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Abstract

Purpose This paper summarizes current knowledge of

pain-related and analgesic-related pathways as well as

genetic variations involved in pain perception and

management.

Methods The pain group of the GENEQOL Consortium

was given the task of summarizing the current status of

research on genetic variations in pain and analgesic effi-

cacy. This review is neither exhaustive nor comprehensive;

we focus primarily on single-nucleotide polymorphisms.

Results Two categories of potential genetic pain-percep-

tion pathways were identified: neurotransmission modula-

tors and mechanisms that affect inflammation. Four

categories were identified for analgesic efficacy: genes

related to receptor interaction, modulation of opioid

effects, metabolism, and transport. Various genetic varia-

tions involved in these pathways are proposed as candidate

genetic markers for pain perception and for individual

sensitivity to analgesics.

Conclusions Candidate gene association studies have

been used to provide evidence for the genetic modulation

of pain perception and response to analgesics. However,

the nature and range of genetic modulation of pain is not

well addressed due to the limited number of patients and

the limited number of genes and genetic variants investi-

gated in studies to date. Moreover, personalized analgesic

treatments will require a more complete understanding of

the effects of genetic variants and gene–gene interactions

in response to analgesics.

Keywords Pain � Analgesic efficacy � Genetic

polymorphism � Biological pathways

Abbreviations

5-HT 5-Hydroxytryptamine (serotonin)

5-HTT Serotonin transporter

5-HTTLPR Serotonin transporter gene repeated

polymorphism

A Adenosine

ABCB1 Adenosine-50-triphosphate-binding

cassette sub-family B member 1

C Cytidine

CNS Central nervous system

COMT Catechol-O-methyltransferase

CYP2C9 Cytochrome P450 2C9

CYP2D6 Cytochrome P450 2D6

DNA Deoxyribonucleic acid

FAAH Fatty acid amide hydrolase

G Guanosine
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GABA Gamma amino butyric acid

GCH1 Guanosine triphosphate

cyclohydrolase 1

IL-1 Interleukin 1

IL-1RN Interleukin 1 receptor antagonist

IL-1a Interleukin 1a
IL-1b Interleukin 1b
IL-6 Interleukin 6

IL-8 Interleukin 8

MC1R Melanocortin 1 receptor

mRNA Messenger ribonucleic acid

NSAID Nonsteroidal anti-inflammatory drug

OPRM1 l-Opioid receptor gene

P-gp P-Glycoprotein

SNP Single-nucleotide polymorphism

T Thymidine

TNF-a Tumor necrosis factor a
TRP Transient receptor potential

TRPA1 Transient receptor potential cation

channel, subfamily A, member 1

TRPV1 Transient receptor potential cation

channel, subfamily V, member 1

UGT Uridine 50-diphospho-

glucuronosyltransferase

UGT2B7 UDP-Glucuronosyltransferase-2B7

Introduction

It is well known that a wide range of interindividual vari-

ability exists in the perception of pain as well as in the

dosage of analgesics that will provide pain relief, even in

patients who have comparable disease severity and are

undergoing comparable treatments. This variability was

demonstrated in a study of 3,045 postsurgical patients who

required anywhere from 1 to 20 boluses of morphine to

obtain relief from postoperative pain [1]. Similarly,

Klepstad et al. [2] found considerable interindividual

variation in effective serum concentrations of morphine

and morphine-6-glucuronide in 300 patients with cancer.

Numerous studies document that age, gender, race/ethnic-

ity, mood states, and stress can influence the individual’s

pain experience. However, the large interindividual

variation is not explained by such factors, suggesting

that genetic factors may contribute to variability of pain.

Moreover, the disposition toward pain perception and

response to analgesics may be comparable to other com-

mon disorders, like cancer, diabetes, and cardiovascular

diseases. That is, multiple genetic variations result in a

disposition to a particular disease and each variant makes a

small contribution to overall susceptibility to pain.

