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Malignant melanoma is an aggressive skin cancer, with immune evasion mecha-
nisms contributing to tumour progression. This study evaluated the relationship 
between mismatch repair (MMR) protein loss and the expression of immune check-
point molecules programmed death ligand 1 (PD-L1) and galectin-9.
Ninety melanoma cases (60 primary, 30 metastatic) were analysed by immunohis-
tochemistry for MMR proteins, PD-L1, and galectin-9. Associations with clinico-
pathological features and overall survival (OS) were assessed.
Mismatch repair protein loss occurred in 5% of primary and 16.7% of metastatic 
melanomas (p = 0.015). Programmed death ligand 1 was positive in 18.8% 
of  cases, with higher expression in metastatic tumours, but this was not statis-
tically significant (p = 0.106). All PD-L1 positive tumours retained MMR pro-
teins. Galectin-9 expression tended to be higher in tumours with MMR loss and 
in PD-L1-positive cases, but correlations were not significant. Median OS was  
26.0 months, and no variable significantly affected survival in multivariate analysis.
Mismatch repair loss was more frequent in metastatic melanomas and associat-
ed with higher galectin-9 expression, whereas PD-L1 showed no clear link with 
MMR status. None of the associations reached statistical significance, emphasising 
the descriptive and exploratory nature of the study. 
These findings outline biomarker expression patterns in melanoma and support 
further investigation in larger cohorts, including patients treated with immune 
checkpoint inhibitors, to clarify their potential clinical relevance.
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Introduction

Malignant melanoma is a highly aggressive form 
and one of the most common skin cancer types that 
arises from the uncontrolled growth of pigment-pro-
ducing cells called melanocytes. In recent years, 
the incidence of malignant melanoma has risen dra-

matically worldwide. Although only 3% of  all skin 
cancers are melanoma, it is the reason behind 65% 
of deaths due to skin cancer [1].

Even if the  frequency of  melanoma is relatively 
rare, its high mortality rate makes it of  great im-
portance. Therefore, it is essential to avoid melano-
ma occurrence, and early diagnosis is vital to reach 
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the  necessary treatment. Malignant melanoma has 
a very high metastasis potential and is often resistant 
to standard treatment regimens. There is a wide va-
riety of treatment modalities in malignant melanoma 
that tumour-infiltrating lymphocytes also contribute 
to. For advanced stage 3 or 4 patients, chemothera-
py, palliative radiotherapy, and immunotherapy have 
recently emerged as promising treatment options 
[2, 3]. Over the  years, extensive research has been 
conducted to understand the molecular mechanisms 
underlying melanoma progression better and identify 
potential therapeutic targets. One area of  focus has 
been the  investigation of  immune checkpoints and 
their interactions with various signalling molecules in 
the tumour microenvironment [4]. 

Mismatch repair proteins are a group of enzymes 
responsible for maintaining genomic stability by cor-
recting errors that occur during DNA replication. 
Defects in DNA genes related to mismatch repair 
(MMR) can lead to the accumulation of DNA mu-
tations and microsatellite instability (MSI), contrib-
uting to tumour development and progression [4]. 
Different repair genes (MSH2, MSH6, MLH1, and 
PMS2) are related in this work and exist as heterod-
imers [5]. The  interpretation of  MMR protein ex-
pression by immunohistochemistry (IHC) can pro-
vide valuable information about the functional status 
of the MMR system in a tumour. In IHC, the expres-
sion of specific proteins or biomarkers is evaluated us-
ing antibodies that bind to the target proteins within 
the tissue sample. The commonly used immunohisto-
chemical markers in MMR deficiency are the 4 MMR 
proteins: MLH1, MSH2, MSH6, and PMS2. Evalu-
ating MMR protein expression by IHC is a practical 
and widely used approach to identify tumours with 
potential MMR deficiency [6, 7]. However, since 
MMR status is not solely dependent on protein loss 
but also on underlying genetic alterations, next-gen-
eration sequencing (NGS)-based panels are increas-
ingly being used to detect mutations in MMR genes 
or identify MSI. Next-generation sequencing can re-
veal germline or somatic mutations in MMR genes, 
thereby validating IHC findings and providing more 
comprehensive molecular-level information [8].

