with
PBS, followed by incubation for 1 hour with a
secondary anti-rabbit antibody directly coup-
led with AlexaFluor 555 (1:1000, A21430,
Invitrogen) or with a biotinylated antibody
(1:500, 111-065-003, Jackson Immunorese-
arch). Two PBS washes were implemented
before incubation with peroxidase-conjugated
streptavidin  (1:500, 016-030-084, Jackson
Immunoresearch) for 30 min. After washing in
PBS, the sections were incubated with Alexa
Fluor™ 488 tyramide reagent (1:200, B40953,
ThermoFisher Scientific) for 10 min, then
washed twice in PBS. The nuclei were stain-
ed for 5 min in Hoechst 33342 solution
(1:20000, H3570, Invitrogen) and coverslips
were mounted in glycerol (50% v/v PBS). A
Zeiss Axio Imager M2 was used to create a
4x4 mosaic image (16 tiles) with a x20 objec-
tive to enable analysis of a wide field of each
section. Fiji software was used to assess the
number of vessels per tumor slide using quan-
titative analysis of CD31 on the mosaic im-
ages. The quantification of Ki-67 labelled cells
required pathology expertise.

Statistical analyses

Statistical analyses were carried out on data
from at least three independent experiments
using GraphPad Prism v8.0 software. Data are
presented as mean values + standard devia-
tion. Differences with a p value <0.05 were con-
sidered to be statistically significant.
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To compare two different conditions (Ctrl vs
peptide; siCTRL vs siANXA1; WT mice vs KO
mice), a Student’s t-test (with Welch’s correc-
tion) was performed. When normality was not
assumed, the nonparametric Mann-Whitney
test was used. Significance was expressed rel-
ative to the corresponding control condition.

To evaluate the relationship between the ab-
sence of stromal ANXA1 and the number of
measurable tumors or mice with lung metasta-
ses, a contingency table was created and a Chi-
Square test carried out to determine statistical
significance.

The effect of cell siANXA1 transfection on
PCNA protein level was assessed by the pro-
tein level ratio of the siANXA1/siCTRL cells.
One sample Student’s t-test was performed
with 1 (siCTRL/siCTRL) as the hypothetical
value to assess ratio significance.

Results

Characterization of ANXA1 expression and lo-
calization in melanoma cell lines

Two as yet unexplored invasive human cell
lines, A375-MA2 and SK-MEL-28 cells, present
higher ANXA1 mRNA than the previously stud-
ied SK-MEL-3 [12] (Figure 1A). Cellular and
membrane/secreted ANXALl levels were as-
sessed by western blotting and the use of EGTA
enabled harvesting of the calcium-dependent,
membrane-bound fraction. Similarly, cellular
ANXA1 was higher in SK-MEL-28 and A375-
MA2 than in SK-MEL-3 (Figure 1B). However,
flow cytometry analyses (Figure 1C) showed
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similar levels of total ANXA1, determined by
mean fluorescence intensity (MFI), for SK-MEL-
3 and SK-MEL-28. Interestingly, the ANXA1
level was twice as high in A375-MA2 com-
pared with the other cell lines. Native (37 kDa)
and cleaved (33 kDa) forms of ANXA1 were
detected in the SK-MEL-28 and A375-MA2 cell
lysates and supernatants (Figure 1B). To con-
firm the presence of membrane ANXA1, we
used flow cytometry analysis with non-per-
meabilized cells (Figure 1C). A375-MA2 and
SK-MEL-3 had the highest percentage of cells
presenting membrane ANXA1. A375-MA2 and
SK-MEL-28 expressed ANXA1 and presented
extracellular forms of the protein: both mem-
brane-bound and secreted. Taken together,
these data confirm that these cell lines are rel-
evant for investigation of the involvement of
tumor ANXA1 in cell aggressiveness.