Perception of pain and response to analgesic medica-

tions are complex processes that involve multiple bio-

chemical pathways (e.g., neurotransmission, inflammation,

drug metabolism, drug transport). Each of these pathways

involves significant genetic factors that may modify pain

perception or response to analgesics. In February 2009, the

international and interdisciplinary GENEQOL Consortium

was established to investigate the genetic disposition of

patient-reported quality-of-life outcomes [3]. As one of the

GENEQOL serial papers, this review aims to (1) introduce

quality-of-life researchers to current findings about genetic

contributions to pain perception and the pharmacogenetics

of analgesics; (2) summarize pain-associated genetic vari-

ations into biological pathways that are involved in pain

perception and analgesic response; and (3) briefly discuss

limitations, such as sample size, outcome measurements,

and candidate genetic targets, in current studies on genetic

disposition to pain. Although we have examined the liter-

ature related to the genetic background of pain in general,

we focus here on the genetic polymorphisms, especially

single-nucleotide polymorphisms (SNPs)—the most pop-

ular genetic markers used to assess an individual’s pre-

disposition to complex disorders. This review of gene–pain

association is neither exhaustive nor comprehensive, but

we do expect that it will provide quality-of-life researchers

an overview about the current status of research on the

genetic variations involved in pain perception and anal-

gesic response and will stimulate future investigations into

novel aspects surrounding the genetic basis of pain. We

highlight findings related to disease-related pain and

summarize information on genetic markers in pathways

of neurotransmission and inflammation, which are major

pathways for modulation of pain perception. We conclude

with a summary of genetic variants involved in analgesic

drug metabolism and transport, two pathways that may

modify an individual’s response to analgesics.

Neurotransmission

Pain is the consequence of interactions between a stimulus

and the body’s pain-transmission systems. When encoun-

tering a pain stimulus, the sensory receptor releases neu-

rotransmitters that bind to specific receptors and activate

pain-transmission pathways. Several neurotransmitters and

receptors—e.g., serotonin (5-hydroxytryptamine, 5-HT),

catecholamines, gamma amino butyric acid (GABA)—

contribute to the transmission of the sensations of pain

within the brain and spinal cord. Genes that modulate

expression and activity of these proteins may explain

individual differences in pain perception and are potential

targets for analgesic drug development.
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Catechol-O-methyltransferase (COMT) mediates the

inactivation of catecholamine neurotransmitters, including

dopamine, adrenaline, and noradrenaline [4]. The most-

studied polymorphism is a nonsynonymous SNP in the

COMT gene (COMT). This SNP (rs4680) results in the

substitution of valine by methionine at position 158 and is

associated with a threefold to fourfold reduction in COMT

activity. Humans genotyped as homozygous for the met158

allele reported very slightly increased sensory and affective

ratings of pain in response to muscular infusion of hyper-

tonic saline compared with heterozygotes, whereas indi-

viduals who were val158 homozygotes reported lower pain

ratings than did heterozygotes [5]. The ACCG haplotype of

four COMT SNPs (rs6269 A[G, rs4633 C[T, rs4818 C[G,

and rs4680 G[A) exhibited lowest enzymatic activity and

protein expression by altering mRNA secondary structure

[6]. Being heterozygous for ATCA and ACCG haplotypes

was strongly associated with high sensitivity to experi-

mental pain [7].

Genetic variability in the COMT gene is thought to

influence the efficacy and side effects of morphine in

patients with cancer. Rakvåg et al. [8], who constructed

haplotypes from 11 SNPs throughout the COMT gene in a

sample of cancer patients receiving oral morphine treat-

ment, found that patients who carried the most common

haplotype (34.5%) required lower morphine doses than

patients who did not carry that haplotype. In intron 1,

C allele of -7370 C[T (rs7290221) and A allele of -7053

A[G (rs5746849) were associated with high levels of side

effects in the central nervous system (CNS), such as

drowsiness, confusion, and hallucinations [9].