Recent studies have highlighted the  potential 
association between MMR protein expression and 
the immune response in cancer, including melanoma. 
One of the key immune checkpoints involved in mel-
anoma is programmed cell death-ligand 1 (PD-L1), 
which is expressed on tumour cells and interacts with 
the programmed cell death protein 1 (PD-1) receptor 
on immune cells. This interaction suppresses the im-
mune response, allowing tumour cells to evade im-
mune surveillance [9]. 

Programmed death ligand 1 expression has been 
shown to correlate with poor prognosis in melanoma 
patients, and targeting the  PD-1/PD-L1 axis with 

immune checkpoint inhibitors has demonstrated 
promising results in clinical trials [10]. 

Galectin-9 is another immune checkpoint mole-
cule defined initially as a ligand for T-cell immuno-
globulin and mucin domain-containing molecule 3 
(TIM-3). It belongs to a family of carbohydrate-bind-
ing proteins and is involved in regulating the func-
tions of  immune cells. Galectin-9 has been shown 
to have both pro- and anti-tumourigenic properties, 
depending on the context and cell types involved. In 
melanoma, galectin-9 expression has been associated 
with immune evasion and resistance to immunother-
apy, although the underlying mechanisms are not yet 
fully understood [11].

The  study aimed to investigate the  relationship 
between the expression of MMR protein, PD-L1, and 
galectin-9, which are immune checkpoint inhibitor 
(ICI) molecules in malignant melanoma.

Material and methods

Case selection

The study included 90 cases of malignant melano-
ma (60 primary and 30 metastatic melanoma) diag-
nosed 2010–2017 at the Department of Pathology, 
Faculty of Medicine, Karadeniz Technical University. 

Cases diagnosed with primary or metastatic malig-
nant melanoma histologically and having sufficient 
clinical and pathological information were included 
in the study. Clinical data of the cases were obtained 
through the hospital system. A pathologist reviewed 
the  formalin-fixed paraffin-embedded (FFPE) mela-
noma specimens, re-evaluated haematoxylin and eo-
sin-stained sections, and selected representative tu-
mour blocks for immunohistochemical analysis.

Immunohistochemical scoring

Assessment of mismatch repair protein expression

Epidermal keratinocytes and immune cells served 
as internal controls, while normal colon mucosa 
was used as an external control for MLH1, MSH2, 
MSH6, and PMS2. Tumours were initially classified 
as mismatch repair deficient (dMMR) if there was 
a complete loss of nuclear staining in tumour cells for 
one or more MMR proteins. Tumours with retained 
nuclear expression in all markers were considered 
MMR proficient (pMMR). For cases showing partial 
or heterogeneous loss of  MMR protein expression, 
NGS analysis of MMR genes was performed to con-
firm dMMR status, providing molecular validation 
of the IHC findings [12].

Assessment of programmed death ligand 1 expression

The 28-8 clone of the PD-L1 antibody was used. 
The percentage of complete circumferential or partial 
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linear plasma membrane staining in 4 areas was aver-
aged at 20´ magnification. Cytoplasmic and ground 
staining were not evaluated. As a threshold value, ac-
cording to previous studies and the melanoma eval-
uation guide of  the  commercial kit, staining below 
1% was considered negative. Cases with PD-L1 ≥ 1% 
staining were considered positive. Tonsillar tissue was 
used as the external positive control [13].

Assessment of galectin-9 expression

Clone 21B5 of  galectin 9 antibody was used. 
The percentage of cytoplasmic staining and staining 
intensity was evaluated using the H-score in 4 areas 
at 40´ magnification. Each slide was examined by 
dividing it into 4 quadrants for the H-score meth-
od, and staining intensity and percentage of all slides 
were evaluated. The intensity of staining was scored 
semiquantitatively as [3+(strong), 2+ (moderate), 
1+ (weak), and 0 (absent) intensity]. The percentage 
of staining is the ratio between the number of stained 
cells and the total number of cells in the same area. 
This was followed by a calculation of the histoscore 
(H-score) according to the following formula: H-score 
= 1*(%cell “1+”) +2*(%cell “2+”) +3*(%cell 
“3+”). Four separate H-scores (0–300) were deter-
mined for each case, and the average was taken [14]. 
Colon adenocarcinoma was used as the external posi-
tive control. Galectin-9 expression was evaluated ex-
clusively by IHC due to the  lack of available tissue 
material and experimental resources for additional 
functional assays, such as immune cell infiltration 
analysis or RNA profiling. While functional valida-
tion could provide further mechanistic insights, im-
munohistochemical evaluation allowed us to reliably 
assess the expression patterns of galectin-9 in our ma-
lignant melanoma cohort. Details of antibodies used 
in IHC are given in Table I.