ANXA1 modulates melanoma proliferation
and, in a cell line-dependent manner, migra-
tion in vitro

We determined the effect of endogenous
ANXA1 in the proliferation and migration of
SK-MEL-28 and A375-MA2 cells with specific
siRNAs. After 48 hours of transfection, siRNA
directed against ANXA1 (siANXA1) decreased
the ANXA1 protein level by 59% for A375-MA2
and by 53% for SK-MEL-28, compared with the
control siRNA (siCTRL, Supplementary Figure
1). Both cell lines transfected with siANXA1
presented reduced cell viability compared with
cells transfected with siCTRL. This reduction
started 48 hours after transfection for A375-
MA2 and 72 hours after transfection for
SK-MEL-28 (Figure 2A and 2E). This decrease
is linked to a decline in cell proliferation (Fig-
ure 2B and 2F), with a significant reduction of
PCNA in A375-MA2 (48 hours post-transfec-
tion) and an almost significant reduction
in SK-MEL-28 (72 hours post-transfection,
P=0.0559). To overcome this proliferation
decrease following siANXA1 transfection, we
performed a migration assay in a medium with
limited serum (1%) for 24 hours. In siANXAL
conditions, we observed a significant reduc-
tion of migration after 16 hours in SK-MEL-28
only (Figure 2C and 2G). Unlike siANXA1, the
Ac2-26 peptide, which is widely used for its
capacity to mimic the ANXA1 Nter domain, did

not affect cell viability (Supplementary Figure
2). We therefore used complete medium for
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migration assays and extended the study time
for A375-MA2 cells, which migrate more slowly
than SK-MEL-28 cells. In these conditions, the
peptide stimulated A375-MA2 migration only
(Figure 2D and 2H). Taken together, our find-
ings indicate that manipulating cellular and
external levels of ANXAL can have contradicto-
ry effects on migration, depending on the me-
lanoma cell line. However, regarding SiRNA,
ANXA1 has a booster effect on melanoma
proliferation.

Stromal ANXA1 is involved in melanoma
growth and metastatic capacity

To document the role of stromal ANXA1l in
melanoma dissemination, we used B16BI6
expressing a high level of ANXAL (Figure 3A)
grafted on C57BI6/J WT and Anxal-KO mice.
As shown in Figure 3B, tumor apparition was
delayed in the KO mice, with only 20% of tu-
mors measurable using the caliper nine days
after cell injection, compared with 80% in the
WT mice. Tumor volumes were significantly
reduced and growth was slower in the KO mice
than in their WT counterparts (Figure 3C and
3E). This is consistent with the tumor weight
values at the time of sacrifice (Figure 3D). Next,
we explored lung metastases in both types of
mice. As shown in Figure 3F and 3G, the KO
mice were less likely to develop lung metasta-
ses and to a lesser extent than the WT mice.
To further examine the involvement of stromal
ANXA1 in dissemination, we injected B16BI6
cells expressing the luciferase gene (B16BI6-
luc) intravenously into both types of mice. Alth-
ough statistical significance was not reached,
we observed a tendency towards lower rela-
tive radiance in the lungs of the mice without
ANXA1 (Figure 3H). Altogether, these results
indicate that ANXA1 from stromal cells is im-
portant for both melanoma development and
dissemination in vivo.

Molecular mechanisms involved in melanoma
growth and spreading related to ANXA1 stro-
mal content

