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’CONCLUSION This study provides new results of the impairment of immune response in SLN of cutaneous melanoma patients with high risk for metastasis and
could help into the introduction of new immunotherapies that could revive immunity and prevent metastasis in SLN.
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Background: The sentinel lymph node (SLN) in melanoma is almost always the first site of metastasis and its histopathological assessment is es-
sential for the determination of staging and clinical outcome. Furthermore, this procedure offers the investigation of the early immune response
in SLN as melanoma-derived factors suppress the immunity in an early stage that may facilitate metastasis. A better understanding of the immu-
nological changes in SLN may help in the therapeutic stimulation of melanoma immunity to prevent tumor metastasis. Methods: SLN tissues
without malignant cells from 74 cutaneous melanoma patients (stage | and Il) were analyzed. By flow cytometry, we measured the percentage
of natural killer cells, CD3* T lymphocytes, and their expression of interferon-y (IFN-y) and inhibitory immune checkpoint molecules (ICMs), and
the percentage of CD4"Foxp3™ regulatory T cells (Tregs). Results: Melanoma patients with worse prognosis, in stage IIB-C, had decreased per-
centage of total CD3" and CD3"CD8" T lymphocytes, trend of IFN-y decrease, increased inhibitory programmed cell death 1 and T cell immuno-
globulin and mucin-domain containing 3 ICMs, and higher percentage of Tregs in their SLNs compared with stage I-lIA patients. Furthermore,
patients with nodular melanoma had decreased CD3*CD8" cells compared with patients with superficial spreading melanoma and together
with patients with localization of primary tumor on extremities had an increase in the expression of analyzed ICMs. Conclusions: This study pro-
vides new results of the impairment of immune response in SLN of cutaneous melanoma patients with high risk for metastasis and could help in
the introduction of new immunotherapies that could restore immunity and prevent metastasis in SLN.
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INTRODUCTION

Melanoma is the most severe type of skin cancer, originating
from melanocytes, the cells that produce melanin. This cancer
primarily affects the skin, but melanoma may rarely develop in
the mouth, intestines, or eye. Although it is a rare cancer, the
incidence of melanoma has continuously increased over the last

50 years [1]. Although melanoma cells spread rapidly from the

primary tumor to the distant organs through the bloodstream,
tumor cells often use the lymphatic system for metastatic pro-
gression [2].

The sentinel lymph node (SLN) is the first lymph node to
receive drainage directly from a tumor and is almost always the
first site of melanoma metastasis. Histopathological assessment
of SLN for the presence of metastatic cells is essential for mel-
anoma staging and its results may represent a key predictor of
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disease outcome, recommended by the National Comprehen-
sive Cancer Network [3]. Additionally, this procedure offers an
excellent opportunity to investigate the early immune response
to tumor antigens in SLN.

It is known that lymph nodes (LNs) as secondary lymphoid
tissue are the foci of lymphocytes. Under physiological con-
ditions, they play a central role in immunosurveillance of
non-self-antigens to which they are exposed via afferent lymph.
Therefore, SLNs are critical sites of antigen presentation and
the activation of the cells of adaptive immune system against
tumor [4]. However, SLN is also the first tumor-draining LN
exposed to inhibitory factors secreted from primary tumor [5].
These mediators including cytokines (interleukin [IL]-1p, IL-6,
IL-8, IL-10, transforming growth factor p [TGF-f]), chemo-
kines (CXCL1, CXCL2, CXCLS8, and CCL2), growth factors
(vascular endothelial growth factor [VEGEF]), as well as enzyme
indoleamine 2,3-dioxygenase enable cancer cell-mediated eva-
sion of immunosurveillance and can serve as immunosuppres-
sants, facilitating melanoma cells to invade LNs. These factors
play the role in the differentiation, proliferation and activation
of numerous immunosuppressive cells such as myeloid-derived
suppressor cells, regulatory T cells (Tregs), tumor-associated
macrophages that play an important role in tumor growth and
metastasis by inhibiting anti-tumor activity of CD3"CD4" help-
er T (Th) cells, CD3"CD8" cytotoxic T lymphocytes (CTLs),
natural killer (NK) cells [5,6]. These inhibitory factors also alter
the functions of dendritic cells (DCs) within the SLN, leading
to failures in tumor antigen presentation and T-cell activity
[7]. These processes promote the maintenance of an immuno-
suppressive microenvironment, so-called premetastatic niche
(PMN), in SLN and favor early metastasis in SLN [5,6].

Immunomodulators and blockers of inhibitory melano-
ma-secreted mediators are under clinical investigation for the
prevention of lymphatic metastasis as they interrupt PMN
development. Understanding the mechanisms of PMN forma-
tion offers an opportunity for developing new therapeutic ap-
proaches that could prevent melanoma metastasis in high-risk
melanoma patients with local, cutaneous tumor [8]. Therefore,
new immune therapies, immune checkpoint inhibitors (ICls),
monoclonal antibodies (mAbs) that block inhibitory molecules
that are highly expressed on the surface of immune and tumor
cells in tumor microenvironment (TME) such as cytotoxic T
lymphocyte-associated protein 4 (CTLA-4), programmed cell
death 1 (PD-1), programmed cell death ligand 1 (PD-L1), lym-
phocyte activation gene-3 (LAG-3), T cell immunoglobulin and
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mucin-domain containing 3 (TIM-3) restore the immune sys-
tem by increasing T and NK cell-mediated anti-tumor activity.
Therefore, ICIs could enable tumor regression and long-term
cancer control in melanoma patients [9].

