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Data obtained from a mouse model indicated that the ectopic expression of the Grm1 gene is sufficient for
transforming melanocytes and causing malignant melanoma in vivo. In addition, it has also been
documented that the GRM1 gene is aberrantly expressed in human melanomas. Here we have performed a
genetic association study to elucidate whether the GRM1 gene contributes to human melanoma
susceptibility. To carry out this study, we initially genotyped 250 melanoma patients and 329 nonselected
and nonrelated controls with three single nucleotide polymorphisms, rs854145, rs362962 and rs6923492,
located in the intron 1, intron 4 and exon 10 of the GRM1 gene, respectively. To perform sample
genotyping, we used pyrosequencing techniques. Regarding rs854145 and rs6923492, there were no
differences in genotypic distribution or allelic frequency between patients and controls. However, we
observed (i) a higher frequency of patients carrying the C allele of rs362962 than in controls (OR¼1.40,
CI¼ [1.01–1.95], P¼0.045), and (ii) that difference became greater in a subgroup of patients with a low
level of sun exposure and tumours located on the trunk and extremities (OR¼2.10, CI¼ [1.26–3.51],
P¼0.0039). To confirm these observations, the sample size of both patient and control groups was
increased. In total, 464 patients and 561 controls were genotyped for the rs362962 polymorphism. Only
the second observation was confirmed (OR¼1.69, CI¼ [1.16–2.47], P¼0.0064). Our results suggest that
the GRM1 gene may contribute to melanoma susceptibility in that specific group of patients.
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Introduction
Melanoma develops from the malignant transformation of

melanocytes, the pigment-producing cells that reside in

the basal epidermal layer in human skin. Melanoma

represents a significant and growing public health burden

worldwide. The incidence of this disease in Caucasian

populations is increasing faster than other kind of cancers,

except lung cancer in women,1 and it remains one of the

most common types of cancer among young adults.2

As in other complex diseases, including other types of

sporadic cancer, both genetic and environmental agents

are risk factors for melanoma development. Exposure to

the sun is generally accepted as a major causative factor.3,4
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However, the role of exposure to the sun is complex and

has paradoxical features. In this way, it appears that

melanoma risk is typically associated with intermittent

sun exposure rather than cumulative sun exposure.5 Thus,

the majority of melanomas of light-skinned people occur

on the trunk and extremities. These locations are fre-

quently affected in melanoma patients under age 50 years.

In contrast, melanomas located on skin subject to chronic

sun damage, such as the face or the neck, tend to occur

later in life, develop more slowly, appearing at ages over 50

years.6 In addition, melanomas also develop in sun-

protected sites such as oral, nasal and anogenital mucosa,

and skin of soles and palms. Furthermore, several studies

have shown that chronic exposure to ultraviolet (UV) light

exerts a protective effect.7,8

The complex relationship between sun exposure and

melanoma could be explained by the genetic heterogeneity

between individuals. Some studies confirm the importance

of host susceptibility, represented by pigmentary factors

and the tendency to develop benign or atypical moles, in

the aetiology of this disease.9,10 During the previous years,

some studies have been performed to detect low-risk gene

variants for sporadic malignant melanoma susceptibility.

Candidate genes selected include those related to melanin

synthesis,11 DNA repair,12 cell cycle13,14 and some meta-

bolic pathways related to control of mitosis.15,16

Induced mouse mutants are tools for uncovering new

genes and pathways implicated in a particular disease. One

of these models generated by Zhu et al17 spontaneously

developed melanomas in the absence of any known

chemical carcinogen or UV radiation. Specifically, those

animals were predisposed to develop multiple melanomas

primarily affecting the pinnae of the ears, perianal region,

eyelid, snout, trunk and legs. Several years later, they

demonstrated that the susceptibility to melanoma was due

to an upregulation of the Grm1 gene expression.18 Extend-

ing these studies to human melanomas, they also observed

that the GRM1 gene was aberrantly expressed in 7 of 19

melanoma samples and 12 of 18 melanoma cell lines but

not in normal human melanocytes or benign moles.

