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Abstract Melanoma, like most solid tumors, is highly het-
erogeneous in terms of invasive, proliferative, and tumor-
initiating potential. This heterogeneity is the outcome of
differential gene expression resulting from conditions in the
tumor microenvironment and the selective pressure of the
immune system. To investigate possible signatures com-
bining immune-related gene expression and lymphocyte
infiltration, we established a preclinical model using B16.
F1-derived clones, in the context of melanoma aggressive-
ness. Combinatorial analyses revealed that tumors concomi-
tantly expressing low levels of Tnf-a, Pd-1, 1I-10, Il-1ra,
Ccl5, Ido, high II-9, and with low infiltration by CD45T,
CD3%, CD4" and CD8" cells and a high CD4":CD8* T cell
ratio exhibited the most aggressive growth characteristics.
Overall, these results support the notion that the intratu-
moral immunologic network molds aggressive melanoma
phenotypes.
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Tregs T regulatory cells

VEGF  Vascular endothelial growth factor
Introduction

Melanoma, like most solid tumors, is highly heterogeneous,
regarding invasive, proliferative, and tumor-initiating poten-
tial [1-3]. Heterogeneity is the result of differential gene
expression under the pressure of tumor microenvironment
and hosts’ immune system [4]. According to recent reports
[3, 5], highly genetic instability in melanoma along with
reciprocal interactions between tumor cells and elements of
the immune system promotes melanoma plasticity and thus
therapeutic resistance.

The previous reports have shown that tumors recruit dis-
tinct cell populations at the tumor microenvironment, some
with immunosuppressive function, creating a sensitive bal-
ance between the “friends and foes” of the immune system.
An increasing number of studies in melanoma, colon cancer,
breast cancer, and other types report a significant correlation
of tumor infiltrating lymphocytes (TILs) (e.g. CD3*, CD4",
and CD8*) with a positive disease outcome or lower risk of
death in cancer patients, independently of other classical
prognostic factors [6].

Melanoma microenvironment encompasses immune sub-
populations and cancer cells communicating via secreting
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molecules which may act as attractors, activators, immune sup-
pressors, or supporters of tumor escape mechanisms. Among
these messenger molecules are numerous enzymes, cytokines,
and chemokines. These immune messengers either produced
by tumor cells or surrounding tumor microenvironment pos-
sess pleiotropic functions depending on their context [7, 8].

The profile of melanoma tumor has been extensively
investigated [8]; however, many issues remain obscure
regarding development and progression. The continuously
altering immune microenvironment, often described across
various melanoma subtypes, correlating with different prog-
nosis and clinical outcomes, ascribes a functional role to
immune-related molecules as candidates for potentially valu-
able signatures [9, 10]. Many studies have identified several
signatures in melanoma relating not only mutations in key
molecules associated with signal transduction, but also dis-
tribution and architecture of immune cell subpopulations in
tumor microenvironment [11]. It is noteworthy to mention
that several reports have described signatures entailing a
large number of genes related to immune-messenger media-
tors with a substantial role in melanoma progression [10].
Recent studies have underlined the prognostic significance
of signatures involving immune-related gene expression pat-
terns [12, 13]. The established diagnostic biomarkers focus
mainly on alterations or/and deregulations of melanocytes
rather than melanoma itself. However, considering the inter-
actions within the tumor microenvironment, panels employ-
ing more than a single marker may be more informative in
the context of prognosis and prediction [14].

Melanoma growth characteristics are of great prognostic
significance, since histological assessment and more specifi-
cally Breslow tumor thickness are used for melanoma diagno-
sis and serve as a prognostic biomarker [15]. Given the limited
number of studies simultaneously assessing immune cell infil-
tration, growth characteristics, and immune-related genes, our
aim was to establish a preclinical model reflecting melanoma
heterogeneity, considering the complicated and multifactorial
interplay among tumor microenvironment, which promotes
aggressiveness. Taking into account the remarkable mela-
noma heterogeneity, often driven by the adaptive plasticity
under the pressure of the immune system [4, 16], we decided
to investigate possible signatures combining immune-related
gene expression (i.e., TGF-p, TNF-a, CCL5, IL-9, IL-10, IL-
1Ra, PD-1, IDO, and ARG) and lymphocytes infiltration, to
characterize melanoma aggressiveness.

