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Polymorphisms of the TRPV2 and TRPV3 genes
associated with fibromyalgia in a Korean population
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Abstract

Objective. Researchers continue to gather evidence that transient receptor potential vanilloid (TRPV)

channels contribute towards pain signalling pathways. However, it is unknown whether polymorphisms

of the TRPV gene are associated with FM. For the first time, we investigated the association between the

polymorphisms of the TRPV2 and TRPV3 genes, FM susceptibility and the severity of the symptoms.

Methods. A total of 409 patients with FM and 423 controls were enrolled from 10 medical centres that

participated in the Korean nationwide FM survey. The alleles and genotypes at three positions

[rs3813768(C > G), rs8121(C > T) and rs1129235(C > A)] in the TRPV2 gene and two positions

[rs7216486 (G > A) and rs395357(C > T)] in the TRPV3 gene were genotyped.

Results. The frequencies of the alleles and genotypes of individual TRPV2 and TRPV3 genes were not

significantly associated with FM susceptibility. However, the GTA haplotype of TRPV2 showed a defence

against FM susceptibility (P = 0.035). In addition, polymorphisms of TRPV3 were associated with symptom

severity in FM patients. The single nucleotide polymorphism rs395357 of TRPV3 was associated with the

scores of the Brief Fatigue Inventory (P = 0.017) in FM patients. Furthermore, haplotypes of TRPV3 were

associated with the Brief Fatigue Inventory and the 36-item Short-Form Health Survey mental health

summary scores (P = 0.036).

Conclusion. This study was the first to evaluate the associations of TRPV gene polymorphisms with FM.

Our results suggest that certain TRPV2 haplotypes may have a protective role against FM and that some

genotypes and haplotypes of TRPV3 contribute towards the symptoms of FM.
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Rheumatology key messages

. Polymorphisms of the TRPV2 and TRPV3 genes are associated with the risk of FM and sensitivity to pain.

. TRPV2 haplotypes are associated with a protective role against FM.

. Genotypes and haplotypes of TRPV3 are related to symptom severity in FM.
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Introduction

FM is a prevalent disease that is reported in 1�5% of the

general population, with a greater prevalence among fe-

males [1]. FM is a medical syndrome characterized by

chronic widespread pain and other related symptoms,

including fatigue, insomnia, cognitive disturbance, joint

stiffness and affective distress [2]. To date, proof of a

causative pathway that would explain the development

of FM has not been established. FM is currently con-

sidered to be a result of the interaction of numerous fac-

tors, including psychological, genetic, neurobiological and

environmental [3, 4].

Recent studies have expanded our knowledge regard-

ing the association between genetic factors and FM. A

number of studies have reported progress in the area of

FM genetics, including association or genome-wide asso-

ciation studies, and have suggested that certain genes

influence sensitivity to pain and also increase the risk of

developing FM. In these studies, FM has been associated

with polymorphisms of genes involved in the serotoniner-

gic, dopaminergic and catecholaminergic systems [3, 5,

6]. However, the pathophysiology and symptoms of FM

have not, until now, been fully described by known gen-

etic factors. Because several ion channels are involved in

the detection of painful thermal, mechanical and chemical

stimuli, dysfunctional ion channels have been proposed

as a possible risk factor associated with susceptibility to

FM [7, 8]. For example, a study suggested that the SCN9A

gene-encoded dorsal root ganglia (DRG) sodium channel

polymorphism was associated with symptom severity in

FM [8].

There is emerging evidence that transient receptor

potential vanilloid (TRPV) channels contribute to pain

hypersensitivity. TRPV is one of the transient receptor po-

tential (TRP) channels, which are a large group of ion

channels comprising six protein families. The TRP chan-

nels are responsible for the detection of a wide range of

noxious chemical, mechanical and thermal stimuli [7].

Among several TRP channels, TRPV1�TRPV4 mainly re-

spond to heat detection, and therefore these TRPV chan-

nels are known as thermoTRPs. ThermoTRPs are

expressed in pain pathways such as the DRG neurons

[9]. DRG neurons play a key role in pain perception and

are involved in the transduction of noxious stimuli into

electric impulses at the peripheral terminals [8].

