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Abstract

Background: Immune modulation is central to cutaneous melanoma, and antitumor im-
mune responses may be influenced by host genetic background. This study investigated the
association between the interleukin-1β gene (IL1B) exon 5 synonymous single-nucleotide
polymorphism rs1143634 (+3954 C>T) and cutaneous melanoma in a Northeast Italian
case–control cohort. Methods: The study included 133 Caucasian patients with cutaneous
melanoma and 945 healthy controls from Northeast Italy. The rs1143634 polymorphism
was genotyped by PCR-restriction fragment length polymorphism (PCR-RFLP). Results:
Compared with healthy controls, melanoma patients showed higher frequencies of the
rs1143634 T allele [27.8% vs. 20.3%; odds ratio (OR) = 1.52, 95% confidence interval
(CI) = 1.13–2.03, p = 0.005] and CT genotype (43.6% vs. 31.6%; OR = 1.67, CI = 1.16–2.42,
p = 0.006), whereas the CC genotype was less frequent (50.4% vs. 63.9%; OR = 0.57,
CI = 0.40–0.83, p = 0.003). TT + CT genotypes were more frequent among non-metastatic
melanoma cases than controls (OR = 2.23, CI = 1.37–3.64, p = 0.001), but the direct compari-
son between metastatic and non-metastatic cases was not statistically significant. Among
melanoma patients, TT + CT carriers showed an inverse association with Stage IV disease
(OR = 0.38, CI = 0.15–0.94, p = 0.036) and a positive association with upper-limb melanoma
(OR = 9.10, CI = 1.11–75.0, p = 0.040); these subgroup findings were exploratory because of
small numbers and wide confidence intervals. Conclusions: These preliminary findings
suggest a possible association between IL1B rs1143634 T allele carriage and cutaneous
melanoma susceptibility in this cohort. The Stage IV and upper-limb observations should
be considered hypothesis-generating. Larger independent studies, correction-aware statis-
tical designs, cytokine or expression measurements, and functional validation are needed
to confirm these observations and clarify their biological relevance.

Keywords: cutaneous melanoma; skin cancer; IL1B; Interleukin-1beta; rs1143634; IL-1
family; single-nucleotide polymorphism; innate immunity; inflammation; case–control study

1. Introduction
Developing more personalized approaches to cutaneous melanoma prevention and

management remains a major challenge in current research [1,2]. Improved understanding
of immune modulation in cancer development may enhance patient management and
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cancer prevention through tailored therapeutic strategies [1–3]. In advanced melanoma,
immune-based therapies have improved overall survival in a subset of patients; however,
many patients still experience disease progression [2–4]. Therefore, identifying host factors
that may influence melanoma susceptibility remains a priority, and molecular genetic
studies are relevant within a precision-medicine framework [1–9].

A growing body of evidence indicates that multiple factors contribute to melanoma
risk. Host factors include fair skin, number of nevi, genetic background, inflammatory
responses, and oxidative stress. Environmental and lifestyle factors include ultravio-
let (UV) radiation exposure, especially intermittent sun exposure and sunburns, indoor
tanning, smoking, obesity, and selected pollutants [3,5,8,10–13]. Some candidate genes
have been identified through studies on hereditary predisposition [8,9], vitamin D-related
pathways [5,6], and innate immunity [7].

Despite recent advances, the role of immune modulation in cutaneous melanoma
susceptibility and aggressiveness remains incompletely understood [2–4,14]. Emerging
evidence suggests that interleukin-1β (IL-1β) may act as a driver of tumor initiation and
progression [14–16].

IL-1β is a pleiotropic cytokine and a key mediator of inflammation belonging to the
interleukin-1 family, which includes 11 cytokines and 11 receptors involved in orchestrating
innate immune responses [16]. IL-1β plays a central role in several physiological and
pathological processes, modulating immune responses to infection, tissue injury, and
tumors [7,14–17]. Notably, the IL-1 pro-inflammatory cytokines (including IL-1β and IL-1α)
can exert dual roles in cancer, contributing to either tumor promotion or suppression,
including metastasis [14–16].

IL-1β activity is complex and finely modulated. Upon binding to the type 1 IL-1
receptor (IL-1R1), IL-1β induces kinase cascades that activate several factors, including
nuclear factor kappa B (NF-κB) and cyclooxygenase-2 (COX-2), two biomarkers impli-
cated in cancer [14,16]. The IL-1 family of cytokines and receptors is involved in a broad
spectrum of immunological responses, including lymphocyte activation [16]. Moreover,
IL-1β promotes the production of interleukin-8 (IL-8/CXCL8), leading to recruitment and
activation of neutrophils and macrophages [14–17]. IL-1β activity is tightly modulated
by the interleukin-1 receptor antagonist (IL-1RA), which binds to IL-1 receptors without
triggering signaling. IL-1RA is encoded by the IL1RN gene, whose polymorphisms may
modulate the competing activity of IL-1RA and thereby influence IL-1β action [7,16].

Increasing evidence indicates that genetic polymorphisms in IL-1 family genes in-
fluence susceptibility to inflammatory and infectious diseases and cancer [7,16,18,19]. In
this context, a previous Italian study has shown that a variable number of tandem repeats
(VNTR) polymorphism in IL1RN is associated with cutaneous melanoma risk [7].

The human IL1B gene is located on chromosome 2 (2q13-2q21) [20]. Several studies
and meta-analyses [21,22] have investigated the role of the IL1B rs1143634 polymorphism
(previously referred to as +3954, +3953 or TaqI polymorphism), located in exon 5, in relation
to various diseases and multiple cancers, particularly gastric cancer, breast cancer, multiple
myeloma, intrahepatic cholangiocarcinoma, and lung cancer [21–24]. However, its role
across different tumor types remains incompletely defined, and further studies in cancers
of different tissue origins are warranted [21,22].

Currently, understanding the contribution of IL-1 family polymorphisms to cancer
poses an important challenge, particularly in melanoma research [7,14–16,21,22].

To date, the IL1B rs1143634 polymorphism has not been investigated in relation to
cutaneous melanoma. In this study, we evaluated the frequency of the IL1B rs1143634
polymorphism alleles and genotypes in a Caucasian population from Northeast Italy and
their association with cutaneous melanoma (M), including comparisons between metastatic
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melanoma (MetM, Stage III and IV) and non-metastatic melanoma (NMetM, Stage I and II)
cases. Melanoma patients were compared with a large cohort of healthy controls.

2. Materials and Methods
2.1. Population

Cutaneous melanoma patients and healthy controls were recruited and clinically
evaluated at the Dermatology Clinic of the University Hospital of Udine [7]. Diagnostic
procedures were performed according to standard clinical protocols. The study protocol
was approved by the Institutional Ethics Committee of the University of Udine and was
conducted in accordance with the Declaration of Helsinki. All participants provided written
informed consent before enrollment [7].

In this case–control study, 133 unrelated patients (age range: 31–89 years), either
hospitalized or outpatients, of both sexes, with a documented diagnosis of cutaneous
melanoma, were consecutively enrolled. The control group consisted of 945 asymptomatic
healthy individuals of both sexes (age range: 30–90 years), matched for age, sex, and
ancestry with melanoma patients. Among healthy controls, 458 subjects (of which 148
were healthy non-athlete males and 310 were healthy non-athlete females without bacterial
vaginosis) had been previously included in earlier studies [18,25]. Genotyping for the
previously collected controls was performed using the same PCR-RFLP protocol in the
same laboratory, although the possibility of residual batch or selection effects cannot be
fully excluded and is addressed as a study limitation.

Inclusion criteria for all participants were: Caucasian origin, residence in Friuli-Venezia
Giulia (FVG) Region, an Italian territory at the border with Austria and Slovenia, and at
least two Italian grandparents born in the FVG Region (or in the Austro-Hungarian territory
prior to World War I), as described [5–7]. Ancestry was based on self-reported family history;
genetic ancestry markers were not used. Exclusion criteria for healthy controls included
any history of malignant or benign tumors and major acute or chronic diseases, including
severe autoimmune conditions such as type 1 diabetes [5–7,18]. This strict definition of
healthy controls may have generated a selected control group, and this issue is considered
in the limitations. The healthy control group included 475 males and 470 females.

Cutaneous melanoma diagnosis was based on histopathological examination follow-
ing surgical excision of suspicious lesions identified through clinical and dermoscopic
evaluation. Tumor staging was determined according to clinical, histological, and ra-
diological criteria, as described [7,26]. Metastatic melanoma (MetM) comprised Stage
III regional metastatic disease and Stage IV distant metastatic disease; non-metastatic
melanoma (NMetM) comprised Stage I and II disease. Only cutaneous, not mucosal,
melanomas were included. In patients with multiple melanomas, the index melanoma was
defined as the primary melanoma with the highest T category and was used for the present
analyses [7,26]. All non-metastatic patients were followed for at least 5 years after the first
melanoma diagnosis to assess the absence of metastasis development.

Each participant completed a structured questionnaire collecting demographic data,
medical history, family history of cancer, and smoking habits, as previously described [5–7].
Skin phototype was assessed according to the Fitzpatrick classification criteria [27]. Body
mass index (BMI) was calculated as weight (kg) divided by height squared (m2); BMI
values ≥ 30 kg/m2 were classified as obesity.

