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Global pannexin 1 deletion increases tumor-infiltrating
lymphocytes in the BRAF/Pten mouse melanoma model

Rafael E. Sanchez-Pupo’

, Garth A. Finch’, Danielle E. Johnston', Heather Craig?, Rober Abdo’,

Kevin Barr', Steven Kerfoot?, Lina Dagnino®* and Silvia Penuela™*

1 Department of Anatomy and Cell Biology, Western University, London, Canada

2 Department of Microbiology and Immunology, Western University, London, Canada

3 Department of Physiology and Pharmacology, Western University, London, Canada

4 Division of Experimental Oncology, Department of Oncology, Schulich School of Medicine and Dentistry, Western University, London,

Canada

Keywords
immune infiltration; melanoma; pannexin 1;
T cell

Correspondence

S. Penuela, Department of Anatomy and
Cell Biology, Western University, London,
ON N6A 5C1, Canada

Tel: +1 519 661 2111, ex. 84735

E-mail: spenuela@uwo.ca

(Received 28 July 2023, revised 20

November 2023, accepted 18 January 2024,

available online 7 February 2024)

doi:10.1002/1878-0261.13596

Immunotherapies for malignant melanoma seek to boost the anti-tumoral
response of CD8" T cells, but have a limited patient response rate, in part
due to limited tumoral immune cell infiltration. Genetic or pharmacological
inhibition of the pannexin 1 (PANXI1) channel-forming protein is known
to decrease melanoma cell tumorigenic properties in vitro and ex vivo.
Here, we crossed PanxI knockout (Panx1~/~) mice with the inducible mel-
anoma model Braf?, Pten'™®, Tyr::CreER™? (BPC). We found that delet-
ing the Panxl gene in mice does not reduce BRAF(V600E)/Pten-driven
primary tumor formation or improve survival. However, tumors in
BPC-Panx1~'~ mice exhibited a significant increase in the infiltration of
CDS8" T lymphocytes, with no changes in the expression of early T-cell
activation marker CD69, lymphocyte activation gene 3 protein (LAG-3)
checkpoint receptor, or programmed cell death ligand-1 (PD-L1) in tumors
when compared to the BPC-PanxI™" genotype. Our results suggest that,
although Panx] deletion does not overturn the aggressive BRAF/Pten-
driven melanoma progression in vivo, it does increase the infiltration of
effector immune T-cell populations in the tumor microenvironment. We
propose that PANXI1-targeted therapy could be explored as a strategy to
increase tumor-infiltrating lymphocytes to boost anti-tumor immunity.

1. Introduction

Malignant melanoma is a type of skin cancer that
and becomes

develops from melanocytes

Abbreviations

threatening disease when it spreads in the body [1].
Melanomas can originate from diverse primary sites
(e.g., cutaneous, ocular, or mucosal); however, approx-

a life- imately 3% of the cases exhibit a lack of an
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Panx1 influences T-cell infiltration in melanoma

identifiable primary site (known as melanoma of
unknown primary—MUP), which have been less
understood in terms of their biological characteristics
when compared to the more conventional melanomas
of known primary (also known as MKP) [2]. While
the prognostic factors for MUP seem to be similar to
MKP at the same stage, patients with MUP tend
to experience better outcomes in comparison with the
latter group. This improvement in prognosis has been
attributed to higher immunogenicity, which has
been evident in the immune-mediated regression of the
primary tumor site [2].

Depending on the diagnosis and the mutational
landscape of the tumor biopsies (e.g., BRAF mutation
status), targeted therapy with mutant kinase
inhibitors or immunotherapies with monoclonal anti-
bodies against immune checkpoint inhibitors (e.g.,
anti-CTLA4, anti-PD-1 antibodies) are currently being
used for melanoma treatment [3]. As research into the
PI3K  (phosphoinositide  3-kinase)/AKT (protein
kinase B)/NF-kB pathway deepens, its role in mela-
noma has also attracted significant attention. Dysre-
gulating mutations of AKT family members are a
common occurrence in melanoma, being identified in
as much as 43-60% of melanoma cases [4]. PTEN, a
protein phosphatase that typically restrains the cell-
growth signaling cascade of PI3K/AKT/mTOR, is
altered in 38% of primary melanoma patients and
58% of those with metastatic disease [5]. Notably,
alterations in both PTEN and the BRAF genes also
coexist, potentially leading to the simultaneous dysre-
gulation of both the mitogen-activated protein kinases
(MAPK) and the PI3K pathways. Consequently, there
is a possibility that PI3K inhibitors may offer some
therapeutic benefit to patients with PTEN and/or
AKT-mutant melanomas [6]. On the other hand, the
use of immune checkpoint inhibitors enhances anti-
tumoral T cell-mediated immune responses, but unfor-
tunately, about ~ 60% of melanoma patients do not
respond to this type of therapy [7-9]. Regardless of
the treatment options, their effectiveness is usually
dampened due to the insufficient effector activity of
tumor-infiltrating lymphocytes (TILs) [10], recurrence,
and the development of multiple resistance mecha-
nisms [11,12]; therefore, innovative therapy concepts
are still warranted.

Pannexinl (PANXI1) is a channel-forming membrane
glycoprotein that mediates the passage of nucleotides,
ions, and other metabolites involved in intercellular
communication [13]. We have previously demonstrated
that PANXI1 expression correlates with tumor cell
aggressiveness in isogenic mouse melanoma cell lines,
and its knockdown reduces melanoma tumor size and
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metastasis to the liver in chick chorioallantoic mem-
brane (CAM) xenografts [14]. More recently, we showed
that PANXI is highly expressed in human melanomas,
and genetic or pharmacological targeting of PANXI
decreases the tumorigenic properties of melanoma cells
[15]. Mechanistically, PANX1 regulates melanoma cell
growth and metabolism through direct interaction with
B-catenin and modulation of the Wnt signaling pathway
[16]. All these findings place PANXI1 as an attractive tar-
get for preclinical melanoma research, but it is still
unclear whether the silencing of this gene would impact
melanoma development in vivo.

In addition, PANXI influences the inflammatory
response [17-22] and is expressed in different subtypes
of immune cells like macrophages and lymphocytes
[17,23,24]. Previous evidence shows that PANXI-
mediated adenosine-5'-triphosphate (ATP) permeabil-
ity enables activation and functional enhancement of
T cells [21,22]. On the other hand, the release of ATP
through caspase-cleaved PANXI1 channels in apoptotic
leukemic lymphocytes has been shown to induce the
recruitment of inflammatory cells (e.g., monocytes)
[17]. Paradoxically, the caspase-dependent PANXI
channel opening in dying macrophages and lympho-
cytes releases metabolites that suppress, in vivo, proin-
flammatory signals of myeloid cells in the surrounding
tissue [13]. Considering the broad PANXI1 expression
and different cell types present in the tumor microenvi-
ronment (TME), no studies have specifically addressed
whether PANX1 modulates the recruitment of immune
cells in the melanoma TME [18].

