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Abstract. The steadily increasing incidence of malignant 
melanoma (MM) and its aggressive behaviour makes this 
tumour an attractive cancer research topic. The tumour 
microenvironment is being increasingly recognised as a key 
factor in cancer biology, with an impact on proliferation, 
invasion, angiogenesis and metastatic spread, as well as 
acquired therapy resistance. Multiple bioactive molecules 
playing cooperative roles promote the chronic inflamma-
tory milieu in tumours, making inflammation a hallmark of 
cancer. This specific inflammatory setting is evident in the 
affected tissue. However, certain mediators can leak into 
the systemic circulation and affect the whole organism. The 
present study analysed the complex inflammatory response in 
the sera of patients with MM of various stages. Multiplexed 
proteomic analysis (Luminex Corporation) of 31 serum 
proteins was employed. These targets were observed in immu-
nohistochemical profiles of primary tumours from the same 
patients. Furthermore, these proteins were analysed in MM 
cell lines and the principal cell population of the melanoma 
microenvironment, cancer‑associated fibroblasts. Growth 

factors such as hepatocyte growth factor, granulocyte‑colony 
stimulating factor and vascular endothelial growth factor, 
chemokines RANTES and interleukin (IL)‑8, and cytokines 
IL‑6, interferon‑α and IL‑1 receptor antagonist significantly 
differed in these patients compared with the healthy controls. 
Taken together, the results presented here depict the inflam-
matory landscape that is altered in melanoma patients, and 
highlight potentially relevant targets for therapy improvement.

Introduction

Cancer incidence is increasing worldwide (1). Malignant mela-
noma (MM) incidence, as well as mortality, follows this trend 
in almost all countries (2). MM is an aggressive skin tumour 
arising from melanocytes, cells involved in the protection of 
skin against UV‑induced damage, including the genotoxic 
effect of irradiation on epidermal cells. 

Once metastasised, MM frequently remains a fatal 
neoplasm with limited therapeutic options and relatively poor 
outcomes. There has been notable progress, predominantly 
in immunomodulatory therapy, in recent years, but the thera-
peutic response is difficult to predict (2). However, immune 
checkpoint‑oriented therapy is also associated with a rapid 
increase in disease‑specific healthcare costs (3). 

Therefore, there is an urgent need to identify and validate 
informative biomarkers to improve the early selection of 
at‑risk patients suitable for adjuvant therapy, the optimal drug 
choice, and possibly for disease progress monitoring (3,4).

Prognostically essential features of primary melanoma are 
well known and include tumour thickness [measured in mm 
according to Breslow staging (5)] and the presence of surface 
epidermal ulceration (6). These parameters are easily acquired 
by histologists in routine haematoxylin‑eosin‑stained paraffin 
sections and are indispensable prognostic factors in mela-
noma staging (6). More recently, biomarkers obtained after 
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immunohistochemical and molecular analysis of the tumour 
tissue have played a critical role in melanoma management; 
namely, the presence of BRAF, GTPase NRas and c‑KIT muta-
tions is predictive of response to small drug inhibitors (2,7). At 
present, no ideal biomarker predicting the therapeutic response 
in melanoma patients treated with other modern drugs, such 
as immune checkpoint modulators (e.g. anti‑programmed cell 
death protein 1 or anti‑cytotoxic T lymphocyte protein 4), 
exists (4). 

In all the aforementioned cases, an invasive surgical proce-
dure (radical excision or limited biopsy) to acquire a tissue 
sample is necessary. 

From the perspective of a clinical oncologist, biomarkers 
determined from a peripheral blood sample would be 
extremely beneficial for a patient's regular follow‑up. In case of 
MM, the detected molecules could include (but not be limited 
to) soluble proteins, melanin synthesis‑related metabolites, 
circulating nucleic acids and/or circulating tumour cells (4,8).

In the American Joint Committee on Cancer (8th edition) 
staging system (6), serum lactate dehydrogenase (LDH) is the 
only serum biomarker that is accepted as a robust prognostic 
parameter for routine clinical use in melanoma patients (6). 
Unfortunately, LDH is not a melanoma‑specific enzyme, and 
increased LDH is also associated with many other benign 
and malignant diseases (9). By contrast, the S100B protein is 
highly specific, and its increased levels are detected in patients 
with advanced melanoma. Thus, the S100B protein has a 
strong association with melanoma prognosis (10). Notably, the 
European Society of Medical Oncology, German and Swiss 
guidelines recommend serum S100B as the most accurate 
serological test for follow‑up, having better specificity for 
progressive disease compared with LDH (11‑13). However, 
the S100 protein did not prove to be sufficient (concerning 
sensitivity) for detecting tumour progression, and it cannot 
substitute for imaging methods [e.g. computed tomography 
(CT) or positron emission tomography/CT] in long‑term 
follow‑up. A plethora of other biomarkers has been advocated 
in the literature for MM; none of these have been broadly 
accepted for use in a clinical setting (6,8). 