2.2. Genetic Analysis of IL1B rs1143634 (+3954 C>T) Polymorphism

The IL1B rs1143634 polymorphism was genotyped as previously described [18,25].
Genomic DNA was extracted from ethylenediaminetetraacetic acid (EDTA)-treated
peripheral venous blood samples [25]. The polymorphism located in exon 5 was
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analyzed using the following primers: 5′-GTTGTCATCAGACTTTGACC-3′ and 5′-
TTCAGTTCATATGGACCAGA-3′, as described [18,25,28]. The rs1143634 SNP is a syn-
onymous substitution (Phe105Phe), in which the codon TTC is mutated to TTT [28]. PCR-
amplified products were digested with the TaqI restriction enzyme, generating fragments of
249 bp (allele T) and fragments of 135 bp plus 114 bp (allele C) [18]. Based on fragment pat-
terns, genotypes were classified as follows: TT (one fragment, 249 bp), CT (three fragments:
249, 135, and 114 bp), and CC (two fragments: 135 and 114 bp). All genotyping procedures
were performed with laboratory personnel blinded to clinical and demographic data.

2.3. Statistical Analysis

Continuous variables were expressed as mean ± standard deviation (SD) and com-
pared using Student’s t-test for independent samples after inspection of distributional
assumptions; variables with sparse observations or skewed distributions were interpreted
cautiously. Deviations from the Hardy–Weinberg equilibrium (HWE) of genotype distribu-
tions were assessed in melanoma patients and healthy controls separately, using exact tests
because of the small TT genotype count. Odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated for categorical variables. Statistical significance was evaluated using
two-sided Pearson’s chi-square or Fisher’s exact test, as appropriate. The primary genetic
model was a dominant model comparing T allele carriers (TT + CT genotypes) with CC
homozygotes, used as the reference group [25].

A two-sided p-value ≤ 0.050 was considered statistically significant, while p ≤ 0.100
was considered indicative of a trend and denoted by ˆ. Analyses of Stage IV disease,
anatomical localization, and the many clinicopathological variables were considered ex-
ploratory and hypothesis-generating because no formal multiple-testing correction was
applied. Multivariable logistic regression among melanoma patients evaluated the asso-
ciation between IL1B rs1143634 T allele carriage and selected melanoma clinical features
after adjustment for age at first melanoma diagnosis and sex. Due to the limited number of
events for some outcomes, the adjusted models were intentionally restricted to these two
variables to avoid overfitting. A multivariable melanoma-versus-control model including
phototype, nevi, sunburn history, indoor tanning, smoking, BMI, and other host factors
could not be performed because these variables were not available in a harmonized format
for all controls. Statistical analyses were performed using SPSS for Windows (SPSS Inc.,
Chicago, IL, USA), version 28 software.

3. Results
All 1078 study participants (133 cutaneous melanoma patients and 945 healthy con-

trols) were Italian Caucasian residents in Northeast Italy. The mean ± SD age of melanoma
patients was 60.9 ± 12.8 years, with no significant difference compared with that of healthy
controls (60.0 ± 15.9 years). Cases and controls did not differ for male sex (75/133 versus
475/945, OR = 1.28, CI = 0.89–1.84, p = 0.186).

3.1. Comparison of IL1B rs1143634 (+3954 C>T) Genotypes in Cutaneous Melanoma Patients and
Healthy Controls (Table 1)

In the overall 1078 study participants, the most frequent allele was C (78.8%,
1699/2156), followed by the T allele (21.2%, 457/2156). Genotype frequencies were as
follows: TT 6.0%, CT 43.6%, and CC 50.4% in melanoma patients, and TT 4.4%, CT 31.6%,
and CC 63.9% in healthy subjects. Genotype distributions were in Hardy–Weinberg equi-
librium in both melanoma patients (exact p = 0.392) and healthy controls (exact p = 0.546).
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The homozygous TT genotype did not differ significantly between groups, as illus-
trated in Table 1. In contrast, the heterozygous CT genotype was significantly more frequent
in melanoma patients than in controls (OR = 1.67, p = 0.006). The homozygous CC genotype
was less frequent among melanoma patients than controls (OR = 0.57, p = 0.003).

Table 1. Genotype and allele frequencies of the IL1B rs1143634 polymorphism in 133 cutaneous
melanoma patients compared with 945 healthy controls.

Melanoma Patients
(n = 133)

Healthy Controls
(n = 945)

OR (CI), p Value,
Melanoma vs. Healthy Subjects

IL1B genotype
TT 8 (6.0%) 42 (4.4%) 1.38 (0.63–3.00), 0.422
CT 58 (43.6%) 299 (31.6%) 1.67 (1.16–2.42), 0.006
CC 67 (50.4%) 604 (63.9%) 0.57 (0.40–0.83), 0.003

TT + CT 66 (49.6%) 341 (36.1%) 1.74 (1.21–2.51), 0.003
IL1B allele

Allele T 74/266
(27.8%)

383/1890
(20.3%) 1.52 (1.13–2.03), 0.005

Allele C 192/266
(72.2%)

1507/1890
(79.7%) 0.66 (0.49–0.88), 0.005

Differences between groups were evaluated by OR and CI for categorical variables. Statistically significant
differences are indicated in bold.

Carriers of the T allele (TT + CT genotypes) were more frequent among melanoma
patients than among healthy controls (OR = 1.74, p = 0.003). Consistently, the T allele
frequency was higher in melanoma patients (27.8%) than in healthy subjects (20.3%)
(OR = 1.52, p = 0.005).

3.2. Comparison of IL1B rs1143634 Genotypes in Metastatic (MetM) and Non-Metastatic
(NMetM) Cutaneous Melanoma Patients (Table 2)

No significant differences in genotype distribution were observed between MetM and
NMetM patients, as illustrated in Table 2. MetM included Stage III regional metastatic
disease and Stage IV distant metastatic disease, whereas NMetM included Stage I and
II disease without metastasis after follow-up. When comparing 63 MetM patients with
healthy controls, no statistically significant differences were found, although the TT + CT
genotypes were slightly more frequent in MetM patients (42.9%) than in healthy subjects
(36.1%) (OR = 1.33, p = 0.281). Therefore, the study did not detect a statistically significant
difference between metastatic and non-metastatic melanoma cases.

In contrast, comparison of 70 NMetM patients with healthy controls showed that the
CT genotype was associated with increased odds (OR = 2.04, p = 0.004) and the TT + CT
genotypes were also associated with approximately two-fold increased odds (OR = 2.23,
p = 0.001), while the CC genotype was less frequent in NMetM patients than in controls
(OR = 0.45, p = 0.001). This comparison should not be interpreted as evidence of a differen-
tial effect between MetM and NMetM because the direct MetM-versus-NMetM comparison
was not statistically significant.

Frequencies of alleles T and C did not differ significantly between MetM and NMetM
groups or between MetM patients and healthy subjects, while the T allele was more frequent
(OR = 1.80, p = 0.002), and the C allele was less frequent (OR = 0.55, p = 0.002) in NMetM
patients than in healthy controls (Table 2).
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Table 2. Genotype and allele frequencies of IL1B rs1143634 polymorphism comparisons between
63 metastatic melanoma (MetM) patients, 70 non-metastatic melanoma (NMetM) patients, and
945 healthy controls.

MetM
(n = 63)

NMetM
(n = 70)

OR (CI),
p Value,

MetM vs. NMetM

OR (CI),
p Value,

MetM vs. Healthy
Controls (n = 945)

OR (CI),
p Value,

NMetM vs. Healthy
Controls (n = 945)

IL1B genotype

TT 3
(4.8%)

5
(7.1%) 0.65 (0.15–2.84), 0.567 1.07 (0.32–3.57), 0.906 1.65 (0.63–4.32), 0.305

CT 24 (38.1%) 34 (48.6%) 0.65 (0.33–1.30), 0.225 1.33 (0.79–2.25), 0.289 2.04 (1.25–3.33), 0.004
CC 36 (57.1%) 31 (44.3%) 1.68 (0.84–3.33), 0.140 0.75 (0.45–1.26), 0.281 0.45 (0.27–0.73), 0.001

TT + CT 27 (42.9%) 39 (55.7%) 0.60 (0.30–1.18), 0.140 1.33 (0.79–2.23), 0.281 2.23 (1.37–3.64), 0.001
IL1B allele

Allele T 30/126
(23.8%)

44/140
(31.4%) 0.68 (0.40–1.17), 0.167 1.23 (0.80–1.88), 0.340 1.80 (1.24–2.62), 0.002

Allele C 96/126
(76.2%)

96/140
(68.6%) 1.47 (0.85–2.53), 0.167 0.81 (0.53–1.24), 0.340 0.55 (0.38–0.81), 0.002

Differences between groups were evaluated by OR and CI for categorical variables. Statistically significant
differences are indicated in bold.

3.3. Demographic and Clinical Characteristics of Melanoma Patients by IL1B TT + CT Genotypes
and CC Genotype (Table 3)

The main demographic and clinical characteristics of the 133 melanoma patients are
summarized in Table 3. Differences between T allele carriers (TT + CT genotypes, n = 66)
and CC homozygotes (n = 67) were examined among melanoma patients.

Table 3. Comparison of clinical characteristics between the two genetic subgroups of IL1B rs1143634
polymorphism, TT + CT genotypes (n = 66) versus CC genotypes (n = 67) among 133 melanoma patients.