There is little data in the literature on the immunophenotyp-
ic and functional characteristics of lymphocytes in still intact,
non-metastatic SLN in patients with cutaneous, localized mela-
noma. For this reason, this research should provide completely
new data related to the potential difference in the percentage
and function of T lymphocytes and their subsets, as well as the
expression of inhibitory molecules, PD-1, LAG-3, and TIM-
3 on their surface between patients in clinical stage II with a
worse prognosis and higher possibility of metastasis compared
with the patients in clinical stage I. Although, a few years ago,
the Food and Drug Administration (FDA) approved the appli-
cation of anti-PD-1 mAbs, pembrolizumab and nivolumab, for
adjuvant therapy in high-risk melanoma patients in stage IIB or
IIC [10], it remains an open question whether all these patients
are candidates for treatment with this therapy, considering its
potential side effects and possible resistance.

The results of this research could contribute to a more precise
selection of patients in whom this therapy would give the best
clinical response. Furthermore, the results related to the expres-
sion of not only PD-1, but also the less analyzed LAG-3 and
TIM-3 inhibitory molecules on the surface of SLN lymphocytes
could show their importance in reducing the function of T
lymphocytes, as well as the potentially great importance of their
therapeutic blockade in patients with a high risk of metastasis

in stage II of melanoma.

MATERIALS AND METHODS

Patients and SLN analysis

In this prospective study, we analyzed the samples of SLN tissue
from 80 patients with cutaneous melanoma, aged over 18 years,
regardless of their race, sex, or ethnic origin, who underwent
the biopsy of SLN at the Institute of Oncology and Radiology
of Serbia (IORS). The research was ongoing from April 2024 to
August 2025. For diagnostic purposes, SLNs are routinely ana-
lyzed for the presence of melanoma cells in patients who have
melanomas with Breslow thickness > 0.8 mm or thinner but
with the presence of ulceration (stage T1b and higher according
to the TNM tumor classification), and do not have clinically
and diagnostically observed signs of pathological lymphade-

nopathy and/or metastatic changes [11]. Patients under the age
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of 18, as well as patients with infectious, autoimmune diseases,
acute or chronic inflammation of the other origin, were exclud-
ed from the research. For the purpose of SLN checking, preop-
eratively, a marker, a radioactive isotope Tc99m was injected
intradermally into the region of the scar from the removed mel-
anoma, and immediately preoperatively another marker, a vital
dye (methylene blue), was injected in the same way. During the
surgical intervention, a lymph node that received one or both
markers was removed from the regional lymph pool, which is
considered to be the SLN. SLNs are either positive or negative
for melanoma cells based on the pathohistological analysis of
serial sections by hematoxylin and eosin and immunohisto-
chemical staining. In the case of a positive SLN, patients are
classified in clinical stage III of the disease, and in the case of a
negative SLN in stage I or II, depending on the thickness of the
primary melanoma and the presence of ulceration. A random
section of SLN tissue (maximum 1 mm thick) from each pa-
tient, obtained fresh by the pathologist immediately after sur-
gery, was transferred to cryovials and cryopreserved at —150°C
for storage and later analysis. As only six patients had metasta-
sis in their SLNs (stage IIT), the aim of this study was to analyze
the immunological parameters of 74 patients with melanoma
cell-negative SLNs (clinical stage I and II). The characteristics
of patients in clinical stages I and II and their primary tumors

are included in Table 1.

Mononuclear cell isolation

In order to form single cell suspension, SLN tissue samples were
mechanically minced with sterile scalpel and filtered through a
100 um mesh to exclude undissociated fragments. Mononuclear
cells (MNCs), lymphocytes, and monocytes, were isolated us-
ing Histopaque (Sigma-Aldrich Chemie, Steinheim, Germany)
density gradient, centrifuged at 1,600 rpm for 40 minutes and
washed three times in RPMI 1640 cell culture medium (CM)
supplemented with 10% fetal calf serum (Sigma-Aldrich).

Flow cytometric analysis

The percentage of total T lymphocytes and their different
subpopulations, the percentage of NK cells, as well as the ex-
pression of inhibitory receptors, PD-1, LAG-3, TIM-3, on the
surface of total T cells in the lymphocyte population in freshly
isolated MNCs originating from SLNs of patients with skin
melanoma were determined by the method of direct three-color
immunofluorescence on a flow cytometer (FACSCalibur, Bec-
ton Dickinson, San Jose, CA, USA) using mAbs marked with
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fluorescent dyes. Samples for analysis were prepared according
to the method of Jackson and Warner [12]. Namely, 5 x 10
freshly isolated MNCs in a suspension of 100 pL (concentration
5 x 10° cells/mL) were incubated for 30 minutes at 4°C with 10
uL of the appropriate combination of mAbs and then washed
twice by centrifugation at 1,600 rpm in cold phosphate buffer
solution (PBS) (CellWASH, Becton Dickinson) and for analy-
sis on a flow cytometer resuspended in 1% paraformaldehyde
(CellFIX, Becton Dickinson).