Interestingly, a recent genome-wide linkage scan study

has suggested the TRPV2 gene as a potential candidate

gene for FM [10].

However, the question of whether polymorphisms of the

TRPV gene are associated with FM remains unanswered.

Therefore we adopted a case�control study design, em-

ploying a large sample comprised entirely of ethnically

homogeneous Koreans, to investigate the association be-

tween TRPV2 and TRPV3 gene polymorphisms and FM

susceptibility, and to determine the clinical differences

within FM patients in the presence of TRPV2 and TRPV3

gene polymorphisms.

Patients and methods

Study design and population

We performed a nationwide FM cohort study (the Korean

Nationwide FM Survey) among the Korean population.

The cohort was established to evaluate genetic suscepti-

bility and the clinical manifestations and outcomes of FM.

The survey targeted a prospective cohort of FM patients

recruited from the outpatient rheumatology clinics of 10

medical centres. In this study, a cross-sectional design

was employed to identify the genetic factors associated

with FM susceptibility and the severity of symptoms. As

mentioned previously [11], we enrolled 409 FM patients

(382 females and 27 males) with a mean age of 48.1

years (S.D. 10.9) from the outpatient rheumatology clinics

of 10 medical centres. All patients were diagnosed as

having FM, according to the classification criteria for FM

proposed by the ACR in 1990 [2], at the time of the initial

diagnosis. The mean symptom duration before diagnosis

was 8.5 years (S.D. 8.3) and the mean duration after diag-

nosis was 1.9 years (S.D. 3.0). We also recruited 423

healthy controls (397 females, 25 males) with a mean

age of 45.5 years (S.D. 12.5). Healthy controls were se-

lected randomly, without matching for age or sex, from

among the individuals visiting the general health examin-

ation clinics at each medical centre. The controls had no

history of FM or chronic pain.

This research complied with the Declaration of Helsinki,

and informed consent was obtained from all enrolled par-

ticipants. Exactly the same informed consent form and

study protocol were provided to the independent

Institutional Review Board/Ethics Committee (IRB/EC) at

each medical centre and each IRB/EC reviewed the ap-

propriateness of the protocol and risks and benefits to the

study participants. Ultimately the IRB/EC at each medical

centre independently approved this study without revision

of the informed consent form or study protocol.

Measures

The patients were interviewed at the time of enrolment to

determine their demographic characteristics, including

age, gender, BMI, symptom duration and tender point

counts and scores. In addition, peripheral venous blood

was sampled and then stored in EDTA-coated tubes. The

patients had been treated for FM based on the clinical

judgment of their rheumatologist. Concomitant medica-

tions were tricyclic antidepressants, selective serotonin

reuptake inhibitors, serotonin-norepinephrine reuptake in-

hibitors, pregabalin, gabapentin, NSAIDs, tramadol, acet-

aminophen, benzodiazepine and muscle relaxants.

Although not shown as a table, the current medications

used by the patients with FM did not differ between the

TRPV2 and TRPV3 gene polymorphisms.

Tender points were assessed by thumb palpation ac-

cording to the standardized tender point examination

protocol [12]. The number of tender points was counted

at 18 specific sites on the body, and this number ranged

between 0 and 18. The intensity at each tender point was

assessed by tender point scores as follows: 0, no
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tenderness; 1, light tenderness (confirming answer when

asked); 2, moderate tenderness (spontaneous verbal re-

sponse); and 3, severe tenderness (moving away). The

possible total score of the tender points ranged from 0

to 54.

We further undertook comprehensive clinical assess-

ments of the FM patients using a self-report questionnaire

and semi-structured questionnaires. The Korean version

of the FM Impact Questionnaire (FIQ) was used to assess

the functional abilities of FM [13], and the Brief Fatigue

Inventory (BFI) and the Beck Depression Inventory (BDI)

were used to assess the severity of fatigue and depres-

sion, respectively [14, 15]. The 36-item Short-Form Health

Survey (SF-36) is a generic health survey that measures

the physical and mental health status of patients [16].

Therefore the SF-36 was used to assess the quality of

life of the FM patients. In addition, the severity of anxiety

was measured using the State-Trait Anxiety Inventory 1

(STAI-1) and STAI-2 [17].