Characteristic
TT + CT

Genotypes
(n = 66)

CC
Genotype

(n = 67)

OR (CI)
TT + CT
vs. CC

p Value
TT + CT
vs. CC

Age < 50 years at study enrollment, n (%) 12 (18.2) 17 (25.4) 0.65 (0.28–1.50) 0.317
Age at study enrollment, years, mean ± SD 62.5 ±12.9 59.3 ± 12.7 - 0.151

Age < 50 years at melanoma diagnosis 20 (30.3) 27 (40.3) 0.64 (0.31–1.32) 0.229
Age at melanoma diagnosis, years, mean ± SD 55.8 ± 13.5 52.6 ± 13.9 - 0.186

Females, n (%) 32 (48.5) 26 (38.8) 1.48 (0.75–2.96) 0.261
Males, n (%) 34 (51.5) 41 (61.2) 0.67 (0.34–1.34) 0.261

All grandparents born in FVG 45 (68.2) 51 (76.1) 0.67 (0.31–1.44) 0.308
BMI ≥ 30 kg/m2, n (%) 12 (18.2) 10 (14.9) 1.27 (0.51–3.17) 0.614
Present smoker, n (%) 4 (6.1) 8 (11.9) 0.48 (0.14–1.66) 0.245

Ever smoker, n (%) 33 (50.0) 32 (47.8) 1.09 (0.55–2.16) 0.796
Phototype 1 and 2, n (%) 40 (60.6) 37 (55.2) 1.25 (0.63–2.49) 0.530

Nevi ≥ 50, n (%) 30 (45.5) 36 (53.7) 0.72 (0.36–1.42) 0.340
Low/no tanner, n (%) 36 (54.5) 38 (56.7) 0.92 (0.46–1.82) 0.801

Burns over 5 lifelong, n (%) 35 (53.0) 36 (53.7) 0.97 (0.49–1.92) 0.935
Indoor tanning ≥ 1 ever, n (%) 12 (18.2) 18 (26.9) 0.60 (0.26–1.38) 0.233

MetM, n (%) 27 (40.9) 36 (53.7) 0.60 (0.30–1.18) 0.140
Stage I, n (%) 30 (45.5) 22 (32.8) 1.70 (0.84–3.44) 0.137
Stage II, n (%) 9 (13.6) 9 (13.4) 1.02 (0.38–2.75) 0.973
Stage III, n (%) 19 (28.8) 18 (26.9) 1.10 (0.51–2.35) 0.805
Stage IV, n (%) 8 (12.1) 18 (26.9) 0.38 (0.15–0.94) 0.036
Trunk, n (%) 34 (51.5) 41 (61.2) 0.67 (0.34–1.34) 0.261

Upper limb, n (%) 8 (12.1) 1 (1.5) 9.10 (1.11–75.0) 0.040
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Table 3. Cont.

Characteristic
TT + CT

Genotypes
(n = 66)

CC
Genotype

(n = 67)

OR (CI)
TT + CT
vs. CC

p Value
TT + CT
vs. CC

Lower limb, n (%) 16 (24.2) 12 (17.9) 1.47 (0.63–3.40) 0.372
Hands/feet, n (%) 3 (4.5) 5 (7.5) 0.59 (0.14–2.58) 0.483
Head/neck, n (%) 5 (7.6) 8 (11.9) 0.60 (0.19–1.95) 0.400

Superficial spreading, n (%) 34 (51.5) 36 (53.7) 0.91 (0.46–1.81) 0.798
Nodular, n (%) 24 (36.4) 21 (31.3) 1.25 (0.61–2.57) 0.541

Acral lentiginous, n (%) 2 (3.0) 3 (4.5) 0.67 (0.11–4.12) 0.663
Lentigo maligna, n (%) 1 (1.5) 1 (1.5) 1.02 (0.06–16.6) 0.991

Spitzoide, n (%) 2 (3.0) 3 (4.5) 0.67 (0.11–4.12) 0.663
Other histologic subtypes, n (%) 4 (6.1) 5 (7.5) 0.80 (0.21–3.12) 0.748

Breslow thickness, mm, mean ± SD 1.84 ± 1.63 2.25 ± 2.05 - 0.202
Ulceration, n (%) 23 (34.8) 28 (41.8) 0.74 (0.37–1.50) 0.411

Mitosis ≥ 1 per mm2, n (%) 44 (67.7) b 39 (59.1) c 1.45 (0.71–2.96) 0.308
Regression, n (%) 9 (13.8) b 11 (16.7) c 0.80 (0.31–2.09) 0.654

Brisk positive TILs a, n (%) 19 (29.2) b 19 (28.8) c 1.02 (0.48–2.17) 0.956
Non-brisk TILs a, n (%) 22 (33.8) b 25 (37.9) c 0.84 (0.41–1.72) 0.631

TILs a absence, n (%) 23 (35.4) b 22 (33.3) c 1.10 (0.53–2.25) 0.805
More than 1 melanoma, n (%) 9 (13.6) 12 (17.9) 0.72 (0.28–1.85) 0.500

Additional non-melanoma skin cancer, n (%) 10 (15.2) 12 (17.9) 0.82 (0.33–2.05) 0.669
Additional non-skin cancer, n (%) 16 (24.2) 13 (19.4) 1.33 (0.58–3.04) 0.500

Melanoma familiarity, n (%) 9 (13.6) 9 (13.4) 1.02 (0.38–2.75) 0.973
Dead ≤ 5 years from first diagnosis 7 (10.6) 11 (16.4) 0.60 (0.22–1.67) 0.331

Differences between groups were evaluated by OR and CI for categorical variables and by Student’s t-test for
continuous variables. a TILs, tumor-infiltrating lymphocytes. b Data were available for 65 patients. c Data were
available for 66 patients. Significant differences are indicated in bold.

The proportions of melanoma patients aged < 50 years at study entry and at first
melanoma diagnosis were lower for TT + CT genotype carriers, but the differences were
not statistically significant.

The proportion of patients with Stage IV melanoma was lower in TT + CT than in
CC carriers (12.1% versus 26.9%, OR = 0.38, p = 0.036). Conversely, melanoma localization
in the upper limbs was more frequent among TT + CT than CC carriers (12.1% versus
1.49%, OR = 9.10, p = 0.040). Because these analyses involved small subgroups and many
comparisons, these findings should be regarded as exploratory. In a sensitivity analysis
based on the anatomical definition of the upper extremity, one patient (CC genotype) with
melanoma localized on the hand was added to the upper-limb group. This attenuated the
association (12.1% TT + CT versus 2.98% CC carriers; OR = 4.48, CI = 0.91–22.0, p = 0.064 ˆ).

No additional significant differences were observed between the TT + CT and CC
genotype groups.

The study comprised 26 patients with Stage IV melanoma; their genotype distribu-
tion was: TT 3.8% (1/26), CT 26.9% (7/26), and CC 69.2% (18/26). In the remaining
107 melanoma patients, frequencies were: TT 6.5% (7/107), CT 47.7% (51/107), and CC
45.8% (49/107). Comparative analysis between these two groups showed: TT, OR = 0.57,
CI = 0.07–4.86, p = 0.608; CT, OR = 0.40, CI = 0.16–1.04, p = 0.061 ˆ; and CC, OR = 2.66,
CI = 1.07–6.65, p = 0.036. These subgroup results were not corrected for multiple testing
and should be considered hypothesis-generating.

When Stage IV melanoma cases were compared with healthy controls, no significant
differences in genotype distribution were observed: TT, OR = 0.86, CI = 0.11–6.50, p = 0.884;
CT, OR = 0.80, CI = 0.33–1.91, p = 0.610; and CC, OR = 1.27, CI = 0.55–2.95, p = 0.578.
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3.4. Multivariable Logistic Regression Analysis Among Melanoma Patients

In multivariable logistic regression analyses, after adjusting for age at first melanoma
diagnosis and sex and comparing TT + CT genotypes with CC homozygotes used as the
reference group, carriage of the IL1B rs1143634 TT + CT genotypes was not significantly
associated with metastatic melanoma status. The crude OR for metastatic versus non-
metastatic melanoma was 0.60, CI = 0.30–1.18, p = 0.140, and remained non-significant after
adjustment for age at first melanoma diagnosis and sex, adjusted OR = 0.62, CI = 0.31–1.25,
p = 0.180. Adjustment was limited to age and sex because additional melanoma risk factors
were not available in a harmonized format for all controls and because the number of
events was limited for subgroup outcomes.

TT + CT carriage was inversely associated with Stage IV disease. The crude OR was
0.38, CI = 0.15–0.94, p = 0.036, and the association remained similar after adjustment for
age at first diagnosis and sex, aOR = 0.38, CI = 0.15–0.96, p = 0.041. TT + CT carriage
was also associated with upper-limb melanoma localization. The crude OR was 9.10,
CI = 1.11–74.98, p = 0.040, and the age- and sex-adjusted aOR was 11.45, CI = 1.33–98.97,
p = 0.027. When hand localization was included with upper-limb melanomas, the associa-
tion was attenuated but remained directionally consistent, with an age- and sex-adjusted
aOR of 5.51, CI = 1.07–28.35, p = 0.041. These adjusted subgroup analyses were exploratory
and imprecise, as indicated by the small numbers and wide confidence intervals.