Opioid receptors are a group of specific receptors

essential for morphine and related opioids to enact their

analgesic effects [10]. These receptors are expressed in

multiple brain regions [11], in the periphery, and on vari-

ous circulating immune cells [12]. There are three well-

defined types of opioid receptors: l, d, and j. The l-opioid

receptor is the primary binding site for morphine and other

commonly prescribed opioid analgesics [13, 14]. The most-

studied SNP in l-opioid receptor gene (OPRM1), rs179971

A[G (118 A[G), results in an amino acid exchange from

asparagine to aspartate at position 40 [15]. A nucleotide

shift leads to a decrease in l-opioid receptor signaling

efficacy in the second somatosensory cortex (SII) of the

brain, an important region for coding pain intensity [16].

Individuals with the GG or GA genotype show an elevated

sensitivity to pain [17] and a reduced analgesic response to

opioids [18] compared with individuals with the AA

genotype. Among patients receiving oral morphine treat-

ment for cancer pain, homozygotes for the G allele

requested higher doses of morphine for successful pain

control [19]. This finding has been repeated in all but one

study [20], which examined the efficacy of intrathecal

fentanyl for labor pain; results from this study showed that

morphine was more effective in carriers of the G allele.

This finding may imply that the effects from a specific SNP

may vary between different opioids, different routes of

drug administration, or different pain etiologies.

Serotonin transporter (SLC6A4/5-HTT) affects mono-

amine neurotransmitter-mediated behaviors, including

anxiety, depression, obsessive–compulsive behavior, and

response to painful stimuli [21]. A repeated-length polymor-

phism (5-HTT gene-linked polymorphic region, 5-HTTLPR,

rs25531) in the promoter of the gene has been shown to affect

the activity of this protein [22]. The short (14-repeat) allele of

5-HTTLPR was shown to have lower transcriptional activity

leading to lower neuronal serotonin reuptake [23] and is

associated with a better analgesic effect of remifentanil in

healthy volunteers undergoing heat-pain stimulation [24].

Another polymorphism in the second intron of the serotonin

transporter gene (STin2), containing a 16-to-17 base pair

sequence with, most commonly, 10 or 12 repeats, was found to

be associated with joint pain severity [25].

Guanosine triphosphate cyclohydrolase 1 (GCH1) is a

catalase enzyme of the folate and biopterin biosynthesis

pathways, which affects sensitivity to neuropathic and

inflammatory pain in animal models. A pain-protective

haplotype of the GCH1 gene (GCH1) was identified in 168

Caucasian adults with persistent lumbar root pain [26].

This haplotype consists of specific nucleotides at 15 DNA

positions and was highly associated with lower scores for

persistent leg pain. Three variants of this haplotype—

rs8007267 G[A in the 50 untranslated region, rs3783641

A[T in intron 1, and rs10483639 C[G in the 3’ untrans-

lated region—were found to have comparable reliability,

specificity, and sensitivity to the genetic diagnosis for pain

sensitivity [27].

Table 1 summarizes information on common polymor-

phisms that are suggested to be associated with clinical

pain phenotypes. Although several other genetic variations

have been associated with altered sensitivity to experi-

mental pain, no evidence is available to show that these

variants are associated with pain perception or response to

analgesics in instances of clinical pain.

Transient receptor potential (TRP) channels are

involved in sensory systems that respond to pain stimuli.

TRP subfamily A member 1 (TRPA1) is activated by

noxious cold temperature (\15�C) [28]. Individuals who

are homozygous for G allele at the SNP rs1198795

A[G located in the intron of the TRPA1 gene (TRPA1)

showed longer cold-withdraw time than did individuals

with the AA genotype [29]. Another TRP subfamily V is

proposed to mediate warm and noxious heat sensations.

The TRP subfamily V member 1 (TRPV1) affects responses

to heat stimuli warmer than 43�C [30]. The SNP rs8065080

G[A of TRPV1 results in an isoleucine-to-valine change at
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codon 585; female European Americans who were homo-

zygous for the A allele showed longer pain-response time

to cold stimuli [31].

Fatty acid hydrolase (FAAH) serves as the primary

catabolic regulator of fatty acid amide in the nervous sys-

tem. Mice that lack the FAAH gene (FAAH) demonstrated

prolonged pain-response latencies to the temperature

stimuli [32]. The common polymorphism FAAH rs324420

A[C, which results in a threonine-to-proline change at

codon 129, was found to reduce cellular expression of the

enzyme in human lymphocytes, which may influence pain

sensitivity [33]. However, this SNP is not associated with

thermal-pain response [29].