In the suspension of peripheral blood lymphocytes and

Table 1. The patients and their primary tumor characteristics

Characteristics of patients in stage | and Il No. (%)
Sex
Male 42 (56.8)
Female 32 (43.2)
Age (yr)
Mean+SD 61.0 £ 14.6
Median (range) 66 (21-88)
Stage of disease
| 30 (40.5)
A 15(20.3)
IIB 15(20.3)
IIC 14 (18.9)
Tumor characteristics
Breslow
<2mm 35 (47.3)
>2 mm 39 (52.7)
Ulceration
No 43 (58.1)
Yes 31(41.9)
Tumor infiltrating lymphocytes
Non-brisk 23 (31.1)
Brisk 41 (55.4)
Unknown 10 (13.5)
Histologic subtypes
SSM 38(51.3)
NM 21 (28.4)
ALM 1(1.3)
Unknown 14 (19.0)
Localization
Extremities 37 (50.0)
Trunk 36 (48.6)
Head 1(1.4)
Total 74 (100)

SD, standard deviation; SSM, superficial spreading melanoma; NM,
nodular melanoma; ALM, acral lentiginous melanoma.
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monocytes, about 20,000 cells per sample were collected and
verified as lymphocytes according to their physical charac-
teristics: size (forward scatter) and granularity (side scatter),
gated and analyzed using CellQUEST software. The degree
of non-specific immunofluorescence was determined using
matched isotype-identical, IgG1 mAbs controls (Becton Dick-
inson). In more detail, according to convention, we used the 1%
level to separate negative and positive cells. The markers were
placed to delineate a region of positive intensity maximum 1%
of negative control cells.

The following combinations of mAbs labeled with fluorescent
dyes were used: CD8FITC/CD4PE/CD3APC, CD56FITC/PD-
1PE/CD3APC, LAG-3FITC/TIM-3PE/CD3APC, CD25FITC/
Foxp3PE/CD4PerCP (Becton Dickinson). Total T lymphocytes
were detected and analyzed as CD3" lymphocytes, Th lym-
phocytes as CD3"CD4", CTLs as CD3"CD8", NK cells as CD3"
CD56", and NKT-like cells as CD3"CD56" lymphocytes. The
expression in percentage of PD-1, LAG-3, and TIM-3 molecules
was determined on the surface of total CD3" T lymphocytes.

For the analysis of the percentage of Tregs within the SLN
tissue by the flow cytometry method, a sample of 1 x 10° MNCs
isolated from the SLN tissue of melanoma patients was pre-
pared and resuspended in 100 pL of CM. External antigens that
determine the immunophenotype of Treg cells were labeled
with 10 pL of mAbs conjugated with fluorescent dyes, CD-
25FITC and CD4PerCP (Becton Dickinson) and incubated for
30 minutes at 4°C. After that, the samples were washed twice
by centrifugation at 1,600 rpm in a cold PBS. After the stain-
ing of external antigens, according to the standard procedure
of permeabilization, the MNCs were exposed to the BD FACS
solution 2 for permeabilization of cells containing the detergent
saponin (Perm 2, BD Biosciences) and after that, for the label-
ing of intracellular Foxp3, 10 uL of anti-Foxp3 PE monoclonal
antibody (Becton Dickinson) was added to each sample. After
two washes in cold PBS, samples were dissolved in 1% para-
formaldehyde for flow cytometer analysis. In the lymphocyte
population of SLN, the percentage of Tregs was analyzed as the
percentage of Foxp3" and CD4"Foxp3" cells.

Interferon-y measurement

The flow cytometry method was used to determine the ex-
pression of synthesized interferon-y (IFN-y) in CD3" T cells.
A sample of 5 x 10° MNCs isolated from SLN tissue of a mel-
anoma patient was prepared and resuspended in 500 pL CM.

MNCs prepared in this way were cultured at a temperature of
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37°C in polystyrene test tubes for flow cytometry with 50 ng/mL
phorbol-12-myristate-13-acetate (PMA) (Sigma-Aldrich) and
500 ng/mL ionomycin (Sigma-Aldrich), which have the role to
stimulate the synthesis of IFN-y. After 1 hour of incubation with
PMA and ionomycin, 10 mg/mL brefeldin A (Sigma-Aldrich)
was added to prevent the transport of synthesized proteins from
the cells into the external environment. After an additional 3
hours (a total of 4 hours of treatment), 10 uL of a monoclonal
antibody conjugated with a fluorescent dye, CD3 FITC (Becton
Dickinson), was added to the MNCs and the labeled MNCs
were incubated for 30 minutes at 4°C. After that, the samples
were washed twice by centrifugation at 1,600 rpm in a cold PBS.
After external antigen staining, according to the standard pro-
cedure for permeabilization, the MNC sediment was exposed to
Perm 2 solution and then 10 pL of anti-IFN-yPE monoclonal
antibody (Becton Dickinson) was added to each sample to label
intracellular IFN-y. After two washes in cold PBS, the samples
were dissolved in 1% paraformaldehyde. In the lymphocyte
population of the SLN tissue, the percentage of CD3" T cells
containing IFN-y was determined.

Statistical analysis

The obtained results were analyzed using the non-paramet-
ric test, the Mann-Whitney exact test of unpaired data by the
GraphPad Prism program (GraphPad Software Inc., San Diego,
CA, USA). Correlations between data were determined by
Spearman's rank correlation. The differences between the com-
pared groups were statistically significant or there was a correla-
tion between investigated parameters if the calculated p-value

was less than or equal to .05.

