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Abstract. Cutaneous melanoma is a life‑threatening skin 
cancer. Its incidence is rapidly increasing, and early diag-
nosis is the main factor able to improve its poor prognosis. 
Toll‑like receptors (TLRs) are transmembrane glycoproteins 
that recognize pathogen‑ and damage‑associated molecular 
patterns, against which TLRs activate the innate immune 
response and initiate the adaptive immune response. Genetic 
variations of these receptors may alter the immune system, and 
are involved in evolution and susceptibility to various diseases, 
including cancer. The aim of the present study was to evaluate 
whether the presence of TLR7 glutamine (Gln) 11 leucine 
(Leu) polymorphism confers an increased susceptibility to 
cutaneous melanoma. For that purpose, a case‑control study 
was performed with 182 melanoma cases and 89 controls. To 
highlight the possible association between the aforementioned 
polymorphism and the susceptibility to melanoma, 93 cases 
of single melanoma and 89 cases of multiple primary mela-
noma (MPM) were compared in the present study. Since the 
TLR7 gene is localized on the chromosome X, the allelic 
frequency of the Gln11Leu polymorphism was analyzed 
separately in males and females. The distribution of allele 
frequencies between melanoma cases and controls (P=0.245) 
and between single melanoma and MPM cases (P=0.482) was 
not significant. Therefore, the present results do not suggest 
an association between TLR7 Gln11Leu polymorphism and 
susceptibility to cutaneous melanoma. Further studies are 
required to analyze the influence of other TLR polymorphisms 

on the susceptibility to malignant melanoma and the involve-
ment of innate immunity in this malignancy.

Introduction

Cutaneous melanoma is a life‑threatening skin tumor 
whose incidence has increased faster in the last decades 
than that of any other solid tumor  (1). Melanoma has 
become one  of the most frequent types of cancer among 
Caucasian populations (2), with incidence rates reported to 
vary between 21.9/100,000  patients/year in the USA and 
55.9/100,000 patients/year in Australian males (3). Cutaneous 
melanoma represents the most common type of tumor among 
young adults aged 25‑29 years, and the second most common 
neoplasm in those aged 15‑29 years (4,5). Thus, melanoma is 
currently a significant public health problem in fair‑skinned 
populations worldwide (6). In parallel with the increase in 
incidence rate, there has also been an increase in the rate of 
melanoma associated‑mortality (2). Distant metastatic mela-
noma has a 5‑year overall survival rate of only 5‑10%, and 
a median survival of 6‑10 months, depending on the site of 
metastasis (7).

The risk of developing melanoma depends on genetic 
and environmental factors (1). The major established envi-
ronmental risk factor for cutaneous malignant melanoma is 
exposure to solar ultraviolet (UV) light, particularly when 
intermittent and associated with sunburns (8). Furthermore, 
childhood and adolescence have been reported to be critical 
ages for the development of melanoma later in life, since the 
latent period from initiation of melanoma carcinogenesis to 
clinical presentation may last decades (1).

Host factors are also important, with the number of nevi 
being the most powerful predictor of melanoma risk (9). In 
addition, pigmentary characteristics such as hair, eyes and skin 
color and Fitzpatrick scale (which aids to determine the sensi-
tivity of the skin to sunburns and its ability to tan), together 
with family history and actinic damage indicators, also influ-
ence the susceptibility to melanoma (10).
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Of all cutaneous melanomas, ~10% occur in a familial 
setting with ≥2 close relatives affected, indicating the implica-
tion of genes with low prevalence but high penetrance (10). 
Low‑risk or moderate‑risk alleles with high prevalence and 
low penetrance are the most frequent cause of sporadic cases 
of melanoma (11). Of all primary cutaneous melanomas, ~43% 
present a mutation in the RAF viral murine sarcoma viral 
oncogene homolog B gene, but do not exhibit a significant 
increase in the number of metastatic lesions (12). Mutations 
that activate mitogen‑activated protein kinase signaling 
pathways are reported to be present in 20% of cutaneous 
melanomas (affecting the neuroblastoma RAS viral oncogene 
homolog) and in 83% of uveal melanomas [affecting the 
guanine nucleotide binding protein (G protein), q polypeptide 
or the guanine nucleotide binding protein (G protein), alpha 11 
(Gq class) genes] (13,14).