Previous histological and pathological examinations
of a constitutive global Panx! knockout mouse
(Panx17'~, PanxIKO) (developed by Genentech, San
Francisco, CA, USA) [20] showed no overt phenotypes.
However, using the same Panx1™'~ mouse strain, we
have found differences in dorsal skin thickness and
delayed wound healing [14,25]. Moreover, our studies
show that in Panx] wildtype mice, normal melanocytes
express low levels of PANX1 which are upregulated in
melanoma cells [14]. To gain new insights into the roles
of PANXI1 in the context of skin cancer, we set out to
test the combination of this PanxI~/~ mouse line with a
cutaneous melanoma mouse model.

In this work, we crossed the global PanxI~/~ mouse
strain with the inducible melanoma model Braf<4/*,
Pten*oxPILoxp  Typ::CreER'?  (abbreviated here as
BPC) that harbors two known oncogenic driver muta-
tions [26-28]. Due to the role of PANXI1 in regulating
tumor growth and the immune response [17-22], we
sought to evaluate the effects of the Panx! germline
deletion on melanoma progression and the tumor
immune infiltration of this new hybrid mouse model.
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Our results showed that Panx! global deletion did not
reduce the strong BRAF/Pten-driven melanoma pro-
gression but increased the tumor infiltration of effector
immune T-cell populations. Interestingly, PANXI-
deficient BPC mice exhibited sex-driven morphological
differences in spleen size without an apparent influence
on the tumor burden. We anticipate that targeting
PANXI1 in melanoma may increase the homing of
effector T lymphocytes to melanoma tumors which in
the future could be harnessed to improve the effect of
immunotherapies.

2. Materials and methods

2.1. Mouse breeding and genotyping

C57BL/6, Tyr:CreER™;  Braf/";
(BPC) mice were obtained from Jackson Laboratory
(Stock # 013590). Mice were kept on a 12:12 h light:
dark cycle with normal chow and water available ab
libitum. For deletion of Panxl, BPC mice were crossed
with the global PanxI~/~ mice in a C57BL/6N back-
ground strain [20,25] (Genentech Inc.). Genotyping
was performed on genomic DNA derived from the
toes using PCR as described in Ref. [27].

Ptel’lLOXP/LOXP

2.2. Melanoma tumor induction, monitoring, and
sample collection

All experiments performed on the mice were approved by
the Animal Care Committee of the University Council on
Animal Care at the University of Western Ontario, Lon-
don ON, Canada (UWO AUP# 2019-070). 3—4-week-old
BPC mice were used for tumor induction experiments:
PanxI™ (7 females and 8 males) and Panx!~'~ (9
females and 4 males). Cutaneous melanomas were
induced with topical application of 4-hydroxytamoxifen
(4-HT) (Sigma) on the skin of the lower back as per pro-
tocol in Ref. [27]. Mouse body weight and tumor dimen-
sions were monitored every 3—4 days as soon as the
tumors were visible. Measurements were done with a digi-
tal caliper, and tumor volume was calculated using the
modified ellipsoid formula V' = (W(x2) x L)/2, where V'
is tumor volume and L and W are the longest (length)
and shortest (width) tumor diameters, respectively. The
endpoint was considered when the tumor volume (or
total combined tumor volume, in case of multiple tumors
per animal) reached 2.0 cm®, tumors showed signs of
heavy ulceration, or the animals had poor body condi-
tion. Euthanasia was carried out using carbon dioxide
asphyxiation followed by cervical dislocation. The spleens
were weighed and measured using a ruler. Draining ingui-
nal lymph nodes compromised with pigmented lesions
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were classified as metastatic sites and counted per mouse.
Tissue samples were fixed overnight with periodate-
lysine-paraformaldehyde (PLP) fixative or flash-frozen in
liquid nitrogen and stored at —80 °C until processing for
RNA extraction.

2.3. Tissue processing, RNA extraction, and
real-time qPCR

Frozen tissues/tumor samples were ground in liquid
nitrogen, and total RNA was extracted using TRIzol™
Reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s protocol and purified using the
RNeasy® Plus Mini Kit (Qiagen, Germantown, MD,
USA). RNA concentration was determined using an
Epoch Microplate Spectrophotometer (BioTek®, Santa
Clara, CA, USA). cDNA was generated using the
High-Capacity cDNA Synthesis Kit (Thermo Fisher
Scientific; REF 4368814, Waltham, MA, USA) in a
T100™ Thermal Cycler (Bio-Rad, Hercules, CA,
USA). SYBR® Green Real-Time PCR Master Mix
(Bio-Rad) was used along with the primers listed in
Table 1, where mouse gapdh and 18S were the house-
keeping gene controls. Real-time qPCR was performed
in a CFX96 Touch TM Real-Time PCR Detection
System (Bio-Rad). All the assays involved at least
three technical replicates (n =3), and the relative
mRNA expression analysis was determined using the
AAC; method calculated in the Bio-Rad CFX Maestro
Software, ver 1.1 (Bio-Rad). Between assays, a non-
tamoxifen-treated skin BPC-PanxI"" sample was used
as the control for inter-plate variation.

2.4. Tissue preparation, cryo-sectioning, and
immunofluorescence staining

Tumor tissue samples that were fixed in PLP (1%
PFA, 0.1 m L-Lysine, 0.01 m sodium periodate) over-
night at 4 °C were washed three times for 5 min in
phosphate buffer (0.075 m sodium phosphate dibasic
and 0.025 m sodium phosphate monobasic) and incu-
bated sequentially in 10%, 20%, and 30% sucrose
phosphate solutions, each overnight at 4 °C. Tumors
were then embedded and frozen in Fisher Healthcare™
Tissue-Plus™ O.C.T. Compound (Fisher Scientific
Cat.# 23-730-571, Houston, TX, USA) and stored at
—80 °C until sectioning. Eight-micron-thick serial
cryostat sections were immuno-stained with the
fluorescent-conjugated antibodies diluted in 1% BSA,
0.1% Tween-20, and 5% rat-serum blocking buffer.
Counterstaining was done with 10 pgmL™"' of
Hoechst 33342 (Life Technologies, Eugene, OR, USA,
Ref.# H3570) for 7 min, at room temperature.
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Table 1. List of primers used for real-time gPCR analysis.
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Target gene

Forward primer (5'-3')

Reverse primer (5'-3')

Panx1 ACAGGCTGCCTTTGTGGATTCA
S100a1 CCATGGAGACCCTCATCAAT
CD3s ATGCGGTGGAACACTTTCTGG
CD4 GCGAGAGTTCCCAGAAGAAG
CD8p1 AAGAAGCAATGCCCGTTCC