A limited percentage of cells released from a primary 
tumour are capable of colonising a new site. This phenomenon 
highlights the importance of a permissive tissue microenvi-
ronment during cancer progression and metastatic spread. 
This phenomenon was predicted in 1889 by Paget (14), who 
hypothesised that metastasis does not occur at particular body 
sites randomly. Cancer represents a complicated ecosystem 
of tumour cells and a variety of other cell types that form 
the tumour stroma, such as cancer‑associated fibroblasts 
(CAFs), tumour‑infiltrating leukocytes (TILs), pericytes and 
endothelial cells (15). 

The microenvironment modifies critical aspects of 
tumour biology, such as tumour growth, local aggressiveness, 
lymphatic and metastatic spread, and resistance to therapy (16). 
The role of the microenvironment in MM biology has been 
documented at multiple levels. CAFs increase tumour cell 
plasticity and facilitate the maintenance of the undifferentiated 
status of tumour cells (17). CAFs can play a significant role in 
the mechanism of primary resistance to targeted therapy via 
the production of transforming growth factor‑β (18). CAFs and 
other stromal cells can produce several other factors with a 

similar effect, such as hepatocyte growth factor (HGF), which 
stimulates the c‑Met/PI3K/Akt signalling pathway. These 
factors can activate tumour cell growth in a paracrine manner, 
thus conferring resistance to targeted therapy (19). It is evident 
that the cancer microenvironment is crucial for MM growth 
and metastatic spread, as well as for the emergence of acquired 
drug resistance.

It was documented recently  (20) that even a minimal 
number of circulating tumour cells elicit a systemic inflam-
matory status contributing to the promotion of tumour 
metastasis. These circulating tumour cells represent a 
clinically undetectable disease burden.

On the other hand, a recent study also demonstrated that 
the majority of circulating tumour cells are unable to establish 
a proliferatively successful metastatic clone (21). This raises 
several important questions regarding the timing of therapeutic 
intervention in cancer, including MM. It seems likely that the 
systemic proinflammatory response could increase the risk 
of consequent melanoma progression to metastatic disease, 
resulting in shorter survival of patients. Data describing 
the complexity of the inflammatory landscape in MM are 
limited (22). Thus, it may only be hypothesised whether thera-
peutic inhibition of the inflammatory response may reduce 
the production of cytokines contributing to the formation of 
premetastatic niches suitable for disease dissemination in an 
organism. A better understanding of the fundamental compo-
nents of this inflammatory response may be important in the 
design of a therapeutic strategy to prevent tumour metastasis. 
More research on the tumour‑associated systemic inflamma-
tion blockade may reveal optimal targets to prevent and treat 
tumour metastasis.

The present pilot study focused on comparative multi-
plex analysis of 31 serum proteins from 12 patients at the 
time of melanoma diagnosis, and during the early onset of 
disease, progression using Luminex technology (Luminex 
Corporation). It was hypothesised that the levels of these 
proteins could serve as biomarkers associated with the clinical 
progression and pathological features of the disease. These 
data were also compared with the immunohistochemical 
profiles of selected proteins in primary tumours from the same 
patients. MM cell lines and a model of their microenvironment 
in vitro, using melanoma‑specific CAFs, were also tested.

Materials and methods

Patients. MM patients (n=12) and healthy volunteers (n=5) 
participated in the study after giving explicit written consent. 
The study was approved by the local ethics committee (Ethics 
Committee of the General University Hospital, Prague; 
no. 15/15). All tissue and blood samples were obtained strictly 
with the explicit informed consent of participants of the study. 
Samples from MM patients and healthy volunteers were 
collected between May 2014 and February 2015. 

The patients were diagnosed with MM based on the clin-
ical appearance of the skin lesion. Histopathological analysis 
verified the diagnosis of primary cutaneous MM after tumour 
excision. No patient had clinical evidence of metastatic disease 
at the time of diagnosis. Based on this favourable status, 
clinical follow‑up was initiated. Despite radical surgery, some 
patients developed metastasis during the follow‑up period. The 
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patient cohort characteristics are summarised in Table I. The 
healthy volunteers were three men (35, 40 and 66 years old), 
and two women (26 and 63 years old) without any evidence of 
cancer or chronic disease. 