The GRM1 gene is located at 6q24 in humans. It encodes

the metabotropic glutamate receptor 1 (mGluR1), ex-

pressed at high levels in the central nervous system. In

general, metabotropic receptors are coupled to intracellular

signal-transduction pathways through G proteins. They are

members of the family of seven transmembrane domain G

protein-coupled receptors (GPCRs). GPCRs and G proteins

have been implicated in tumorigenesis through either

mutational activation or overexpression.19 In addition,

glutamate has been associated with tumour growth in both

neuronal and non-neuronal cancers.20,21

In this work, we have investigated whether the GRM1

gene is related to sporadic malignant melanoma suscept-

ibility in humans. Initially, we performed a case–control

study using 250 melanoma patients, 329 nonselected

controls and 3 single nucleotide polymorphisms (SNPs),

rs854145, rs362962 and the rs6923492, located in the

intron 1, intron 4 and exon 10 of the GRM1 gene,

respectively. To confirm the positive associations detected,

we performed a joint analysis extending our cohort to 464

melanoma patients and 561 nonselected controls.

Materials and methods
Patients

The study consisted of 464 patients diagnosed with

malignant melanoma and 561 nonselected and nonrelated

individuals (control group). All of them were obtained

from the outpatient clinics of the following hospitals in

Madrid: 12 de Octubre Hospital, Clı́nico San Carlos

Hospital, Fundación Alcorcón Hospital and Ramon y Cajal

Hospital. The ethnicity of all patients and controls was

Caucasian (white Europeans).

We classified patients according to sun exposure using a

similar criterion to the one described by Berwick et al.22

Specifically, we considered patients with a low level of sun

exposure, those patients who had never had sunburns,

who had never sunbathed during the summertime, who

had spent less than 10 days per year doing outdoor

recreational or occupational activities and who had never

lived in tropical countries. All patients were interviewed by

the same interviewer using a standardized questionnaire.

The study was approved by the Institutional Review

Boards of all participant hospitals. Written consent was

obtained from all individuals before sampling.

DNA extraction, SNP selection and genotyping

We obtained 5 ml of peripheral blood from all patients to

isolate germline DNA from leucocytes. DNA extraction was

performed automatically according to standard procedures

using the Magnapure DNA isolation system (Roche Diag-

nostics, Mannheim, Germany). To perform PCRs, we

prepared aliquots of DNA at a concentration of 10 ng/ml.

The rest of the stock was cryopreserved at �201C.

The SNPs used in the study were rs854145, rs362962 and

the rs6923492 within intron 1, intron 4 and exon 10 of the

GRM1 gene, respectively (Figure 1). All of them were

selected from the database of the ‘UCSC Genome Bioinfor-

rs6923492

5´ 3´

rs854145 rs362962
284168 bp

d´= 0.13   p = 0.05
405674 bp

d´= -0.20   p < 0.0001
121506 bp

d´= -0.21 p=0.008

Figure 1 Relative position of selected genetic markers in the GRM1
gene and the linkage disequilibrium value (d0) between them. Thesias
software was used to calculate d 0.
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matics’ (http://www.genome.ucsc.edu/). Validations of the

polymorphisms were carried out in a pool of DNA from 40

unrelated individuals using PCR and bi-directional auto-

mated DNA sequencing (data not shown). According to the

SNPbrowser software version 3.1 (Applied Biosystems,

Foster City, CA, USA), the SNPs were located in different

linkage disequilibrium blocks in Caucasians. Primers used

to amplify the segment of the GRM1 gene that contains

those polymorphisms and PCR conditions are shown in

Table 1. PCRs were performed in a GeneAmp PCR System

9700 thermal cycler (Applied Biosystems) using standard

PCR chemical conditions. Briefly, a final volume of 20 ml

containing 20 ng of genomic DNA, 0.5 mM of each ampli-

fication primer, 1.5 mM MgCl2, 100 mM of each dNTP, 2 ml of

PCR-buffer 10� (Roche Diagnostics) and 2 IU Taq DNA

polymerase (Roche Diagnostics). Genotyping was per-

formed using a PSQ96 Pyrosequencer (Biotage AB, Uppsala,

Sweden) and the sequencing primers described in Table 1

according to the manufacturer’s instructions. Figure 2

shows examples of genotypic results using the pyrosequen-

cing techniques.

To test the accuracy of our genotyping data, genomic

DNA from 10% of all peripheral blood samples included in

this study were freshly extracted and genotyped. A

minimum of 99% of genotype coincidence was demanded

for all genetic markers.