Ptprc (CD45) ATGGTCCTCTGAATAAAGCCCA
Foxp3 TTGCCAAGCTGGAAGACTGC

nerl TGTTGAGAACAGCAGCCTTG
Adgre1(F4/80) CTTTGGCTATGGGCTTCCAGTC
CD6F GGGCTGTGTTAATAGTGGTCCTC
LAG-Z# CTCCATCACGTACAACCTCAAGG
PD-L1? TGCGGACTACAAGCGAATCACG
IL-145° TGGACCTTCCAGGATGAGGACA
gapdh TGTGTCCGTCGTGGATCTGA
18s CGGACAGGATTGACAGATTG

GGGCAGGTACAGGAGTATG
TTCTGGACATCCAGGAAGC
GCACGTCAACTCTACACTGGT
AAACGATCAAACTGCGAAGG
TGAGGGTGGTAAGGCTGCA
TCAGCACTATTGGTAGGCTCC
CAGACGGTGCCACCATGACT
AGGATTATGCATGCCAGACC
GCAAGGAGGACAGAGTTTATCGTG
CTTGCAGGTAGCAACATGGTGG
GGAGTCCACTTGGCAATGAGCA
CTCAGCTTCTGGATAACCCTCG
GTTCATCTCGGAGCCTGTAGTG
TTGCTGTTGAAGTCGCAGGAG
CAAATCGCTCCACCAACTAA

2gSTAR gPCR mouse primer pairs from OriGene Technologies, Inc., Rockville, MD, USA, CD69 (Cat.# MP201944); Lag-3 (Cat.# MP207670);

PD-L17 (Cat.# MP201906); and /L-1f (Cat.# MP206724).

Sections were mounted with ProLong™ Gold Antifade
Mountant (Thermo Fisher, Cat. # P10144).

2.5. Antibodies used for immunofluorescence

Alexa Fluor® 647-conjugated anti-mouse CD4 (clone
RM4-5) and anti-mouse CD8a (clone 53-6.7) (BioLe-
gend, San Diego, CA, USA, Cat.#: 100530 and 100727,
respectively) were used for immunofluorescence at a
final concentration of 2.5 pg-mL~', and eFluor 660
anti-mouse FOXP3 (clone FJK-16s) eBioscience™
(Carlsbad, CA, USA) (Thermo Fisher Scientific, Cat.#
50-5773-80) was used at 1 pg-mL~!. eFluor 660 rat
IgG2a kappa Isotype Control (eBR2a) (eBioscience™,
Thermo Fisher Sci., Cat. # 50-4321-80) and Alexa
Fluor® 647 Rat IgG2a, « Isotype Ctrl (BioLegend, Cat.
#: 400526) were used as controls for staining specificity.
Anti-Granzyme B (clone D2H2F) Rabbit mAb (Cell
Signaling, Danvers, MA, USA, Cat. # 17215S) and rab-
bit anti-Ki67 antibody (Abcam, Cambridge, MA, USA,
Cat# ab833) were used at 1 : 200 dilution. Goat anti-
rabbit AF488 (Life Technologies, Eugene, OR, USA,
Cat. # A-11008) and Texas Red-X (Thermo Fisher Cat.
# T6391) secondary antibodies were used at 1 : 500 dilu-
tion in blocking buffer.

2.6. Image acquisition and analysis

Tile-scan imaging of whole tumor sections (20x) was
acquired in an Eclipse Ni-E Fluorescence Microscope
(Nikon) with an ORCA-flash4.0 LT plus (Model C11440)
Hamamatsu digital camera and an S Plan Fluor ELWD
Phl ADM 20x objective (N/A 0.45 and refractive index

of 1). Granzyme B imaging was performed in an LSM
800 Confocal Microscope (Carl Zeiss, Oberkochen,
Germany) using a Plan-Apochromat LCI Plan-Neofluar
25x (0.8 Imm Korr Water DIC) objective and a 63x/1.40
Oil DIC objective (Zeiss, Oberkochen, Germany). For
the images acquired with the Nikon Fluorescence micro-
scope, the noise component was removed with Denoise
Al utility, and the fluorescence background was sub-
tracted with the NIS-ELEMENTS ADVANCED RESEARCH ANALY-
sis software (ver. 5.21.02, Nikon, Melville, NY, USA).
Separated tile images per channel were converted to
binary images, and automated image analysis was per-
formed using CELL PROFILER Software (ver. 4.0.7, Broad
Institute MIT) [29], using a custom pipeline to determine
the percent of nuclei (cells) with positive immunostaining
for the marker over the total number of cells normalized
to the area of the field of view, and expressed as percent
(%) of cells with positive marker per pm? Immunofluo-
rescence (IF) was quantified using images from two serial
cryosections of tumors from at least three mice (N = 3)
per genotype.

2.7. Statistical analysis

All the statistical analyses were performed using
GraphPad Prism® ver. 8 (San Diego, CA, USA).
Unless otherwise indicated, the results are expressed as
the mean + standard deviation (SD), and the biologi-
cal (N) and technical replicates (n) for a given experi-
ment are indicated in each figure. Animal numbers
were estimated by a priori power analysis (G*POWER
ver.3.1 [30]) based on a pilot study of spontaneous
tumor incidence between BPC-PanxI"/~ (heterozygous)
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and BPC-Panx1~'~ mice with an effect size of 1.0 and
a power of 0.8. For multiple comparisons involving
the genotype and sex of mice, two-way ANOVA was
performed, followed by a Tukey—Kramer post hoc test
for unequal sample sizes. For real-time qPCR, log,
(relative normalized expression) was used as data for
statistical comparisons. Outliers in the gene expression
data were detected using the ROUT method with a
false discovery rate of < 1% and excluded from analy-
sis. Data normality was verified with the D’Agostino-
Pearson test. One-way ANOVA followed by Sidak’s
post hoc test was done to analyze relevant mean com-
parisons in the mRNA expression between tissues. For
comparisons, IF quantification data (% cells with posi-
tive marker per um?) per mouse were transformed
using a Box-Cox transformation [31] and the means of
the two groups (genotypes) were compared using a
nested two-way ANOVA (nested ¢-test). Statistical sig-
nificance was considered when P < 0.05.

3. Results

3.1. Germline Panx1 deletion does not reduce
melanoma progression of Braf(V600E)/Pten
(del) mice

To explore the in vivo effects of the Panxl global dele-
tion on melanoma progression, we crossed Braf<4/*,
Pten™*PItoxp  Tyr::CreER™ (BPC) mice with the
global PanxI knockout (Panx1~'~, PanxIKO) mouse
line, reported on Ref. [20,27]. In the BPC model, a 4-
hydroxytamoxifen (4-HT)-inducible Cre recombinase is
used for the melanocyte-specific expression of mutant
BRafV%°E__a  constitutively active protein serine
kinase—and inactivation of the Pten phosphatase to
produce primary cutaneous malignant melanomas [11].
However, as in Ref. [23], we observed that spontane-
ous melanomas occurred in approximately 70% of the
BPC colony in the absence of tamoxifen exposure.
Thus, we started the 4-HT induction experiments in
mice between 3 and 4 weeks of age that looked
healthy and had no spontaneous melanoma formation.