Next-generation sequencing-based 
microsatellite instability analysis

Microsatellite instability status was evaluated by 
examining the following loci: BAT40(T)37, MONO-
27 (T)27, BAT26(A)27, NR24(T)23, BAT25(T)25, 
NR22(T)21, HSP110-T17(T)17, NR21(A)21, and 

BAT34C4(A)18. DNA was extracted from FFPE tu-
mour tissues using the QIAGEN GeneRead DNA/
RNA FFPE Kit. DNA quantity was measured using 
Qubit 4, ensuring sufficient material for downstream 
analysis, while quality was assessed via gel electro-
phoresis using the Qiaxcel system. Next-generation 
sequencing was performed on the Illumina NovaSeq 
platform. Bioinformatic analysis was conducted using 
Qiagen Clinical Insight Interpret and CLC Genomic 
Workbench. For FFPE-derived DNA, variants were 
considered reliable if they had a minimum read depth 
of 500×, an allele frequency of ≥ 5%, and a quality score 
> 200. Detected variants were classified according 
to the Tier classification system, and those deemed 
pathogenic or likely to be pathogenic were considered 
clinically significant. This approach enabled the mo-
lecular confirmation of  MSI status, particularly in 
cases with partial or heterogeneous loss of MMR pro-
tein expression identified by IHC, thereby providing 
robust validation of dMMR status.

Statistical analysis

All obtained data will be entered into the SPSS da-
tabase (IBM SPSS Statistics, version 27.0). Descrip-
tive statistics of the evaluation results will be present-
ed as follows: number and percentage for categorical 
data and mean, minimum, and maximum for interval 
data. The normal distribution of interval data will be 
examined using the Kolmogorov-Smirnov test. Com-
parisons of interval data between independent groups 
will be evaluated using Student’s t-test if the normal 
distribution condition is met and the Mann-Whitney 
U test if not. The differences between the H-scores 
of  the groups were studied using the non-paramet-
ric Kruskal-Wallis one-way analysis test and then 
the Mann-Whitney U  test. The χ2 test was used to 
compare the percentage data in the subgroups. Over-
all survival (OS) was calculated from the date of di-
agnosis to the date of death, or to the date of the last 
follow-up if the  patient was still alive. For survival 
analysis, univariate analysis was performed using 
the Kaplan-Meier method, and statistical significance 
was evaluated using the  log-rank test. Independent 
prognostic factors for OS were evaluated using multi-
variate Cox proportional hazards regression analysis. 

Table I. Details of antibodies used in immunohistochemistry 

Antibody Clone Vendor Dilution Method Control tissue

MLH-1 M1 Roche Ready to use Automated Colon

MSH-2 G219–1129 Cell marque Ready to use Automated Colon

MSH-6 44 Roche Ready to use Automated Colon

PMS2 EPR3947 Cell marque Ready to use Automated Colon

PD-L1 28–8 Abcam 2 µg/ml Automated Tonsil

Galectin-9 21B5 Lifespan 1/150 Automated Colon adenocarcinoma
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The hazard ratio (HR) was used to evaluate the effect 
of variables on overall survival. For all variables, 95% 
confidence intervals (CI) were calculated and properly 
presented when applicable. A  p-value of  less than 
0.05 was considered statistically significant.