RESULTS

The percentage of T and NK cells

In this study, we analyzed the percentage of T lymphocyte
subsets and NK cells in the samples of SLN tissue from 74 pa-
tients with cutaneous, localized melanoma in clinical stages I
and II. We have found that patients in stage II and especially
in stages IIB and IIC had statistically significant decrease (p <
.05 and p < .01, Mann-Whitney exact test) in the percentage
of total CD3" and cytotoxic CD3'CD8" T cells compared with
the percentage of these cells in the patients in stage I, as well as
in stage I and stage IIA together (Fig. 1A-C). However, there
was no difference (p > .5, Mann-Whitney exact test) in the per-
centage of helper CD3"°CD4" T cells, as well as CD3"CD56" NK
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Fig. 1. The percentage of T and natural killer cells. (A) The patients
in stage Il compared with the patients in stage | have a statistically
significant decrease in the percentage of total CD3", as well as
cytotoxic CD3"CD8* T cells (p < .05, Mann-Whitney exact test). (B)
The patients in stage IIB + IC compared with the patients in stage
| + IIA have a statistically significant decrease in the percentage of
total CD3" (*p < .05) and a highly significant decrease (*p < .01)
in the percentage of cytotoxic CD3'CD8" T cells (Mann-Whitney
exact test). (C) Representative dot plots of decreased percentage of
CD3*CD8" T cells in a melanoma patient in stage [IC compared with
a patient in stage IA. (D) There is no difference (p > .5, Mann-Whit-
ney exact test) in the percentage of CD3°'CD56" NK and CD3*CD56"
NKT-like cells between all investigated groups of melanoma pa-
tients (stage | vs. stage II, as well as stage | + IIA vs. stage 1IB + 1IC).
The results are obtained from the samples of sentinel lymph node
tissue of 74 patients with cutaneous melanoma and presented as
mean value with standard error.
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Fig. 2. The expression of interferon y (IFN-y) in T cells. There is no
statistically significant difference (p > .5, Mann-Whitney exact
test) in the percentage of IFN-y in CD3" T cells between melanoma
patients in stage | and stage Il, as well as in stage | + IIA and stage
IIB + IIC. The results are obtained from the samples of sentinel
lymph node tissue of 50 patients with cutaneous melanoma and
presented as mean value with standard error.

and CD3'CD56" NKT-like cells between investigated groups of
melanoma patients (Fig. 1A, B, D).

The expression of IFN-y in T cells

Analyzing the expression of IFN-y in T cells of SLNs, we have
shown that there was no statistically significant difference (p >
.5, Mann-Whitney exact test) in the percentage of this cytokine
in CD3" T cells between melanoma patients in stage I and stage
I1, as well as in stage I + IIA and stage IIB + IIC. However, there
was a trend of decreased expression of IFN-y in CD3" T cells

between the analyzed groups of melanoma patients (Fig. 2).

The expression of PD-1, TIM-3, and LAG-3 on T cells
Analyzing the expression of inhibitory molecules PD-1, TIM-
3, and LAG-3 on T cells in SLN tissue we have found that the
percentage of PD-1 molecule was significantly higher (p < .01,
Mann-Whitney exact test) in melanoma patients in stage II
compared with patients in stage I (Fig. 3A). Additionally, mela-
noma patients in stage IIB and IIC, besides significantly higher
expression of PD-1 molecule (p < .01, Mann-Whitney exact test),
had significantly increased expression of the other inhibitory
molecule, TIM-3 (p < .05, Mann-Whitney exact test) on CD3" T
cells compared with the patients in stage I and IIA (Fig. 3B, C).
However, analyzing the expression of all analyzed inhibitory mol-
ecules on T cells in SLNs in patients in stage IIB and IIC, as well
as in patients in stage III (n = 6), we found no difference (p > .5,
Mann-Whitney exact test) in their values (Fig. 3D).

https://doi.org/10.4132/jptm.2026.04.02
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Fig. 3. The expression of PD-1, TIM-3, and LAG-3 on T cells. (A)
The percentage of PD-1 molecule on CD3" T cells is significantly
higher (*p < .01, Mann-Whitney exact test) in melanoma patients
in stage Il compared with the patients in stage I. (B) Melanoma
patients in stage IIB + 1IC have significantly higher expression of
PD-1 (*p < .01), as well as TIM-3 molecule (*p < .05) on CD3" T
cells compared with the patients in stage I-1IA (Mann-Whitney
exact test). (C) Representative dot plots of increased percentage of
CD3"PD-1" and CD3'TIM-3" T cells in a melanoma patient in stage
[IC compared with a patient in stage IIA. (D) There is no difference (p
> .5, Mann-Whitney exact test) in the expression of PD-1, TIM-3,
and LAG-3 inhibitory molecules on CD3" T cells between melanoma
patients in stage IIB, stage IIC, as well as in stage Ill. The results are
obtained from the samples of sentinel lymph node tissue of 74 pa-
tients with cutaneous melanoma in stages | and Il and six patients
in stage Ill and presented as mean value with standard error. PD-1,
programmed death 1; TIM-3, T cell immunoglobulin and mucin-do-
main containing 3; LAG-3, lymphocyte activation gene-3.
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The percentage of Tregs

In melanoma patients in stage I and stage II, we also analyzed
the percentage of Tregs in their SLNs. We have shown that there
was no statistically significant difference (p > .5, Mann-Whit-
ney exact test) in the percentage of Foxp3" and CD4" Foxp3”
Tregs between melanoma patients in stage I and stage II (Fig.
4A). However, melanoma patients in stage IIB and IIC had
significantly higher percentage (p < .05, Mann-Whitney exact
test) of Foxp3" and CD4" Foxp3" Treg cells in SLNs compared
with the percentage of these cells in stage I and IIA (Fig. 4A, B).