Cells. The BLM cell line was kindly provided by Dr L. van 
Kempen and Professor J.H.J.M. van Krieken (Department of 
Pathology, Radboud University, Nijmegen Medical Centre, 
Netherlands). The commercially available A2058 cell line and 
HP‑Mel (HEMn) cell line was purchased from the American 
Type Culture Collection (ATCC® CRL‑11147™ and ATCC® 
PCS‑200‑012™, respectively). MP17 melanoma cells were 
isolated (February  20th,  2015) from pleural ascitic fluid 
from a patient (74‑year‑old man) with tumour generalisa-
tion (Tumor‑Node‑Metastasis stage IV) using a previously 
described method (17). Culture conditions were as described 
in a previous study (23).

Normal primary dermal fibroblasts (acquired after breast 
reduction surgery, designated as HFP4 (from a 55‑year‑old 
female; localisation, chest; collected May 19th. 2014) and CAFs 
[two independent isolates designated as MAM (69‑year‑old 
female; localisation, chest; collected July 14th,  2014) and 
ZAM (48‑year‑old male; localisation, abdomen; collected 
September 9th,  2014)] from skin metastases of MM were 
prepared and cultured as previously described (24‑26). 

MP17, HFP4, MAM and ZAM cells were obtained and 
maintained with the informed consent of patients and the 
approval of the local ethical committee as indicated above. 
The authors confirm that mycoplasma testing was performed 
on all cell lines used in the present study.

Serum preparation. Venous blood was collected from MM 
patients (n=12) at three time intervals: i) At the time of diag-
nosis prior to any surgical treatment; ii) 1 month after the 
surgery; and iii) ~3 months after the surgery. The blood was 
left to clot for 30‑60 min at room temperature followed by 
centrifugation (1,500 x g; 10 min; 4˚C). The obtained serum 
was immediately aliquoted to avoid later multiple freeze‑thaw 
cycles and stored at ‑80˚C. Control sera were obtained from 
healthy individuals (n=5) under identical conditions.

Analysis of serum samples. The levels of 31 cytokines, 
chemokines and growth factors were analysed using Luminex 
xMAP® bead assays (Luminex Corporation) in the serum of 
MM patients and controls. The Human Cytokine Magnetic 
30‑Plex Panel (Thermo Fisher Scientific, Inc.) and CXCL1 
Human ProcartaPlex™ Simplex kit (Thermo Fisher Scientific, 
Inc.) were used to quantify epidermal growth factor (EGF), 
eotaxin, basic fibroblast growth factor, granulocyte‑colony 
stimulating factor (G‑CSF), granulocyte‑macrophage 
colony‑stimulating factor (GM‑CSF), growth regulated‑α 
protein (also known as CXCL1), hepatocyte growth factor 
(HGF), interferon (IFN)‑α, IFN‑γ, interleukin (IL)‑1β, IL‑1 
receptor antagonist (IL‑1RA), IL‑2, IL‑2 receptor, IL‑4, IL‑5, 
IL‑6, IL‑7, IL‑8, IL‑10, IL‑12 (p40/p70), IL‑13, IL‑15, IL‑17, 
IP‑10, C‑C motif chemokine 1, MIG, C‑C motif chemokine 3, 
C‑C motif chemokine 4 (MIP‑1β), RANTES, tumour necrosis 
factor‑α and vascular endothelial growth factor  (VEGF) 
levels. The manufacturer validated all antibodies used for this 
experiment. 
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After thawing on ice, the serum samples were gently 
mixed, pre‑cleaned via centrifugation (16,000 x g; 10 min; 
4˚C), and diluted at a 1:1 ratio with Assay Diluent (in the case 
of the 30‑plex assay) or Universal Assay Buffer (in the case of 
the Simplex assay) to minimize the matrix effects. The same 
diluent buffer was used as a blank and as a diluent for the 
calibration standards. The calibration curve was extended at 
the lower end by additional dilutions of calibration standards. 
Reverse pipetting was used for high accuracy in all liquid 
handling steps. All samples, standards and background were 
analysed in duplicate. The assay was performed according 
to the manufacturer's instructions. The fluorescence intensi-
ties of minimum 100 beads/analyte were recorded using a 
Luminex 200™ analyser with xPonent software build 3.1.871.0 
(Luminex Corporation), adequately calibrated according to 
the manufacturer's instructions.