Results

Patient characteristics

Our study included 90 cases of  malignant mela-
noma, comprising 60 primary and 30 metastatic 
melanomas, diagnosed in the  period 2010–2017. 
The mean age of the patients was 62.2 years (range 
17–92 years). Female patients accounted for 44.4%  
(n = 40), and male patients for 55.6% (n = 50). 
The anatomical distribution of melanoma was as fol-
lows: 44.4% in the head and neck, 17.8% in the trunk, 
8.9% in the upper limb, and 28.9% in the lower limb.

Among primary melanomas, histological subtypes 
included acral (n = 14, 15.5%), nodular (n = 31, 
34.4%), mucosal (n = 12, 13.3%), superficial (n = 1, 
1.1%), and lentigo maligna melanoma (n = 2, 2.2%). 
Of the 30 metastatic melanomas, 19 involved lymph 
nodes, 1 involved the  adrenal gland, 4 involved 
the brain, 3 involved the femur, 2 involved the mandi-
ble/maxilla, and 1 involved the soft tissue surrounding 
the femur.

Mismatch repair protein expression

Immunohistochemical evaluation revealed that 
MMR protein expression was preserved in 82 of 90 ca- 
ses (91.1%). The  distribution of  MMR loss was as 
follows: isolated MSH-6 loss in 3 cases (3.3%), com-
bined MSH-2/MSH-6 loss in 3 cases (3.3%), com-
bined PMS2/MLH-1 loss in 1 case (1.1%), and loss 
of all 4 proteins in 1 case (1.1%). Overall, complete 
MMR loss was observed in 6 cases, while partial loss  
(MSH-2/MSH-6) was observed in 2 cases. Subsequent 
NGS analysis confirmed MSI-high in both partially 
lost cases, indicating molecular evidence of MMR de-
ficiency.

Mismatch repair protein loss was detected in 5% 
of  primary melanomas (3/60) and 16.7% of  meta-
static melanomas (5/30), with a  statistically signifi-
cant difference between primary and metastatic cases 
(p = 0.015). The loss of MMR protein expression was 
8.8% (8/90) in malignant melanoma cases (Figure 1).  

Programmed death ligand 1 expression

Programmed death ligand 1 was negative in 73 cas-
es (81.1%) and positive (≥ 1%) in 17 cases (18.8%)  
(Figure 2). Among primary melanomas, 8/60 cases were 
PD-L1 positive, whereas 9/30 metastatic melanomas 
were PD-L1 positive. Programmed death ligand 1 ex-
pression was higher in metastatic melanomas compared 

to primary cases, although this difference did not reach 
statistical significance (p = 0.106). All PD-L1-positive 
cases had intact MMR protein expression, and no sig-
nificant correlation was observed between MMR pro-
tein loss and PD-L1 expression (p = 0.345).

Galectin-9 expression

The  average H-score for galectin-9 was higher 
in cases with MMR protein loss. Specifically, cases 
with isolated MSH-6 loss had an average H-score 
of  79.6%, while cases with combined loss of  2 or 
more MMR proteins had an average H-score of 36% 
(Figure 3). Cases without MMR protein loss had an 
average H-score of 37.5%. However, no statistically 
significant correlation was observed between galec-
tin-9 expression and MMR protein loss (p = 0.116).

Galectin-9 expression was also higher in 
PD-L1-positive cases (mean H-score: 48.4%) com-
pared to PD-L1-negative cases (36.6%), but this dif-
ference was not statistically significant (p = 0.371).

Survival analysis

Kaplan-Meier survival analysis demonstrated 
that the median OS for the cohort was 26.0 months  
(SE = 6.34; 95% CI: 13.60–38.44), indicating that 
half of  the patients survived beyond this time point 
(Figure 3). The mean OS was 43.9 months (SE = 5.10; 
95% CI: 33.90–53.87 months), reflecting the average 
survival duration for the entire study population.

The association between PD-L1 expression, MMR 
status, galectin-9 expression, and median OS is sum-
marised in Table II.