Genotyping of the TRPV2 and TRPV3 gene
polymorphisms

The assay reagents for rs3813768(C > G), rs1129235(C >

A) and rs8121(C > T) in the TRPV2 gene and for rs395357

(C > T) and rs7216486 (G > A) in the TRPV3 gene were

designed by Applied Biosystems (Waltham, MA, USA).

The reagents consist of TaqMan MGB probes (FAM and

VIC dye-labelled). The reaction in 10 ml was optimized to

work with 0.125 ml 40X reagents, 5ml 2X TaqMan

Genotyping Master mix (Applied Biosystems) and 2 ml

50 ng genomic DNA. The PCR conditions were as follows:

one cycle at 95 �C for 10 min, 40 cycles at 95 �C for 15 s

and 60 �C for 1 min. The PCR was performed using ABI

Plus (Applied Biosystems). The samples were read and

analysed using the software included with the instrument.

The reference sequence for the TRPV2 gene was based

on the sequence of human chromosome 17p11.2, and

that for the TRPV3 gene was based on the sequence of

human chromosome 17p13.2. Primer sequences used for

TaqMan probe genotyping of the TRPV2 and TRPV3

genes are summarized in Table 1.

Statistical analysis

Statistical analysis was performed using SPSS software

(SPSS version 21; IBM, Armonk, NY, USA). P-values

<0.05 were considered to indicate statistical significance.

The Hardy�Weinberg equilibrium was tested for each

TRPV2 and TRPV3 polymorphism. Genotype and haplo-

type frequencies of the TRPV2 and TRPV3 single nucleo-

tide polymorphisms (SNPs) were compared between the

FM patients and controls using a Fisher’s exact test or a

Pearson’s chi-squared test. Logistic regression analysis

was performed to evaluate the association of each

TRPV2 and TRPV3 genotype and haplotype with FM sus-

ceptibility. An analysis of covariance, adjusted for age and

sex, was used to explore the differences in the clinical

measurements of the FM patients according to each of

the TRPV2 and TRPV3 genotypes and haplotypes.

Combined allele analysis was performed using PHASE

software (version 2.1.1; Department of Statistics,

University of Washington, Seattle, WA, USA) to construct

haplotype structures and estimate their frequencies. We

also performed a permutation test for the null hypothesis

that the patients with FM and the healthy controls are

random draws from a common set of haplotype frequen-

cies (number of permutations performed = 10 000).

Results

Genotype and allele differences of the TRPV2 and
TRPV3 genes and their associations with clinical
measurements

Genotyping of the TRPV2 and TRPV3 SNPs was success-

fully performed in all enrolled subjects except for two pa-

tients and three controls with TRPV2 rs3813768, one

patient and one control with TRPV2 rs8121, three patients

and one control with TRPV2 rs1129235, one patient and

one control with TRPV3 rs7216486 and one patient and

one control with TRPV3 rs395357. Except for the

rs1129235 of TRPV2 (P = 0.0417), the genotype distribu-

tions of the TRPV2 and TRPV3 SNPs were consistent with

the Hardy�Weinberg equilibrium in both the patients and

the controls.

The allele and genotype frequencies of the SNPs of

both TRPV2 and TRPV3 were not significantly different

between the FM patients and controls. However, although

it was statistically insignificant, patients with the CG geno-

type rs3813768 of TRPV2 were less likely to have FM fol-

lowing an age- and sex-adjusted model [odds ratio (OR) =

0.771 (95% CI 0.575, 1.0376), P = 0.086]. In comparison,

patients with the AA genotype of TRPV2 rs1129235 were

more likely to have FM after adjustment for age and sex

(OR = 1.668 (95% CI 0.919, 3.028), P = 0.093] (Table 2).

Within the FM cohort, patients with the CC genotype of

TRPV3 rs395357 had more severe fatigue symptoms, as

measured by the BFI, than did the other genotypes

(P = 0.017). However, we could not find any association

between TRPV3 genotypes and individual components

of the BFI. Furthermore, no associations were observed

between clinical measurements and other TRPV2 and

TRPV3 SNPs (Table 3).