Our results showed that regardless of the Panxl
genotype, melanocytic pigmented lesions arose from
the skin and quickly grew to form cutaneous melano-
mas as early as 3 weeks after topical application of 4-
HT. Furthermore, although we applied 4-HT to a
small zone in the dorsal skin of the lower back, we
found that, in both animal groups, multiple tumor
lesions grew not only in the application region but also
in distant sites (Fig. 1A). As a result, all the visible
melanoma lesions found in the dorsal and ventral/lat-
eral skin of the animals were considered to determine

Panx1 influences T-cell infiltration in melanoma

tumor burden (Fig. 1B) and endpoint conditions.
Overall, we observed that BPC-PanxI~/~ mice had
similar tumor incidence (Fig. 1B), survival (Fig. 1C),
and mouse weight among sexes (Fig. 1D) compared to
Panx1-wildtype counterparts. However, although the
total combined tumor growth over time (Fig. 1E) was
similar between genotypes, analysis of estimated tumor
growth parameters showed sex differences of the
tumor growth in BPC-PanxI"* mice (Fig. 1F.G).
BPC-Panx-wildtype male mice had a slightly lower
(though not significant) tumor growth rate (Fig. 1G,
two-way ANOVA, sex factor: Fj,; = 4.64, P <0.05)
with a significant increase (P = 0.188) in tumor dou-
bling time (Fig. IF, two-way ANOVA, sex factor:
Fy23=7.86, P <0.05) compared to female counter-
parts. However, this sex-driven difference was not sig-
nificant in BPC-PanxI-deficient mice and overall
tumor growth did not differ between genotypes. These
results indicated that Panx! deletion in this mouse
model did not reduce BRAFY®“F/Pten-driven mela-
noma development.

In general, most melanoma lesions were presented
with a combination of melanotic (black) and amelano-
tic (white) regions (Fig. 2A). However, a few excep-
tions (< 30% of animals per genotype) also had
completely amelanotic tumors primarily distant from
the tamoxifen application site. A classification of the
tumors with the presence or complete absence of black
pigmentation rendered no significant differences in
their number among genotypes (Fig. 2A). All mice,
regardless of the genotype, developed fast-growing
tumors that, in most cases, were ulcerated by the time
of endpoint (Fig. 2B). Since our previous reports indi-
cated that PANXI1 is highly expressed in human mela-
noma tumors compared to normal skin, we performed
real-time qPCR in matched samples of non-tamoxifen-
treated (adjacent) skin and tamoxifen-induced tumors.
Panx] mRNA expression was found to be 3.2-fold
increased (Fig. 2C) in tumors of BPC-PanxI"" mice
compared to skin, while undetectable in any tissue
sample from BPC-PanxI~/~ mice, as expected. More-
over, mRNA expression of the S/00al/ melanoma
marker [32,33] had a 5.1-fold increase (P < 0.05) in
tumors of BPC-Panx!~/~ compared to the skin
(Fig. 2D), indicating that the development of primary
tumors occurred independently of Panxl expression.

3.2. Braf(V600E)/Pten-driven melanoma
metastasis to inguinal lymph nodes is not
restricted by Panx1 deletion

Melanoma tumor cells are known to pass through the
lymphatic system and enter the bloodstream to
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metastasize to other organs [34]. We observed localized
and distant clusters of small black pigmented spots
spread in the underside of dorsal skin that was not
treated with tamoxifen, suggesting the presence of mel-
anoma microlesions or that in-transit metastasis may

have occurred (Fig. 3A). Regional black melanoma
metastases were found in both right and left inguinal
lymph nodes in both Panx! genotypes (Fig. 3B-D) but
this was not noticeable in major organs (e.g., lungs,
liver, or brain).
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Fig. 1. Global Panx7 deletion does not improve survival or reduce tumor progression in the Braf(VB60OE)/Pten-deficient mouse melanoma
model. (A) Representative picture of Tyr:CreER; BRaf*™*; Pten™~ (BPC) mice knockout (—/—) for Panx7 with multiples tumors at endpoint.
The region of the tamoxifen application is indicated in the picture. (B) The number of visible cutaneous melanoma lesions at the endpoint
was similar (ns, not statistically significant) between both mouse sexes and genotypes as analyzed by a two-way ANOVA. (C) Kaplan-Meier
survival curves were similar among BPC-Panx1 wildtype (%) or BPC-Panx1~/~ mice (log-rank test, P = 0.7803). Dotted lines denote 95%
confidence intervals. (D) Comparison of mice's body weight after tumor induction showed no differences among genotypes within the same
sex group. Statistical significance was determined by multiple t-tests per timepoint using the Holm-Sidak method without assuming a con-
sistent SD. (E) The tumor growth curve showed overlap between genotypes, with a group of mice exhibiting slightly delayed tumor growth.
Individual lines depict measurements per mouse. (F, G) Tumor growth rate and doubling time were similar among genotypes but signifi-
cantly different between males and females within the BPC-Panx7"" group. Two-way ANOVA showed no interaction between genotype
and sex, but significant P-values for the sex factor in tumor doubling time (f; 23 = 7.855, P < 0.05) and growth rate (F; o3 = 4.642, P < 0.05),
respectively. Symbols stand for individual data per mouse (BPC-Panx1"*, n= 15, and BPC-Panx1~/~, n = 13) except for the graph in D,
where mean + SD are shown. Due to unequal sample sizes per sex, the Tukey—Kramer test was used as post hoc test for pairwise com-
parisons shown in F and G. If not explicitly stated, the error bars depicted in the figures represent the standard deviation (SD). Asterisk (*)

shows statistical significance when P < 0.05.

3.3. Spleens are significantly enlarged in females
of tumor-bearing BPC-Panx1~/~ mice

Upon measuring the length and weight of spleens
(Fig. 4A-C), a statistically significant sex-dependent
difference was found in BPC-PanxI~/~ mice (two-way
ANOVA, Fj5 =1091, P <0.01). Females had an
increased spleen weight index (normalized to body
weight) compared to males of the BPC-PanxI ™/~
cohort but this was not observed in BPC-PanxI""
mice or among genotypes. A positive correlation
between spleen weight and length measurements
(Fig. 4D) (Pearson’s coefficients r > 0.7, P = 0.0247
and P =0.0087) in both BPC-Panx/"”" and
BPC-Panx1~'~ mice, respectively, confirmed a similar
trend in both parameters.