We first observed a decrease in the prolifera-
tion of KO mouse tumors, which displayed a
slight but significant decrease of Ki67 positive
nuclei compared with those of WT mice (Figure
4A). This could explain the smaller tumors in
KO mice (Figure 3C and 3D) and suggests that
stromal ANXA1 might stimulate tumor prolifera-
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Figure 2. ANXA1 influences cell proliferation and migration. (A, E) Cytotoxicity analysis at 48 h and 72 h after cell transfection (SiANXA1 or siCTRL). (B, F) PCNA level
assessed using western blot to evaluate proliferation at 48 h (B) and 72 h (F) post-transfection. Total proteins were used as a loading control. (C, D, G, H) Migration
abilities analysis of cells transfected with control or ANXAL siRNA (C, G) or treated or not with Ac2-26 peptide (10 uM) (D, H). Percentage of wound closure + stan-
dard deviation is indicated below the photos and were measured as described in methods sections. All experiments were repeated at least three times. Statistical
significance was determined using Mann Whitney test (A, C-E, G, H) and one sample t-test (B, F) was realized with Ha: y=1 as hypothetical, *P<0.05; **P<0.01;
**%*pP<0.001; ****P<0.0001; ns, not significant.
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Figure 3. Stromal ANXA1 depletion limits melanoma tumor growth and metastasis. B16BI6 cells were injected subcutaneously in the flank of C57BI6/J WT or Anxal
KO mice. (A) Western blot analysis of ANXAL level in B16BL6 cell line (B) The percentage of mice presenting a measurable tumor was determined for tumor estab-
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metastasis. The data group two independent experiments, the first with 19 WT and 15 KO mice and the second with 10 WT and 10 KO mice. Statistical significance
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Figure 4. Stromal ANXA1 depletion reduces B16BI6 tumor proliferation and angiogenesis. (A) Immunofluorescence labelling was used to detect Ki-67 and assess
tumor proliferation. Dot blot represents the percentage of nuclei labelled with Ki-67 and group two different experiments together, each with 5 tumors of WT and 5
of KO mice. (B) Immunofluorescence labelling was used to detect CD31 and assess tumor vessel density (WT n=5, KO n=5). Dot blot represents the number of ves-
sels estimated from tumor slice. (A, B) Nuclei were labelled using Hoechst 33342 solution and merge images from three tumors are presented. Image represents
a 4x4 mosaic realized at x20 magnification, bars are equivalent to 50 ym (A, zoom) and 200 um (B). (C) VEGF level in B16BI6 tumors of WT (n=13) and KO mice
(n=12) was determined using ELISA assay. Dot blot represents mean + standard deviation. Student’s t-test with Welch’s correction was realized to assess statistical
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tion. The differences in the development and
formation of lung metastases between WT and
KO mice could also be explained by altered
angiogenesis. We analyzed the CD31 endothe-
lial marker and VEGF dosage in the tumors
(Figure 4B and 4C). The tumors of KO mice had
fewer vessels than WT mice tumors, as shown
by CD31 labelling (Figure 4B). Moreover, VEGF
was significantly increased in the tumors of
WT mice (Figure 4C). These findings show that
tumor angiogenesis was reduced in the mice
lacking Anxal expression. Hence, stromal
ANXA1 seems to be a stimulating factor of
tumor angiogenesis.

Absence of stromal ANXA1 associated with
increased immune infiltrates

Several markers of immune cells were analy-
zed by RT-gPCR in the B16BI6 tumors of WT
and KO mice. As illustrated in Figure 5A, KO
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mouse tumors presented significantly more
abundant leukocyte infiltrates compared with
WT mice, as shown by overexpression of the
CD45 marker. Although not significant, expres-
sion of the macrophage marker ADRE1, also
called EMR1 or F4/80, was stronger in the KO
mice, as was the expression of NKP46, indicat-
ing the presence of NK cells (data not shown,
available upon request). However, the T lym-
phocyte marker CD3 was significantly more
present in the melanoma tumors that devel-
oped in the KO mice than in those developed
by the WT mice (Figure 5B). To develop this
observation further, we examined the genes
expressed by the cytotoxic and pro-tumoral
lymphocytes. Both pro- and anti-tumor immune
cells were significantly more present in the
tumors of the KO mice. Regulatory T cell (Treg)
markers (CD4 and FoxP3) were actually more
abundant in the B16BI6 tumors developed by
the KO mice, as was the cytotoxic marker CD8a
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(Figure 5C and 5D). Furthermore, cytotoxic fac-
tors released by cytotoxic lymphocytes, gran-
zyme B (GRZB) and interferon gamma (IFNy)
were also over-represented in the tumors of
the KO mice compared with those of the WT
mice (Figure 5D). Altogether, these results sug-
gest that the absence of stromal ANXA1 gener-
ates a non-specific influx of immune cells, es-
pecially lymphocytes, in melanoma tumors.