In multivariate Cox regression analysis, none 
of the evaluated factors reached statistical significance. 
Programmed death ligand 1-positive cases showed 
a HR of 0.588 (95% CI: 0.272–1.273; p = 0.178) 
compared to PD-L1-negative cases. Similarly, dMMR 
cases had an HR of  0.432 (95% CI: 0.151–1.236;  
p = 0.118) relative to pMMR cases. Galectin-9 H-score 
≥ 100 was associated with an HR of 1.298 (95% CI: 
0.545–3.089; p = 0.555) vs. H-score < 100. Tumour 
localisation in the  head and neck vs. trunk/extrem-
ity showed HRs of  1.463 (95% CI: 0.682–3.136;  
p = 0.328) and 0.582 (95% CI: 0.316–1.070;  
p = 0.082), respectively. Advanced-stage tumours 
demonstrated an HR of 1.399 (95% CI: 1.097–4.903; 
p = 0.269) compared to early-stage tumours. These 
findings are summarised in Table III.

It should be noted that ICI therapy was not ad-
ministered to any patients in this cohort, as ICIs were 
not reimbursed under the national healthcare system 
at the time of the study. Consequently, it was not pos-
sible to evaluate the  relationship between MMR or 
galectin-9 expression and response to ICI therapy in 
this population.
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Figure 1. A) Haematoxylin and eosin-stained section of melanoma at 400× magnification. B–E) MLH1, PMS2, MSH2, 
and MSH6 immunohistochemical staining with no expression loss are shown at 400× magnification. F–H) In another 
case, haematoxylin and eosin-stained section together with MLH1 and PMS2 loss are shown at 400× magnification 
(Nikon Eclipse E200 light microscope)
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Discussion 

The pathophysiologic and molecular mechanisms 
of cancer have been increasingly studied to identify 
potential targets for diagnosis and therapy. Mismatch 
repair proteins and immune checkpoint molecules are 

of particular interest in melanoma research and may 
represent potential avenues for further study.

In this study, MMR protein expression loss was 
observed more frequently in metastatic melanoma 
cases than in primary tumours. This finding aligns 

Figure 2. A) Haematoxylin and eosin-stained section.  
B, C) Programmed death ligand 1 membranous positivi-
ty and galectin-9 weak cytoplasmic positivity (Score 1) are 
shown at 400× magnification

All the figures belong to the same case (Nikon Eclipse E200 light microscope).
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Figure 3.  Kaplan-Meier overall survival (OS) curve for the study cohort (left) and Kaplan-Meier OS curves stratified by 
mismatch repair status (right)
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with previous reports suggesting that metastatic le-
sions may acquire additional mutations and genetic 
alterations during tumour progression, resulting in 
a more diverse genetic landscape [15].  Loss of MMR 
proteins could lead to increased MSI, which may in-
fluence tumour-immune interactions, although this 
study does not evaluate clinical outcomes.

The tumour microenvironment is known to influ-
ence immune responses, and metastatic melanomas 
often exhibit distinct microenvironmental features 
compared to primary tumours. These features in-
clude increased infiltration of  immunosuppressive 
cells and altered cytokine profiles, consistent with 
prior literature [16].

In our cohort, cases with MMR protein loss were 
classified as PD-L1 negative, indicating an absence 
of  detectable PD-L1 expression. This observation is 
consistent with previous studies reporting variable as-
sociations between PD-L1 and MMR/MSI status across 
different tumour types [17]. Similarly, higher galectin-9 
expression was observed in metastatic tumours, inclu- 
ding those with MMR protein loss, suggesting poten-
tial roles for alternative immune regulatory pathways, 
as previously reported in melanoma [18].

Importantly, falectin-9 has been shown to interact 
directly with PD-1 and TIM-3, thereby regulating 
T-cell apoptosis and contributing to tumour immune 
evasion [19]. This mechanistic evidence supports our 
observation that galectin-9 expression tended to be 
higher in PD-L1-positive cases, although not statis-
tically significant, and suggests that galectin-9 may 
function as a complementary or compensatory path-
way when PD-L1 is not dominant.

Recent clinical data have also highlighted the prog-
nostic role of galectin-9 in melanoma. For example, 
Díaz-García et al. demonstrated that circulating lev-
els of galectin-9 and TIM-3 independently predicted 
mortality in melanoma and lung cancer patients with 
obstructive sleep apnoea [20]. Although our cohort 
was not designed to evaluate circulating biomarkers, 
the higher galectin-9 scores in metastatic melanomas 
may reflect similar systemic immunoregulatory ac-
tivity, which warrants further investigation.