Materials and methods
Cell lines and generation of clones

B16.F1 and B16.F10 melanoma murine cell lines were
obtained by ATCC (American Type Culture Collection) and
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cultured in DMEM (Dulbecco’s Modified Eagle Medium)
(Biochrom), supplemented with 10% FBS (Biochrom) and
1x antibiotic—antimycotic (Life Technologies), designated
as complete medium (CM). Cultures were kept always in
logarithmic phase of growth and sub-cultured using treat-
ment for 2 min with Trypsin 0.25%-EDTA (Ethylene-diami-
netetraacetic acid) solution (Life Technologies). Clones were
generated from B16.F1 cell line, applying the limiting dilu-
tion assay, by seeding 1 cell/well in 96-well plates in CM.
Media were replenished every 2 days. The total number of
clones was 22, in compliance with the estimated numbers by
the likelihood equations of this assay. We randomly selected
four clones (#13, #15, #17, and #22) exhibiting notable dif-
ferences regarding proliferation rates in vitro, cell morphol-
ogy, anchorage independence, and melanin production. Most
recent work from our laboratory has confirmed this hetero-
geneity in the above clones by the in vitro expression pattern
of several genes (Igf2bp1, Ptma, c-Myc, Bcl2, Melan-A, and
Mitf) [17].

Animals

All protocols were reviewed by the competent authority of
our institution, for compliance with the Greek and Euro-
pean regulations on Animal Welfare and with Public Health
Service recommendations. Female C57BL/6 mice aged
6—8 weeks old (Hellenic Pasteur Institute, Greece) were
maintained in pathogen-free conditions in an animal facil-
ity, on an inverse 12:12-h light—dark cycle with ad libitum
access to water and food. Animals (n = 5) were randomly
assigned to receive 5 X 10° cells of each clone, clone mix-
tures, or parental cell lines in 100 pl Phosphate Buffered
Saline (PBS) inoculation, by subcutaneous injection on their
flank. Tumor growth was monitored daily and after being
palpable, caliper was used to estimate growth by measur-
ing the two diameters and extracting the orthogonal mean:
(d1 + d2)/2. Mice (n = 35) were inoculated with melanoma
cells on day 0, and by the time, the first mouse developed
a tumor slightly exceeding 2 cm in diameter (orthogonal
mean) (16-day postinoculation), all animals were euthanized
by CO, inhalation and tumor masses were recorded. Sub-
sequently, tumors were homogenized in ice cold PBS 1x
solution and passed through a 70-pm nylon cell strainer (BD
Biosciences). Single cell suspensions were used to assess
antigen expression by FACS analysis or gene expression by
qRT-PCR.

RNA extraction and qRT-PCR

RNA was extracted from cell cultures or tumor cells using
NucleoSpin RNA II kit (Macherey—Nagel GmbH&Co)
according to instructions. rDNase treatment was performed
to remove any residual genomic DNA. Total RNA (1 pg)
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was reverse transcribed using PrimeScript Reverse Tran-
scriptates (TaKaRa, Bio Inc.) and random hexamer oligo-
nucleotides (Invitrogen, Life Technologies). Quantitative
RT-PCR (gqPCR) was performed on a Rotor-Gene 3000 (Cor-
bett Research, Life Technologies, USA), in a 20-pL reac-
tion using 200-ng cDNA solution, KAPA SybrFast qPCR
kit (KapaBiosystems), and 200 nMol of specific primers
(synthesized by VBC Biotech Service, Austria). Primers’
sequences are presented in the Supplementary Table sl.
DDCt method was used for data analysis and melting curve
analysis for specificity of gene expression levels. Gapdh
(Glyceraldehyde 3-phosphate dehydrogenase) mRNA lev-
els served as internal normalization gene and the in vitro
growing B16.F1 cell line as reference sample.

Flow cytometry and quantification of absolute cell
numbers

Absolute counts of TILs were performed using TrueCount
tubes (Becton—Dickinson), according to the manufacturer’s
instructions. In brief, tumors were excised, weighed, and
homogenized in cold FACS buffer (to final concentration
1 mg of tumor/ml). One hundred microliters of this single
cell suspension was stained for 15 min at room tempera-
ture with pre-titrated combinations of anti-CD45-PerCP/
Cy5.5, anti-CD4-APC, anti-CD3-FITC, and anti-CD8-PE
(eBioscience), and analyzed by flow cytometry on BD FACS
Canto II (BD Biosciences, USA) using FlowJo 8.7 (TreeStar
Inc., USA) software.