Haplotype frequencies and clinical measurements in
patients with FM and healthy controls

In the haplotype analysis, using TRPV2 SNPs, there were

four frequent haplotypes (CTA, GCC, GTA and CCC) with

a frequency>1% in the patients and controls. These

haplotypes showed significantly different distributions be-

tween the FM patients and the controls (P = 0.0002;

Table 4). Among these haplotypes, the GTA haplotype

was found more frequently in FM after age- and sex-ad-

justed analysis [OR = 0.637 (95% CI 0.418, 0.969),

P = 0.035; Table 5]. However, the clinical symptoms, as-

sessed using the FIQ, BFI, physical component summary,

mental component summary (MCS), BDI, STAI-1 and

STAI-2 scores, did not significantly differ among the pa-

tients with haplotypes of TRPV2 (Table 6).
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On the other hand, the haplotypes of the TRPV3 gene

did not show a different distribution between the FM pa-

tients and the controls (P = 0.820; Table 4). Although three

frequent haplotypes (AT, AC and GC) were not associated

with FM susceptibility, FM patients with these haplotypes

showed a difference in the BFI and MCS scores among

the cases (P = 0.036; Table 6).

Discussion

To our knowledge, our study is the first investigation into

the association of TRPV SNPs with FM. In the present

study we showed that although the allele and genotype

frequencies were not significantly different between the

FM patients and the controls, the GTA haplotype of the

TRPV2 gene has a protective role against FM susceptibil-

ity and some genotypes and haplotypes of the TRPV3

gene contribute towards the symptoms of FM. Our

study suggests that TRPV2 and TRPV3 gene polymorph-

isms may be one of the genetic factors associated with

the development and symptom severity of FM in a Korean

population.

The TRP channel family is known to mediate pain per-

ception and processing in various cell types in the periph-

eral and central nervous systems and is involved in

several processes, including neuron activation and neuro-

transmitter release, relevant to chronic pain pathophysi-

ology [7, 18]. After the molecular identification of TRPV1,

also known as the capsaicin receptor, additional TRP

family members have been discovered in DRG, including

TRPV2, TRPV3, TRPV4, TRP ankyrin 1 (TRPA1) and TRP

melastin 8 (TRPM8) [18]. These channels are expressed in

sensory fibres and are emerging as sensory transducers

that may participate in the processing of pain sensations

[7, 9]. The TRP channels are responsible for the detection

of a wide range of noxious chemical, mechanical and ther-

mal stimuli [9]. Among several TRP channels, thermoTRPs

are also expressed in pain pathways such as the DRG

neurons [9]. Because DRG neurons play a key role in the

nociceptive sensory pathway, researchers have been

interested in the potential role of TRP channels in chronic

pain disorders.

The role of thermoTRPs in the nociceptive pain pathway

has been demonstrated in a number of studies. Extensive

research with modified animals and pharmacological

agents have confirmed that these TRP channels are

involved in the generation and transduction of pain, and

thus represent promising targets for novel analgesic

agents [7, 18]. Studies of TRPV1 gene knockout mice sug-

gest that the channel contributes to the detection of pain-

ful stimuli by nociceptive neurons [19]. The TRPV1 gene

knockout mice showed impaired detection of painful

levels of heat, indicating little thermal hypersensitivity in

the setting of inflammation. The expression of TRPV2 also

affects mechanical and thermal hyperalgesia, as demon-

strated in a rat model of cisplatin-induced peripheral neur-

opathy [20]. The TRPV3 gene knockout mice have deficits

in response to heat perception [21]. The TRPV4 gene

knockout mice presented a reduced sensitivity to pres-

sure exerted on the tail and an impaired threshold to nox-

ious stimuli and the conduction velocity of myelinated

nerves responding to stimuli [22]. Moreover, there has

been experimental and clinical evidence to substantiate

TRP channels as attractive drug targets, and a number

of molecules targeting TRP channels have already

advanced to clinical trials. Topical capsaicin, targeting

TRPV1, has been used for decades for the treatment of

chronic painful disorders such as diabetic neuropathy and

post-herpetic neuralgia [23]. Recently a selective antag-

onist for TRPV3, GRC15300, has already entered into clin-

ical trials after substantiation of its efficacy in inflammatory

and neuropathic pain models [24].