Statistical analysis

To test Hardy–Weinberg equilibrium and compare allelic

and genotypic frequencies between groups, we used tests

adapted from Sasieni.23 These calculations were performed

using the online resource at the Institute for Human

Genetics, Munich, Germany (http://ihg.gsf.de).

Linkage disequilibrium value (d0) between two studied

genetic markers, haplotypic frequencies and haplotype-

based association analysis were calculated using Thesias

software available at http://genecanvas.ecgene.net/.

To compare quantitative variables among genotypic

groups, we used Kruskall–Wallis tests (data not normally

distributed).

The estimation of power to detect risk to melanoma was

calculated for the rs362962 polymorphism using Episheet

software available at http://members.aol.com/krothman.

Unconditional logistic regression models were used to

obtain odds ratio estimates adjusted by age and sex. These

calculations were carried out using SPSS software (Leeds,

England, UK).

For multiple testing correction, we established a cutoff

P-value of 0.0083 (P¼0.05/6), taking into account the

three genetic markers used in the two phenotypic groups

studied.

Results
Single SNPs analysis

First, we studied 250 melanoma patients and 329 non-

selected controls from the Spanish geographical area

(Table 2). All of them were genotyped for the rs854145,

rs362962 and rs6923492 SNPs in the intron 1, intron 4 and

exon 10 of the GRM1 gene, respectively. The genotypic

distributions for each polymorphism were in accordance

with the Hardy–Weinberg equilibrium (HWE) law (all

P-values 40.05) in both patient and control groups (data

not shown).

No differences were observed in the allelic or genotypic

distribution of the rs854145 and rs6923482 SNPs between

patients and controls. However, the frequency of indivi-

duals carrying the C allele of rs362962 in the patient group

was slightly higher than that observed in the control group

(OR¼1.40, CI¼ [1.01–1.95], P¼0.045 – allele positivity

test from Sasieni23; Table 2). This result suggests that only

the C allele of the rs362962 polymorphism might be a very

low-risk allele for melanoma susceptibility. However, the

previous result may also mean that the C allele of rs362962

might be a genetic factor of melanoma susceptibility in a

subgroup of patients.

Owing to the fact that the Grm1 ‘knock in’ mouse

model develops melanoma in the absence of UV radia-

tion,17,18 we decided to investigate whether the C allele of

rs362962 could be a susceptibility genetic factor for

Table 1 PCR conditions and primers used

SNP PCR primers PCR conditions Sequencing primers

rs854145 50-CTAGCAACTATGCAAACCCC 1 cycle of 951C 50 50-AGCGCAGGACCCCC
50-GTAAGAAGTCAGGCTTGCTG 49 cycles of 951C 300 0, 581C 300 0, 721C 300 0

1 cycle of 721C 50

rs362962 50-GTGACTACCATATTGGACAGC 1 cycle of 951C 50 50-TTTGTGGAGTTAGGAAA
50-TTGGGCATCAGATCTGTAGGA 49 cycles of 951C 300 0, 581C 300 0, 721C 300 0

1 cycle of 721C 50

rs6923492 50-TGGTAGCCCTTCCATGGTGG 1 cycle of 951C 50 50-CTGCGGTCAGGTGGG
50-GGTCCATCAGCGATTTCTGC 49 cycles of 951C 300 0, 621C 300 0, 721C 300

1 cycle of 721C 50
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human melanoma tumours that do not appear to be

dependent on sun exposure. Therefore, we selected those

patients whose tumours were located on skin zones that

are not usually exposed to sunlight such as the trunk and

extremities, and who reported a low level of sun exposure,

as described in the Materials and methods section.

Interestingly, these patients (n¼75) showed a higher

frequency of CC and CT genotypes than those observed

in the control group (OR¼2.10, CI¼ [1.26–3.51],

P¼0.0039, allele positivity test). This was not observed

when the rs854145 or rs6923482 polymorphisms were

studied.