Melanocortin-1-receptor (MC1R) has been shown to be a

crucial gene in the control of pigmentation. MCIR variants

were associated with red hair and fair skin [34]. Red-haired

individuals were found to be more sensitive to thermal pain

and to be resistant to the analgesic effects of subcutaneous

lidocaine [35]. Women who carried two variant MC1R

alleles exhibited significantly greater analgesia from the j-

opioid pentazocine, compared with women with all other

genotypes [36]. In addition, human redheads with nonfunc-

tional MC1Rs displayed reduced pain sensitivity and

increased analgesic responsiveness to morphine-6-glucuro-

nide, a l-opioid morphine metabolite [37].

Inflammation

Proinflammatory cytokines appear to play a central role in

peripheral neuropathic pain and hyperalgesia. In animal

models, inflammatory cytokines enhance nociception [38].

Studies of mollusks have shown that the release of the

cytokine interleukin 1b (IL-1b) sensitizes withdrawal

reflexes, a protective response of the body to pain stimuli

[39]. In humans, inflammatory cytokines are thought to be

the mediators that bridge the CNS and immune systems.

Cancer and its treatments induce release of proinflamma-

tory cytokines in both the CNS and periphery, which may

modify the activity of nociceptors and contribute to pain

[40]. Structural damage to peripheral axons leads to an

inflammatory reaction at the site of injury: inflammatory

cells (e.g., macrophages, neutrophils, CD4?, and CD8? T

cells) infiltrate the site, and levels of inflammatory cyto-

kines (e.g., IL-1, leukemia inhibitory factor, and particu-

larly TNF-a) increase. Neuropathic pain develops as a

result [41–43]. Table 2 lists polymorphisms in genes

encoding cytokines that are associated with pain perception

and/or response to analgesics.

Interleukin 1 (IL-1) participates in the activation of T

cells involved in immune defense against infection. Intra-

thecal administration of IL-1 can lead to hyperalgesia in

rats [44]. The expression of IL-1 is upregulated after nerve

injury, and neutralizing antibodies to IL-1 receptors reduce

thermal hyperalgesia and mechanical allodynia in mouse

models [45]. The activity of this cytokine is determined by

two major members of the IL-1 superfamily, interleukin 1a
(coded by IL-1a) and interleukin 1b (coded by IL-1b), and

a competitive inhibitor, interleukin-1-receptor antagonist

(coded by IL-1RN). IL-1a, IL-1b, and IL-1RN genes are

mapped to a closely linked area on chromosome 2q13-q24.

The IL-1a 889C[T (rs1800587) [46–48], IL-1b 3954C[

Table 1 Neurotransmission pathway genetic variants associated with clinical pain phenotypes

Gene Polymorphism Pain phenotype Sample Reference

COMT rs4680 Morphine consumption Patients with cancer [93]

Nonmigraine headache Women [94]

rs6269, rs4818, rs4633, rs4680 Musculoskeletal pain Patients with myogenous

temporomandibular joint

disorder (TMJ)

[7]

Fibromyalgia Patients with fibromyalgia [95]

Haplotype of SNPs in intron 1 Side effects of opioids Patients with cancer [9]

Haplotype of 11 SNPs Morphine consumption Patients with cancer [8]

5-HTT rs2066713 Onset of postoperative pain Postsurgical patients [96]

rs2276307 rs1935349 Myalgia Hypercholesterolemic patients

treated with statins

[97]

Intron 2 variable number

tandem repeat

Joint pain Patients with joint pain [25]

rs25531 Analgesic effect of remifentanil Healthy volunteers [24]

OPRM1 rs1799971 Pain perception and morphine

consumption

Postcesarean women [17]

Postsurgical patients [18]

Patients with cancer [19]

Laboring women [20]
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T (rs1143634) [49] and IL-1b -511C[T (rs16944) [50]

polymorphisms, and an 86-base pair repeat (variable

number tandem repeat polymorphism) in the IL-1RN gene

[51, 52] have biological relevance in the regulation of IL-1

production. In patients with low back pain, IL-1b T3954

allele was associated with the number of days with pain

and pain intensity, and IL-1RN A1812 was associated with

multiple pain phenotypes, such as the occurrence of pain,

the number of days with pain, and days with limitations of

daily activities [53]. The 86-base pair repeat in the IL-1RN

gene was found to be associated with higher morphine

consumption in postoperative female patients [54].