3.5. Clinical Characteristics of Patients with Upper-Limb Melanoma (Table 4)

As illustrated in Table 4, when comparing nine melanoma patients with upper-limb
tumors with the remaining 124 melanoma patients, the only nominally significant findings
were a higher frequency of the CT heterozygous genotype (OR = 5.01, p = 0.050) and a lower
frequency of the CC homozygous genotype (OR = 0.11, p = 0.040). Given the very small
number of upper-limb cases and the number of tested variables, these findings should be
interpreted as exploratory. The proportion of patients in Stage II showed a trend toward
higher frequency (OR = 3.63, p = 0.089 ˆ) among participants with melanoma in the upper
limbs compared to other sites. None of the patients with upper-limb localization had
multiple melanomas, but this finding was not statistically significant.

Table 4. Comparison of clinical characteristics between 9 patients with upper-limb melanoma and
124 patients with other melanoma localizations, among a total of 133 melanoma patients.

Characteristic
Upper-Limb
Melanoma

(n = 9)

Other Body Sites
Melanoma
(n = 124)

OR (CI) p Value

TT genotype, n (%) 1 (11.1) 7 (5.6) 2.09 (0.23–19.1) 0.514
CT genotype, n (%) 7 (77.8) 51 (41.1) 5.01 (1.00–25.1) 0.050
CC genotype, n (%) 1 (11.1) 66 (53.2) 0.11 (0.01–0.90) 0.040

Age < 50 years, at study enrollment n (%) 3 (33.3) 26 (21.0) 1.88 (0.44–8.05) 0.392
Age at study enrollment, years, mean ± SD 54.1 ± 12.5 61.4 ± 12.8 - 0.101

Age < 50 years at melanoma diagnosis 5 (55.6) 42 (33.9) 2.44 (0.62–9.57) 0.201
Age at melanoma diagnosis, years, mean ± SD 46.9 ± 11.7 54.7 ± 13.8 - 0.099 ˆ

Females, n (%) 5 (55.6) 53 (42.7) 1.67 (0.43–6.54) 0.458
Males, n (%) 4 (44.4) 71 (57.3) 0.60 (0.15–2.33) 0.458

All grandparents born in FVG 6 (66.7) 90 (72.6) 0.76 (0.18–3.19) 0.703
BMI ≥ 30 kg/m2, n (%) 2 (22.2) 20 (16.1) 1.49 (0.29–7.68) 0.637
Present smoker, n (%) 2 (22.2) 10 (8.1) 3.26 (0.60–17.8) 0.173

Ever smoker, n (%) 4 (44.4) 61 (49.2) 0.83 (0.21–3.22) 0.783
Phototype 1 and 2, n (%) 7 (77.8) 70 (56.5) 2.70 (0.54–13.5) 0.227

Nevi ≥ 50, n (%) 4 (44.4) 62 (50.0) 0.80 (0.21–3.12) 0.748
Low/no tanner, n (%) 7 (77.8) 67 (54.0) 2.98 (0.59–14.9) 0.184

https://doi.org/10.3390/genes17070786

https://doi.org/10.3390/genes17070786


Genes 2026, 17, 786 9 of 16

Table 4. Cont.

Characteristic
Upper-Limb
Melanoma

(n = 9)

Other Body Sites
Melanoma
(n = 124)

OR (CI) p Value

Burns over 5, n (%) 4 (44.4) 67 (54.0) 0.68 (0.17–2.66) 0.580
Indoor tanning ≥ 1 ever, n (%) 2 (22.2) 28 (22.6) 0.98 (0.19–4.98) 0.980

MetM, n (%) 4 (44.4) 59 (47.6) 0.88 (0.23–3.44) 0.856
Stage I, n (%) 2 (22.2) 50 (40.3) 0.42 (0.08–2.12) 0.295
Stage II, n (%) 3 (33.3) 15 (12.1) 3.63 (0.82–16.1) 0.089 ˆ
Stage III, n (%) 3 (33.3) 34 (27.4) 1.32 (0.31–5.59) 0.703
Stage IV, n (%) 1 (11.1) 25 (20.2) 0.49 (0.06–4.14) 0.516

Superficial spreading, n (%) 6 (66.7) 64 (51.6) 1.87 (0.45–7.83) 0.389
Nodular, n (%) 3 (33.3) 42 (33.9) 0.98 (0.23–4.10) 0.974

Acral lentiginous, n (%) 0 (-) 5 (4.0) 1.14 (0.06–22.3) 0.929
Lentigo maligna, n (%) 0 (-) 2 (1.6) 2.58 (0.12–57.7) 0.550

Spitzoide, n (%) 0 (-) 5 (4.0) 1.14 (0.06–22.3) 0.929
Other histologic subtypes, n (%) 0 (-) 9 (7.3) 0.64 (0.03–11.9) 0.764

Breslow thickness, mm, mean ± SD 2.31 ± 1.57 2.03 ± 1.88 - 0.659
Ulceration, n (%) 5 (55.6) 46 (37.1) 2.12 (0.54–8.29) 0.280

Mitosis ≥ 1 per mm2, n (%) 7 (77.8) 76 (62.3) b 2.12 (0.42–10.6) 0.362
Regression, n (%) 0 (-) 20 (16.4) b 0.26 (0.01–4.70) 0.364

Brisk positive TILs a, n (%) 3 (33.3) 35 (28.7) b 1.24 (0.29–5.25) 0.767
Non-brisk TILs a, n (%) 4 (44.4) 43 (35.2) b 1.47 (0.37–5.76) 0.581

TILs a absence, n (%) 2 (22.2) 43 (35.2) b 0.52 (0.10–2.64) 0.434
More than 1 melanoma, n (%) 0 (-) 21 (16.9) 0.25 (0.01–4.52) 0.350

Additional non-melanoma skin cancer, n (%) 1 (11.1) 21 (16.9) 0.61 (0.07–5.17) 0.653
Additional non-skin cancer, n (%) 1 (11.1) 28 (22.6) 0.43 (0.05–3.57) 0.434

Melanoma familiarity, n (%) 1 (11.1) 17 (13.7) 0.79 (0.09–6.69) 0.826
Dead ≤ 5 years from first diagnosis 1 (11.1) 17 (13.7) 0.79 (0.09–6.69) 0.826

Differences between groups were evaluated by OR and CI for categorical variables and by Student’s t-test for
continuous variables. a TILs, tumor-infiltrating lymphocytes; b Data were available for 122 patients. Significant
differences are indicated in bold, and tendencies were evidenced with superscript ˆ.

4. Discussion
This study, performed in a Northeast Italian case–control cohort, represents the first

investigation of the IL1B rs1143634 (+3954 C>T) polymorphism in cutaneous melanoma. T
allele (TT + CT genotypes) carriage was 1.74-fold more frequent in melanoma patients than
in healthy controls, suggesting a possible association with melanoma susceptibility in this
population. In contrast, the direct comparison between metastatic melanoma (MetM) and
non-metastatic melanoma (NMetM) was not statistically significant; therefore, these data
do not establish a differential effect of rs1143634 on metastatic status. Among melanoma
patients, the TT + CT genotype group was less frequent, whereas the CC genotype was more
frequent (OR = 2.66, p = 0.036) in Stage IV melanoma patients than in non-Stage IV patients.
Moreover, the TT + CT genotype group was more frequent (OR = 9.10, p = 0.040) in patients
with melanoma localized in the upper limbs than in other anatomical sites. However,
Stage IV and upper-limb observations have to be retained as exploratory, hypothesis-
generating findings because they are based on small subgroups, wide confidence intervals,
and multiple uncorrected comparisons.

Genotype distributions in this cohort were: TT 6.0%, CT 43.6%, CC 50.4% in all
133 melanoma patients; TT 7.1%, CT 48.6%, CC 44.3% in NMetM; TT 4.8%, CT 38.1%, CC
57.1% in MetM; and TT 4.4%, CT 31.6%, CC 63.9% in healthy controls. These findings are
broadly consistent with previous Italian data from healthy subjects, including 406 healthy
women from Northeast Italy showing genotype frequencies of TT 3.7%, CT 33.7%, CC
62.6% [18], and 546 healthy controls from Tuscany (Central Italy) showing TT 6.0%, CT
33.3%, CC 60.6% [29]. The allele frequencies that we found in the healthy Italian population
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(79.7% C allele and 20.3% T allele) were closely comparable to those reported in European
populations (79.0% C allele and 21.0% T allele) [30].

4.1. Biological Interpretation of IL1B rs1143634

IL-1β is a pleiotropic cytokine with context-dependent roles in cancer
biology [14–16,31,32]. IL-1β may contribute to tumor-promoting inflammation, angio-
genesis, immunosuppression, and tumor-cell invasiveness in some settings, while also
participating in host defense and antitumor immunity in others [14–16,31–43]. This
duality provides a plausible biological framework for future studies, but it should not
be interpreted as direct evidence that rs1143634 modifies IL-1β activity in the patients
analyzed here.

The rs1143634 variant is a synonymous SNP; therefore, the C-to-T transition does not
alter the encoded amino acid sequence of IL-1β. Previous studies have suggested that this
variant, or variants in linkage disequilibrium with it, may be associated with increased
IL-1β production in some settings [19,21,44,45]. Of note, a study showed that in patients
with coronary heart disease, the rs1143634 T allele was associated with increased C-reactive
protein (CRP), an inflammatory marker induced mainly by IL-6, synergized by IL-1β [46].

However, results across diseases and populations have been inconsistent, and the
present study did not measure circulating IL-1β, CRP, inflammasome activation, IL1B
expression, IL-1 receptor signaling, or the inflammatory microenvironment in melanoma
tissue. Consequently, the biological mechanism underlying the observed association re-
mains unresolved.