The association between the percentage of immune
cells in SLN and different histological characteristics

of primary melanoma
Analyzing the association between the percentage of immune

cells in SLNs and histological characteristics of primary mela-
noma, we found a negative correlation (p < .05, Spearman rank
correlation) between primary tumor thickness (Breslow) and
the percentage of total CD3", as well as CD3'CD8" T cells in
SLNs of investigated melanoma patients. Contrary to these re-
sults, we showed a positive correlation (p < .05, Spearman rank
correlation) between Breslow thickness and the percentage of
CD3'PD-1" T lymphocytes (Fig. 5A). Furthermore, the patients
with ulceration in primary tumor had statistically significant
decrease (p < .05 and p < .01, Mann-Whitney exact test) in the
percentage of CD3" and CD3"CD8" T cells, as well as significant
increase (p < .05, Mann-Whitney exact test) in the percentage
of CD3"PD-1" cells compared with the percentage of these cells
in the patients without primary tumor ulceration. However,
there was no difference (p > .5, Mann-Whitney exact test) in
the percentage of CD3"TIM-3" and CD3'LAG-3" cells between
investigated groups of melanoma patients (Fig. 5B). On the
other hand, there was no statistically significant difference (p
> .5, Mann-Whitney exact test) in the percentage of analyzed
immune cells (CD3" and CD3"CDS8" T cells), as well as in the
expression of inhibitory PD-1, TIM-3, and LAG-3 molecules on
CD3" T cells between patients with focal (non-brisk) and dense
(brisk) lymphocyte infiltrate in their primary tumors (Fig. 5C).

The association between the percentage of immune
cells in SLN and different histological subtypes and
localizations of primary melanoma

Making a comparison in immune cells in SLNs between mela-
noma patients with two different histologic subtypes, we have

found that patients with nodular melanoma (NM) (n = 21)
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+ 1A (*p < .05, Mann-Whitney exact test). (B) Representative dot plots of increased percentage of Foxp3™ and CD4"Foxp3™ Treg cells in a
melanoma patient in stage 1IC compared with a patient in stage IB; the results are obtained from the samples of sentinel lymph node tissue
of 65 patients with cutaneous melanoma and presented as mean value with standard error.
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Fig. 5. The association between the percentage of immune cells in sentinel lymph node (SLN) and different histological characteristics
of primary melanoma. (A) The negative correlation (p < .05, Spearman rank correlation) between primary tumor thickness in millimeters
(Breslow) and the percentage of total CD3", as well as CD3"CD8" T cells, as well as a positive correlation (p < .05, Spearman rank correla-
tion) between Breslow thickness and the percentage of CD3"PD-1* T lymphocytes in SLN of all investigated melanoma patients are found. (B)
The patients with ulceration in primary tumor have a statistically significant decrease in the percentage of CD3" (*p < .05) and CD3*CD8" (*p
<.01) T cells, as well as significant increase (p < .05) in the percentage of CD3*PD-1" cells compared with the percentage of these cells in
the patients without primary tumor ulceration (Mann-Whitney exact test). There is no difference (p > .5, Mann-Whitney exact test) in the
percentage of CD3*TIM-3" and CD3"LAG-3" cells between the investigated groups of melanoma patients. (C) There is no statistically signifi-
cant difference (p > .5, Mann-Whitney exact test) in the percentage of CD3" and CD3"CD8" T cells, as well as in the expression of inhibitory
PD-1, TIM-3, and LAG-3 molecules on CD3" cells between patients with focal (non-brisk) and dense (brisk) lymphocyte infiltrate in their
primary tumors. The results are obtained from the samples of SLN tissue of a maximum of 74 patients. PD-1, programmed death 1; TIM-3, T
cell immunoglobulin and mucin-domain containing 3; LAG-3, lymphocyte activation gene-3.
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Fig. 6. The association between the percentage of immune cells in sentinel lymph node (SLN) and different histological subtypes and lo-
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Mann-Whitney exact test) in the percentage of cytotoxic CD3"CD8" T cells compared with the percentage of these cells in the patients with
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patients. (D) The percentages of CD3*, CD3"CD8", and CD3*CD4" T cells in SLNs do not significantly differ (p > .5, Mann-Whitney exact test)
in cutaneous melanoma patients with primary localization of tumor on extremities and trunk. (E) The expression of LAG-3 inhibitory molecule
is significantly increased (*p < .05, Mann-Whitney exact test) on CD3" T cells in SLNs of patients with primary melanoma localization on ex-
tremities compared with patients with tumor localization on trunk. There is no significant difference (p > .5, Mann-Whitney exact test) in the
expression of PD-1 and TIM-3 on CD3" cells among these two groups of melanoma patients. The results are obtained from the samples of SLN
tissue of maximum 74 patients with cutaneous melanoma and presented as mean value with standard error. PD-1, programmed death 1; TIM-
3, T cell immunoglobulin and mucin-domain containing 3; LAG-3, lymphocyte activation gene-3.

