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Background

During the last decade, major improvements in metastatic
melanoma treatment have led to the widespread use of
immune checkpoint inhibitors (ICIs) and targeted therapies
[1,2]. Although anti–PD-1–based immunotherapy has
improved treatment outcomes of patients with metastatic
melanoma, all patients do not benefit from it. The tumor
microenvironment (TME) is a constantly evolving compos-
ition of blood vessels, immune cells, signalling molecules,
fibroblasts, stromal cells, and extracellular matrix surrounding
the tumor. The TME differs between tumor types, and
between patients within the same tumor type and even
within similar tumor genotypes. The TME plays a relevant
role in immune surveillance and resistance to immunother-
apy [3–5].

Melanoma tumor heterogeneity is present between the
patients (interpatient heterogeneity), within a tumor (intra-
tumoral heterogeneity) and among tumors within a patient
at various sites of the body concurrently or sequentially dur-
ing the course of the disease (intertumoral or intra-patient
heterogeneity) [6,7]. However, the BRAF mutation, which is
one of the key driver mutations in melanoma, is thought to
be stable and to occur early in the course of melanoma
development [8].

BRAF mutation is a predictive marker since only BRAF-
mutated tumors respond to BRAF inhibitor therapy and
mutational status thus affecting treatment selection critically
[9–11]. Furthermore, patients with BRAF-mutant metastatic
melanoma treated with ipilimumab and nivolumab seem to
have a survival benefit compared to patients with wild-type
tumors [1], and that treatment-naïve BRAF-mutant melanoma
has a distinct immune profile compared with BRAF-wild type
melanoma in the TME [12].

TME and immune surveillance seem to play an important
role in melanoma pathogenesis. Tumor heterogeneity may
affect treatment response and hasten the development of
acquired resistance. Specific immune gene expression signa-
tures and individual genes associated with the response to
immunotherapy [13–16]. An area less studied is the immune

signature gene heterogeneity among samples within a
patient. Regulatory T-cell (Treg)-mediated T-cell suppression
is an important mechanism for the tumor cells to escape the
host’s activated immune system. A central mechanism contri-
buting to impaired T-cell function against tumors or patho-
gens is T-cell exhaustion. Infection-induced exhaustion is
usually reversible, whereas tumor-induced dysfunction of
T-cells is only reversible at early malignant stages and
irreversible at later stages [17].

In this pilot study we aimed to characterize immuno-
logical profiles by gene-expression analysis and to explore if
any mutational heterogeneity could be detected between
sequential intrapatient primary and metastatic melanoma
tumors.

Material and methods

Patient samples

We searched our electronic patient record database for
metastatic melanoma patients with available formalin-fixed,
paraffin-embedded primary tumors and sequential metastatic
samples. We found 9 metastatic melanoma patients with
matching primary and metastatic tumor samples. Of these 8
were immunotherapy-naïve patients.

Patient G presented with metastatic disease soon after
the primary tumor resection and underwent a biopsy of a
subcutaneous metastasis two months after treatment initi-
ation. All patients were treated at Helsinki University Hospital
Comprehensive Cancer Center between 2016 and 2017 and
biopsies were taken during standard diagnostic or treatment
procedures. No additional samples were taken for this study.
Patient characteristics are described in Table 1. The muta-
tional status of the tumor samples was determined by next-
generation sequencing as part of the routine clinical analysis
covering ten cancer genes, including BRAF, NRAS, and KIT, at
the HUS Diagnostic Center (HUSLAB) at Helsinki University
Hospital. The study was approved by the Helsinki Biobank
and Institutional Review Board of Helsinki University Hospital.
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Data was anonymized before statistical analyses and handled
in a manner that met general data protection regulations.

Digital gene expression profiling and statistical analysis

For RNA isolation, three 20 mm sections from formalin-fixed
paraffin-embedded (FFPE) blocks were processed with
RecoverAllTM Total Nucleic Acid Isolation Kit for FFPE (Life
Technologies, Thermo Fisher Inc., Waltham, MA) according to
manufacturer’s instructions. Thereafter, a total of 100 ng of
RNA was hybridized with the 770-gene nCounter PanCancer
IO 360TM Panel codeset (NanoString Technologies, Seattle,
WA) and analyzed with the nCounter Digital Analyzer system
(NanoString Technologies). The quality of the data was con-
firmed by using the default quality control settings in
nSolver 3.0 software (NanoString Technologies). Thereafter,
the data were normalized using the geNorm algorithm
implemented in nSolver Advanced Analysis plug-in, and log2
was transformed for subsequent analyses, which were per-
formed by R version 4.0.2. Genes expressed in <10% of the
samples, based on negative control geometric mean thresh-
olding, were filtered out from the analyses. This resulted in
the final dataset of 729 genes. For differential gene expres-
sion analysis, R package “limma” was used [18].