Discussion

ANXA1 expression has generated significant
interest as a biomarker in oncology. Despite
numerous studies, its exact role in the mecha-
nisms leading to tumor development and dis-
semination remains unclear and sometimes
controversial [20]. We therefore focused our
study on improving our understanding of the
specific involvement of tumor and non-tumor
ANXAZ in melanoma progression in vitro and in
vivo. We had already showed that ANXA1 is
overexpressed in melanoma cell lines com-
pared with melanocytes [12, 21]. Here, we
demonstrate the complexity of its role on two
additional cell lines, SK-MEL-28 and A375-
MAZ2, presenting high levels of ANXAL. While
proliferation is affected by ANXA1 siRNA trans-
fection in both cell lines, migration assays pro-
vide cell-dependent results. Indeed, siANXAL
only limited the migration of SK-MEL-28 and
not that of A375-MA2, while the Ac2-26 pep-
tide only enhanced the migration of A375-MA2.
As SK-MEL-28 migrated more quickly than
A375-MA2, it might be easier to observe a
decline in cell migration in SK-MEL-28. The dis-
parate results with the peptide could be due
to the increased presence of secreted and
cleaved forms of ANXAL1 in SK-MEL-28 cells.
The secreted bioactive peptide might actually
compete with the exogenous peptide and limit
its effects. However, in 2014, Belvedere and
coworkers showed that the peptide is effective
in stimulating migration of both types of cells
regardless of ANXA1l secretion (MIA PaCa-2
and PANC-1 cells, respectively) [22]. FPR1
receptors were present in both cases. Our CMF
analysis of FPR2 expression revealed that
SK-MEL-28 and A375-MA2 cells expressed low
basal levels of the receptor with around 15%
(MFI=273) and 7.5% (MFI=149) of labelled
cells, respectively (data not shown). Several
studies of expression modulation and/or pep-
tide mimicking stimulation performed on mi-
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gration to date have shown the booster role of
ANXA1 on this phenomenon in pancreatic [15,
22, 23], hepatic [24], nasopharyngeal [25],
lung [26], gastric [27], esophageal [28] and
breast cancers [29-31]. It therefore remains
important to further improve our understand-
ing of the involvement of ANXA1 in melanoma
migration. As far as proliferation is concerned,
heterogeneous results were obtained: for ex-
ample, ANXA1 stimulated the proliferation of
lung [26] and esophageal [28] cancer cells but
showed anti-proliferative effects in pancreatic
[15], stomach [32], breast cancers [33, 34]
and oral squamous cell carcinoma [35]. In mel-
anoma, our results suggest that ANXAL stimu-
lates proliferation. Further studies should be
performed to pinpoint its role in cell viability.

The B16BI6 graft on the Anxal KO mice model
allowed assessment of the role of the non-
tumor domain of ANXA1 in tumor development
and dissemination in vivo. For the first time,
we demonstrated that stromal ANXA1 is im-
portant for both tumor growth and the forma-
tion of metastases in the B16BI6 model. In
fact, the absence of ANXA1 in the host gener-
ated a significant decrease in tumor prolifera-
tion and vascularization, associated with incre-
ased immune infiltrates. We hypothesize that
the reduced tumor vascularization in the ab-
sence of stromal ANXA1l is responsible for
limiting both tumor development and the for-
mation of lung metastases. Indeed, tumor cells
need oxygen and nutrients to grow and a dis-
semination path to reach secondary organs. In
20009, Yi and Schnitzer reported lower vessel
density in B16 tumors (without ANXA1 expres-
sion) developed in Anxal KO compared with
WT mice, this being associated with decreased
tumor volumes and increased necrosis [17]. We
did also observe a decrease in vessel density
in line with a reduction of the VEGF factor in the
tumors developed by Anxal KO mice. There is
no clear relationship concerning the effect of
ANXA1 on VEGF expression, although VEGF can
modulate ANXA1 expression. For instance, in
endothelial cells, VEGF expression decreases
miRNA-196a, which destabilizes 3'UTR ANXA1
MRNA, showing a positive correlation between
VEGF and ANXA1 [36]. Hypoxia can also incre-
ase ANXA1 expression and its external location
suggests a close link between angiogenesis
and ANXA1 [37]. Our RT-gPCR analyses (not
shown), as well as previously published results
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[17], show that VEGF expression is similar in
tumors developed in WT and Anxal KO mice
in melanoma models, suggesting regulation of
protein levels. Therefore, we hypothesize that
stromal ANXA1 could modulate the production
and/or secretion of VEGF by the cells of the
tumor’s microenvironment. A recent publica-
tion not related to cancer describes the action
of ANXA1 on VEGF production via binding to
FPR2, and subsequent ERK activation in uter-
ine epithelial cells [38]. Furthermore, another
study shows that cardiac macrophages from
Anxal KO mice exhibit a reduced ability to
release VEGF [39].