Raw data were exported from xPonent software in. csv 
format and processed in the R statistical environment (27) 
using the drLumi package  (28). The median fluorescence 
intensity was used for standard curve fitting and quantitation 
of cytokine concentrations. Standard curves were fitted using 
5‑parameter logistic regression (SSL5) with 4‑parameter 
logistic regression as a fall‑back for occasions where the SSL5 
model would not converge. The concentrations of two tech-
nical replicates of each sample were averaged before further 
statistical analysis. 

Data analysis and statistics. Statistical analysis of the rela-
tionship between the measured protein levels and clinical 
features of the disease was conducted using the R statistical 
environment (27) and tidy verse set of packages (29). Repeated 
measures ANOVA was used for statistical comparisons in 
experiments with more than two groups. Dunnett's test was 
used for many‑to‑one group comparisons of MM melanoma 
samples to controls (30‑32). The association between protein 
levels and Breslow index was evaluated using Kendall's tau 
correlation coefficient, and lines representing the Theil‑Sen 
estimator of a linear relationship were used. 

t‑Distributed stochastic neighbour embedding (t‑SNE) 
implemented in the R Rtsne package was used for nonlinear 
dimension reduction, to visualise any possible patterns in the 
high‑dimensional cytokine concentration data (33). Analyte 
levels below the level of detection (missing values) were replaced 
by 80% of the lower limit of detection of the assay. Data for 
each analyte were normalized relative to mean concentration 
overall data points (all time points in all patients and controls) 
for the given analyte. Rtsne was run with the initial principal 
component analysis step, perplexity 12 and θ parameter 0.5 
over 8,000 iterations to reduce the dimensions to 2.

Immunohistochemical analysis of paraffin sections of patient 
tumours and cultured cells, and microscopy. Tissue samples 
were fixed for 24‑48 h in 4% neutral buffered formalin at room 
temperature and routinely processed to produce paraffin blocks. 
Sections (2‑µm‑thick) were deparaffinised and rehydrated 
through xylene and 98% ethanol. Afterwards, the sections 
were washed in PBS, and heat‑induced epitope retrieval was 
performed in citrate buffer, pH 6.0 in an autoclave at 120˚C for 
3 min, with subsequent gradual cooling to room temperature 
for 60 min. Non‑specific binding of antibodies was inhibited 

using the Protein Block system (Dako; Agilent Technologies, 
Inc.; cat. no. X0909) followed by treatment with 3% hydrogen 
peroxide (in PBS; Sigma‑Aldrich; Merck KGaA) for 20 min at 
room temperature. Sections were incubated overnight at 4˚C 
with biotinylated primary antibodies (manufacturer‑validated 
summary antibody information in Table SI; the manufacturer 
validated all employed antibodies for use in these methods). 

The following day, the sections were extensively washed 
and incubated with secondary (polymer horseradish 
peroxidase‑tagged) antibody for 30 min at room tempera-
ture. 3‑Amino‑9‑ethylcarbazol (AEC; DCS Innovative 
Diagnostik‑Systeme) chromogen was used for visualisation 
of the immunohistochemical reaction, according to the manu-
facturer's protocol. Nuclei were counterstained with Gill's 
haematoxylin for 2 min at room temperature and mounted 
in Hydromount (National Diagnostics). Semi‑quantitative 
analysis (0, negative; +, weakly positive; ++, moderately posi-
tive; and +++, strongly positive) of the immunohistochemistry 
reaction was used to express the proportion of positive staining 
based on inspection under an optical microscope.

The cultured cells on coverslips were briefly fixed in 
2% paraformaldehyde in PBS for 5 min at room tempera-
ture and permeabilised with Triton X‑100 (Sigma‑Aldrich; 
Merck KGaA). The coverslips with cultured cells were stained 
according to the same protocol using identical primary anti-
bodies and other chemicals (with the omission of antigen 
retrieval). Imaging was performed with a Leica microscope 
DM2000 equipped with camera (DFC290 HD) and software 
package LAS, version 4.3.0 (Leica Microsystems GmbH): 
Magnification, x400; calibration, 1,000 pixels/pixel; capture 
format, 2,048x1,536; full frame; γ=1.0; gain, 1.0; auto expo-
sure, on; nosepiece objective magnification, 40; mag changer 
magnification, 1; and aperture, 0.4. 