Earlier studies also support the  immunomodula-
tory role of galectin-9. Enninga et al. reported that 
galectin-9 promotes Th2/M2 polarisation, thereby 
creating a  more immunosuppressive microenviron-
ment, and linked this to survival outcomes in meta-
static melanoma [21]. While we did not observe sta-
tistically significant associations with overall survival, 
our findings of elevated galectin-9 expression in ad-
vanced disease stages are consistent with the concept 
that galectin-9 contributes to immune escape and 
tumour progression.

In addition, Wang et al. summarised the diverse 
and sometimes paradoxical roles of galectin-9 in skin 
disorders, including both pro-inflammatory and im-
munosuppressive functions [22]. These dual effects 
may partially explain why, in our study, galectin-9 
expression was higher in certain subgroups (e.g., 
dMMR- or PD-L1-positive tumours) but without 
significant prognostic impact. This complexity un-
derscores the importance of studying galectin-9 not 
in isolation but in combination with other checkpoint 
molecules such as PD-1, PD-L1, and TIM-3.

No statistically significant association was ob-
served between MMR status, PD-L1, or galectin-9 

Table II. Median overall survival according to biomarker status

Biomarker Subgroup Median 
OS 

(months)

p-value

PD-L1 
expression

Positive 44 0.416

Negative 20

MMR status dMMR 26 0.356

pMMR 20

Galectin-9 
expression

H-score > 100 17 0.521

H-score < 100 21

dMMR – deficient mismatch repair, MMR – mismatch repair, OS – overall 
survival, PD-L1 – programmed death ligand 1, pMMR –proficient mismatch 
repair

Table III. Multivariate Cox regression analysis of factors affecting overall survival

Factor Multivariate analysis

Hazard Ratio (log rank) 95% CI p-value

PD-L1 status (positive/negative) 0.588 0.272–1.273 0.178

MMR status (dMMR/pMMR) 0.432 0.151–1.236 0.118

Galectin-9 H-score (≥ 100/< 100) 1.298 0.545–3.089 0.555

Localisation (Head and neck/trunk/extremity) 1.463
0.582

0.682–3.136
0.316–1.070

0.328
0.082

Stage (advanced/early) 1.399 1.097–4.903 0.269
dMMR – deficient mismatch repair, MMR – mismatch repair, PD-L1 – programmed death ligand 1, pMMR –proficient mismatch repair
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expression and OS in this cohort. It should be em-
phasised that none of the patients received immune 
checkpoint inhibitors, limiting the  ability to draw 
predictive or prognostic conclusions. Therefore, 
the findings are descriptive and exploratory.

Overall, this study describes patterns of  MMR, 
PD-L1, and galectin-9 expression in primary and met-
astatic melanomas, highlighting the complexity of im-
mune checkpoint regulation. Mismatch repair loss was 
more frequent in metastatic melanomas, while PD-L1 
and galectin-9 expression did not significantly cor-
relate with MMR status and were not independent 
prognostic factors in this untreated cohort.

This study has some limitations. The  relatively 
small sample size may reduce statistical power, and 
the absence of immunotherapy-treated cases prevents 
assessment of treatment responses. Despite these lim-
itations, the findings provide a foundation for further 
research, particularly in cohorts treated with immune 
checkpoint inhibitors, to clarify the clinical relevance 
of these biomarkers.

Conclusions

This study provides a  descriptive and exploratory 
analysis of  MMR, PD-L1, and galectin-9 expression 
in melanoma. Mismatch repair deficiency was more 
frequently observed in metastatic tumours, whereas  
PD-L1 and galectin-9 expression did not show a clear 
association with MMR status. None of  the evaluated 
markers were significantly associated with survival in 
this cohort of patients who did not receive immuno-
therapy, indicating that the findings are primarily de-
scriptive. These results underscore the complexity of im-
mune checkpoint regulation in melanoma and highlight 
the need for further studies with larger patient cohorts, 
including those treated with immune checkpoint in-
hibitors, to better understand the potential clinical rel-
evance and prognostic value of these biomarkers.
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