Another parameter that can impact angiogene-
sis in the KO mice is the characteristic pres-
ence of ANXALl in tumor endothelial cells,
reported by several studies including the pio-
neering publication by Oh et al [18] and Allen
et al's more recent contribution [40]. Although
the precise role of ANXAL in endothelial cells is
not fully understood, Cristante and colleagues
highlighted the importance of ANXA1l in the
paracellular permeability of brain endothelial
cells [41]. The human brain endothelial cells
that did not express ANXA1 had a higher para-
cellular permeability than those that did ex-
press the protein. This increased permeability
is associated with the decreased expression of
junction proteins, such as occludin and VE-
Cadherin [41]. A future study comparing endo-
thelial junction protein patterns in the tumors
of WT and KO mice would be pertinent.

It might then be possible to propose that the
increased tumor immune infiltrates in KO mice
could be a consequence of leaky vasculature
rather than direct action on immune cells due
to the lack of stromal ANXA1. Indeed, both anti-
and pro-tumoral immune cells are upregulated
in the tumors of KO mice. It is well known that
tumor vessels present more leaks than normal
vessels [42]. Given the tumor reduction and the
limited formation of metastases, we suppose
that anti-tumor immune cells are abundant
enough to contain tumor proliferation and dis-
semination. We can also note that there is no
direct, clear association between tumor volume
and aggressiveness for human melanomas,
which confirms our previous results. We have
ruled out apoptosis and immunogenic cell
deaths which can be immune stimulators (data
not shown). A non-exclusive possibility remains
with increased inflammation indicated by in-
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creased TNF alpha and 1112 in the tumors de-
veloped by Anxal KO mice (data not shown).
Further experiments are needed to highlight
this original observation. The involvement of
stromal ANXA1 in tumor dissemination has
also been reported in other types of cancer
with Anxal KO animal models, such as lung
[17] and breast cancers [16, 43]. In these mod-
els, the absence of ANXA1 in the host limited
the development of metastases, as shown in
our melanoma model. However, the results
concerning tumor volumes are more heteroge-
neous. In syngeneic models of melanoma [17],
lung [17] and breast cancers [16], the absence
of stromal ANXA1l decreased tumor volum-
es. However, in chemically-induced [44] or in
spontaneous model [43] breast cancers, the
absence of stromal ANXA1 increased tumor
volumes. Taken together, these results confirm
that ANXA1 from non-tumor cells is important
for both tumor development and metastases
in syngenic models. On the other hand, studies
with WT mice grafted with Anxal KO tumor
cells or depleted for ANXAL1 show that tumor
ANXA1 only affected the metastases, stimulat-
ing their formation. This has been shown in
pancreas [15], stomach [27], breast [14] and
nasopharyngeal cancers [25]. Our team has
already demonstrated, via intra-tumoral injec-
tion of siANXA1 in B16BI6 tumors, that ANXA1
from tumor cells stimulates the formation of
lung metastases [12]. The main issue concern-
ing the role of ANXA1 in tumors, and specifical-
ly in melanomas, remains the clarification of
the role of this anti-inflammatory protein in
tumor progression according to its tumor or
non-tumor location. The generation of specific
and stable ANXA1 KO cells using CRISPR-Cas9
technology may help to confirm the involve-
ment of tumoral ANXA1 in the formation of
metastases.

To sum up, our study reports new insight into
tumor and non-tumor ANXA1l in melanoma
progression. While the role of tumor ANXA1
requires further analysis, stromal ANXA1 is
clearly involved in both melanoma develop-
ment and metastases in vivo, possibly through
angiogenesis modulation. These findings sus-
tain the interest in studying the role of ANXA1
and potential targeting in melanoma.
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Supplementary Figure 1. Depletion of ANXA1 after cell transfection with siRNA. A375-MA2 (A) and SK-MEL-28 (B)
cells were transfected with control or ANXA1 siRNA and 48 h later cell lysates were analyzed for ANXA1 protein level
using western blot. Total proteins were used as a loading control and the ratio of ANXA1 level in siANXA1/siCTRL
cells was done to estimate protein reduction. One sample t-test was realized with 1 as hypothetical value to assess
significance, ***p<0.001, ****p<0.0001.
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Supplementary Figure 2. Ac2-26 peptide has no effect on melanoma cells viability. A375-MA2 (A) and SK-MEL-28
(B) cells were treated with 10 uM of Ac2-26 peptide and then subjected to resazurin reduction to assess cytotoxicity

24 h and 48 h after treatment.