Interleukin 6 (IL-6) plays multiple roles in the physi-

ology of nociception and the pathophysiology of pain. IL-6

expression is rapidly induced during acute inflammation

associated with injury, infection, and neoplasia. In an

animal model, IL-6 increased after nerve injury and this

increase was associated with increased pain behaviors over

time [55]. IL-6 knock-out mice showed a reduced analgesic

response to morphine and a more rapid development of

tolerance to the analgesic effect of morphine [56]. In

patients who had undergone allogeneic hematopoietic

stem cell transplantation, increase in levels of circulating

IL-6 was found to be significantly related to increases

in patients’ reports of pain [57]. The C allele of

-174G[C (rs1800795) SNP in IL-6 gene promoter region

was found to be associated with significantly lower levels

of plasma IL-6 in healthy subjects [58]. Lung cancer

patients homozygous for the IL-6 -174C allele required a

4.7 times higher dose of opioids for pain relief compared

with patients the heterozygous or homozygous for the

G allele [59]. In patients with juvenile rheumatoid arthritis,

individuals homozygous for the G allele reported higher

pain severity [60]. The haplotype GGGA of four SNPs

(-596A[G, -572G[C, -174G[C, and ?15T[A) was

found to have prognostic value for the number of days with

back or leg pain in patients with sciatica [61].

Tumor necrosis factor a (TNF-a) plays a major role in

the inflammatory response after surgical intervention,

infection, and trauma. Several studies have shown a cor-

relation between the level of TNF expression and the

development of allodynia or hyperalgesia in neuropathic

pain models [44, 45]. In a mouse model of inflammation-

induced pain produced by carrageenan injection, TNF-a
mRNA was increased at the site of injection [62]. TNF-a
neutralization with etanercept or infliximab treatment sig-

nificantly decreased mechanical hyperalgesia at the

inflamed joint in animal models of arthritis [63]. The

A allele of -308G[A (rs3093544) polymorphism in the

TNF-a gene promoter site was associated with high TNF

promoter activity and increased expression of TNF-a [64].

In Caucasian patients with non–small cell lung cancer, this

allele was associated with greater pain severity [59].

Interleukin 8 (IL-8) is a major mediator of the inflam-

matory response and coded by IL-8 gene. In a study of 23

patients who had surgery for lumbar disc herniation with

radiculopathy, IL-8 mRNA expression was associated

with the development of back-extension pain and short

pain duration [65]. The tissue injury-induced upregulation

of IL-8 gene expression was positively correlated with pain

intensity at 3 h postsurgery, when acute inflammatory pain

emerged [66]. A common SNP, -251T[A (rs4073), was

identified in its promoter region. The A allele was associ-

ated with increased IL-8 levels in lipopolysaccharide-

stimulated whole blood [67] and with severe pain (rated 7

or greater on a 0–10 scale) in Caucasian patients with

lung cancer [68].

Drug transport and metabolism

Table 3 lists polymorphisms in genes that are associated

with the transportation and metabolism of specific

analgesics.