Results

Serological analysis. The present study analysed the levels 
of a 31‑protein panel of cytokines, chemokines and growth 
factors in serum prepared from patients suffering from 
MM compared with healthy volunteers. Based on the initial 
hypothesis, these proteins were investigated for their ability 
to serve as biomarkers correlating with certain oncologi-
cally‑important features of the disease. Among the analysed 
proteins, IL‑5, IL‑7 and GM‑CSF were below the lower limit 
of detection in most of the samples and were excluded from 
further analyses. The levels of the remaining 28 proteins 
are summarised in Fig. 1 and Table SII. Data demonstrated 
that the levels of five studied proteins, namely IL‑1RA, IL‑2, 
IL‑13, RANTES and G‑CSF, were significantly different in 
the serum samples of healthy volunteers from the melanoma 
patients, according to Dunnett's test (Fig. 1). The results from 
the ANOVA summarised in Table SIII indicated that these five 
proteins were not significantly different in the serum samples 
of healthy volunteers compared with the melanoma patients. 

It was observed that the Breslow values of primary tumours 
were significantly associated with the serum levels of four 
detected proteins, namely IL‑6, IL‑8, IL‑13 and VEGF (Fig. 2). 

The serum levels of IL‑1RA, IL‑13, IFNα and RANTES 
reflected the clinical stage of the disease at the time of MM 
diagnosis (Fig. 3).
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It is important to note that the cluster analysis demon-
strated a vast extent of inter‑individual differences among 
the tested patients and certain intra‑individual level fluctua-
tion (Fig. 4).

Analysis of primary MM lesions. To assess the contribution 
of the factors upregulated in MM patient sera to the MM 
microenvironment, immunohistochemistry of the tumours 

was performed in the same patients whose serum was anal-
ysed (Fig. 5). Immunohistochemical positivity for selected 
members of the studied protein families and their receptors 
in representative samples of primary tumours is illustrated 
in Fig. 5A‑I and was quantified. Fig. 5J demonstrates the 
heterogeneity of primary tumours in the patients from 
whom the serum samples were collected. MM cells from 
all samples were positive for HGF, but the signal intensity 

Figure 1. Levels of 28 proteins in serum samples from healthy volunteers (control; green) and patients with MM. MM patient samples were collected at the 
time of diagnosis (baseline; red) and again 1 month and 3 months post‑surgery. Data from the two later collections are plotted separately for subsets of patients 
without any evidence of disease (remission; blue, yellow) and patients at the stage of MM generalisation (progression, in black). The graphs represent the 
mean ± SD. Statistical significance (Dunnett's one‑to‑many test with multiple testing correction) of comparisons between the control and patient subsets are 
highlighted with a pink background. *P<0.05 vs. control. IL, interleukin; G‑CSF, granulocyte‑colony stimulating factor; IL‑1RA, IL‑1 receptor antagonist; 
IL‑2R, IL‑2 receptor; GROa, C‑X‑C motif chemokine ligand 1; IFN, interferon; TNF, tumor necrosis factor; MCP‑1, C‑C motif chemokine ligand 2; MIG, 
C‑X‑C motif chemokine ligand 9; IP‑10, C‑X‑C motif chemokine ligand 10; MIP‑1α, C‑C motif chemokine ligand 3; MIP‑1β, C‑C motif chemokine ligand 4; 
EGF, epidermal growth factor receptor; FGF‑basic, basic fibroblast growth factor; HGF, hepatocyte growth factor; VEGF, vascular endothelial growth factor.
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was low. The studied tumours also widely expressed IL‑6 
and its receptor IL‑6R, and VEGF‑R1. The epidermis over-
laying the MM lesions was highly positive for VEGF and 
VEGF‑R2 in all studied samples (Fig. 5F). Macrophages 
widely expressed the studied markers, as demonstrated in 
the case of HGF (Fig. 5I). 

Analysis of cultured MM cells (A2058, BLM and MP17), 
normal melanocytes (HP‑Mel), normal dermal fibroblasts 
(HFP4) and CAFs (MAM and ZAM). The phenotype of 
melanoma cells and CAFs isolated from melanoma was anal-
ysed by studying the expression of selected factors detected 
in the serum of melanoma patients. The aim of this part of 
the study was to evaluate the production of these factors by 
isolated MM cells and CAFs. Data from cultured MM cells 
(A2058, BLM and MP17) demonstrated a similar phenotype 
to samples from primary MMs (Fig. 5) with several excep-
tions, such as high positivity for IL‑8 (Fig. 6Ac, Bc and Cc) 
and VEGF‑R2 (Fig. 6Ah, Bh and Ch). Normal melanocytes 
were negative for IL‑6 (Fig. 6Da), IL‑8 (Fig. 6Dc), CXCR1/2 
(Fig.  6Dd  and  e), VEGF (Fig.  6Df), and the receptors 
VEGF‑R1/R2 (Fig.  6Dg  and  h). As expected, these cells 
were highly positive for protein S100, MiTF and differen-
tiation marker HMB45 (data not shown). Also as expected, 
both normal fibroblasts (HFP4) and fibroblasts isolated from 
the cutaneous metastases of MM (CAFs, similarly MAM 
or ZAM) exhibited a vimentin‑rich cytoskeleton (data not 
shown). The signal for IL‑6, IL‑8, CXCR1, and CXCR2 was 
stronger in MM CAFs (Fig. 7Aa, c, d and e) than in normal 
fibroblasts (Fig. 7Ba, c, d and e).