Significant inflammation with phagocytic infiltration may 
be observed in several tumors, including cutaneous melanoma, 
suggesting that the innate immune system may participate in 
tumor defence (15). Toll‑like receptors (TLRs), which have 
recently emerged as a key component of the innate immune 
system, are responsible for detecting microbial infections 
and triggering antimicrobial host defence responses (16,17). 
However, TLRs have been demonstrated to be important for 
innate immune response specificity and adaptive immune 
responses, including maturation of dendritic cells, expression 
of co‑stimulatory molecules and promotion of T helper (Th)‑1 
cell‑mediated responses through increased production of 
interleukin (IL)‑12 (18).

TLRs serve as signaling molecules that recognize exog-
enous pathogen‑associated molecular patterns (PAMPs) 
and endogenous damage‑associated molecular patterns 
(DAMPs) (19). TLRs are a family of type I integral membrane 
glycoproteins, and based on its considerable homology in the 
cytoplasmic region, TLRs are also considered members of a 
larger superfamily that includes IL‑1 receptors (IL‑1Rs) (20). 
The human TLR family consists of 13 members, which are 
structurally characterized by the presence of a leucine‑rich 
repeat domain in their extracellular region and a Toll/IL‑1R 
domain in their intracellular region (21).

Several members of the TLR family are localized on 
the cell surface (including TLR1, TLR2, TLR4 and TLR6), 
whereas other members (such as TLR3, TLR7, TLR8 and 
TLR9) are localized in endosomal membranes inside the 
cell (22,23). Through the adaptor molecule myeloid differen-
tiation primary response protein 88 (MyD88), TLRs activate 
signaling pathways that are responsible for the induction 
of interferon (IFN) regulatory factor, activator protein‑1 
and nuclear factor kappa‑light‑chain‑enhancer of activated 
B cells (20,24,25). The genes induced by the activation of 
TLRs produce several inflammatory cytokines, including 
tumor necrosis factor (TNF)‑alpha, IFN‑1, IL‑6, IL‑1 and 
granulocyte‑colony stimulating factor (21). Different TLRs 
have been associated with the pathogenesis of several 
inflammatory and autoimmune skin diseases (26), and have 
gained interest in cancer research due to their role in tumor 
development and progression (18). Melanoma cells have been 
reported to express TLRs 2, 3, 4, 7, 8 and 9 (27), and it has 
been demonstrated that tumor cells expressing TLRs may be 
able to evade immune surveillance processes, thus promoting 

tumor development (28). In this regard, the activation of TLRs 
in tumor cells promotes tumor cell proliferation and resistance 
to apoptosis, and enhances tumor cell invasion and metastasis 
by regulating metalloproteinases and integrins (29). Further-
more, the activation of TLR signaling in tumor cells induces 
the synthesis of pro‑inflammatory factors and immunosup-
pressive molecules, which enhance the resistance of tumor 
cells to cytotoxic lymphocyte attack, thus leading to immune 
evasion (29). This indicates that targeting tumor TLR signaling 
pathways may be a suitable therapeutic approach for the treat-
ment of cancer (29). In this regard, topical imiquimod has been 
demonstrated to be an efficacious TLR‑modulating anti‑skin 
cancer agent (30). In addition, other topical agents, including 
nicotinamide, all‑trans retinoic acid, adapalene, zinc, and 
sodium tosylchloramide, have also been demonstrated to exert 
their anti‑cancer action partially through TLRs (30).

TLR genes are polymorphic  (31). While this may be 
advantageous at the population level, there may be unfavor-
able outcomes for those individuals who harbour certain 
genotypes  (31). The two  main risk factors for developing 
melanoma are UV exposure and genetic predisposition (32). 
The identification of possible elements of susceptibility to 

Table I. Characteristics of patients with cutaneous melanoma 
included in the present study.