In our cohort of melanoma patients, the TT + CT genotypes did not differ from the
CC genotype for main demographic characteristics, sex, or several established melanoma
risk factors, such as fair skin or number of nevi. Likewise, the TT + CT genotype group
was not associated with known risk factors for severe melanoma, such as tumor thickness,
ulceration, and others. The only statistically significant finding was the lower proportion
of T allele carrier patients aged < 50 years at study entry; however, this variable was not
statistically significant for age < 50 years at first melanoma diagnosis. Larger studies are
warranted to assess whether T carriers are less likely to develop melanoma before 50 years
of age.

The current data demonstrate a statistical association rather than a functional role of
IL1B rs1143634 in cutaneous melanoma. The comprehensive effects of the rs1143634 T allele
on IL-1β activity may be influenced by interactions with several elements involved in the
entire IL-1 pathway.

In studies performed in different cancers, the IL-1B rs1143634 CT genotype and T
allele have been associated with increased cancer risk, although with heterogeneity with
respect to ethnicity [21]. Our data are consistent with some studies on other cancers,
particularly gastric cancer [21,22,29]. However, the functional impact of the rs1143634 SNP
remains unclear.

The association of the IL1B rs1143634 polymorphism with cancer was examined in
detail by Jafrin and colleagues [21]; pooled analysis revealed a borderline significant associ-
ation with increased overall cancer risk when comparing TT versus CT + CC genotypes
(OR = 1.14, CI = 1.04–1.25, p = 0.006), and when comparing T versus C alleles (OR = 1.08,
CI = 1.00–1.17, p = 0.039). Subgroup analysis showed that the rs1143634 C>T polymorphism
is associated with an increased risk of gastric cancer, breast cancer, and multiple myeloma,
while no significant associations were found for lung, colorectal, and prostate cancers [21].
Asian populations showed a significantly higher risk of cancer development compared to
other ethnic groups [21].
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4.2. Metastatic Status and Stage IV Disease

The distinction between melanoma susceptibility, metastatic status, and Stage IV
disease is important. In this cohort, MetM included Stage III regional metastatic disease
and Stage IV distant metastatic disease, whereas NMetM included Stage I and II disease. T
allele carriage was more frequent in NMetM patients than in healthy controls, whereas non-
significant differences were observed between MetM and healthy controls, but the direct
MetM-versus-NMetM comparison was not significant. Therefore, the difference between a
significant NMetM-versus-control comparison and a non-significant MetM-versus-control
comparison should not be interpreted as proof of divergent effects. Limited statistical
power in the MetM subgroup remains a more conservative interpretation.

The role of IL-1β in cancer is complex and appears to be context-dependent [16,31,32].
Evidence suggests that elevated IL-1β levels may contribute to cancer onset, angiogenesis,
and invasiveness of melanoma cells [16]. Human melanoma cells have been shown to
constitutively express and secrete IL-1β [32]. Immunohistochemical staining of tissues
from patients showed that IL-1β is low or absent in benign nevi and higher in primary
and metastatic melanomas [33]. Interestingly, downstream signaling pathways affected
by endogenous IL-1 were observed to include reactive oxygen species (ROS) and reactive
nitrogen species (RNS), which have roles in melanoma [33]. Furthermore, inactivation of
the IL-1β–IL-1R1 system has been shown to arrest melanoma cell growth [33].

Of note, IL-1β and IL-1RA genes appear to be cross-regulated [16,25]. Interestingly,
the presence of allele 2 of the IL1RN VNTR rs2234663 polymorphism has been associated
with enhanced IL-1β production in vitro and with an increased inflammatory response [47].
Notably, a study showed that allele 2 of the IL1RN rs2234663 polymorphism is associated
with cutaneous melanoma susceptibility (OR = 1.53, p = 0.036), without differences between
MetM and NMetM patients [7]. Importantly, two different polymorphic alleles—IL1B
rs1143634 allele T and IL1RN rs2234663 allele 2—both potentially promoting increased
levels of IL-1β were observed to be associated with cutaneous melanoma susceptibility, but
without significant differences between metastatic and non-metastatic patients. Based on
the assumption that the rs1143634 polymorphism likely promotes increased IL-1β activity,
it might be speculated that a chronically enhanced IL-1-related immune response (due to
genetic polymorphisms of the IL1B gene) might increase the risk of developing melanoma,
without necessarily promoting aggressive disease or even potentially reducing the risk
of developing Stage IV melanoma, as observed for the rs1143634 T allele. However, this
hypothesis-generating model remains speculative.

The inverse association between TT + CT carriage and Stage IV disease was nominally
significant, but it involved only 26 Stage IV cases and was not corrected for multiple testing.
It should therefore be interpreted as an exploratory observation requiring replication in
larger cohorts with predefined analysis plans.

4.3. Upper-Limb Melanoma Localization

The association between TT + CT carriage and upper-limb localization was based
on only nine upper-limb melanoma cases and had a very wide confidence interval. This
finding may reflect a true site-specific host-genotype effect, but it may also be compatible
with chance, given the number of comparisons performed. In addition, individual UV
exposure by anatomical site was not measured. For these reasons, the upper-limb result
should be considered preliminary and should be tested in independent cohorts designed to
address the anatomical site. Nonetheless, this new preliminary site-specific finding suggests
an interaction between a specific genetic predisposition and environmental exposure, i.e.,
that an inflammatory response in skin regions more frequently exposed to sunlight/UV
radiation stress might promote melanocyte transformation [48]. We did not find previous
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evidence of a genetic predisposition for melanoma in the upper limbs [49]. Our observation
should be extended and confirmed in larger independent studies.

Upper-extremity melanomas show some specificities. An epidemiological study [49]
examined characteristics and survival outcomes of patients with melanoma localized in
the upper limbs and shoulders in a large U. S. cohort and compared them with other
melanoma body sites. Females were more often affected in the upper extremities compared
to other locations, while males were more often affected in other locations than the upper
extremities. Women under 50 years were more at risk than men of the same age and
appeared to have better survival than men [49].

Of note, a study in Norwegian women [50] on UV radiation exposure and risk of
melanoma on different body sites found that recreational sun exposure and indoor tanning
were associated with melanoma on the lower limbs—the most common site of melanoma
in women—but not with upper-limb melanomas. These findings support a heterogeneous
response to radiation by body site. Furthermore, heterogeneity according to the anatomic
position of melanoma with respect to oncogenic alterations has been observed [51].

Heterogeneity might also be associated with inflammasome activity. Notably, recent
evidence demonstrated that the activation of the NLRP1 (NLR pyrin domain containing 1)
inflammasome—the most relevant inflammasome in keratinocytes and a crucial sensor
of UVB radiation—supports the development of melanoma by inducing skin inflamma-
tion [48,52]. Inflammasome activation activates caspase-1, which then cleaves pro-IL-1β to
generate mature IL-1β; thus, it appears likely that genetic factors increasing IL-1β-related
inflammation may contribute to the development of skin cancers [21,43,52,53].

Indeed, evidence on the association of sun exposure with melanoma localization is
inconsistent across studies [10,50,54].

The upper-limb association with rs1143634 T allele carriage warrants further study,
particularly focusing on local effects of the IL1B polymorphisms in exposed skin tissues, and
should be confirmed in larger studies focused on site specificity of cutaneous melanoma.

4.4. Strengths and Limitations

Strengths of the study include a well-defined regional population, a relatively large
control group, and standardized genotyping by PCR-RFLP. The geographically and ances-
trally restricted design may reduce population heterogeneity, which is relevant because IL-1
family polymorphisms vary by ancestry and region [21,22,25]. Importantly, in this study,
detailed information was collected regarding the lifestyle of cutaneous melanoma patients.

The study also has important limitations. First, the melanoma case number was
modest, and some subgroup analyses were based on sparse cell counts. Second, multiple
clinicopathological comparisons were performed without formal multiple-testing correc-
tion; therefore, Tables 3 and 4 analyses should be regarded as exploratory. Third, control
participants were selected as healthy subjects without tumors or major disease, which
may have created a selected control group and could have inflated associations. Fourth,
458 controls had been included in previous studies [18,25], and residual differences in
recruitment context or batch effects cannot be fully excluded despite the use of the same
genotyping protocol. Fifth, ancestry was self-reported and not assessed using genetic
ancestry markers. Sixth, major melanoma risk factors, including phototype, number of nevi,
sunburn history, indoor tanning, smoking, BMI, and other host factors, were not available
in a harmonized format for all controls; consequently, the main case–control analysis could
not be fully adjusted for these potential confounders. Finally, no functional validation was
performed, and no IL-1β, CRP, transcriptomic, or tissue-microenvironment measurements
were available.
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Future studies should test IL1B rs1143634 polymorphism in larger, independent, and
ethnically diverse cohorts with harmonized control demographics and melanoma risk-
factor data. Functional studies should determine whether rs1143634 itself is functional or
whether it acts as a marker in linkage disequilibrium with another causal variant. Cytokine
measurements, CRP levels, IL1B expression, melanoma-tissue transcriptomics, and interro-
gation of public datasets such as TCGA-SKCM could help clarify biological relevance.

5. Conclusions
These data suggest a possible association between IL1B rs1143634 T allele carriage

and cutaneous melanoma susceptibility in a Northeast Italian cohort. The study did not
detect a significant difference between metastatic and non-metastatic melanoma cases. The
inverse association of TT + CT genotypes with Stage IV disease and the association with
upper-limb localization are preliminary, hypothesis-generating observations based on small
subgroups and should not be considered clinically actionable. Larger replication studies,
correction-aware statistical analysis, functional validation, and cytokine or expression
measurements are required before rs1143634 can be considered a melanoma biomarker or
incorporated into personalized prevention, prognosis, or therapy models.