Statistical analysis

Statistical analyses were performed by GraphPad Prism
v.5.0 software, using Spearman’s correlation with 95% con-
fidence interval, Fisher’s exact test and Mann—Whitney ¢
test, accordingly. p values <0.05 were considered statistical
significant.

Results

Establishment of tumors with diverse biologic
characteristics from the same paternal cell line

Our goal was to create a preclinical melanoma model, using
the parental B16.F1 murine melanoma cell line, reflecting
melanoma heterogeneity. To this end, we generated and
randomly selected 4 out of 22 clones from this cell line,
which exhibited significant differences regarding their
in vitro characteristics (morphology, cell growth, anchor-
age independence, and melanin production), cancer-related
gene expression profiles, and in vivo growth potential [17].
5 x 10° viable cells of each clone (#13, #15, #17, and #22)

separately or in mixtures (1.25 x 103 cells from each of the
four clones), or an equal number of cells from the B16.F1
and the B16.F10 cell lines (the latter is derived from in vivo
passaging of the paternal B16.F1 [18]), were injected sub-
cutaneously into syngeneic C57B1/6 mice (n = 5 per group)
and growth was monitored as described in Materials and
methods section. Three of thirty-five animals injected (one
animal in each of the groups inoculated with clone #13,
clone #15, and clone mixtures) died on day 14 and, there-
fore, were not included in the analyses. Figure 1a shows
the growth kinetics of tumors (orthogonal mean of diam-
eters) generated by each clone/line, with B16.F10-derived
tumors growing faster and clone #13 generating the slowest
growing tumors. On 16th day, animals were sacrificed, the
final diameter for each tumor was recorded (Fig. 1a, bi), and
then, tumors were excised and weighted (Fig. 1bii). Higher
tumor mass represents more rapidly growing (more aggres-
sive) tumors, with tumors derived from clones #13, #15,
and #22 being the less aggressive. Since one of the most rel-
evant prognostic factors in melanoma is the invasiveness of
tumor, we also compared the tumors generated from the dif-
ferent clones/lines according to their ratio of mass/diameter
as an invasiveness indicator. In general, melanoma tumors
are classified based on two fundamental criteria: (a) mitotic
index which represents proliferation rates of cells and (b)
Breslow thickness and radial or vertical growth which char-
acterize invasive melanoma as superficial or nodular [19].
Based on that, we decided to use final tumor mass and the
ratio mass/diameter (measured at the endpoint) to reflect
these two criteria in our preclinical model [17]. As depicted
in Fig. 1biii, there was a high heterogeneity among the dif-
ferent clones/lines, with B16.F10 and clone #17 generating
mostly highly invasive tumors and clone #22-derived tumors
growing superficially. In all cases, there were statistically
significant differences among tumors generated by the dif-
ferent clones and cell lines regarding diameter, mass, and
the ratio mass/diameter (Supplementary Table s2). These
differential growth patterns are indicative of melanoma het-
erogeneity reflected in our model.

To better substantiate the heterogeneity of the melanoma
tumors generated in our model, we investigated a number
of immune-related parameters, including immunoregulatory
molecules and immune cell infiltration, of the tumors gen-
erated from the different clones/lines. Thus, apart from the
differences in growth characteristics, there were significant
differences in gene expression (mRNA levels) of several
immune-related factors. Figure 2a shows intragroup as well
as intergroup variations in the relative mRNA expression
levels of Arg, Tgf-p, 1I-10, Ido, Pd-1, 1l1-ra, 1I-9, Tnf-a,
and Ccl5. Comparisons (p values) among groups of tumors
derived from the different clones and lines are presented in
Supplementary Table S3. An analogous situation was found
when classifying the tumors as high or low expressers based
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Fig. 1 Establishment of tumors with diverse growth characteristics.
a Growth curves presenting the orthogonal mean (cm) of tumors
generated by all clones/lines and mixtures thereof (mix). b Box plots
present final diameter (i), mass (ii), and mass/diameter (iii) for each

on whether they expressed the gene of interest at levels
above or below, respectively, the median value measured
in all tumors induced by either the clones or the cell lines.
Thus, as shown in Fig. 2b, there was a significant variance in
the levels of expression of a certain gene among groups. In
addition, there was a wide range of variation in the expres-
sion of the genes analyzed by tumors induced by the same
clone or line.