Characteristics	 No. of patients 

Total	 182
Gender	
  Male	   85
  Female	   99
Median age, years (range)	   43 (15-75)
Histological type
  In situ	   15
  Superficial spreading	 138
  Acral	     5
  Nodular	   17
  Lentigo maligna	     2
  Undefined	     5
Tumor thickness, mm	
  0	 134
  1.01‑2.00	   29
  2.01‑4.00	   14
  >4.00	     5
Clark's level
  Not determined‑I	   22
  II	   45
  III	   66
  IV	   46
  V	     3
Multiple primary melanomas, no.	   89
  2	   50
  3	   22
  ≥ 4	   17
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melanoma may be useful to identify a new targeted screening 
and diagnostic approach for skin cancer (31). Polymorphisms 
of TLRs may affect the normal production of pro‑ and 
anti‑inflammatory cytokines, thus modulating the risk of 
infection, chronic inflammation and cancer (31). Currently, 
several TLR polymorphisms are being studied to assess their 
implications in terms of susceptibility, severity and prognosis 
towards malignancies (31).

The present study aimed to analyze the glutamine 
(Gln)  11 leucine (Leu) polymorphism of TLR7 to assess 
whether carriers of this variant are predisposed to cutaneous 
melanoma. The TLR7 gene is located on the chromosome X 
and contains three exons (33). In the aforementioned poly-
morphism, the Leu variant encoded by the T allele of the 
non‑synonymous single nucleotide polymorphism (SNP) 
rs179008 is located within the exon 3 of TLR7, and leads to 
the replacement of the wild‑type allele A encoding Gln at the 
codon 11 for Leu in the protein (Gln11Leu). The rationale of 
the preset study is based on the fact that imiquimod, a TLR7 
agonist, has been demonstrated to be effective in the treat-
ment of lentigo maligna (the in situ variant of lentigo maligna 
melanoma) (34), which suggests the participation of TLR7 in 
the onset and progression of cutaneous melanoma. Therefore, 
polymorphisms of this receptor may be responsible for a 
greater or lesser susceptibility to melanoma.

Materials and methods

Patients. In the present study, a case‑control study was 
performed at the Veneto Institute of Oncology (Padua, 
Italy) using 182 cases of histologically confirmed cutaneous 
melanoma [staged according to the 2009 American Joint 

Committee on Cancer Melanoma Staging and Classifica-
tion  (35)] and 89 controls from healthy blood donors. To 
highlight the potential association between the Gln11Leu 
TLR7 polymorphism and the risk of melanoma, 89 cases of 
multiple primary melanoma (MPM) and 93 cases of single 
diagnosis of melanoma (as defined by ≥5 years of follow‑up 
without successive melanoma), were included among the 
group of patients in the present study. Data about gender, age 
at diagnosis, histopathological characteristics and number 
of primary melanomas for the MPM cases are reported in 
Table I. All the participants were Caucasian and provided 
written informed consent for participation in the study. The 
present study was approved by the Ethics Committee of 
Veneto Institute of Oncology (Padua, Italy).

Quantitative polymerase chain reaction (qPCR). DNA 
was extracted from peripheral blood samples, and geno-
typing of the TLR7 SNP rs179008 was performed by 
allelic discrimination using the TaqMan® SNP Geno-
typing Assay (catalogue number C_2259574_10; Applied 
Biosystems; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). The sequences of the primers and TaqMan 
minor groove binder probes used were as follows: Foward, 
5'-CTTTCAGGTGTTTCCAATGTG GAC-3' and reverse, 
5'‑CCCCAAGGAGTTTGGAAATTAGGAT-3' for primer; 
and forward, 5'‑TGAAGAGACAAATTC-3' and reverse, 
5'-ACTGAAGAGACTAATTC-3' for TaqMan probe. PCR 
was conducted in a StepOnePlus™ Real‑Time PCR System 
(Applied Biosystems; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol, under the following 
conditions: 50˚C for 2 min, 95˚C for 10 min, followed by 
40 cycles at 95˚C for 15 sec and 60˚C for 1 min.

Table II. Genotype frequencies of the single nucleotide polymorphism rs179008 (Gln11Leu) in the Toll‑like receptor 7 gene.