Author Contributions: All authors made substantial contributions: S.C., C.B. and G.S. contributed
to the conception and design of the study and acquisition of data; C.B. and L.B. contributed to
recruitment of patients, acquisition of data, laboratory processes/analyses, and data management;
S.C., C.B., G.P. and G.S. performed statistical analysis and interpretation of data; S.C., C.B., G.P. and
G.S. drafted the article and revised it critically for important intellectual content; S.C., G.P. and G.S.
acquired funding. All authors have read and agreed to the published version of the manuscript.

Funding: Financial support was provided by annual research grants from the University of Udine,
2020–2025. GP was supported by the European Union—NextGenerationEU, Missione 4 Compo-
nente 2, CUP G23C25000630006, MSCA2024_0000113. The research leading to these results has
received funding from AIRC under the MFAG 2024-ID. 30501 project—P.I. Petris Gianluca.

Institutional Review Board Statement: The study protocol was approved by the Institutional
Ethics Committee of the University of Udine, reference number 554_02, on 31 October 2019, and
was conducted in accordance with the Declaration of Helsinki. Each participant signed written
informed consent before entering the study. All authors approved the final manuscript and consented
to publication.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data from this study are available upon reasonable request.

Acknowledgments: The authors would like to thank all melanoma patients and healthy controls
who participated in the study. The authors are also grateful to technicians Francesco Rocchi, Patrizia
Nacci, and Silvia Lolini for their assistance with experimental analyses at the University of Udine.
We thank Matteo Fabris for help in data elaboration, and Valiana Cadenar, Iva Casco, Silvia Driussi,
and Renato Picco for their help with the recruitment of healthy subjects.

Conflicts of Interest: GP is co-founder and shareholder of Alia Therapeutics Srl; this company had
no role in the present work. The other authors declare no competing interests.

References
1. Reitmajer, M.; Flatz, L. Precision medicine in cutaneous melanoma—A comprehensive review. J. Eur. Acad. Dermatol. Venereol.

2026, 40, 377–386. [CrossRef] [PubMed]
2. Yu, X.; Fu, K. Neoantigen-based cancer vaccines: A mechanistic and clinical review of personalised melanoma immunotherapy.

Front. Immunol. 2026, 17, 1808146. [CrossRef] [PubMed]
3. Long, G.V.; Swetter, S.M.; Menzies, A.M.; Gershenwald, J.E.; Scolyer, R.A. Cutaneous melanoma. Lancet 2023, 402, 485–502,

Erratum in Lancet 2023, 402, 450. https://doi.org/10.1016/S0140-6736(23)01581-7. [CrossRef] [PubMed]

https://doi.org/10.3390/genes17070786

https://doi.org/10.1111/jdv.70111
https://www.ncbi.nlm.nih.gov/pubmed/41081438
https://doi.org/10.3389/fimmu.2026.1808146
https://www.ncbi.nlm.nih.gov/pubmed/42004970
https://doi.org/10.1016/S0140-6736(23)01581-7
https://doi.org/10.1016/S0140-6736(23)00821-8
https://www.ncbi.nlm.nih.gov/pubmed/37499671
https://doi.org/10.3390/genes17070786


Genes 2026, 17, 786 14 of 16

4. Kreft, S.; Bosetti, T.; Lee, R.; Lorigan, P. Selecting first-line immunotherapy in advanced melanoma: Current evidence on efficacy
across diverse patient populations. EJC Skin Cancer 2025, 3, 100285. [CrossRef] [PubMed]

5. Cauci, S.; Maione, V.; Buligan, C.; Linussio, M.; Serraino, D.; Stinco, G. BsmI (rs1544410) and FokI (rs2228570) vitamin D receptor
polymorphisms, smoking, and body mass index as risk factors of cutaneous malignant melanoma in northeast Italy. Cancer Biol.
Med. 2017, 14, 302–318. [CrossRef] [PubMed]

6. La Marra, F.; Stinco, G.; Buligan, C.; Chiriacò, G.; Serraino, D.; Di Loreto, C.; Cauci, S. Immunohistochemical evaluation of vitamin
D receptor (VDR) expression in cutaneous melanoma tissues and four VDR gene polymorphisms. Cancer Biol. Med. 2017, 14,
162–175. [CrossRef] [PubMed]

7. Cauci, S.; Buligan, C.; Rocchi, F.; Salvador, I.; Xodo, L.; Stinco, G. Interleukin 1 receptor antagonist gene variable number of
tandem repeats polymorphism and cutaneous melanoma. Oncol. Lett. 2019, 18, 5759–5768. [CrossRef] [PubMed]

8. Wang, H.; Ghajari, H.; Jayasinghe, G.J.M.S.R.; Seviiri, M.; Gordon, S.D.; Neale, R.E.; Pandeya, N.; Olsen, C.M.; MacGregor,
S.; Whiteman, D.C.; et al. Genetics vs. clinical risk scores for melanoma prediction. Br. J. Dermatol. 2026, ljag126. [CrossRef]
[PubMed]

9. Ingold, N.; Seviiri, M.; Ong, J.S.; Neale, R.E.; Pandeya, N.; Whiteman, D.C.; Olsen, C.M.; Martin, N.G.; Duffy, D.L.; Khosrotehrani,
K.; et al. Exploring the germline genetics of in situ and invasive cutaneous melanoma: A genome-wide association study
meta-analysis. JAMA Dermatol. 2024, 160, 964–971. [CrossRef] [PubMed]

10. Vuong, K.; McGeechan, K.; Armstrong, B.K.; AMFS Investigators; GEM Investigators; Cust, A.E. Occupational sun exposure and
risk of melanoma according to anatomical site. Int. J. Cancer 2014, 134, 2735–2741. [CrossRef] [PubMed]

11. Wang, X.; Huang, J.; Hu, J.; Ma, X.; Huang, Z.; Zhu, J.; Zhang, C.; Zhu, K. Burden trend and forecasting analysis of malignant skin
melanoma from 1990 to 2021. Int. J. Surg. 2025, 111, 6816–6825. [CrossRef] [PubMed]

12. Guglielmo, A.; De Benedittis, A.; Buligan, C.; Zelin, E.; Stinco, G. Multiple primary melanomas in Udine, northeastern Italy: A
focus on epidemiology and new risk factors. Melanoma Res. 2025, 35, 208–212. [CrossRef] [PubMed]

13. Berwick, M.; Buller, D.B.; Cust, A.; Gallagher, R.; Lee, T.K.; Meyskens, F.; Pandey, S.; Thomas, N.E.; Veierød, M.B.; Ward, S.
Melanoma epidemiology and prevention. Cancer Treat. Res. 2016, 167, 17–49. [CrossRef] [PubMed]

14. Bent, R.; Moll, L.; Grabbe, S.; Bros, M. Interleukin-1 beta—A friend or foe in malignancies? Int. J. Mol. Sci. 2018, 19, 2155.
[CrossRef] [PubMed]

15. Acuner Ozbabacan, S.E.; Gursoy, A.; Nussinov, R.; Keskin, O. The structural pathway of interleukin 1 (IL-1) initiated signaling
reveals mechanisms of oncogenic mutations and SNPs in inflammation and cancer. PLoS Comput. Biol. 2014, 10, e1003470.
[CrossRef] [PubMed]

16. Mantovani, A.; Barajon, I.; Garlanda, C. IL-1 and IL-1 regulatory pathways in cancer progression and therapy. Immunol. Rev. 2018,
281, 57–61. [CrossRef] [PubMed]

17. Cauci, S.; Guaschino, S.; De Aloysio, D.; Driussi, S.; De Santo, D.; Penacchioni, P.; Quadrifoglio, F. Interrelationships of interleukin-
8 with interleukin-1beta and neutrophils in vaginal fluid of healthy and bacterial vaginosis positive women. Mol. Hum. Reprod.
2003, 9, 53–58. [CrossRef] [PubMed]

18. Cauci, S.; Di Santolo, M.; Casabellata, G.; Ryckman, K.; Williams, S.M.; Guaschino, S. Association of interleukin-1beta and
interleukin-1 receptor antagonist polymorphisms with bacterial vaginosis in non-pregnant Italian women. Mol. Hum. Reprod.
2007, 13, 243–250. [CrossRef] [PubMed]

19. Behzadi, P.; Sameer, A.S.; Nissar, S.; Banday, M.Z.; Gajdács, M.; García-Perdomo, H.A.; Akhtar, K.; Pinheiro, M.; Magnusson, P.;
Sarshar, M.; et al. The interleukin-1 (IL-1) superfamily cytokines and their single nucleotide polymorphisms (SNPs). J. Immunol.
Res. 2022, 2022, 2054431. [CrossRef] [PubMed]

20. Nicklin, M.J.; Weith, A.; Duff, G.W. A physical map of the region encompassing the human interleukin-1 alpha, interleukin-1 beta,
and interleukin-1 receptor antagonist genes. Genomics 1994, 19, 382–384. [CrossRef] [PubMed]

21. Jafrin, S.; Aziz, M.A.; Islam, M.S. Role of IL-1β rs1143634 (+3954C>T) polymorphism in cancer risk: An updated meta-analysis
and trial sequential analysis. J. Int. Med. Res. 2021, 49, 3000605211060144. [CrossRef] [PubMed]