Discussion

The present study demonstrated that the presence of a primary 
malignant melanoma tumour and its consequent metastatic 
spread is reflected by a profound change in inflammatory mole-
cules in the serum. Similar findings for individual molecules 
or smaller groups have also been reported previously (34,35). 

Despite the observed broad inter‑individual variability, the 
presence of a primary tumour was associated with significantly 
decreased levels of IL‑2, IL‑13, RANTES and G‑CSF, and an 
increase in IL‑1RA detected in the patient sera.

In detail, some of these factors also significantly differed 
in certain clinical stages of the disease, wherein IFNα, IL‑13 
and RANTES were decreased significantly and IL‑1RA was 
increased. The cohort of patients was also affected by the 
healing of the wound after surgery. However, no complicated 
courses of healing were observed in these 12 patients. An 
association between the Breslow index of the tumour and the 
serum levels of tested proteins was observed in the case of 
IL‑6, IL‑8, IL‑13 and VEGF.

The low levels of IFNα in patients with melanoma seem 
to be important, because its anticancer effect has been 
well documented and recombinant IFNα is employed as 
a drug in cancer therapy, including adjuvant therapy for 
MM (36). Similar therapeutic implications are true for IL‑2 (37). 

Both downregulated interleukins IL‑2 and IL‑13 exhibit 
anticancer activity, with the potential for application in 
anticancer therapy (38‑42). 

RANTES is also well known as an essential inflamma-
tion‑promoting chemokine. However, its role in anticancer 

Figure 2. Correlation of Breslow values with serum levels of selected proteins. Scatterplots of values for individual MM patient at each sample collection point 
are presented. The lines represent the Theil‑Sen estimator of a linear relationship. The non‑parametric Kendall's tau correlation coefficient together with the 
corresponding P‑value is displayed in each plot panel. IL, interleukin; VEGF, vascular endothelial growth factor.
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immunity/tumour facilitation requires to be further elucidated 
especially in melanoma (43,44).

Attention should also be paid to the cytokine IL‑6 
and chemokine IL‑8. Both molecules exhibit a broad 
tumour‑supporting effect  (23,45). It should be noted that 
inflammation‑supporting factors such as IL‑6 and IL‑8 are 
produced not only by MM cells and TILs, but are also provided 
in large quantities by CAFs (23,25,46). This is apparent from 
the present immunohistochemical results. The contribution of 
particular components of a tumour can be easily documented 
through immunocytochemical analysis of isolated cell popula-
tions. Therefore, it may be expected that regardless of the actual 
cellular origin of these factors, the protein abundance will 
consequently be detected in the serum (8,47‑50). These facts 
highlight the importance of the tumour microenvironment and 
support the concept of cancer as a systemic disease (6,51).

In general, IL‑6 and IL‑8 stimulate the metastatic spread 
of many tumours, including MM (25,46,52), and participate in 
the induction of resistance to vemurafenib (18). 

In the particular case of IL‑6, its effect on MM seems to be 
stage‑specific. IL‑6 has an inhibitory effect in the initial stages 
of melanoma. However, IL‑6 stimulates the growth and inva-
siveness of MM cells in advanced stages of the disease (53,54). 
In general, blocking of IL‑6 production seems to be beneficial 
for MM patients (55) because IL‑6 stimulates cancer cachexia 
and wasting, a severe and terminal complication of malignant 
disease (56‑59). 

Chemokine IL‑8 (CXCL8) and its receptors CXCR1 
and CXCR2 play a notable role in melanoma pathogenesis, 
particularly in melanoma progression and metastasis (60). The 
serum concentration of IL‑8 can be correlated to the disease 
stage, and changes in the serum IL‑8 levels could be used to 

Figure 3. Relationship between selected serum proteins and clinical disease stage. Graphs represent the mean ± SD. Statistical significance (Dunnett's 
one‑to‑many test with multiple testing correction) for comparisons between the control and particular disease stages are presented. *P<0.05 vs. control. 
IL, interleukin; IL‑1RA, IL‑1 receptor antagonist; IFN, interferon.