	 Patients
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
				    Multiple primary
	 Controls	 Total	 Single melanoma	 melanoma
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
rs179008	 No.	 %	 No.	 %	 No.	 %	 No.	 %

Females
  Total	 37	 100.00	 97	 100.00	 57	 100.00	 40	 100.00
  AA	 24	   64.86	 57	   58.76	 33	   57.89	 24	   60.00
  AT	 12	   32.43	 32	   32.99	 19	   33.33	 13	   32.50
  TT	   1	     2.70	   8	     8.25	   5	     8.77	   3	     7.50
Males
  Total	 52	 100.00	 85	 100.00	 36	 100.00	 49	 100.00
  A	 43	   82.69	 66	   77.65	 26	   72.22	 40	   81.63
  T	   9	   17.31	 19	   22.35	 10	   27.78	   9	   18.37
Alleles
  Total	 126	 100.00	 279	 100.00	 150	 100.00	 129	 100.00
  A	 103	   81.75	 212	   75.99	 111	   74.00	 101	   78.29
  T	   23	   18.25	   67	   24.01	   39	   26.00	   28	   21.71

The sum of normal and polymorphic allele frequencies was used to obtain data regarding alleles.
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Statistical analysis. The genotypes obtained were analyzed 
using the Fisher's exact test, which was used to analyze asso-
ciations between categorical variables. The allele frequency 
of rs179008 TLR7, which is an X‑linked gene, was analyzed 
separately for males and females, as well as overall in the 
melanoma patient and control groups. The allelic frequency 
of the subgroup of MPM cases was compared with that of the 
single melanoma cases.

Results and Discussion

In the present study, no significant differences were observed 
in the distribution of allele frequencies between melanoma 
cases and controls (P=0.245), or between MPM vs. single 
melanoma cases (P=0.482). Therefore, the present results do 
not suggest the involvement of the Gln11Leu polymorphism of 
TLR7 in the susceptibility to malignant melanoma (Table II).

The TLR family comprises membrane glycoproteins that 
recognize specific PAMPs (16). TLRs are key elements to detect 
microbial infections and to initiate the immune response against 
them (16). TLRs activation directly initiates inflammatory and 
innate immune responses, and triggers the antigen‑specific 
adaptive immune response (16,17). TLRs are also capable of 
recognizing molecular patterns that are typical of endogenous 
cellular damage (DAMPs), and are thus implicated in processes 
of cellular proliferation and survival, apoptosis, angiogenesis 
and tissue remodelling (36). TLRs are expressed by immune 
cells and other cellular types, including cancer cells (37,38). 
Significant quantities of DAMPs are released in the tumor 
microenviroment by damaged epithelial cells and necrotic 
tumor cells  (28). These molecules activate specific TLRs, 
leading to further chronic inflammation, which is one of the 
main cancer‑promoting factors (28). The expression of TLRs in 
the tumor microenviroment directly influences tumor develop-
ment and its interactions with the immune system (38). The 
activation of TLRs upregulates pro‑oncogenic pathways via 
the induction of nitric oxide synthase and cyclooxygenase 2, 
which regulate the expression of TLRs and promote a posi-
tive feedback mechanism, thus leading to the progression of 
cancer and the development of more aggressive neoplastic 
phenotypes (38). This mechanism involves tumor cells, stroma 
and immune system cells (39). However, TLR ligands may also 
exert an anti‑cancer effect, as demonstrated by studies on TLR9 
agonists and TLR7/8 agonists such as imiquimod  (40‑42). 
Furthermore, Wang et al (43) investigated the action of a dual 
TLR7/8 agonist in tumor‑bearing mice, and demonstrated that 
subcutaneous administration of the above TLR7/8 agonist effec-
tively prevented lung metastasis by inducing Th1‑type immune 
responses and potent antitumor activity in mice via TLR7 and 
MyD88‑dependent pathways (43). In addition, the TLR7 agonist 
imiquimod has been successfully applied in the treatment of 
actinic keratosis, basal cell carcinoma, Bowen's disease and 
lentigo maligna (44,45).