22. Xu, J.; Yin, Z.; Cao, S.; Gao, W.; Liu, L.; Yin, Y.; Liu, P.; Shu, Y. Systematic review and meta-analysis on the association between
IL-1B polymorphisms and cancer risk. PLoS ONE 2013, 8, e63654. [CrossRef] [PubMed]

23. Rudzianskiene, M.; Inciura, A.; Gerbutavicius, R.; Rudzianskas, V.; Ugenskiene, R.; Paukstaitiene, R.; Dambrauskiene, R.;
Vaitiekus, D.; Kulboke, M.; Juozaityte, E. The influence of polymorphisms in cytokine genes on pain and response to palliative
radiotherapy in multiple myeloma patients: Prospective observational study. Scand. J. Pain 2026, 26, 20250013. [CrossRef]
[PubMed]

24. Lurje, I.; Gaisa, N.T.; Dahl, E.; Knüchel, R.; Strnad, P.; Trautwein, C.; Tacke, F.; Neumann, U.P.; Czigany, Z.; Lurje, G. Genetic
polymorphisms in interleukin-1β (rs1143634) and interleukin-8 (rs4073) are associated with survival after resection of intrahepatic
cholangiocarcinoma. Sci. Rep. 2023, 13, 12283. [CrossRef] [PubMed]

https://doi.org/10.3390/genes17070786

https://doi.org/10.1016/j.ejcskn.2025.100285
https://www.ncbi.nlm.nih.gov/pubmed/41550533
https://doi.org/10.20892/j.issn.2095-3941.2017.0064
https://www.ncbi.nlm.nih.gov/pubmed/28884047
https://doi.org/10.20892/j.issn.2095-3941.2017.0020
https://www.ncbi.nlm.nih.gov/pubmed/28607807
https://doi.org/10.3892/ol.2019.10923
https://www.ncbi.nlm.nih.gov/pubmed/31788049
https://doi.org/10.1093/bjd/ljag126
https://www.ncbi.nlm.nih.gov/pubmed/41968088
https://doi.org/10.1001/jamadermatol.2024.2601
https://www.ncbi.nlm.nih.gov/pubmed/39141363
https://doi.org/10.1002/ijc.28603
https://www.ncbi.nlm.nih.gov/pubmed/24288300
https://doi.org/10.1097/JS9.0000000000002908
https://www.ncbi.nlm.nih.gov/pubmed/40705528
https://doi.org/10.1097/CMR.0000000000001029
https://www.ncbi.nlm.nih.gov/pubmed/40013995
https://doi.org/10.1007/978-3-319-22539-5_2
https://www.ncbi.nlm.nih.gov/pubmed/26601858
https://doi.org/10.3390/ijms19082155
https://www.ncbi.nlm.nih.gov/pubmed/30042333
https://doi.org/10.1371/journal.pcbi.1003470
https://www.ncbi.nlm.nih.gov/pubmed/24550720
https://doi.org/10.1111/imr.12614
https://www.ncbi.nlm.nih.gov/pubmed/29247996
https://doi.org/10.1093/molehr/gag003
https://www.ncbi.nlm.nih.gov/pubmed/12529421
https://doi.org/10.1093/molehr/gam002
https://www.ncbi.nlm.nih.gov/pubmed/17314118
https://doi.org/10.1155/2022/2054431
https://www.ncbi.nlm.nih.gov/pubmed/35378905
https://doi.org/10.1006/geno.1994.1076
https://www.ncbi.nlm.nih.gov/pubmed/8188271
https://doi.org/10.1177/03000605211060144
https://www.ncbi.nlm.nih.gov/pubmed/34861128
https://doi.org/10.1371/journal.pone.0063654
https://www.ncbi.nlm.nih.gov/pubmed/23704929
https://doi.org/10.1515/sjpain-2025-0013
https://www.ncbi.nlm.nih.gov/pubmed/41832666
https://doi.org/10.1038/s41598-023-39487-7
https://www.ncbi.nlm.nih.gov/pubmed/37507547
https://doi.org/10.3390/genes17070786


Genes 2026, 17, 786 15 of 16

25. Cauci, S.; Di Santolo, M.; Ryckman, K.K.; Williams, S.M.; Banfi, G. Variable number of tandem repeat polymorphisms of the
interleukin-1 receptor antagonist gene IL-1RN: A novel association with the athlete status. BMC Med. Genet. 2010, 11, 29.
[CrossRef] [PubMed]

26. Keung, E.Z.; Gershenwald, J.E. The eighth edition American Joint Committee on Cancer (AJCC) melanoma staging system:
Implications for melanoma treatment and care. Expert Rev. Anticancer Ther. 2018, 18, 775–784. [CrossRef] [PubMed]

27. Fitzpatrick, T.B. The validity and practicality of sun-reactive skin types I through VI. Arch. Dermatol. 1988, 124, 869–871. [CrossRef]
[PubMed]

28. Bioque, G.; Crusius, J.B.; Koutroubakis, I.; Bouma, G.; Kostense, P.J.; Meuwissen, S.G.; Peña, A.S. Allelic polymorphism in
IL-1 beta and IL-1 receptor antagonist (IL-1Ra) genes in inflammatory bowel disease. Clin. Exp. Immunol. 1995, 102, 379–383.
[CrossRef] [PubMed]

29. Palli, D.; Saieva, C.; Luzzi, I.; Masala, G.; Topa, S.; Sera, F.; Gemma, S.; Zanna, I.; D’Errico, M.; Zini, E.; et al. Interleukin-1 gene
polymorphisms and gastric cancer risk in a high-risk Italian population. Am. J. Gastroenterol. 2005, 100, 1941–1948. [CrossRef]
[PubMed]

30. National Library of Medicine. rs1143634 RefSNP Report. Available online: https://www.ncbi.nlm.nih.gov/snp/rs1143634
(accessed on 25 May 2026).

31. Rébé, C.; Ghiringhelli, F. Interleukin-1β and cancer immune response. Semin. Immunol. 2025, 80, 102002. [CrossRef] [PubMed]
32. Okamoto, M.; Liu, W.; Luo, Y.; Tanaka, A.; Cai, X.; Norris, D.A.; Dinarello, C.A.; Fujita, M. Constitutively active inflammasome in

human melanoma cells mediating autoinflammation via caspase-1 processing and secretion of interleukin-1beta. J. Biol. Chem.
2010, 285, 6477–6488. [CrossRef] [PubMed]

33. Qin, Y.; Ekmekcioglu, S.; Liu, P.; Duncan, L.M.; Lizée, G.; Poindexter, N.; Grimm, E.A. Constitutive aberrant endogenous
interleukin-1 facilitates inflammation and growth in human melanoma. Mol. Cancer Res. 2011, 9, 1537–1550. [CrossRef] [PubMed]

34. Shirley, C.A.; Chhabra, G.; Amiri, D.; Chang, H.; Ahmad, N. Immune escape and metastasis mechanisms in melanoma: Breaking
down the dichotomy. Front. Immunol. 2024, 15, 1336023. [CrossRef] [PubMed]

35. Passarelli, A.; Mannavola, F.; Stucci, L.S.; Tucci, M.; Silvestris, F. Immune system and melanoma biology: A balance between
immunosurveillance and immune escape. Oncotarget 2017, 8, 106132–106142. [CrossRef] [PubMed]

36. Tucci, M.; Passarelli, A.; Mannavola, F.; Felici, C.; Stucci, L.S.; Cives, M.; Silvestris, F. Immune system evasion as hallmark of
melanoma progression: The role of dendritic cells. Front. Oncol. 2019, 9, 1148. [CrossRef] [PubMed]

37. Jiang, H.; Gebhardt, C.; Umansky, L.; Beckhove, P.; Schulze, T.J.; Utikal, J.; Umansky, V. Elevated chronic inflammatory factors
and myeloid-derived suppressor cells indicate poor prognosis in advanced melanoma patients. Int. J. Cancer 2015, 136, 2352–2360.
[CrossRef] [PubMed]

38. Lepper, A.; Bitsch, R.; Özbay Kurt, F.G.; Arkhypov, I.; Lasser, S.; Utikal, J.; Umansky, V. Melanoma patients with immune-related
adverse events after immune checkpoint inhibitors are characterized by a distinct immunological phenotype of circulating T cells
and M-MDSCs. Oncoimmunology 2023, 12, 2247303. [CrossRef] [PubMed]

39. Xiao, Z.; Singh, S.; Singh, M. Improving cancer immunotherapy by targeting IL-1. Oncoimmunology 2021, 10, 2008111. [CrossRef]
[PubMed]

40. Chien, C.-H.; Lee, M.-J.; Liou, H.-C.; Liou, H.-H.; Fu, W.-M. Local immunosuppressive microenvironment enhances migration of
melanoma cells to lungs in DJ-1 knockout mice. PLoS ONE 2015, 10, e0115827. [CrossRef] [PubMed]

41. Voloshin, T.; Alishekevitz, D.; Kaneti, L.; Miller, V.; Isakov, E.; Kaplanov, I.; Voronov, E.; Fremder, E.; Benhar, M.; Machluf, M.; et al.
Blocking IL1β pathway following paclitaxel chemotherapy slightly inhibits primary tumor growth but promotes spontaneous
metastasis. Mol. Cancer Ther. 2015, 14, 1385–1394. [CrossRef] [PubMed]