Haplotypic analysis

To test a combined effect of the three polymorphisms of

GRM1 regarding melanoma susceptibility, we performed a

haplotype analysis using the Thesias software. This pro-

gram calculated the linkage disequilibrium value between

genetic markers (Figure 1) and the frequencies of specific

haplotypes under linkage disequilibrium. As mentioned

above, we confirmed that the SNPs selected were in

different linkage disequilibrium blocks (�1od0o1). Ac-

cording to our previous results, haplotypes carrying the C

allele of rs362962 were more abundant in the patient group

than in the control group; however, we did not observe

Figure 2 Detection of polymorphisms using pyrosequencing technology. In every case, all possible genotypes are represented. The genotypes of
rs362962 were detected in the reverse strand.
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significant differences in haplotypic distribution between

patients and controls (data not shown). Similarly, the

haplotypes carrying the C allele of rs362962 were more

abundant in the patient subgroup who reported a low level

of sun exposure and whose tumours were located on trunk

or extremities than in the control group, but no one of

them reached significant differences between the two

groups. Taking into account that the three polymorphisms

are in different LD blocks, these results strongly suggest

that the causative mutation must be in the genetic

background of rs362962 polymorphisms, but not in the

background of the others SNPs.

Joint analysis

To confirm the results obtained with the rs362962 poly-

morphism, we decided to increase the size of both patient

and control groups. In total, 464 patients and 561 controls

were genotyped for the rs362962 polymorphism (Table 3).

Again, the genotypic distributions for this marker were in

accordance with the HWE law (all P-values 40.05) in both

patient and control groups (data not shown). In this study,

however, we did not find significant differences between

patients and controls. According to the patient/control

ratio, sample size and allele prevalence for the marker, we

should be able to detect positive ORZ1.4 with a power of

80%. Therefore, we conclude that the effect of the C allele

of rs362962 in general on melanoma susceptibility, if

present, would be very low.

By contrast, a higher frequency of CC and CT genotypes

was observed in the patient group that reported a low level

of sun exposure and whose tumours were located on the

trunk and extremities (n¼136), compared to those ob-

served in the control group (OR¼ 1.69, CI¼ [1.16–2.47],

P¼0.00644, allele positivity test, Table 3). This result was

not substantially modified when the analysis was adjusted

by age and sex (OR¼1.65, CI¼ [1.13–2.43], P¼0.010).

Taken together, our results suggest that the C allele of

rs362962 polymorphism could not be a susceptibility

genetic factor for melanoma, in general, but for a specific

kind of melanoma not related to sun exposure.

Discussion
The main objective of this study was to investigate whether

the GRM1 gene contributes to human melanoma suscept-

ibility since Pollock et al18 reported that this gene is

expressed in a large proportion of human melanomas, and

they demonstrated that alterations in the expression of

Grm1 are sufficient to promote mouse melanocytes

transformation. In addition, the transgenic mouse de-

scribed by Pollock et al develops melanoma in the absence

of UV radiation. Interestingly, we found an association of

Table 3 Comparative analysis of age, sex and genetic profiles between patients and controls in the joint analysis

Physical and genetic profiles Statistical

Parameters Controls (n¼561) Patients (n¼464) LLSEP (n¼136) Controls versus patients Controls versus LLSEP

Age (years) 55.37712.16 53.61716.42 51.35715.64 NSa P¼0.005a

Sex, male/female 255/294b 205/259 53/83 NSc NSc

rs362962 (CC/CT/TT) 51/206/304 42/185/237 9/71/56 NSd OR¼1.69, P¼0.0064d

LLSEP, patients with a low level of sun exposure whose tumours are located on the trunk or extremities; NS, not significant; OR, odds ratio.
Values of quantitative traits are mean7SD.
aKruskal –Wallis test.
bData not known in 12 individuals.
cStandard Pearson w2-test (Yates correction).
dAllele positivity test.23

Table 2 Comparative analysis of age, sex and genetic profiles between patients and controls

Physical and genetic profiles Statistical

Parameters Controls (n¼329) Patients (n¼ 250) LLSEP (n¼75) Controls versus patients Controls versus LLSEP

Age (years) 55.38712.44 55.35716.70 53.51715.67 NSa NSa

Sex, male/female 150/167b 117/133 35/40 NSc NSc

rs854145 (CC/CT/TT) 76/175/78 54/124/72 14/39/22 NSd NSd

rs362962 (CC/CT/TT) 27/110/192 20/105/125 3/42/30 OR¼1.40, P¼0.045d OR¼2.10, P¼0.0039d

rs6923492 (AA/AG/GG) 117/154/58 86/120/44 23/40/12 NSd NSd

LLSEP, patients with a low level of sun exposure whose tumours are located on the trunk or extremities; NS, not significant; OR, odds ratio.
Values of quantitative traits are mean7SD.
aKruskal –Wallis test.
bData not known in 12 individuals.
cStandard Pearson w2-test (Yates correction).
dAllele positivity test.23
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rs362962 with melanoma susceptibility in patients who

reported a low level of sun exposure and whose tumours

were located on skin zones that are not usually exposed to

the sun. This suggests that, as in the case of the mouse

model, the GRM1 gene may also be related to human

melanoma susceptibility independent of sun exposure.