The role of the TRP gene in the pathogenesis of chronic

pain disorder was also evaluated by several investiga-

tions. Armero et al. [25] showed that the Met315Met

TRPV1 genotype is more frequent in female patients

with neuropathic pain in a Caucasian population. Binder

et al. [26] evaluated the associations of TRP channel poly-

morphism, including TRPV1, TRPM8 and TRPA1, with the

somatosensory function in patients with neuropathic pain.

Although no genetic variants of the TPR channels were

TABLE 1 Primer sequences used for TaqMan probe genotyping of the TRPV2 and TRPV3 genes

Region Primers Primer sequences (50 ! 30)

TRPV2 rs3813768 Forward GTTTTCAGGTTGGAGACATTAGATG

Reverse AGGCCAAGAAGATGGCTCTGAGGCG

TRPV2 rs8121 Forward CATTCTGCCACTGCTGCAGATCGAC

Reverse GGGACTCTGGCAATCCTCAGCCCCT
TRPV2 rs1129235 Forward AGGCTGTGCTGAACCTTAAGGACGG

Reverse GTCAATGCCTGCATTCTGCCACTGC

TRPV3 rs7216486 Forward ACATGCGCTTCACAAAGTCATTCTG

Reverse GTCTTGAAGTCCTCGGCCACGGTCA
TRPV3 rs395357 Forward ACTTGGAGTTCTGCTGGATGTTCAG

Reverse TCACCCAGGCCTATGGTGAGCTTGA

A: adenine; C: cytosine; G: guanine; T: thymine.
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found to differ between the neuropathic pain patients and

controls, they found that TRP polymorphisms contributed

significantly to the modulation of somatosensory function

in neuropathic pain patients. Carreno et al. [27] carried out

a case�control genetic association study to identify SNPs

in TRP genes that may increase the genetic susceptibility

to migraine. From a total of 14 TRP genes with a known

brain expression, the SNPs of TRPV1 rs222741 and

TRPV3 rs7217270 were associated with migraine in the

Spanish cohort.

However, TRP gene polymorphisms have not yet been

investigated within the context of FM patients. Because

the TRP channel appears to play a role in the development

of peripheral and central sensitization, it is worth evaluat-

ing the role of the TRP gene in the development of FM.

Notably, a recent genome-wide linkage scan study, the

FM Family Study, suggested the TRPV2 gene as a poten-

tial candidate gene for FM [10]. In that study, Arnold et al.

[10] suggested the linkage of FM to the chromosome

17p11.2-q11.2 region that coincides with the map coord-

inates for the serotonin transporter gene (SLC6A4) and

TRPV2 genes.

In the present study, the allele and genotype frequen-

cies of individual TRPV2 and TRPV3 SNPs were not sig-

nificantly different between the FM patients and the

controls. However, certain haplotypes of the TRPV2 and

TRPV3 genes were found to be associated with FM. In

particular, the GTA haplotype of the TRPV2 gene

showed protective tendencies against FM susceptibility.

The haplotype represents a set of alleles of a group of

closely linked individual SNPs that are usually inherited

as a unit [28]. The importance of identifying haplotypes

TABLE 4 Estimates of haplotype frequencies in FM patients and healthy controls

Gene Combined alleles All subjects, % (S.E.) Controls, % (S.E.) FM, % (S.E.) P-valueb

TRPV2a CTA 70.41 (0.13) 67.96 (0.18) 72.99 (0.19) 0.0002
GCC 16.59 (0.13) 17.12 (0.18) 16.03 (0.17)
GTA 6.46 (0.13) 7.81 (0.17) 5.03 (0.19)

CCC 3.81 (0.13) 3.36 (0.18) 4.28 (0.18)

CTC 1.74 (0.05) 3.13 (0.04) 0.26 (0.11)
GCA 0.44 (0.04) 0.49 (0.03) 0.40 (0.08)

CCA 0.37 (0.04) 0.13 (0.03) 0.63 (0.08)

GTC 0.19 (0.05) 0.0 (0.01) 0.38 (0.10)