Results

Patient samples

We analyzed 18 melanoma tumor samples from nine patients
for this study, of which nine were primary melanomas, and
nine metastases. The patient characteristics of these patients
are presented in Table 1.

Gene expression analysis

In order to study the differences in primary and metastasis
samples, we first performed pairwise correlation analyses for
each patient’s primary and metastatic samples. In general,
the correlation of the matched primary and metastatic sam-
ples was relatively strong (Pearson R> 0.7 for all patients)
(Figure 1). Then, we proceeded with hierarchical clustering,
which enables the identification of differences and similar-
ities throughout all patients and all samples. The clustering
analysis based on all genes showed heterogeneity between
patients and samples, and the primary and metastatic sam-
ples could not be split into their own groups (Figure 2(A)).
Instead, for three patients (D, H, and L), the primary and
metastatic sample pairs clustered closely together in the
same subcluster, whereas for six patients the primary and
metastatic samples resided in distinct clusters (Figure 2(A)).
Moreover, BRAF and NRAS-mutated tumors clustered irre-
spective of each other (Figure 2(A)). The time from primary
to metastasis did not associate with the gene expression pro-
file. For instance, patient L, which had the longest time from
primary to metastasis (74months), had the strongest correl-
ation (R¼ 0.91) and there were only a few differentially
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expressed genes between the primary and the metastatic
samples (Figures 1 and 2(A)).

Despite the heterogeneity between the patients, we were
able to identify 36 genes (p< 0.01), which were differentially
expressed across all paired primary and metastatic melanoma
samples (Figure 2(B)). The majority of the identified genes
had lower expression in the metastases as compared to the
primary tumors. For instance, in the primary tumor samples,
we found higher expression of genes for the Wnt-signaling
pathway (WNT5A, WNT7B), S100 calcium binding proteins
(S100A8, S100A9, S100A12), as well as extracellular matrix
(COL17A1, LAMC2, LAMB3, TGFB1, ITGA6). Two genes, C-C
Motif Chemokine Ligand 3 Like 1 (CCL3L1) and Fc Gamma

Receptor IIIa/b (FCGR3A/B) had higher expression in the
metastatic samples.

Discussion

In this pilot study we analyzed differences between primary
tumors and metastases of nine patients with metastatic mel-
anoma at the gene expression level. We found that several
immune-related genes have higher expression in primary
tumor samples compared to the metastatic samples, respect-
ively. Data on these immunologically relevant genes and
their association to progression of melanoma are limited.

Figure 1. Correlation of paired primary and metastatic tumor samples. Gene expression was assessed using the 770-gene NanoString PanCancer IO 360TM Panel.
The scatter plots visualize correlation of the paired primary (x-axis) and metastatic (y-axis) melanoma patient samples. Selected genes with log2 fold change >3
are highlighted in the plots. R denotes Pearson correlation coefficient.
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Furthermore, their relevance and interplay in the TME of pri-
mary melanomas compared to metastases is still unclear.
Wnt Family Member 5 A (WNT5A) is a IL-6 mediated cell
motility regulator [19], Laminin Subunit Gamma 2 (LAMC2)
expression correlates with worse survival and risk of metasta-
ses [20], and S100 calcium-binding protein A8/9 (S100A8/9)
correlates with the metastatic potential of primary melano-
mas, worse survival and impaired response to therapy with
pembrolizumab [21]. High expression of S100 calcium-
binding protein A12 (S100A12) is associated with worse
survival in patients with metastatic melanoma treated with
targeted therapy [22]. Endothelin 1 (EDN1) controls UV-
induced melanocytes and plays a role in the maintenance of
dermal melanocytes, which loss could explain the cell’s meta-
static potential in melanoma metastases [23]. Furthermore,
EDN1 supports phenotype heterogeneity and thus promotes
the development of therapy-resistant melanoma cells [24].
Our finding that collagen Type XVII Alpha 1 Chain (COL17A1)
expression was higher in primary tumors than in metastases
has also been shown by Xie et al. previously [25]. High
expression of Cellular Retinoic Acid Binding Protein 2
(CRABP2) has also been found to associate with poor survival
in melanoma patients [26]. GLI Family Zinc Finger 1 (GLI1),
an activator if the Hedgehog signaling pathway, affects mel-
anoma invasion and cell migration [27]. To our knowledge,
no correlations with survival have been found for Arginase 1
(ARG1) or Serpin Family Member 5 (SERPINB5) between pri-
mary melanomas and melanoma metastases. However, in
colorectal cancer, ARG1 has been found to correlate with
impaired overall survival [28], and in pancreatic cancer,

SERPINB5 overexpression promotes metastases and is also
associated with poor survival [29]. In many cancer types, 50-
Nucleotidase Ecto (NT5E) associates with the infiltration of
cancer-associated fibroblasts and worse prognosis [30].