Figure 4. Cluster analysis of patients with MM. The high‑dimensional dataset 
of 28 proteins measured for each patient was mapped onto a two‑dimensional 
space using t‑SNE. One data point for each of the controls (circles) and 
one data point for each patient/time‑point combination (baseline, square; 
1 month, triangle; 3 months, diamond) were plotted. Numbers (corresponding 
to Tables I and SII) were used to label the individual controls and patients. 
The overall variability of the dataset appeared to be mostly driven by indi-
vidual differences between subjects, as data from different time points of the 
same patient generally clustered together (highlighted by the dashed circles). 
However, for a few patients, there were outlier data points (highlighted by 
arrows). tSNE, t‑distributed stochastic neighbour embedding.
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monitor and predict the clinical benefit of immune checkpoint 
inhibitor therapy (61).

In addition to the direct effect of IL‑8 on cancer cells, 
this chemokine also stimulates the growth of capillaries 
in the tumour environment. Thus, it has a synergistic effect 
with VEGF (62). The correlation of serum levels of IL‑8 with 
melanoma tumour mass has been previously described (63). 
Breslow's depth is generally accepted as a simple but precise 
prognostic factor. The present data demonstrated that the 
serum levels of IL‑6 and IL‑8 (both increased) reflect this 
tumour parameter. 

It should be acknowledged here that surgical removal did 
not lead to an immediate lowering of the IL‑6 and IL‑8 levels. 

It seems likely that a sustained level of these molecules may 
promote another source of this cytokine, other than from 
a tumour itself. This can be interpreted as evidence of the 
systemic proinflammatory environment in the patient.

The observation of an elevated serum level of VEGF in 
the samples from patients with MM is unsurprising, because 
its cancer‑stimulating effect via the support of tumour vascu-
larisation is well known (64). Serological elevation of VEGF 
is associated with melanoma progression and adverse immune 
effects, including elevation of TH2 cytokines (e.g., observed 
IL‑10) and decreased of TH1 cytokines (e.g., observed IL‑2 
and interferon  γ). These changes result in suppression of 
anti‑tumour immunity (65,66).

Figure 5. Characteristic samples of expression of selected protein markers in sections from primary MM in the same cohort of patients. Multiple markers 
were detected by immunohistochemistry in melanomas. (A) IL‑6 and (B) IL‑6 receptor were detected in the majority of tumours in MM cells. (C) IL‑8 
expression was highly variable in studied samples; representative sections are included. Differences in expression were also observed in CXCR1 and CXCR2. 
(D) CXCR1 with highly positive in all patients, which contrasted with (E) the low to negative CXCR2 expression. (F) Notable positivity for VEGF was 
observed in the epidermis overlaying the MM lesion. Expression of VEGF receptors (G) VEGF‑R1 and (H) VEGF‑R2 was also observed beside MM cells 
in the tumour microenvironment, represented by stromal macrophages and epidermis. (I) HGF was also observed in MM cells and macrophages. Scale bar, 
50 µm. (J) A summary of the expression of selected markers in primary MM in the present cohort. Semi‑quantitative analysis (0, +, ++, and +++) of the 
immunohistochemistry reaction was used to express the proportion of positive staining based on inspection under an optical microscope. The numbers of 
positive tumours are included on the graph. IL, interleukin; CXCR1, C‑X‑C motif chemokine receptor 1; HGF, hepatocyte growth factor; CXCR2, C‑X‑C motif 
chemokine receptor 2; VEGF, vascular endothelial growth factor; VEGF‑AR1, VEGF‑A receptor 1; VEGF‑AR2, VEGF‑A receptor 2; IL‑6R, IL‑6 receptor.
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Expression of CD114, a surface receptor for VEGF, has 
been described in association with melanoma progression (67), 
and it can be considered as a new marker for cancer cells 
originated from neural crest‑derived stem cells (68).

Besides this, we observed significantly lower levels of 
G‑CSF. G‑CSF is known to stimulate formation of granulo-
cytes, and its reduction related to cancer progression is therefore 
likely. Neutrophils are functionally plastic in the tumour 
microenvironment, and N1/N2 functional polarisation has 
recently been accepted. Classically activated (N1) neutrophils 
inhibit metastatic growth. In contrast, alternatively polarised 
(N2) neutrophils have been reported to facilitate colonisation of 
the target organ by metastasis‑initiating cancer cells. 