had statistically significant decrease (p < .05, Mann-Whitney
exact test) in the percentage of cytotoxic CD3'CD8" T cells
compared with the percentage of these cells in the patients with
superficial spreading melanoma (SSM) (n = 38) (Fig. 6A, B).
Additionally, analyzing the expression of PD-1, TIM-3, and
LAG-3 molecules on CD3" T cells in SLN tissues of SSM and
NM patients, we found no statistically significant difference (p
> .5, Mann-Whitney exact test) in the expression of all analyzed
inhibitory molecules between these two histologic subtypes of
melanoma patients. However, there was a trend of increased
expression of PD-1, TIM-3, as well as LAG-3 on CD3" T cells
in NM patients (Fig. 6C). Additionally, we analyzed the per-
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centage of immune cells in SLNs in cutaneous melanoma pa-
tients with primary localization of tumor on extremities and
trunk and found no statistically significant difference (p > .5,
Mann-Whitney exact test) in the percentage of CD3", cytotoxic
CD3'CD8" and helper CD3'CD4" T cells between these two
different tumor localizations (Fig. 6D). However, analyzing the
expression of PD-1, TIM-3, and LAG-3 molecules on CD3" T
cells in SLNs, we found statistically significant increase (p <
.05, Mann-Whitney exact test) of LAG-3 inhibitory molecule
in patients with primary melanoma localization on extremities.
Additionally, there was a trend of increased expression of PD-1
and TIM-3 on CD3" cells in these patients (Fig. 6E).
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DISCUSSION

Although it is well-known that melanoma cells spread rapidly
to distant sites through both hematologic and lymphatic path-
ways, SLN is almost always the first site of melanoma metasta-
sis. At the beginning of this process, the cells of primary tumor
secrete various immunosuppressive soluble mediators [5], as
well as extracellular vesicles (EVs) [13] that are transported
through afferent lymphatic vessels to SLN. These factors are
able to suppress anti-tumor immune response and induce re-
modeling and lymphangiogenesis in SLNs [6]. These processes
occur before the arrival of the first metastatic cells in SLN and
they have the role in the maintenance of PMN that helps in the
colonization of metastatic cells in SLN [14].

In this study we have shown that melanoma patients with
worse prognosis in stage II, and especially with thicker mela-
noma and the presence of ulceration (stage IIB and IIC) had
statistically significant decrease in the percentage of total CD3"
and cytotoxic CD3'CD8" T cells compared with the patients
in stage I melanoma, a less aggressive stadium of the cancer
disease with a lower risk of spreading. Grotz et al. [15] found
fewer CTLs in SLN compared with the percentage of these cells
in non-SLN and healthy LN of melanoma patients with cuta-
neous melanoma. Total CD3", especially CD8" lymphocytes,
exhibit cytotoxic properties, promoting the removal of cancer
cells indirectly by cytokines production (IFN-y and tumor
necrosis factor a), as well as directly through the secretion
of cytotoxic proteins, perforin, and granzymes [16]. Soluble
mediators such as TGF-p, IL-6, IL-10, and VEGF produced in
immunosuppressive microenvironment of primary tumor in
stage II melanoma patients are transported to SLN and induce
impairment of the functions of CD8" cytotoxic T cells [17]. Our
group found increased serum level of the immunosuppressive
cytokine TGF-P1 in melanoma patients in stage IIB and IIC
compared with the patients in stage IA and IB [18]. It is known
that TGF-P suppresses the synthesis of perforin and gran-
zymes, and also inhibits the ERK pathway, which is important
for T-cell proliferation and cytokine production that leads to
a loss of immune surveillance against melanoma [19]. In ac-
cordance with this knowledge, in this study, we found a trend
of decreased expression of IFN-y in CD3" T cells in SLN of
melanoma patients in stage II compared with patients in stage
L. IEN-y has the ability to inhibit tumor cell growth and metas-
tasis directly through apoptosis and cell cycle arrest, as well as

indirectly by the activation of anti-tumor immune cells, CTLs,
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NK cells, and M1 macrophages [20]. Furthermore, EVs are
associated with the loss of CTLs and impairment of their effec-
tor functions through high expression of the inhibitory PD-L1
molecule on their surface [21]. Therefore, melanoma patients in
clinical stage II with a lower percentage of CD3" and CTL CD8"
T lymphocytes and decreased IFN-y production in still intact
SLNs are at greater risk for tumor cell metastasis. Furthermore,
although helper CD4" T cells [22] and especially NK cells [23]
play a significant role in anti-tumor immune response, in this
study, we did not find any difference in the percentage of these
cells in SLNs between melanoma patients in stage I and stage
II. Some authors have shown diminished NK cells but only in
melanoma-bearing SLNs [24].