Since tumor infiltration by immune cells is emerging
as a very useful prognostic marker in many cancer types,
including melanoma, we also investigated the heterogeneity
of immune cell infiltration of tumors generated from the dif-
ferent clones or lines. Figure 2c shows the density of tumor
infiltration by CD45™ (total leukocytes), CD3*, CD4* and
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tumor (n = 5 mice per clone/line or mix). Note that by day 14, one
animal from each of the groups inoculated with clones #13, #15, and
mix and dried, and therefore, analyses in these particular groups (day
16) included 4 animals

CD8™ T cells, expressed as number of cells per gr of tumor,
as well as the ratio of CD4/CD8. There were statistically sig-
nificant differences among tumors generated by the different
clones and lines (see also Supplementary Table s4). Tumors
derived from clone #13 exhibited high heterogeneity in their
degree of infiltration by all subpopulations examined. Sig-
nificant heterogeneity was also observed within other groups
of tumors, although to a lesser extent.

Taken together, our results generated from the experi-
mental model presented herein demonstrate a great hetero-
geneity in terms of growth, genomic profiling, and immune
infiltration among tumors from different clones or lines,
and more intriguing among tumors derived from the same
clone or line. Thus, in the following sections, all tumors
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Fig. 2 Gene expression and infiltration of tumors generated by
clones and cell lines. a Graph shows box plots with Whiskers from
minimum to maximum mRNA levels of all genes studied (Arbitrary
Units). Each box plot presents tumors generated by each clone/line.
b Percentages of tumors generated by each clone/line exhibiting high

were grouped and analyzed based on their characteristics
as outlined above, and independently of the clone/line used
for their generation.

Tumor growth characteristics are differentially
correlated with different immune-related genes

Next, we analyzed the levels of expression of immune-
related genes in relation to tumor growth characteristics,
i.e., mass and mass/diameter, in the total number of tumors
(n =32). As shown in Fig. 3a, /I-10 and Ccl5 mRNA levels
exhibited a direct, negative, correlation with tumor mass
(p = 0.0008 and p = 0.0009, respectively) and mass/diame-
ter ratio (p = 0.0009 and 0.0073, respectively). Then, tumors
where grouped in fast vs slow growing [i.e., high (H) mass
vs low (L) mass based on whether their mass was above
or below (high or low, respectively) the median value for
all tumors], and in invasive vs superficially growing (i.e.,
H vs L mass/diameter). It has to be mentioned that tumors
with H or L mass were the same with those exhibiting H
or L mass/diameter. Thus, the subgroup analyses apply to
both groups, even in the absence of direct values correlation.
We found that less (L) aggressive tumors expressed higher

(above the median of all values) (in black) or low (equal or below
median) (in grey) levels of gene expression. ¢ Box plots depict density
of infiltration by CD457 (total leukocytes), CD3", CD4* and CD8* T
cells, expressed as number of cells per gram of tumor mass, as well as
the ratio of CD4/CDS. (Number of mice: See Fig. 1b legend)

levels of IL-10, IL-1ra, Tnf-a, and Ccl5, but lower levels of
IL-9, compared to the fast proliferating (H) invasive ones
(Fig. 3b, ¢).

Immune-cell infiltration varies among tumors
with different growth characteristics

Taking into account the observed heterogeneity of inter-
and intra-group analyses in our model, we decided to also
analyze the immune cell infiltration in the total number of
tumors of all clones. As depicted in Fig. 4, strong negative
correlations were observed between infiltration by CD45™,
CD3", CD8™, and CD4" cells and tumor mass (Fig. 4a). As
expected, we observed similar correlations when comparing
with mass/diameter (Fig. 4b). The ratio of CD4*/CD8* posi-
tively correlated with mass and mass/diameter ratio. These
results show that more aggressive tumors are characterized
by less infiltration by immune cell populations. This find-
ing was more profound when CD8™ T cell infiltration was
analyzed and was supported by the fact that predominance
of CD8" cells in the T lymphocyte compartment, as rep-
resented by the lower CD4*/CD8™ ratio, was found to be
robustly correlated with less aggressive tumors.