Table 2 Polymorphisms in cytokine genes and clinical pain phenotypes

Gene Polymorphism Pain phenotype Sample Reference

IL-1a rs1800587 Pain severity Men with low back pain [53]

IL-1RN Tandem repeat within intron 2 Morphine consumption Postoperative women [54]

1812 G/A Occurrence of pain Men with low back pain [53]

Pain severity

Duration of pain

IL-1b rs1143634 Pain severity Patients with burning mouth syndrome [98]

Duration of pain Men with low back pain [53]

IL-6 rs1800795 Pain severity Patients with rheumatoid arthritis [60]

Response to opioids Patients with lung cancer [59]

IL-8 rs4073 Pain severity White non-Hispanic patients with lung cancer [68]

TNF-a rs1800629 Pain severity Patients with lung cancer [59]
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P-Glycoprotein (P-gp) is a membrane transporter that

mediates the transport of several opioid peptides across

biological membranes (e.g., the blood–brain barrier) and

facilitates access to their targets. Nonpeptide opiates such

as morphine [69–71] are effluxed from the brain across the

blood–brain barrier via P-gp. P-gp is encoded by the

adenosine triphosphate-binding cassette (ABC) superfam-

ily member B1 (ABCB1) [72]. A common SNP, 3435 C[T,

was identified in exon 26 of ABCB1 gene. Individuals who

are homozygous for T allele demonstrated a twofold

reduction in duodenal expression of P-gp and the plasma

concentration of digoxin after oral administration of mor-

phine [73]. This SNP is also found to affect the efficacy of

opioids. In patients who took a variety of opioids for pain,

daily opioid doses significantly decreased in a gene dose-

dependent manner with the ABCB1 3435C[T SNP [74].

Among patients undergoing opioid-based therapy (mainly

morphine) for cancer pain, homozygotes for 3435T repor-

ted significantly greater pain relief than homozygotes for

3435C, while heterozygotes showed no significant differ-

ence from the C homozygotes [75]. Coller et al. [76] found

an association between the 3435T allele and lower meth-

adone daily dose requirements in opioid-dependent

patients. Park et al. [77] tested three SNPs (1236C[T,

2677G[T/A, and 3435C[T) in Korean patients who

underwent spinal anesthesia with intravenous fentanyl and

found that patients with genotypes of 1236TT, 2677TT, and

3435TT were more likely to have side effects (early and

profound suppression of respiration) compared with

patients with genotypes of 1236CC, 2677GG, and 3435CC.

Cytochrome P450 enzymes (CYP) constitute a large

family of phase I enzymes involved in drug metabolism

and bioactivation that account for 75% of total drug

metabolism [78]. Polymorphisms in cytochrome P450

isoforms appear to contribute to variations in analgesic

efficacy and presence of side effects, generally in a drug-

specific manner [79–81]. The polymorphic CYP2D6 con-

trols the O-demethylation of codeine to morphine and the

rate of morphine production. With more than 100 allelic

variants having been discovered, four phenotypic groups

with distinct enzymatic activities can be identified in

humans: (1) poor metabolizers have complete enzymatic

deficiency; (2) intermediate metabolizers have decreased

enzymatic activity: (3) extensive metabolizers have normal

enzymatic activity; and (4) ultrarapid metabolizers have

increased enzymatic activity [82]. In poor metabolizers,

codeine is not activated into morphine and is an ineffective

analgesic [83]. Healthy volunteers with poor metabolizers

excrete less morphine and glucuronides in the urine after

single or multiple doses of codeine [84]. In postoperative

patients with gastric cancer, the total consumption of

tramadol for 48 h in those who were homozygous for

CYP2D6*10 was significantly higher than in heterozygous

patients without CYP2D6*10 [85]. CYP2B6*6/*6 carriers

presented higher trough (S)-methadone plasma levels in

245 patients undergoing methadone maintenance treatment

[86]. Pilotto et al. [87] reported that the presence of

CYP2C9*3 allele was associated with a significantly higher

risk of bleeding in 78 patients with a diagnosis of upper

gastrointestinal bleeding related to nonsteroidal anti-

inflammatory drugs (NSAIDs), setting the CYP2C9*1/*1

genotype as reference.

Uridine diphosphate glucuronosyltransferase (UGT) is

a phase II enzyme that catalyzes glucuronidation, which

facilitates the elimination of most analgesics. Clearance of

various NSAIDs, opioids, and acetaminophen are glucu-

ronidated by UGTs [88]. UGT2B7 gene encodes UGT2B7,

a primary hepatic enzyme responsible for glucuronidation

of morphine; the SNP -840G[A of UGT2B7 gene is located

in the promoter region [89]. This SNP is tightly linked to

five other promoter variants (-1248G, -1241C, -1054C,

-268G, and -102C relative to the hepatic start site) [90].