TRPV3a AT 66.18 (0.17) 65.76 (0.23) 66.62 (0.18) 0.8203
AC 30.15 (0.17) 30.42 (0.23) 29.87 (0.18)

GT 2.86 (0.17) 3.10 (0.23) 2.60 (0.18)
GC 0.82 (0.17) 0.72 (0.23) 0.91 (0.18)

aMissing data were excluded (TRPV2, n = 19; TRPV3, n = 25). bP-values for permutation test of the null hypothesis that cases

and controls are random draws from a common set of haplotype frequencies (number of permutations = 10 000). TRPV:
transient receptor potential vanilloid; A: adenine; C: cytosine; G: guanine; T: thymine.

TABLE 5 Combined allele frequencies and ORs in FM patients and healthy controls

Gene
Combined

allele Controls, n (%) FM, n (%) Crude OR (95% CI) P-valuea
Age- and sex-adjusted

OR (95% CI) P-valuea

TRPV2 CTA 569 (70.9) 579 (74.3) 1 (reference) 1 (reference)

GCC 145 (18.1) 129 (16.6) 0.874 (0.671, 1.138) 0.318 0.883 (0.676, 1.153) 0.361
GTA 63 (7.8) 39 (5.0) 0.608 (0.401, 0.922) 0.019 0.637 (0.418, 0.969) 0.035

CCC 26 (3.2) 32 (4.1) 1.210 (0.712, 2.055) 0.482 1.208 (0.707, 2.067) 0.489

TRPV3 AT 547 (65.4) 527 (66.5) 1 (reference) 1 (reference)

AC 259 (31.0) 241 (30.4) 0.966 (0.781, 1.194) 0.748 0.993 (0.801, 1.230) 0.947
GT 30 (3.6) 24 (3.0) 0.830 (0.479, 1.439) 0.508 0.850 (0.489, 1.478) 0.565

aComputed for the estimated coefficient of each haplotype in the logistic regression. bComputed by Pearson’s chi-squared

test. Missing data were excluded (TRPV2, n = 19; TRPV3, n = 25). Among eight haplotype structures of the TRPV2 gene, four
haplotypes with a frequency of at least 1% in both patients and controls are presented; the total frequency of the other

haplotype structures was 11 (1.4%) for controls and 1 (0.1%) for patients. Among the four haplotype structures of the TRPV3

gene, three haplotypes with a frequency of at least 1% in both patients and controls are presented; the total frequency of the

other haplotype structures was 2 (0.2%) for controls and 4 (0.5%) for patients. Logistic regression models were used to
calculate the OR. TRPV: transient receptor potential vanilloid; A: adenine; C: cytosine; G: guanine; T: thymine.
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has increased in evaluating the genetic background of

certain diseases. Previous studies have revealed that cer-

tain haplotypes are associated with FM susceptibility and

also pain sensitivity. In FM, the most widely investigated

haplotype is the ACCG haplotype of the catechol-O-

methyltransferase (COMT) gene. Diatchenko et al. [29]

revealed that specific haplotypes of the COMT gene, con-

sisting of SNPs rs6269, rs4633, rs4818 and rs4680, were

strongly associated with low, average or high pain sensi-

tivity and the ACCG haplotype of the COMT gene was

defined as a high pain-sensitivity haplotype. In accord-

ance with this result, other studies have shown the

ACCG haplotype of the COMT gene to be more frequent

in FM patients, and also associated with greater pain sen-

sitivity [5, 30]. FM patients with the ACCG haplotype had a

higher FIQ score than those with other haplotypes [30].

Studies have also indicated an association between FM

and haplotypes. Kim et al. [11] showed that certain guano-

sine triphosphate cyclohydrolase 1 haplotypes, rather

than individual SNPs, were associated with FM suscepti-

bility and pain sensitivity. Additionally, such an association

between FM susceptibility and haplotypes was observed

in a study of the adrenal receptor gene [31]. In our study,

we also suggested that the haplotype of TRPV2 may be

associated with susceptibility to FM.