@ Springer
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Correlations between tumor infiltrating immune cell
populations and immune-related genes

Given that tumors express immune-related factors [20, 21],
our next goal was to test whether gene expression levels
measured above (Fig. 2) were influenced by and corre-
lated with tumor immune-cell infiltration. By analyzing all
tumors, irrespectively of their origin, according to CD45 T
cell infiltration (similar results were obtained from analyses
based on CD4* or CD8™ infiltrating populations, data not
shown) in relation to mRNA levels for the gene of choice,
we were able to show a statistically significant positive
correlation with Ccl5 (p = 0.0059), Arg (p = 0.0070), Ido

Spearman r=0.4300

(p = 0.0341), IL-1Ra (p = 0.0074), Pd-1(p = 0.0128), and
IL-10 (p = 0.0347) expression (Fig. 5). On the contrary, no
correlation (p > 0.28) was observed between Tgfb-1, 1I-9 and
Tnf-a, suggesting that these molecules were co-expressed by
tumor and immune cells or that there is a variable function-
ality of infiltrating immune cells among different tumors,
or both.

Possible prognostic signatures
So far, we showed that single immune-related parameters,

either as gene expression levels coding for immune factors or
as infiltrating immune populations, are differentially related
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to the main prognostic markers of melanoma, i.e., growth
rate and tumor depth (represented here as tumor mass and
mass/diameter ratio, respectively). Thus, our next step was
to combine several of these parameters, to obtain possible
prognostic signatures.

Initially, we compared between the aggressiveness (i.e.,
mass and mass-to-diameter ratio) of the tumors generated by
all clones/lines and their capacity to be high (H) or low (L)
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analyzed genes (Fig. 6a). The concomitant low expression of
1I-10 and II-1ra was found to correlate with increased mass
(p = 0.0006; H expressers, n = 11; L expressers, n = 12).
Low co-expression of /I-10 and Pd-1 was also correlated with
increased mass (p = 0.0039, H, n = 10; L, n = 10), whereas
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three-gene analysis also the levels of CD87 cell infiltration,
we also found that low levels of all four parameters correlated
with increased mass (p = 0.0303, H,n =5; L, n = 7). Con-
sidering /-9 gene expression as an additional parameter to
our analysis, we showed that low levels of 1I-10, Pd-1, and
Il-Ira, along with high levels of 1/-9 and low CD8* T cell
infiltration vs the reverse combination, namely high levels
of 1I-10, Pd-1,1I-1ra, low levels of II-9, and high CD8* T
cell infiltration, we were able to further discriminate between
high and low aggressive tumors (p = 0.0357).

We next followed a similar way of analyses combining the
expression (H or L) of multiple immune parameters in rela-
tion to the mass/diameter ratio (Fig. 6b). Tumors concomi-
tantly expressing low levels of /I-10 and II-1ra or Tnf-a and
Ccl5 were characterized by increased mass/diameter ratios
(p = 0.0004 and p = 0.0011, respectively). The combined
low co-expression of three genes (II-10, Ccl5, and II-1ra) and
four genes ({/I-10, Ccl5, Tnf-a, and II-1ra) also strongly cor-
related with increased mass/diameter ratios (p = 0.0010 and
p = 0.0022, respectively). Finally, by adding to the four genes
signature the CD8* T cell infiltration, we found that low lev-
els of all five parameters characterized tumors with increased
mass/diameter ratios (p = 0.0286). It has to be mentioned that
p values increased by adding more parameters to the analyses
due to a substantial decrease in the number of tumors (see
legend) fulfilling all the prerequisites in each category.

Finally, by constructing a heat map (Fig. 6¢) of all param-
eters found to correlate, separately or in combinations, with
growth rate (mass) and invasiveness (mass/diameter), we
were able to define a signature strongly correlating with
tumor aggressiveness: more aggressive tumors expressed
lower levels of Tnf-a, Pd-1, 1I-10, Il-1ra, Ccl5, and Ido,
higher /-9, as well as lower infiltration by CD45", CD3*,
CD4*, and CD8" cells and a higher ratio of CD4/CD8 T
cells (p = 0.0078).

Discussion

The large heterogeneity in the molecular landscape of
melanomas led to the identification of biomarkers, associ-
ated with altered gene expression proposing diagnostic and
prognostic significance [13]. However, cancer heterogeneity
may also refer to diverse secretion of immune-suppressive
enzymes and chemokines or inflammatory proteins along
with the expression of their respective receptors. A com-
plex network guided by the release of factors with oppos-
ing effects and the expression of immune checkpoints may
regulate qualitatively and quantitatively cell interactions in
tumor microenvironment which in turn may significantly
impact immune evasion or immune recognition [22]. Hence,
melanoma plasticity is a dynamic process under the control
of the immune context.