A recent study in patients with sickle cell disease reported

that the presence of the -40G allele (GG and GA) was

associated with significantly reduced glucuronidation of

morphine, which resulted in variability in hepatic clearance

of morphine [91].

Conclusions

As summarized in this limited review, candidate gene

association studies have identified numerous genetic vari-

ants that may modify pain perception and response to

analgesics through multiple biological pathways. However,

the nature and range of genetic modulation of pain are still

not completely understood due to the limited number of

Table 3 Drug transportation and metabolism: genetic polymor-

phisms and response to analgesics

Gene Polymorphism Analgesic Reference

ABCB1 rs1045642 Morphine [75, 99]

rs2032582 Methadone [76, 86]

Fentanyl [77]

CYP2B6 rs34830389 Methadone [86]

rs2279343

CYP2D6 rs35742686 Tramadol [79, 81, 85, 100]

rs3892097 Methadone [86, 101–103]

rs5030655 Dextromethorphan

rs5030867 [104, 105]

rs1065852

CYP2C9 rs1799853 NSAIDs in general [87]

rs1057910

UGT2B7 -840 G/A Morphine [91]
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genes and genetic variants investigated to date. Studies on

the genetics of pain are complicated by the fact that the

genetic influences vary between different pain modalities

[92]. In addition, findings from existing studies on genetic

variation and analgesic efficacy are limited because sample

sizes were small, only a limited number of gene candidates

were evaluated, or the analgesics studied were primarily

morphine and codeine. Furthermore, current pain-gene

studies use a variety of patient-reported pain measure-

ments, which causes difficulties in comparing and inter-

preting results from different studies. Future studies need to

use consistent and clinically meaningful pain phenotyping

that will provide more-applicable interpretation of the

genetic profile as well as more-replicable associations

between genetic factors and pain. Finally, the identification

of additional novel candidate genes could occur through

the use of genome-wide association studies.

Personalized analgesic treatment will require a more

complete understanding of the effects of genetic variants

and gene–gene interaction in response to pain and anal-

gesics. However, although still in its infancy this research

can, through translational initiatives combining genetic

research with clinical research on subjective outcomes,

develop into more insights and improved patient outcomes.
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Glossary

Allele One of various forms of a gene, usually

referring to a specific genetic locus

Allodynia Pain produced by a stimulus that does

not normally provoke pain, i.e., pressure

from clothing or simple touch

Base The essential basic component of DNA

or RNA. There are four DNA bases:

adenine (A), guanine (G), thymine (T),

and cytosine (C)

Candidate gene

association study

A method that determines whether a

particular form of a DNA polymor-

phism occurs more frequently in sub-

jects with a phenotype of interest,

usually focusing on genes involved in

the biological pathways of disease

development and treatment

Chromosome Thread-like structures of DNA found

in the nucleus of a cell that carry

hereditary information

Genome The entire hereditary information of an

organism

Genome-wide

association study

A method to examine genetic variation

across a given genome, designed to iden-

tify genetic associations with phenotypes

of interest, usually 1,000,000 or more

markers involved

Genotype Instructions of the internal inheritable

information of any living organism

Haplotype A set of genetic markers in the same

chromosome that highly correlate to

each other and tend to be inherited

together

Heterozygote An organism with two different alleles

at one gene location

Homozygote An organism with two identical alleles

at one gene location

Hyperalgesia Increased pain sensitivity, usually

abnormal

Nociception Perception of pain

Nonsynonymous

SNP

A DNA base change that results in an

altered polypeptide sequence

Phenotype Anything that is part of the observable

structure, function, or behavior of a

living organism

Polymorphism Variety in forms of a particular DNA

sequence in a population

SNP Short form for single-nucleotide poly-

morphism, a variation between individ-

uals in a single nucleotide (A, T, C, or G)

of the DNA sequence
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