Integrins play a role in cell adhesion and their loss of
expression is associated with higher capacity of invasion [31,
32], which supports our observation of the loss of expression
of Integrin Subunit Alpha 6 (ITGA6) in metastatic samples. In
metastases, we found low expression of CD58 and CD70.
CD58 loss is associated with immune evasion and resistance
to therapy with ICI [33]. Loss of CD70 is in accordance with
previous findings from Pich et al. who reported that CD70
expression associates with lower metastatic potential and is
found more often in primary tumor samples than in meta-
static samples [34]. Our observation that primary melanomas
are more likely to be immunologically hot may indicate that
they are more responsive to ICIs. As shown by Rozeman
et al. in the neoadjuvant setting, patients with high tumor
mutational burden and high IFN-gamma signature treated
with ipilimumab-nivolumab had a 100% pathological
response rate (pRR) compared to patients with low signa-
tures (pRR 39%) [35]. The recent study by Patel et al. showed
that neoadjuvant is more effective than adjuvant immuno-
therapy supporting the assumption of ICIs being more bene-
ficial early in the course of the disease [36].

Our results support the findings made by others of
immunologically cold tumors being more often present in
the metastatic setting [13,37,38]. Successful treatment of
metastatic and immunologically colder tumors demands for

Figure 2. Gene expression profiles in the primary and metastatic melanoma patient samples. (A) Unsupervised hierarchical clustering of the NanoString PanCancer
IO 360TM Panel genes in paired primary (n¼ 9) and metastatic (n¼ 9) melanoma samples. The heatmap was generated using Euclidean distance with ward.D link-
age. The rows in the heatmap denote genes and columns samples. The data were z-score normalized, scaled row-wise, and blue color denotes lower expression
and red color higher expression. The upper panel shows annotation of the samples. (B) The heatmap visualizes differentially expressed genes between paired pri-
mary and metastatic melanoma samples (p< 0.01, moderated t-test by paired “limma” analysis). prim: primary; met: metastasis.
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a combinatorial strategy in contrast to the warmer ones
encountered more often in the adjuvant setting.

Transforming an immunologically cold tumor into one
responding to ICI requires release of tumor antigens with an
interference such as oncolytic viral therapy, radiation therapy,
other local treatment, or cytotoxic systemic treatments caus-
ing tumor cell disruption [39,40]. In cancer therapy, exhaus-
tion of CD8þ T cells may explain ICI treatment failure.
Identifying factors influencing T-cell exhaustion and Treg-
mediated T-cell suppression enabling tumor cells’ escape of
host’s activated immune system would be helpful. [17].

As we found many immunologically active genes differing
between the primary tumors and their counterpart metasta-
ses, primary tumor samples may be unrepresentative of the
metastatic TME. Therefore, it is advisable to examine the TME
from a metastatic biopsy taken as close as possible to treat-
ment begin to predict potential immunotherapy responsive-
ness. Several clinical trials mandate a fresh biopsy from a
metastasis not older than three months, which seems rea-
sonable. PD-L1 is a marker for response to anti-PD-1 therapy
in some malignancies. In melanoma, however, when select-
ing patients benefiting from immunotherapy, PD-L1 has pro-
ven unselective and thus an unreliable marker. [41].

A predictive marker to support clinical decisions, such as
which patients need an escalated, toxic, and expensive front-
line combination immunotherapy and which ones succeed
long-term with monotherapy, is furthermore lacking.

In conclusion, TME seems to change during disease pro-
gression, and therefore tumor tissue sampling should be
done just prior to treatment of metastatic disease to find
predictive factors that could be used for treatment planning.
Since the number of patients in this pilot study is very lim-
ited, the results should be interpreted with much caution
and should be seen as hypothesis generating. Due to the
low number of patients, it was impossible to evaluate corre-
lations to treatment response. To confirm these observations
and to evaluate possible correlations to treatment response,
we plan to examine larger patient series in a prospective set-
ting. The aim is to collect tumor biopsies prior to immuno-
therapy, as well as after treatment onset, to detect changes
of clinical importance in the TME and to find potential pre-
dictive markers.
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