That finding is dependent on the criteria used to define a

low level of sun exposure. The criterion used in this study

was similar to those reported by Berwick et al.22 This might

be one of the most crucial points of this study since the

level of sun exposure has always been particularly difficult

to quantify. Taking into account that the patients were

born and raised in Spain, a sunny country, it is possible

that some periods of sun exposure may have been

unintentionally omitted by the patients. On the other

hand, the low number of patients who reported a low level

of sun exposure and whose tumours were located on the

trunk or extremities is a critical point in our study. This

could increase the possibility of a type I error in our study.

According to that, we observed a lower OR value in the

joint study than in the previous study. However, our results

are (i) in accordance with those found in the mouse model,

(ii) robust enough to pass the joint analysis that we carried

out, and, (iii) after multiple testing correction, we find that

the association is maintained (P¼0.0064o0.0083). In any

case, it would be very particularly interesting to investigate

whether the same association would be observed in other

populations from countries that receive less radiation such

as those located in Central Europe and, also, in other

melanoma patients whose tumours are located in com-

pletely unexposed zones such as the anal, oral, nasal or

genital mucosa areas. If this is the case, our finding might

also explain the ambiguous relation observed between

melanoma susceptibility and sun exposure as was indicated

in the Introduction section.

Several reports have indicated that melanoma location

could depend on genetic factors as well as sun exposure

pattern.6,9,10 Consequently to that, Bastian et al24 observed

that the pattern of chromosomal aberration found in

melanomas depend on anatomical location influenced by

the sun exposure pattern. Furthermore, Curtin et al25

reported that these changes include specific alteration in

the mitogen-activated protein kinase (MAPK) pathway and

the phosphatidylinositol 30-kinase (PI3K) pathway. In their

series, the 81% of melanomas on skin without chronic sun-

induced damage had mutations in BRAF, as was reported

previously,26 or N-RAS, whereas melanomas on skin with

chronic sun-induced damage had infrequent mutations in

BRAF and frequent increases in the number of copies of the

CCND1 gene. On the other hand, they also found that

CDK4 amplification and CDKN2A losses were more

common in melanomas located on sun-protected skin

and mucosa. All those genes are downstream components

of the MAPK pathway. All those findings indicate that

alterations activating RAS/mitogen-activated protein

kinase pathway are important events on melanoma

development,27 but also, that tumorigenesis mechanisms

are different in different individuals depending on the

their sun exposure pattern. mGluR1 is a GCPR, and,

therefore, stimulation of this receptor might lead to the

activation of MAPK pathway (revised by Marin and

Chen28). Until now, there is no evidence of which cascades

could be triggered through the activation of this receptor

in human melanocytes. However, it has been reported

recently that stimulation of Grm1 by a specific receptor

agonist in cell lines from tumours of a mouse model

expressing this gene, results in inositol triphosphate

accumulation, and ERK1/2 activation via PRKCepsilon.29

If aberrant GRM1 expression would occur in normal

human melanocytes, and if this expression would trigger

MAPK pathways to promote tumour progression remains

unknown. However, if this event occurs, it could be

independent of the existence of mutations in the MAPK

pathway. Therefore, it could partially explain the suscept-

ibility to develop melanoma in the absence of UV radiation

exposure. Whether our results are confirmed in other

series, it will be necessary to study if the level of expression

of GRM1 gene is increased in people bearing the C allele of

rs362962 in GRM1-expressing tissues as well as tumour

tissues.

In conclusion, we have presented the first genetic

association study evaluating the role of GRM1 gene in

human melanoma susceptibility. Our results suggest that

this gene could be related with melanoma susceptibility at

least in a subgroup of patients. However, this preliminary

finding must be confirmed by others in different series and

using more genetic markers within the GRM1 gene. In

addition, molecular studies will be necessary to understand

the role of the expression of GRM1 gene in human

melanoma cells. If our studies are confirmed they should

affect the design of future studies involving the treatment

and prevention of melanoma.
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