Comparative analysis of serum samples with immunohis-
tochemical findings in primary tumours and cultured cells 
has shown that both MM cells and cells forming the tumour 

microenvironment (CAFs, TILs, keratinocytes, macrophages and 
pericytes) participate in the changes of serum proteins. Distinct 
clinical stages of MM can induce a specific pattern of serum 
proteins that underlines the systemic effect of the disease (18).

Immunosuppressive properties of the melanoma microen-
vironment are responsible for the chronic inflammatory status 
of the organism, thus supporting the hypothesis of cancer as 
a systemic disease from an early stage. However, it does not 
solve the question of the cause and the consequence. 

Immunohistochemical analysis of IL‑6, IL‑8, VEGF and their 
receptors was performed in primary melanomas as well as in 
several MM cell lines and CAFs. The resulting data harmonised 
with the analysis of patient sera. This further demonstrated that 
the MM cells and stromal cells (CAFs) participated in the produc-
tion of the studied factors. On the other hand, data from individual 
patients are highly variable, which is supported by similar evidence 

Figure 6. Detection of selected markers in MM cell lines. The detection was performed in (A) A2058, (B) BLM and (C) MP17 cells, and in (D) normal HP‑Mel 
cells. HP‑Mel are more pigmented than MM cell lines and their H2O2 bleaching was not as successful. Therefore, AEC substrate (red) was used for the immu-
nocytochemical reaction detection. Generally, it was possible to note that positive staining of HP‑Mel was negligible in comparison with that of MM cell lines. 
A positive signal for IL‑6 and IL‑6R was observed in HP‑Mel cells. Scale bar, 100 µm. CXCR1, C‑X‑C motif chemokine receptor 1; CXCR2, C‑X‑C motif 
chemokine receptor 2; VEGF, vascular endothelial growth factor; VEGF‑AR1, VEGF‑A receptor 1; VEGF‑AR2, VEGF‑A receptor 2; IL‑6R, IL‑6 receptor; 
NC, normal control; HP‑Mel, highly pigmented melanocyte.
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in The Human Protein Atlas (Expression of VEGF, CXCL8, and 
IL‑6, 2019; https://www.proteinatlas.org/ENSG00000112715‑​
VEGFA /pathology;  ht t ps: //www.proteinat las.org /​
ENSG00000169429‑​CXCL8/pathology; https://www.protein-
atlas.org/ENSG00000136244‑IL6/pathology). Therefore, a 
combination of more entries rather than a single biomarker seems 
to be necessary. Depression of serum levels of IL‑2 and G‑CSF in 
the serum of melanoma patients seems to have some therapeutic 
relevance because their participation in anticancer immunity was 
established and they were proposed for anticancer therapy (69). 

In conclusion, the aforementioned analysis of the serum 
levels of growth factors VEGF and G‑CSF, cytokines IL‑6, IL‑2, 
IL‑1RA and IFNα, and chemokines IL‑8 and RANTES reflect 
various aspects of tumour biology in malignant melanoma. It is 

necessary to acknowledge that the currently used markers, such 
as LDH and S100 proteins, have staging and prognostic signifi-
cance, but do not reflect the exact immunopathological actions 
of the organism at the time of melanoma diagnosis or during the 
disease progression (6,51). Our data also indicated the apparent 
deregulation of the anti‑tumour immune response, which is an 
essential factor for cancer progression. This sustained proinflam-
matory environment can significantly contribute to the clinically 
important phenomenon of long‑lasting minimal residual disease. 
As noted earlier, due to the great inter‑individual variability 
observed by us and by others, strategies based on a combination 
of several biomarkers or even multiplexing would be beneficial 
in the future. This approach can contribute to more effective 
therapy selection, and thus increase the therapeutic outcomes 
and the patient survival. This pilot study used a limited cohort 
of patients. Broader studies for validation of our observations are 
expected in the future. The present study focused on the soluble 
molecules detectable in human serum, and those that were signifi-
cantly changed after processing using Dunnett's test. According 
to the ANOVA, no significant changes were observed between 
the control and the studied melanoma patients. This testing would 
require a much larger group of patients, which is planned in a 
continuation of this experiment. No significant changes were 
identified in proteins responsible for coping with oxidative stress 
in this study. However, there is well‑established evidence that 
soluble molecules identified by us (e.g. IL‑6) and their signalling 
pathways have a tight link to oxidative stress in tissues. The role of 
oxidative stress under pathological conditions, including in cancer 
biology, has been clearly established (70‑72). The search for these 
proteins will represent the next step of our study. 
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