3.4. CD8 mRNA is significantly increased in
Panx1-deficient skin and melanoma tumors

Due to PANXI’s role in the inflammatory response
[17-22], we sought to examine changes in the infiltra-
tion of immune cells within the TME. We performed a
real-time qPCR analysis of gene expression for
markers of immune cell populations known to modu-
late the immune response against melanoma. We
included primers specific to protein tyrosine phospha-
tase, receptor type, C (Ptprc) [also known as cluster of
differentiation (CD) 45] for leukocytes; CD3 antigen,
epsilon polypeptide (CD3¢) for T lymphocytes; CD4
antigen (CD4) for T-helper lymphocytes; CD8 antigen,
beta polypeptide (CD8b) for cytotoxic T cells; fork-
head box P3 (Foxp3) for regulatory T cells (Treg); and
natural cytotoxicity triggering receptor-1 or NCTRI1
(Ncrl) of natural killer (NK) cells and the cell surface
glycoprotein F4/80 (Agrel) for monocytes/macro-
phages. The “immune” marker expression was

evaluated in melanoma tumors and matched samples
of non-tamoxifen-treated dorsal skin devoid of any
visible melanoma lesions (referred to as “adjacent
skin”). These adjacent skin samples were used to
account for basal immune infiltration levels or skin-
resident immune cells [35,36] at the time of sample
collection.

When analyzing compared with their
matched skin samples, we observed a significant
(F520 = 6.24, P < 0.01) 4.3-fold increase expression of
CD45 only within the BPC-PanxI"" mice group
(Fig. 5A). The F4/80 mRNA expression (F3 ;5 = 19.38,
P <0.0001) was 14.0-fold (P < 0.0001) and 7.7-fold
(P <0.01) higher in tumors than the skin in
BPC-PanxI"" and BPC-PanxI~/~ mice, respectively
(Fig. 5B). On the other hand, transcripts of NCTRI
(F511 = 8.24, P < 0.01) (Fig. 5C) were 9.3-fold upregu-
lated (P < 0.01) in BPC-PanxI~'~ tumors versus adja-
cent skin. CD3¢ (Fig. 5D) showed a similar expression
regardless of the sample type or PanxI genotype, while
CD4 mRNA expression (F3;, =27.46, P <0.0001)
was significantly augmented in the tumors compared
to the skin (Fig. 5E) with a 10.5-fold (P < 0.01) and
18.9-fold (P < 0.001) increase in the BPC-PanxI~/~
and BPC-PanxI"", respectively, and five-fold upregu-
lated (P < 0.05) in the skin of BPC-PanxI~/~ vs. that
of BPC-PanxI"". Moreover, Foxp3 (Fs,¢=9.80,
P <0.001) was upregulated (5.9-fold, P < 0.05, and
15.2-fold, P < 0.01) in tumors of BPC-PanxI"" and
BPC-Panx1~/~ mice, respectively (Fig. 5G). Notably,
CD8 (Fs16=15.39, P <0.0001) was significantly
increased (P < 0.01) in the skin and tumors (9- and
9.5-fold, respectively) of BPC-PanxI~/~ compared to
BPC-Panx1"" animals (Fig. 5F). Taken together, these
results indicated that Panx! deficiency did not impair
the overall recruitment of immune cells to the primary
tumors in this melanoma model but had an effect on

tumors

Molecular Oncology 18 (2024) 969-987 © 2024 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of 975

Federation of European Biochemical Societies.



Panx1 influences T-cell infiltration in melanoma R. E. Sanchez-Pupo et al.

(A) 1.5+
ns ® BPC-Panx1**

o BPC-Panx1~~

Pigmented tumor

-
o
1
(=]

Fraction of pigmented
tumors at endpoint

0.5+ olo ° ap
[ )
0.0 | |
Male Female
(B) 157
ns ® BPC-Panx1*!*
—/—
Ulcerated tumor . 104 o o e ooo © BPC-Panxt
T3
L5
S 5 05-
T ®
5o
ha g 0.04- co@{EPcecccccc@ocscdoore
© 5
g2
-0.5 T T
Male Female
(©) (D)
Panx1 S100a1
8- %k 16+ %
o _ 9~ -
15 4 == i3 [ ¢
@ © @ L -
g c 24 E Z 2 - %
o ] 22 E
g g 14 """.”"”"”“"“ 02_, @ 1 < .. ......... n .... .....
5g TS 054 - e
g ¢ 059 g° 0.25
0.25 I T 0.125 T T T T
" 'o\j‘)o @é * %{)0 0@0\ v 9\&\ \)@d‘
) ) LN\ b B\
+’\ * +’\ X +'\ X
o~ X SN &N
e ,bo* T N RT O
QO C)'Q Qg20 O'Q Q§2C) O'Q
¢ g & 23

Fig. 2. Pigmentation or ulceration of Braf(V600E)/Pten(del) melanoma lesions is not influenced by the global Panx? deletion. (A, B)
Representative pictures of pigmented and ulcerated tumors. Fractions (out of the total tumors per mouse) of pigmented or ulcerated tumors
were similar among the genotype and sex groups (8 males and 7 females were BPC-Panx1™" and 4 males and 9 females were BPC-
Panx1~/7). Symbols show individual data per mouse and horizontal lines, and error bars represent mean + SD. Data were analyzed with
two-way ANOVA. (C, D) mRNA expression of Panx1 and melanoma marker s700a7 in tumors compared to matched samples of non-
tamoxifen-treated skin per mouse. Gapdh and 78s were used as reference genes, and the normalized expression is shown relative to one
of the BPC-Panx1"" skin samples. Box plots represent the 95% confidence interval (Cl) and the median (inner line), with whiskers repre-
senting the maximum and minimum values of the gene expression. Symbols display the individual expression data per mouse (n =5 and 6
BPC-Panx1**; n=7 and 5 BPC-Panx1~/~, tumor and skin samples, respectively). Paired ttest was used to compare the log, (normalized
expression) of Panx7 and one-way ANOVA followed by a Tukey test used to compare the expression of S700a7. All paired samples were
assayed by triplicate (N = 3). Statistical significance is shown as P < 0.05(*).
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Fig. 3. Panx1 deletion does not prevent the development of Braf/Pten-driven melanoma microlesions or metastasis to inguinal lymph nodes
in BPC mice. (A) Representative pictures of melanoma microlesions found underside the dorsal and ventral/lateral skin and located distant
(inset A) and nearby (inset B) to the application sites of tamoxifen (e.g., lower back dorsal skin). LN: Inguinal draining lymph nodes. (B) Rep-
resentative pictures of right and left inguinal lymph nodes showing black pigmentation indicative of melanoma metastasis. (C) Phase-
contrast micrograph of an inguinal draining lymph node cryosection exhibiting melanin deposits and pigmented cells (white arrows). Scale
bar = 100 um (D) Quantification of the fraction (out of two inguinal LN per mice) of draining lymph nodes classified with melanoma metasta-
sis based on the presence or absence of visible pigmented lesions. Symbols correspond to the individual data per mouse (n = 8 males and
7 females BPC-Panx1™"; n=4 males and 9 females BPC-Panx1~/~) where mean + SD are shown. Data were analyzed with a two-way
ANOVA. Statistical significance was considered when P < 0.05.