42. Voronov, E.; Apte, R.N. Targeting the tumor microenvironment by intervention in interleukin-1 biology. Curr. Pharm. Des. 2017,
23, 4893–4905. [CrossRef] [PubMed]

43. Gelfo, V.; Romaniello, D.; Mazzeschi, M.; Sgarzi, M.; Grilli, G.; Morselli, A.; Manzan, B.; Rihawi, K.; Lauriola, M. Roles of IL-1 in
cancer: From tumor progression to resistance to targeted therapies. Int. J. Mol. Sci. 2020, 21, 6009. [CrossRef] [PubMed]

44. Pociot, F.; Mølvig, J.; Wogensen, L.; Worsaae, H.; Nerup, J. A TaqI polymorphism in the human interleukin-1 beta (IL-1 beta) gene
correlates with IL-1 beta secretion in vitro. Eur. J. Clin. Investig. 1992, 22, 396–402. [CrossRef] [PubMed]

45. Hernandez-Guerrero, C.; Monzon-Bordonaba, F.; Jimenez-Zamudio, L.; Ahued-Ahued, R.; Arechavaleta-Velasco, F.; Strauss, J.F.,
3rd; Vadillo-Ortega, F. In-vitro secretion of proinflammatory cytokines by human amniochorion carrying hyper-responsive gene
polymorphisms of tumour necrosis factor-alpha and interleukin-1beta. Mol. Hum. Reprod. 2003, 9, 625–629. [CrossRef] [PubMed]

46. Latkovskis, G.; Licis, N.; Kalnins, U. C-reactive protein levels and common polymorphisms of the interleukin-1 gene cluster and
interleukin-6 gene in patients with coronary heart disease. Eur. J. Immunogenet. 2004, 31, 207–213. [CrossRef] [PubMed]

47. Santtila, S.; Savinainen, K.; Hurme, M. Presence of the IL-1RA allele 2 (IL1RN*2) is associated with enhanced IL-1beta production
in vitro. Scand. J. Immunol. 1998, 47, 195–198. [CrossRef] [PubMed]

48. Di Filippo, M.; Hennig, P.; Karakaya, T.; Slaufova, M.; Beer, H.D. NLRP1 in cutaneous SCCs: An example of the complex roles of
inflammasomes in cancer development. Int. J. Mol. Sci. 2022, 23, 12308. [CrossRef] [PubMed]

https://doi.org/10.3390/genes17070786

https://doi.org/10.1186/1471-2350-11-29
https://www.ncbi.nlm.nih.gov/pubmed/20175886
https://doi.org/10.1080/14737140.2018.1489246
https://www.ncbi.nlm.nih.gov/pubmed/29923435
https://doi.org/10.1001/archderm.124.6.869
https://www.ncbi.nlm.nih.gov/pubmed/3377516
https://doi.org/10.1111/j.1365-2249.1995.tb03793.x
https://www.ncbi.nlm.nih.gov/pubmed/7586694
https://doi.org/10.1111/j.1572-0241.2005.50084.x
https://www.ncbi.nlm.nih.gov/pubmed/16128937
https://www.ncbi.nlm.nih.gov/snp/rs1143634
https://doi.org/10.1016/j.smim.2025.102002
https://www.ncbi.nlm.nih.gov/pubmed/41176853
https://doi.org/10.1074/jbc.M109.064907
https://www.ncbi.nlm.nih.gov/pubmed/20038581
https://doi.org/10.1158/1541-7786.MCR-11-0279
https://www.ncbi.nlm.nih.gov/pubmed/21954434
https://doi.org/10.3389/fimmu.2024.1336023
https://www.ncbi.nlm.nih.gov/pubmed/38426087
https://doi.org/10.18632/oncotarget.22190
https://www.ncbi.nlm.nih.gov/pubmed/29285320
https://doi.org/10.3389/fonc.2019.01148
https://www.ncbi.nlm.nih.gov/pubmed/31750245
https://doi.org/10.1002/ijc.29297
https://www.ncbi.nlm.nih.gov/pubmed/25353097
https://doi.org/10.1080/2162402X.2023.2247303
https://www.ncbi.nlm.nih.gov/pubmed/37593676
https://doi.org/10.1080/2162402X.2021.2008111
https://www.ncbi.nlm.nih.gov/pubmed/34858734
https://doi.org/10.1371/journal.pone.0115827
https://www.ncbi.nlm.nih.gov/pubmed/25706411
https://doi.org/10.1158/1535-7163.MCT-14-0969
https://www.ncbi.nlm.nih.gov/pubmed/25887886
https://doi.org/10.2174/1381612823666170613080919
https://www.ncbi.nlm.nih.gov/pubmed/28606052
https://doi.org/10.3390/ijms21176009
https://www.ncbi.nlm.nih.gov/pubmed/32825489
https://doi.org/10.1111/j.1365-2362.1992.tb01480.x
https://www.ncbi.nlm.nih.gov/pubmed/1353022
https://doi.org/10.1093/molehr/gag076
https://www.ncbi.nlm.nih.gov/pubmed/12970400
https://doi.org/10.1111/j.1365-2370.2004.00476.x
https://www.ncbi.nlm.nih.gov/pubmed/15379752
https://doi.org/10.1046/j.1365-3083.1998.00300.x
https://www.ncbi.nlm.nih.gov/pubmed/9519856
https://doi.org/10.3390/ijms232012308
https://www.ncbi.nlm.nih.gov/pubmed/36293159
https://doi.org/10.3390/genes17070786


Genes 2026, 17, 786 16 of 16

49. Walz, S.N.; Martineau, J.; Scampa, M.; Kalbermatten, D.F.; Oranges, C.M. Melanoma of the upper limb and shoulder: A
surveillance, epidemiology, and end results analysis of epidemiology and survival 2000–2019. Cancers 2022, 14, 5672. [CrossRef]
[PubMed]

50. Ghiasvand, R.; Robsahm, T.E.; Green, A.C.; Rueegg, C.S.; Weiderpass, E.; Lund, E.; Veierød, M.B. Association of phenotypic
characteristics and UV radiation exposure with risk of melanoma on different body sites. JAMA Dermatol. 2019, 155, 39–49.
[CrossRef] [PubMed]

51. Weiss, J.M.; Hunter, M.V.; Cruz, N.M.; Baggiolini, A.; Tagore, M.; Ma, Y.; Misale, S.; Marasco, M.; Simon-Vermot, T.; Campbell,
N.R.; et al. Anatomic position determines oncogenic specificity in melanoma. Nature 2022, 604, 354–361. [CrossRef] [PubMed]

52. Pluetrattanabha, N.; Direksunthorn, T.; Ahmad, I.; Jyothi, S.R.; Shit, D.; Singh, A.K.; Chauhan, A.S. Inflammasome activation in
melanoma progression: The latest update concerning pathological role and therapeutic value. Arch. Dermatol. Res. 2025, 317, 258.
[CrossRef] [PubMed]

53. Speranza, D.; Marafioti, M.; Musarra, M.; Cianci, V.; Mondello, C.; Astorino, M.F.; Santarpia, M.; Irrera, N.; Vaccaro, M.; Silvestris,
N.; et al. Genetic insight into expression-defined melanoma subtypes and network mechanisms: An in silico study. Genes 2025,
16, 1428. [CrossRef] [PubMed]

54. Stratigos, I.A.; Dessinioti, C.; Nikolaou, V.; Befon, A.; Plaka, M.; Stefanaki, I.; Kypreou, K.; Champsas, G.; Sofopoulos, M.;
Papadavid, E.; et al. Divergent pathways of melanoma development: Evidence from a Southern European cohort. Melanoma Res.
2026, 36, 122–128. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/genes17070786

https://doi.org/10.3390/cancers14225672
https://www.ncbi.nlm.nih.gov/pubmed/36428763
https://doi.org/10.1001/jamadermatol.2018.3964
https://www.ncbi.nlm.nih.gov/pubmed/30477003
https://doi.org/10.1038/s41586-022-04584-6
https://www.ncbi.nlm.nih.gov/pubmed/35355015
https://doi.org/10.1007/s00403-025-03802-1
https://www.ncbi.nlm.nih.gov/pubmed/39820618
https://doi.org/10.3390/genes16121428
https://www.ncbi.nlm.nih.gov/pubmed/41465101
https://doi.org/10.1097/CMR.0000000000001075
https://www.ncbi.nlm.nih.gov/pubmed/41607229
https://doi.org/10.3390/genes17070786

	Introduction 
	Materials and Methods 
	Population 
	Genetic Analysis of IL1B rs1143634 (+3954 C>T) Polymorphism 
	Statistical Analysis 

	Results 
	Comparison of IL1B rs1143634 (+3954 C>T) Genotypes in Cutaneous Melanoma Patients and Healthy Controls (Table 1) 
	Comparison of IL1B rs1143634 Genotypes in Metastatic (MetM) and Non-Metastatic (NMetM) Cutaneous Melanoma Patients (Table 2) 
	Demographic and Clinical Characteristics of Melanoma Patients by IL1B TT + CT Genotypes and CC Genotype (Table 3) 
	Multivariable Logistic Regression Analysis Among Melanoma Patients 
	Clinical Characteristics of Patients with Upper-Limb Melanoma (Table 4) 

	Discussion 
	Biological Interpretation of IL1B rs1143634 
	Metastatic Status and Stage IV Disease 
	Upper-Limb Melanoma Localization 
	Strengths and Limitations 

	Conclusions 
	References