Genetic host factors are major determinants of disease 
risk for several types of cancer  (31). Genetic variation in 
immune‑regulating components such as TLRs may lead to 
differences in immune response and susceptibility to different 
diseases, including inflammatory‑autoimmune disorders and 
cancer (36). SNPs are one of the most common genetic variants 
that may affect human DNA (45). SNPS may lead to an amino 

acid substitution in the protein encoded by a particular gene, thus 
altering its function (46). The genes coding for TLRs have been 
observed to be polymorphic (34). The impact of various TLRs 
polymorphisms on the severity and prognosis of numerous 
autoimmune‑inflammatory diseases and several types of cancer 
is currently under investigation (36). Furthermore, the impact 
of TLRs polymorphisms on survival and susceptibility to mela-
noma has been previously analyzed (46). Gast et al (47) analyzed 
SNPs in different TLRs (1‑6, 9 and 10), and demonstrated an 
association between the polymorphism rs4986790 (D299G) of 
TLR4 and increased survival in metastatic melanoma. However, 
the authors did not observe any significant correlation between 
these SNPs and the incidence of melanoma (47). In the present 
study, the Gln11Leu polymorphism of TLR7, which is local-
ized on the chromosome X 22.2 at the ATG start codon of 
exon 3., was analyzed. The TLR7 Gln11Leu polymorphism is 
a functional non‑synonymous polymorphism that consists in 
the replacement of an adenine by a thymine (A/T) in the DNA, 
resulting in the substitution of Gln for Leu in position 11 of 
the polypeptide chain of TLR7 (48). This polymorphism was 
selected based on previous studies suggesting the participation 
of TLR7 in the pathogenesis and progression of melanoma (27). 
TLR7 expression in melanoma cells was demonstrated both 
in vitro and in vivo by Saint‑Jean et al (27), who performed 
a study on melanoma cell lines and lymph nodes invaded by 
melanoma metastasis. Furthermore, imiquimod has been 
successfully used to topically treat facial lentigo maligna, thus 
providing a good therapeutic alternative to the often disfiguring 
surgical excision (34). Imiquimod is a synthetic TLR7 agonist 
that has been used in the topical treatment of warts, actinic kera-
toses, Bowen's disease, basal cell carcinoma, extramammary 
Paget's disease and lentigo maligna (44). Although the exact 
mechanism of action of this drug remains unknown, numerous 
clinical studies have demonstrated that imiquimod induces the 
expression of several cytokines, including IFN‑alpha, IL‑12 
and TNF‑alpha, which mediate its antiviral and anticancer 
(pro‑apoptotic, anti‑invasive and anti‑angiogenic) effects (46). 
These results were confirmed by Aspord et al (41), who demon-
strated the inhibition of melanoma development by imiquimod 
on humanized melanoma‑bearing mice, thus suggesting the 
potential clinical use of this drug in the treatment of metastatic 
melanoma. Currently, imiquimod is only available for topical 
application, however, we hypothesize that the future utilization 
of this TLR7 agonist in the systemic therapy of metastatic mela-
noma may be possible, since the therapies currently available for 
metastatic melanoma are largely unsatisfactory.

In order to evaluate whether the presence of the Gln11Leu 
polymorphism in the TLR7 gene may confer an increased 
susceptibility to cutaneous melanoma, the present authors 
conducted a case‑control study, in which the distribution of 
frequencies of wild‑type TLR7 and mutant TLR7 carrying the 
Gln11Leu polymorphism was analyzed in healthy subjects and 
patients with melanoma. If the frequency of this polymorphism 
in patients with melanoma had been higher than in healthy 
subjects, and/or if this variant had been more frequently present 
in cases of MPM compared with cases of single melanoma, the 
Gln11Leu polymorphism of TLR7 would have been considered 
as a cofactor in the induction of cutaneous melanoma. However, 
the results of the present study do not suggest the involvement 
of this SNP in the susceptibility to malignant melanoma, as no 
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significant differences were observed in the distribution of allele 
frequencies between melanoma cases and healthy controls, nor 
between MPM cases and single melanoma cases. However, the 
present study exhibits certain limitations, mainly due to the 
small number of samples. Furthermore, other genetic variants 
of TLR7 remain largely unexplored to date. Therefore, other 
polymorphisms of TLR7 may influence the risk of melanoma.

In conclusion, the immune system is important in the 
defence against exogenous pathogens and in tumor surveil-
lance. The influence of various components of the immune 
system on tumor onset and progression has been demonstrated, 
and numerous studies have contributed to identify and clarify 
the mechanisms involved. The influence of TLRs polymor-
phisms on the susceptibility to cutaneous melanoma requires 
further studies to confirm these preliminary observations and 
to identify potential diagnostic and therapeutic applications of 
these polymorphisms.
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