increasing the transcript expression of CD8 in skin
and tumors of BPC mice.

trend of lower transcript expression (not significant)
of CD69 (early T-cell activation marker, [37]) in

Given the similarity in tumor burden among geno-
types but increased CD8 mRNA in the
BPC-Panx1~'~ tumors, we investigated whether there
were differences in the activation/exhaustion pheno-

BPC-Panx1~/~ tumors (Fig. 6A). Moreover, no dif-
ferences in expression of the regulatory immune
checkpoint receptor lymphocyte activation gene-3
(LAG-3) [38] or programmed cell death ligand-1

type of TILs and immunosuppression compared to (PD-L1) [39] were found Dbetween genotypes
those of the BPC-PanxI™" cohort. We observed a  (Fig. 6B,C).
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Fig. 4. Sex-dependent differences in spleen size were observed for BPC-Panx7~'~ but not for BPC-Panx1"* mice. (A) Representative pic-
tures of BPC mice spleens. Scale bar = 1 cm (B) Morphological comparison of the spleen measured by length and (C) weight index (spleen
weight normalized to body mass) showed a trend of enlarged spleens in female BPC-Panx1~/~ mice. Sex-dependent differences in BPC-
Panx1~/~ mice were statistically significant (two-way ANOVA, F120=10.91, P<0.01). A Tukey—Kramer test used as post hoc test for pair-
wise comparisons showed a significantly (**P < 0.01) higher spleen weight index in BPC-Panx1~/~ females than males, but not in the BPC-
Panx1"* cohort. Symbols correspond to data from individual mice (n = 6 males and 6 females BPC-Panx1"*; n = 4 males and 8 females
BPC-Panx1~/") where mean + SD are shown. (D) A positive correlation was found between the spleen weight and length, confirming the
trends of increased spleen size in female BPC-Panx7~'~ mice observed by both measurements.

Finally, due to the association of PANXI channel TME of BPC Panxli-deficient mice. IL-1 mRNA
function and the pro-inflammatory and tumor pro- levels (Fig. 6D) were found to be highly variable in the
moter cytokine: interleukin-1p (IL-1B), we investigated BPC-Panx!~/~ tumors but were not different com-
whether the IL-1f expression was affected within the pared to tumors of the BPC-Panx!"" mice.

Fig. 5. CD8 T-lymphocyte marker is significantly increased in the non-tamoxifen-treated skin and melanoma tumors of BPC mice lacking
PANX1. (A-G) Real-time gPCR analysis of immune cell marker expression in tamoxifen-induced tumors and matched non-tamoxifen-treated
skin. Gapdh and 18s were used as reference genes, and the normalized expression was calculated relative to one of the BPC-Panx1™" skin
samples. Box plots represent the 95% confidence interval (Cl) and the median (inner line), with whiskers showing the maximum and mini-
mum values of the gene expression. The symbols represent the mRNA expression data of each mouse (n =6 per genotype, except in
cases where one or two outliers were excluded) (e.g., n = 5 in F4/80, FoxP3 and n = 4 in NCTR1, BPC-Panx1~'~ tumor; n = 4 in CD3 BPC-
Panx1~/~ skin) or there was reduced sample availability (e.g., n=3 in NCTR1 and CD4 BPC-Panx1~/~ skin). Data are representative of 3
independent assays (N = 3). The log, of the expression per group was analyzed by one-way ANOVA followed by a Sidak post hoc test. Only
significant P values of relevant comparisons between groups are shown as P < 0.05 (*), <0.01 (**), <0.001 (***), and <0.0001 (*%*%*%*),
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Fig. 6. Global PanxT deletion does not affect the activation phenotype of tumor-infiltrated T lymphocytes. Real-time gPCR analysis of (A) the
early T-cell immune activation marker CD69, (B) checkpoint receptor lymphocyte activation gene-3 (LAG-3), (C) immune checkpoint molecule
programmed cell death ligand-1 (PD-L7), and (D) IL-1f in tumor samples. Gapdh was used as a reference gene, and the normalized expres-
sion is relative to one of the BPC-PanxT™* skin samples. Box plots represent the 95% confidence interval (Cl) and the median (inner line),
with whiskers showing the maximum and minimum values of the gene expression. Each sample was assayed independently in triplicate
(N = 3), and the symbols represent the expression data of each mouse (n = 4 per genotype). A ttest compared the mean of the log, of the

relative expression per group; ns stands for no statistical significance, P > 0.05.

3.5. Panx1 deletion in tumors does not impair
infiltration of CD4*, CD8" T lymphocytes, and
granzyme B-producing cells

To confirm the differences found in mRNA markers
for T-cell infiltration in tumors between Panxl geno-
types, we performed IF staining on PLP-fixed tumor
cryosections to verify the presence of CD4", CDS",
and Foxp3" lymphocytic cells (Fig. 7A). Overall,
CD4" and CD8" T cells were seen in small but
sparsely distributed clusters closer to the skin epider-
mis of the primary melanoma tumors, and Foxp3™ T

980

cells showed a more homogeneous distribution within
the tumor core irrespective of genotype (Fig. 7A).
Overall, the quantification of the immune cell infiltra-
tion of lymphocytes agreed with the previous results
on real-time qPCR immune markers. The percent of
positive CD4" and CD8" T cells was variable among
tumor samples and, although not statistically signifi-
cant, it trended increased in BPC-PanxI™'~ s
BPC-PanxI"" tumors with a median value of 3.907
[interquartile range (IQR) 0.0-11.80] vs 1.523 (IQR
0.0-4.947) % CDd4'cells (x 10%)/um and 4.163
(IQR 0.0-4.163) vs 0.3672 (IQR 0.0-0.367) %
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CD8"cells (x 10°)/um, respectively (Fig. 7B,C). More-
over, the median percent of Foxp3" T cells was similar
among genotypes with 6.046 (IQR 0.538-1.328) vs
1.477 (IQR 0.0-12.06) (x 10°)/um in BPC-PanxI** vs
BPC-Panx]~/~ tumors (Fig. 7D). Lastly, we assessed
the IF staining of granzyme B (GzmB) to determine
whether differences in cytotoxicity of T or NK cells
could be detected within the TME. A trend (not statis-
tically significant, nested z-test P > 0.05) of increased
% GzmB" cells (x 10°)/um was observed in tumors of
BPC-Panx]~'~ mice with median value of 14.30 (IQR
5.570-60.20) compared to 3.250 (IQR 0.0-7.280) in
BPC-PanxI"" mice, with GzmB detection mostly
localized as intracellular granules (Fig. 7E.F). These
results correlate with the infiltration of CD8" T cells
and, likely, NK cells since GzmB can be abundant as
cytosolic granules in both cytolytic immune cell types.