B16-derived cell lines (e.g., B16-F1 and B16-F10) are
quite heterogeneous containing clones which differ signifi-
cantly in their metastatic properties. Despite these differ-
ences, they follow similar patterns of evolutionary selection
processes in vivo which points to a common pathway of
interactions among different subclones of the same tumor
[23-26]. Such evolutionary processes provide a novel para-
digm of tumor progression which is based on interactions
with microenvironmental factors. Considering these obser-
vations and our most recent findings—which demonstrated
a molecular signature in B16-F1-derived clones possibly
associated with melanoma heterogeneity [17]—in the cur-
rent study, by conducting experimentations with the same
clones, we further explored melanoma growth in association
with infiltrating immune cells and immune-related molecu-
lar profiles. By inoculating our B16.F1-derived clones, we
generated a preclinical model which gave rise to melanoma
tumors with differential growth characteristics, immune-
related gene expression, and lymphocyte infiltration, thus
reflecting melanoma heterogeneity. We observed great inter-
and intra-group heterogeneity, which is in accordance with
the previous results describing that highly heterogeneous
tumor variants preexist in the B16 parental cell line [26]. In
the previous studies, B16 melanoma cell populations have
shown marked differences in their stability regarding their
growth kinetics after passages in vivo or in vitro as poly-
clonal populations due to the presence of clones expressing
heterogeneous growth [27]. In particular, cell lines estab-
lished from B16, or B16-F1 tumors, were found to have a
heterogeneous content of clones with different growth and
metastatic potential. Notwithstanding, these cell lines when
inoculated as polyclonal populations exhibited a homoge-
nous growth [13, 14, 24]. In the same lines, clonal subpopu-
lations derived by limiting dilution from B16 or B16-F1 cell
lines exhibited a highly heterogeneous growth; markedly,
this heterogeneity in growth was to a great extent dimin-
ished when the same clones were cultured in mixtures to
form a polyclonal population [28]. Our data are in line and
extend these observations by demonstrating that the B16-F1
clones grew in vivo exhibiting heterogeneity presumably, as
a result of their differential responses to a variety of selec-
tion procedures also including those induced by the immune
microenvironment [16].

Our findings demonstrate intergroup broad spectrum het-
erogeneity in terms of growth and gene expression behav-
ior among melanomas induced upon inoculation of clones
derived from the same parental tumor cell line (i.e., the
B16-F1). Notably, such heterogeneity in growth and gene
expression was also found among melanomas induced by
single clones, reflecting intragroup heterogeneity. In a pre-
vious report, Poste G et al. [28] have shown that in vitro
cultured clones derived from the B16 cell line when inocu-
lated in transplantable animals rapidly generated variants
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with different metastatic properties. Because of the wide
spectrum of the metastatic properties of the various sub-
clones, their results indicated that the parental clone was
genetically and phenotypically unstable. Given that tumor
evolution is no longer considered as a cell-autonomous pro-
cess [29], this instability may result from the development
and gradual selection of tumor variants influenced by the
tumor microenvironment. Importantly, the broad range of
such inter- and intra- group diversities was diminished when
tumors, independently of their origin (i.e., of the inducing
clone), were grouped based on growth properties (i.e., high
mass vs low mass). Accordingly, the majority of individual
clones which yielded tumors with similar growth phenotypes
also induced similar cell and molecular immune profiles in
these tumors. Because of this marked heterogeneity, it was
obvious that analyses of melanomas induced by each single
clone separately would provide elusive information. There-
fore, our experiments comprising of and comparing between
tumor groups bearing limited range of growth, irrespective
of the inducing clone, provided useful insights regarding
progression of melanomas relative to their genomic and
immune markers.

In detail, we investigated the expression of TGF-f3, TNF-
o, CCL5, IL-9, IL-10, IL-1Ra, PD-1, IDO, and ARG, all of
which have been reported to participate in crucial immune
interactions in tumor microenvironment [30-34]. Given that
these interactions shape tumor growth, we correlated gene
expression patterns with tumor growth characteristics. Our
findings showed that combined augmented expression of
1I-10, Il-1ra, Pd-1, and CD8? infiltration along with low
levels of 119 was associated with low tumor mass. Moreo-
ver, tumors with the most aggressive phenotype, reflected
by high values of mass/diameter ratio, were characterized
by concomitant low expression of /I-10, Il-1ra, Tnf-a, Ccl5,
and low CD8" infiltration.