In this study, although the SNPs and haplotypes of

TRPV3 were not associated with the presence of FM,

some genotypes and haplotypes of TRPV3 contributed

to symptom severity within the FM cohort. TRPV3 SNP

rs395357 was associated with the severity of fatigue in

FM, and haplotypes of TRPV3 influence the differences

in the scores of BFI and MCS in FM patients. Fatigue is

one of the common symptoms in FM patients and con-

tributes to a greater degree of disability in FM [32, 33].

Fatigue is thought to be a result of the interaction of en-

vironmental and biologic factors [34, 35]. Also, as with FM,

researchers take into account genetic effects on the de-

velopment of fatigue. However, the genetic background of

the pathogenesis of fatigue remains to be determined. As

mentioned above, because TRP ion channels regulate the

physiologic signalling pathways in the CNS, several stu-

dies have considered TRP genes as contributing to the

development of fatigue. Light et al. [36] showed an atyp-

ical upregulation of TRPV1 expression following exercise

in chronic fatigue syndrome (CFS). They also found posi-

tive relationships between post-exercise pain and fatigue

and increases in TRPV1. Additionally, Marshall-Gradisnik

et al. [37], in a recent pilot study, suggested that TRP ion

channels may contribute to the aetiology of CFS. In that

study, a number of TRP SNPs (TRPM3, TRPA1 and

TRPC4) were associated with the presence of CFS, com-

pared with non-fatigued controls. In this context, the as-

sociation we demonstrated between TRP mutation and

fatigue symptoms in FM patients is understandable. In

our study, we first described how the SNPs and haplo-

types of TRPV3 could explain the severity of fatigue in FM

patients.

Interestingly, haplotypes of the TRPV3 gene were

related to the MCS of the SF-36 among FM patients.
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Researchers have tried to identify a candidate gene asso-

ciated with impaired quality of life in certain diseases [38].

Raszeja-Wyszomirska et al. [39] demonstrated that SNPs

of the TNF receptor-associated factor 1 and complement

5 (TRAF1-C5) genes were associated with the MCS of the

SF-36 in primary biliary cirrhosis. Genetic polymorphisms

associated with impaired quality of life were also evalu-

ated in irritable bowel syndrome and cancer patients [40,

41]. Our study suggested the TRPV3 polymorphism as the

mechanism underlying the impaired quality of life in pa-

tients with FM. However, the factors affecting the quality

of life are diverse; therefore the results should be inter-

preted carefully. Clearly, further studies are needed to

understand the biologic and genetic mechanisms under-

lying the complex nature of quality of life.

This study had several limitations. It was mainly focused

on susceptibility to FM and was performed using a

case�control design, like most SNP studies. In addition,

we were unable to investigate the associations between

genetic variation and treatment outcome in FM patients.

Recently, researchers have paid attention to the effects of

SNPs on disease progression and outcome. One study

revealed that genetic variation is associated with an im-

proved response to the anti-TNF agent in patients with RA

[42]. Likewise, Zhang et al. [43] revealed that the COMT

gene haplotype contributes to the individual variation of

postoperative fentanyl consumption in patients who

underwent radical gastrectomy. Therefore, further pro-

spective studies are needed to evaluate the effect of the

TRPV2 and TRPV3 polymorphisms on the clinical out-

come in FM patients. Finally, although not shown in the

table, the CTC haplotype protected against susceptibility

to FM [crude OR = 0.113 (95% CI 0.034, 0.377), P <

0.001; age- and sex-adjusted OR = 0.083 (95% CI

0.025, 0.276), P < 0.001]. However, because only 3

of 396 FM patients have the CTC haplotype, the clinical

significance of this result is difficult to judge. The haplo-

type, which has a prevalence of < 1%, could be an

incidental mutation rather than a loss-of-function,

gain-of-function or neutral mutation. Nevertheless, the

roles of the CTC haplotype in FM should be investigated

further.

In summary, we conducted the first investigation to

evaluate the association of TRPV2 and TRPV3 with FM

in a Korean population. Polymorphisms of both the

TRPV2 and TRPV3 genes were associated with FM but

affected the progression of FM in different ways. In the

present study, the polymorphism of TRPV2 influenced the

susceptibility to FM, while the polymorphism of TRPV3

contributed towards symptom severity in FM. Further pro-

spective studies with large populations are needed to

verify these results.
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