Collectively, these results confirmed that the deletion
of Panxl did not affect the infiltration of CD4" and
CDS8" T lymphocytes in the tumors, although the cyto-
toxic effect seemed to be insufficient to prevent the
tumor progression in BPC-Panx]~/~ mice.

4. Discussion

PANXI1 channels have attracted considerable attention
due to their multiple roles in inflammation, cell death,
and cancer [18,40]. We have demonstrated that
PANXI1 influences the regulation of effector molecules
that control melanocyte differentiation (e.g., MITF
and B-catenin) and the metabolism of melanoma cells
[14-16]. Furthermore, we have shown promising
results after silencing Panxl expression and reducing
the growth and tumorigenicity of melanoma cell lines
in vitro. In this work, using the immunocompetent
BPC mouse melanoma model, we did not observe a
reduction in Braf(V600E)/Pten(del)-driven melanomas
or improve mice survival upon germline Panxl dele-
tion. Of note, our previous in vitro and ex vivo work
targeting PANXI1 in melanoma employed murine B16-
F0, B16-F1, B16-F10, and human BRAF(V600E)-
mutant melanoma cell lines (A375-P and A375-M2)
that do not entirely share the same genomic alterations
of the BPC model [15,41]. The deletion of Pten is
known to have a synergistic effect and dramatically
accelerates BRAFV600E-induced melanoma tumors in
BPC mice [26,27,42]. Therefore, we hypothesize that
oncogenic mutations intrinsic to this mouse BPC
model may have overridden our anticipated anti-
tumoral effect of Panx! deletion. Since this is a highly
penetrant mouse model, a syngeneic melanoma model
may be more suitable to study the effect of Panxi
deletion in melanoma metastasis [43]. Besides, the

Panx1 influences T-cell infiltration in melanoma

germline deletion of Panx! does not necessarily imply
the same effect previously observed with the use of
PANXI1 channel blockers (e.g., with carbenoxolone,
probenecid, or spironolactone) due to possible com-
pensation with other proteins (e.g., connexins or other
paralogs) yet to be tested using this or another in vivo
melanoma model. We also observed the formation of
micro-metastasis to draining inguinal lymph nodes (a
phenotype reported elsewhere [26-28,44]) in PanxI-
deficient mice. Therefore, we concluded that Panx]
deletion does not control the early spread of mela-
noma. Due to the ubiquitous expression of Panxl, its
global deletion should have affected many cell types,
including melanoma and immune cells which may
resemble the effect of an irreversible depletion of
PANXI1 function in which adaptative or alternative
molecular mechanisms are in play that helped to sus-
tain tumor growth.

Interestingly, we noticed a sex dimorphism in mela-
noma tumor progression where BPC-PanxI"" female
mice seemed to have a more aggressive disease
(Fig. 1E,G) than males of the same cohort. Other
researchers have noted this outcome in a C57B/6J
background, but the origin of this difference has not
been clarified yet [45]. It has been speculated that this
may be due to the presence of alternative steroid
receptors in melanoma cells or technical limitations
with tamoxifen (an estrogen receptor modulator) dif-
ferentially influencing the mouse sexes in this mela-
noma model [45]. This sex dependency was lost in
BPC-Panx]~'~ mice, suggesting that Panx! deletion
may influence such a sex-driven phenotype. It is
known that sexual dimorphism exists in the response
of PanxI-deficient mice in ischemia [46] and epilepsy
[47], and research on this is still lacking in the mela-
noma and immune cell recruitment contexts. A recent
study has shown that tumor progression and anti-
tumoral T-cell response are sex-dependent in a synge-
neic B16-F10/BL6 mouse model; however, in contrast
to our observation, such study showed that females
had less tumor growth rate and higher CD4" and
CDS8" T-cell infiltrates compared to males [48]. Due to
the lack of sample availability at the time of the exper-
iment, we did not quantify differences in T-cell sub-
types between samples from different sexes. Therefore,
it is unclear the nature of the loss of such sex disparity
and further investigation may be required to clarify
this finding.

To date, there are no reports of major abnormalities
or immune-related diseases in the Panx1-deficient mice
(reviewed at Ref. [18]). Here, we report for the first
time that tumor-bearing BPC-Panxl~/~ female mice
have significantly augmented spleen size compared to
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their male counterparts. Due to the short timeframe
for tumor growth (~ 2 months) and given that the sex-
ual dimorphism was found only in BPC-Panxl ™/~
spleens, we speculate that characteristic developmental
differences may account for this phenotype in

BPC-Panx1**
Mouse

BPC-Panx1-"-

Panx1~'~ mice. Nonetheless, further research is war-
ranted to determine whether global Panx! deletion
alone exerts sex-specific changes in the spleen mor-
phology and whether this causes an immune dysregula-
tion that could impact the tumor response in mice.
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Fig. 7. Tumor-infiltrating CD4*, CD8" T lymphocytes, and granzyme B-producing cells are present in BPC-Panx1~/~ tumors. (A) Representa-
tive micrographs (20x, insets at 60x magnification) showing immunofluorescence staining of primary melanoma tumor cryosections with
immune cell infiltration markers for CD4", CD8", and FoxP3" T lymphocytes (shown in cyan). Nuclei (in magenta) were counterstained with
Hoechst 33324. Yellow arrowheads indicate stained immune cells. Scale bars = 50 um. (B-D) Immunofluorescence quantification of CD4-,
CD8-, and FoxP3-positive cells for the whole tumor section per animals (E) Representative granzyme B (GzmB) immunofluorescence staining
of a BPC-Panx1~'~ tumor (fluorescence channels on top and brightfield channel at the bottom) with the intra-tumoral distribution of GzmB™
cells and black pigmented regions in the tumor. Nuclei are shown in blue, and GzmB is shown in green. Yellow arrowheads indicate stained
immune cells. Scale bars = 40 um. (F) Quantification of GzmB immunostaining. The percent of nuclei with positive immune marker staining
was normalized per area of the field of view (FOV). Data shown in the nested graphs are representative of one (N = 1) immunofluorescence
staining of four mice (n = 4) per genotype for CD4, CD8, and FoxP3 markers and n = 3 mice for GzmB. Lines within graphs depict the
median with the interquartile range, and individual measurements per FOV are shown with symbols. Box-Cox transformed data from the

plots were compared using a two-tailed nested t-test, and all were not statistically significant, P > 0.05.