Our proposed signature suggests that low levels of 1I-10
correlate with increased tumor growth and aggressiveness.
IL-10 is a cytokine with pleiotropic effects in immunoregu-
lation and inflammation and its production correlated with
important prognostic implications for the transition from
melanoma in situ to invasive and metastatic melanoma
[35]. Despite the immunosuppressant role of IL-10, recent
studies, in line with our results, show that this cytokine can
induce strong antitumor responses in the presence of CD8"
T cells [36]. It has been described that CD8" T cells can
engage adaptive and innate immune responses, leading to
tumor regression in a preclinical model of melanoma [37].
Considering the cytotoxic effect of CD8 T cells [6, 38], it is
noteworthy to mention that low levels of /I-10 coincide with
low CD8* tumor infiltration allowing the establishment of
melanoma tumors of increased aggressiveness.

As far as IL-1Ra is concerned, its role has been studied
in colon and melanoma cancers [32]. Studies in preclinical
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models have demonstrated that IL-1Ra hinders tumor pro-
gression and promotes antitumor responses in established
melanoma tumors [39]. Beside this, it has been described
to block VEGEF function, inhibiting growth and metastasis
in a preclinical model [33]. In line with these reports, we
found that low levels of 11]-ra are associated with high mass
and tumor aggressiveness, further supporting the beneficial
effect of this molecule.

IL-9 exhibits multifaceted actions by negatively or posi-
tively regulating immune responses [40]. Moreover, recent
reports suggest that IL-9 promotes survival and activates
antitumor T cell responses [41]. On the other hand, it has
been described that IL-9 modulates tumor progression by
enhancing the immunosuppressive function of Tregs [42].
In agreement with this, elevated levels of 1/-9 characterize
tumors with high mass in the preclinical model described
herein.

The signature proposed in the current study, correlated
low levels of Pd-1 to increased tumor growth rate, which
seems to be contradictory to the previous reports [43]. PD1
is present on the surface of activated lymphocytes and is
implicated in tumor escape mechanisms through PD-1/
PD-L1 axis, leading to T cell inactivation [44]. Therefore,
we hypothesize that low levels of Pd-1 observed in our
model may be due to the low number of tumor infiltrating
lymphocytes.

The previous studies have ascribed an immunosuppres-
sive role to CCL5 by showing that this chemokine attracts
Tregs intratumorally and is associated with higher malig-
nancy state [45]. On the other hand, according to recent
studies, intratumoral expression of CCL5 may be induced
by chemotherapy, favoring infiltration of effector T cells,
thus providing a beneficial effect [46]. In support to this, we
found that low levels of Ccl5 coincided with low numbers
of infiltrating CD8* T cells and with higher tumor aggres-
siveness. The controversial effect of CCLS in recruiting cells
with either immunosuppressive or antitumor functions is
probably dictated by tumor microenvironment elements, fur-
ther supporting the need of applying combinatorial research
and treatment approaches.

Last but not least, our findings showed that more aggres-
sive tumors were characterized with low levels of Tnf-a
expression. In support to this, it has been previously reported
that TNF-a has a major impact on the tumor-associated
vasculature by inducing endothelial cell death, resulting in
tumor regression, especially when combined with chemo-
therapy [47]. In addition, TNF-a exerts antitumor activity
through activation of NK and CD8" T cells [48] as well as
via induction of apoptosis [49]. On the other hand, TNF-«
is considered a major pro-inflammatory cytokine, promot-
ing carcinogenesis through inflammation [50]. Hence, this
complex and contradictory role of TNF-a requires further
investigation.
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We could not detect any correlations between Tgf-f, Ido
and Arg levels and tumor aggressiveness. However, the
strong correlations observed between Arg and Ido levels
with leukocytes infiltration could be explained by the previ-
ous studies describing their production by tumor-associated
macrophages and infiltrating Tregs, respectively [51, 52].

Overall, the results presented herein should be considered
as hypothesis-generating given the use of one parental cell
line and the relatively small number of animals. Although
the immune signatures described in the current study need
further clarification, they are supportive to reports describ-
ing the important role of the intratumoral immunologic net-
work in the control of tumor growth. Confirmation of these
signatures, including immune-related genes and T cell infil-
tration in relation to growth characteristics, may also pave
the way for the design of novel modalities targeting products
of the relevant genes and thus optimizing the effectiveness
of therapies in melanoma.
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