The binding of T-cell inhibitory checkpoint molecules, PD-
1, TIM-3, and LAG-3 to their ligands on tumor cells, as well
as on numerous immunosuppressive cells in TME leads to
T-cell dysfunction and exhaustion [25]. Also, it is known that
PD-1-mediated T-cell failures begin early in melanoma pro-
gression [26]. Increased expression of PD-1 on T cells in SLN
of stage II melanoma patients found in this study may suggest
impairment in T-cell activation and function. Grotz et al. [15]
showed increased expression of PD-1 on CD3" T cells in SLN,
as well as in non-SLN of cutaneous melanoma patients, com-
pared with healthy LN [15]. Therefore, their SLNs develop an
immune-tolerant microenvironment with altered immune cell
profiles. Additionally, we show for the first time that melanoma
patients in stage IIB and IIC, besides high expression of PD-1,
had significantly increased expression of the other inhibitory
molecule, TIM-3 on CD3" T cells compared with the patients
in stage I and ITA. TIM-3 is expressed on Th1, Th17, and CD8
T cells and by binding the ligands, galectin-9, phosphatidylser-
ine, HMGBI, and CEACAM]1, inhibits immune response of
these T cells [27]. In physiological conditions, TIM-3 has a role
in the maintenance of peripheral tolerance [28]. However, re-
cent studies have shown an important role of TIM-3 molecule
in T-cell exhaustion in cancer as TIM-3-expressing CD4" and
CD8" T cells have impaired effector functions, are less prolif-
erative in response to tumor antigens, and produce reduced
amounts of cytokines that leads to failure in immunosurveil-
lance [29]. Therefore, TIM-3 could become a promising target
for cancer immunotherapy [30]. CD3" T cells with increased
expression of both inhibitory molecules, PD-1 and TIM-3,
found in this study in patients with worse prognosis in stage
IIB and IIC, could exhibit severe exhausted function as seen by
their failure in IFN-y production. This suggests that these two
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molecules and their pathways work synergistically in establish-
ing T-cell inhibition [31]. Therefore, the therapeutic blockade
of both TIM-3 and PD-1 pathways might be very effective in
controlling tumor growth and could restore anti-tumor immu-
nity in cutaneous melanoma patients especially in stage IIB and
IIC [32,33]. However, there was no difference in the expression
of all analyzed inhibitory molecules, PD-1, TIM-3, and LAG-3
on CD3" T cells in SLNs of melanoma patients in stage IIB, IIC,
as well as in stage III. Yaddanapudi et al. [24] have shown that
the patients with melanoma-positive SLNs had increased PD-1
expression on T cells. As we have only six patients in stage III
with melanoma-positive SLNs in this research, additional in-
vestigations are necessary. Based on the results of this study, we
could not determine exactly which patients in stage IIB and IIC
would be the best candidates for the treatment with immune
checkpoint inhibitors. In future research, more patients are
needed for this analysis although FDA now provides this thera-
py to all patients in stage IIB and IIC for 12 months [10].

In physiological conditions, Treg cells have the role to es-
tablish the tolerance to self-antigens, while in cancer patients,
they suppress immune responses against tumor-associated
antigens [34]. In this study, melanoma patients in stage IIB and
IIC had significantly higher percentage of Foxp3" and CD4"
Foxp3" Treg cells in SLNs compared with the percentage of
these cells in patients in stage I and IIA. The presence of high
number of FoxP3" Tregs in SLNs of these melanoma patients
can indicate an immunosuppressive TME, which is a known
factor in promoting cancer progression and can be associated
with the development of metastasis in cutaneous melanoma pa-
tients with worse prognosis [35]. Gupta et al. [36] have shown
a significant association between the number of FoxP3" cells in
SLNs and the size of primary breast invasive ductal carcinoma.
Furthermore, Viguier et al. [37] have found that CD4'CD25""
Treg cells were overrepresented in metastatic lymph nodes
compared with both tumor-free LNs and autologous peripheral
blood mononuclear cells. Tregs by the production of immuno-
suppressive cytokines, TGF-f, IL-10, and IL-35 or directly by
cell-to-cell contact could decrease the percentage of total CD3"
and CD3"CD8" CTLs, IFN-y expression in CD3" T cells, and
could increase the expression of inhibitory PD-1 and TIM-3
molecules [38,39] that are found in stage IIB and IIC melano-
ma patients in this study. Also, these cells express high levels of
enzymes, CD39 and CD?73, that have the role to convert extra-
cellular ATP into adenosine. The extracellular adenosine binds

to A2A and A2B receptors on the surface of effector T cells and
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impairs their proliferation, cytokines production, and cytotox-
ic anti-tumor activities [40]. All of these immunosuppressive
mechanisms allow tumor cells to escape immune surveillance
but also contribute to resistance to cancer immunotherapy.