Tumor-infiltrating lymphocytes (TILs) have already
been described in this BPC model [28]. However,
others have highlighted that this model does not
appear to induce a marked immune response due to
the lack of additional tumoral somatic mutations/neoe-
pitopes [43]. Notably, our results showed trends of
increased TILs in BPC-Panx!~/~ tumors which sug-
gests that Panx1 has an influence on the immune infil-
tration in the TME of this model.

It must be taken into consideration that, although
not investigated here, in the TME, there are diverse
immunosuppressive cells like myeloid-derived sup-
pressor cells, T regulatory (Treg) cells, tumor-
associated fibroblasts, and macrophages. These cells
release various soluble factors, including reactive
oxygen species (ROS), which effectively hinder the
response of other effector cells like natural Kkiller
(NK) cells. Moreover, elevated levels of fibroblasts
in the TME contribute to increased secretion of
metalloproteinases, leading to the further shedding
of ligands that could otherwise engage with NK cells
[49]. Additionally, tumor-associated fibroblasts are
known to negatively influence NK cells by inhibiting
the upregulation of activating receptors induced by
cytokines [50]. Furthermore, immunosuppression of
NK cells can be exerted by exosomes derived from
melanoma [51], which were also not considered in
the present study.

Despite our limited analysis on immunosuppression,
we found no difference in FoxP3 mRNA expression
and Treg cell infiltration between tumors from both
mice cohorts but an increase of FoxP3 transcript
expression in tumors (Figs 5G and 7D) was evident
compared to the skin tissue. This suggests that deletion
of Panxl alone may not influence Treg cell-driven
immunosuppression in this tumor model. On the other
hand, myeloid-derived suppressor cells, along with
high PD-1 expression on the T cells, are known to
highly immunosuppress this melanoma model [28]. It

is unclear whether these or other subsets of CD4" T
cells (Thl or Th17) and macrophages (M2) may have
contributed to immune evasion. Furthermore, we
found no differences in gene expression of markers of
TIL activation (CD69) [52,53], exhaustion (LAG-3), or
tumor immune evasion (PD-L1); however, our strategy
could not provide a definitive assessment of the pro-
portion of the activation/exhaustion status within the
TIL subset. Nevertheless, it remains to be tested
whether the absence of PANXI in a specific subtype
of the immune cell in the tumor could be exploited to
counterbalance the immunosuppressive or evasive
mechanisms of melanoma.

PANXI1 has been proposed as a potential target to
regulate anti-tumor immunity in melanoma due to the
PANXI-mediated release of proinflammatory cytokine
IL-1B (reviewed in Ref. [54]). IL-1B in melanoma
elicits inflammation and the expansion of highly
immunosuppressive myeloid-derived suppressor cells
[55]. In this study, we found no significant differences
in IL-1 mRNA expression among cohorts (Fig. 6D)
suggesting that this immune evasion mechanism may
be still in place contributing to tumor progression
despite the increased TIL in Panx1~/~ tumors. In addi-
tion, using this same Panx]1~'~ mouse strain, another
group showed that marrow-derived macrophages have
no difference in the secretion of IL-1B or inflamma-
some activation [20]. This underscores the need for
research into the crosstalk between immune and tumor
cells under cell-specific PANX1 suppression/inhibition
to better understand the implications of PANXI tar-
geting in the context of melanoma and immunother-
apy. As a limitation of this study, Panx! gene deletion
was not directed to any specific cell compartment;
therefore, it is difficult to determine the specific impact
of this deletion in the immune and tumor compart-
ments distinctly. A possible solution to this problem
could include the use of a syngeneic mouse model
where Panxl deletion can be targeted to specific

Molecular Oncology 18 (2024) 969-987 © 2024 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of 983

Federation of European Biochemical Societies.



Panx1 influences T-cell infiltration in melanoma

immune cell types and be studied in a more relevant
immunogenic melanoma model like YOVALI.1 [56].

This transgenic melanoma mouse model was origi-
nally developed to harness two significant oncogenic
alterations [BRAFY%°E and PTEN (loss)], but it is not
representative of the larger patient population since in
our analysis of the Cutaneous Melanoma TCGA Pan-
Cancer data, we found that only 5.0% of cases had
co-occurrence of both mutations (Fig. S1A). Further-
more, since PANX! expression seems independent of
genomic alterations of melanoma (Fig. S1B) and is
present at all stages of the disease [15], a larger patient
population may benefit from PANXI targeted therapy.
Interestingly, Pten-null cancers seem resistant to
immune checkpoint inhibitory antibodies, where
PTEN loss in tumor cells increases the expression of
immunosuppressive cytokines inhibiting trafficking and
T cell-mediated killing of tumors [57,58]. Hence, our
results point toward the direction of targeting PANX1
as a potential alternative to overcome T-cell exclusion
in immunosuppressive TMEs.

5. Conclusions

Our study demonstrates that a Panxl deletion cannot
overcome the aggressive tumorigenic effect of
Braf(V600E)/Pten(del) driver mutations, but it increases
the tumor T-cell infiltration with a preference in CD8"
cytotoxic T cells. This could be advantageous since a
considerable therapeutic benefit is achieved in patients
with a pre-existing CD8" T-cell infiltration within the
melanoma microenvironment [59]. Future preclinical
studies should include the combination strategies in
which PANXI1 inhibition could be considered as means
to stimulate cytotoxic T-cell tumor infiltration to
improve the efficacy of immunotherapies.
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Fig. S1. PANX1 mRNA expression is similar between
patients with and without co-occurrence of
BRAF(V600E) /Pten (homozygous deletion). (A) Anal-
ysis of Skin Cutaneous Melanoma TCGA PanCancer
data shows a low proportion (~ 5.0%) of patients have
co-occurrence of the BRAF(V600E) and homozygous
deletion of PTEN. (B) Both cohorts of patients exhibit
similar levels (p = 0.4970) of PANX1 mRNA expres-
sion. Similar (C) overall and (D) progression-free sur-
vival curves exist between patients with (red line;
n = 144) or without (blue line; n = 19) co-occurrence of
BRAF(V600E) mutation/Pten (deep deletion). Data in
graphs were exported from cBioPortal (as of
Jan/12/2021)(49, 50). RNASeqV2 data (Batch normal-
ized from Illumina HiSeq) is derived from TCGA Pan-
Cancer Atlas datasets, processed, and normalized using
RSEM. Bar and error graphs stand for the geometric
mean with 95% CI, and individual patient expression
data is depicted with symbols. A two-tailed unpaired t-
test with Welch’s correction was used to compare the
means of log2(mRNA PANXI expression), and a log-
rank test was used to determine statistical significance
(p < 0.05) in the Kaplan-Meyer curves.
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