In this study, we found the negative correlation between pri-
mary tumor depth in millimeters (Breslow) and the percentage
of total CD3", as well as CD3"CD8" T cells in SLNs of all inves-
tigated melanoma patients. Furthermore, a positive correlation
between Breslow thickness and the percentage of CD3'PD-1"
T lymphocytes was found. This result is in accord with the
results of Yaddanapudi et al. [24] of positive correlation be-
tween Breslow thickness and frequency of immunosuppressive
CD8'CD57'PD-1" cells in SLNs of melanoma patients in stages
L, II, and III. In addition to tumor thickness, ulceration of pri-
mary melanoma represents a critical, independent poor prog-
nostic factor [10]. It has been shown that ulcerated melanoma
had high density of macrophages and DCs that together with
tumor cells produce immunosuppressive IL-6 [41]. High IL-6
could be associated with decreased percentage of antitumor
CD3" and CD3"CD8" T cells, as well as increased percentage
of CD3"PD-1" cells found in this study for melanoma patients
with ulcerated tumors. These results confirm once more that
patients with thicker and ulcerated melanoma with worse
prognosis have lower percentage of antitumor cells, as well as
increased percentage of functional exhausted CD3" T cells with
high PD-1 expression in their SLNs. Furthermore, it is known
that the presence of tumor-infiltrating lymphocytes (TILs) in
primary melanoma is protective factor for lymph node me-
tastasis [42,43]. However, in our study, we did not find any
difference in the percentage of T-cell subsets and the expression
of inhibitory checkpoint molecules, PD-1, TIM-3, and LAG-3,
on CD3" T cells between melanoma patients with focal (non-
brisk) and dense (brisk) infiltrate in primary tumors. As we do
not have the data in medical documentation for 10 melanoma
patients regarding lymphocyte infiltration, additional investiga-
tions are needed.

Cutaneous melanoma is a heterogeneous cancer that consists
of various histologic subtypes among which the most common
are SSM (70% of the patients) and NM (20%) [44]. It is import-
ant to determine the histologic subtype of melanoma, as it has a
prognostic significance for patients. It is known that the tumors of
patients with NM have a higher Breslow thickness, more frequent
ulcerations, higher dermal mitotic rate, and more frequent satel-
lite lesions [45]. Therefore, NM patients have a more aggressive

clinical course of disease with higher rates of recurrence and me-
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tastasis compared with patients with SSM subtype [46,47]. Fur-
thermore, molecular analyses show the differences between SSM
and NM subtypes. It is known that NM patients contain a lower
mutational load compared with SSM [48], as well as decreased
presence of TILs [49] and an upregulation of PD-L1 expression
on tumor cells [50]. In this study, we have shown for the first time
statistically significant decrease in the percentage of cytotoxic
CD3'CD8" T cells in SLNs of patients with NM compared with
SSM patients. Furthermore, we have found that the patients with
NM had a trend of increased expression of PD-1, TIM-3, as well
as LAG-3 inhibitory molecules on their CD3" cells. These data
suggest a weaker response and evasion of immune system in SLN
of NM patients compared with SSM. These differences in immune
characteristics of melanoma histologic subtypes contribute to
more aggressive nature of NM subtype. It is known that immuno-
therapy is more effective in melanoma subtypes with a higher mu-
tation rate and TIL presence [51]. However, it is unclear whether
the patients with NM have a lower efficiency of immunotherapy
compared with SSM. Lattanzi et al. [52] observed no difference in
survival outcomes of NM versus SSM patients treated with immu-
notherapy (anti-PD-1, anti-CTLA-4 mAbs), while Pala et al. [53]
displayed an improved survival of NM patients treated with im-
munotherapy compared with SSM patients. However, we would
probably find more statistically significant differences in the
analyzed parameters between SSM and NM patients if there were
not even 14 patients for whom we do not have data regarding the
histopathological type of their primary tumors in medical docu-
mentation. For that reason, we did not include these 14 patients
and one patient with acral lentiginous melanoma in the statistical
analysis. Furthermore, there are no data in the literature regarding
the association between the functional and immunophenotypical
characteristics of T cells in SLNs and different localizations of
primary melanoma. In this study, we have found for the first time
increased expression of inhibitory checkpoint molecules, especial-
ly LAG-3, on CD3" T cells in non-malignant SLNs of melanoma
patients with localization of tumor on extremities. According to
these results, TME in SLNs of these patients could be immuno-
suppressive. On the other hand, no difference was found in the
percentage of T cell subsets between patients with localization of
melanoma on extremities and trunk. Fadaki et al. [54] showed a
statistically significant SLN-positive rate for melanoma patients
with trunk localization compared with localization on extremities.
However, more research is needed to fully understand the distinct
biological mechanisms and potential therapeutic differences be-

tween different melanoma histological subtypes and localizations.
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Our results have shown a lower percentage of total CD3"
and CD3"CD8" T lymphocytes, some lower IFN-y expression
in CD3" T cells, as well as their higher expression of inhibitory
PD-1 and TIM-3 molecules in melanoma patients with thicker
ulcerated melanoma and worse prognosis in stage IIB and IIC.
This functional exhaustion of T lymphocytes could be associ-
ated with a higher percentage of immunosuppressive Treg cells
found in this research in these patients. These immunological
alterations could cause progressive immune dysfunction in
SLNs before the appearance of tumor cells in them. The mech-
anisms of these changes are very complex and multifactorial
and further investigations are necessary to elucidate them in
more detail. Therefore, immunosuppressive soluble mediators,
cells, and signaling pathways in PMN of SLN might be targeted
to inhibit the formation of PMN, repair antitumor immune
response and prevent the occurrence of metastasis in SLN. This
study provides the new results of the impairment of immune
response in SLN of high-risk cutaneous melanoma patients,
prior to lymphogenous metastasis and could help in under-
standing the need to introduce the new immunotherapies that
could revive immune response and prevent melanoma metas-
tasis in SLN. However, as the sample size of different clinical
stages of melanoma patients analyzed in this study is relatively
small, additional investigations and more patients are needed to

improve this research.
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