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Pharmacogenetic therapy in pain patients requires consideration of two
different genetic substrates to determine the outcome of pharmacotherapy.
The first is the genetic contribution of a variety of different pain types
and the second is the genetic influence on drug effectiveness and safety.
This article presents evidence of a genetic influence on the prevalence and
processing of pain, a discussion of the genetics of drug therapy, and a clinical
scenario to illustrate the need to integrate the genetics of pain and pharma-
cogenetics to achieve the best outcomes.

Genetics of pain

When it comes to nociceptive sensitivity, the stimulus intensity makes
a difference and so does the person’s experience of pain. Studies to isolate
the genetic risk of inheriting a specific pain condition are plentiful, but sci-
entists are only beginning to examine genetic variations that may influence
pain processing. If a genetic basis underlies how pain is expressed, including
the varying mechanisms of nociceptive, neuropathic, and visceral pain, then
the potential exists for new analgesic targets. In the future, the right drug
may depend on the patient’s genotype.
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Pain expression is also influenced by environmental factors, such as cul-
tural attitudes, attention, and stress. Fibromyalgia (FM), tension headaches,
and irritable bowel syndrome are a few of the functional pain conditions
influenced by environmental factors. Environment may sometimes con-
found efforts to isolate genetic contributions in clinical studies, and these
effects should be kept in mind.

Candidate gene studies in pain

The clinical needs in pain management are driven by a broad spectrum of
pain sensitivity observed in patients. Clinical observation suggests large
interindividual differences in pain sensitivity (Fig. 1), and research confirms
that view [1]. Examples of pain conditions that persist in a minority of
patients include diabetes with diabetic peripheral neuropathy, herpes zoster
with postherpetic neuralgia, lumbar disc degeneration with low back pain,
and whiplash injuries with cervicalgia [2]. Some of the variance is explained
by age, severity of stimulus, and environmental factors, but not all. A
genetic influence is suggested by results showing that inbred mouse strains
respond differently to the same acute and chronic pain stimuli [3-5].

Allele-based association studies are expected to shed light on the mystery
of why pain persists in some patients but not others after nearly identical
tissue damage. At present, close to 200 candidate genes have been identified
that may be involved in pain processing [2], and there may be thousands
more. The 200 molecules have been categorized by their frequency of occur-
rence in chronic neuropathic pain conditions and further by the strength of
evidence, frequency of the specific variant, and likelihood that a genetic
polymorphism' alters function (Table 1).

Separating genetic from environmental factors is usually best explored
through twin studies. Patients with migraine [6-8], back pain [9], and men-
strual pain [10] have been studied in twins with estimates of genetic
contribution to pain-related traits reported as 39% to 58%, 50%, and
55%, respectively. The following subsections further elucidate findings
related to genetics in specific pain conditions.

Low back pain

Low back pain is the leading cause of job-related disability in the United
States and second only to headache as the most common neurologic com-
plaint [11]. The causes are many, but degeneration of the spine and interver-
tebral discs are frequently blamed. Conventional scientific consensus says
intervertebral disc degeneration and other spinal abnormalities are largely
mechanical, but recent evidence has implicated genetic and biochemical

' A polymorphism is a variation in DNA sequencing that occurs in greater than 1% of
the population; in contrast, a mutation occurs in less than 1 % (Stamer UM, Stiiber F. The
pharmacogenetics of analgesia. Expert Opin Pharmacother 2007;8(14):2235-45).
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Spectrum of Pain Sensitivity
Patient A Patient B Patient C
\ N\ \

Pain Intensity

Stimulus Intensity

Fig. 1. A simulation of interindividual variability in pain sensitivity: Patient A has increased
sensitivity, Patient B has a normal response, and patient C has decreased sensitivity.

mechanisms. In a study of 804 Chinese volunteers, age 18 to 55, investiga-
tors found that a polymorphism—the Trp2 allele COL9A2 coding for
alpha2 chain of collagen IX—is associated with a fourfold increase in the
risk of developing annular tears in people ages 30 to 39 years. The molecule
was associated with a 2.4-fold increase in the risk of developing degenerative
disc disease and end-plate herniations in people ages 40 to 49 years [12]. In
addition, the presence of Trp2 predicted the severity of disc degeneration.
The effect was more apparent in some age groups than in others. Boosting
evidence that genetic risk factors vary among ethnicities, the Trp3 allele—
shown to increase the risk of lumbar disc disease threefold in Finnish
patients [13]—was absent in the Chinese population.

Migraine

Migraine is more prevalent in females (17.1%) than in males (5.6%), and
evidence points to an X-chromosome link, specifically at the locus of chro-
mosome Xq24-28 [14,15]. High anxiety and certain types of migraines have
shown an association with the short (s) allele of the serotonin transporter
gene SHTTLPR polymorphism [16]. Furthermore, hemiplegic migraine is
associated with a gene on the 19pl13 chromosome, presenting evidence
that different types of migraines may be linked to different genetic polymor-
phisms [17].

Fibromyalgia

Fibromyalgia is a disease characterized by diffuse musculoskeletal pain
and generalized tender points. It affects approximately 2% of the general
population, and women are more susceptible than men [18]. Studies show
FM to be more prevalent within families than in the general population
[19,20]; however, the problem of isolating environmental and genetic factors
continues. Some evidence exists that FM 1s autosomal dominant [21]. An
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Table 1

High-priority candidate genes for human neuropathic pain

Gene Molecule Variant Location
IL6 Interleukin 6 G174 C Promoter
NOSI Neuronal nitric oxide synthase AAT VNTR Intron 20
IL1B Interleukin 1B CS511T Promoter
TNF a Tumor necrosis factor o G 308 A Promoter
SLC6A4 Serotonin transporter SHTTLPR Promoter
GDNF Glial-derived nerve factor (AGG) (n) 3> UTR
BDKRB2 Bradykinin receptor 2 C58T Promoter
COMT Catechol-O-methyltransferase Val 158 Met Exon 3
NOS2A Inducible nitric oxide synthase CCTTTn repeat Promoter
PDYN Prodynorphin 68 bp repeat Promoter
OPRMI1 p-opioid receptor Asn 40 Asp Exon 1
IL10 Interleukin 10 A 1082 G Promoter
BDKRBI1 Bradykinin receptor 1 G699 T Promoter
TH Tyrosine hydroxylase Val 81 Met Exon 3
RET Protooncogene (tyrosine kinase) Gly 691 Ser Exon 11
GRIK3 Kainate (glutamate) receptor Ser 310 Ala Coding
IL13 Interleukin 13 Arg 130 Gln Coding
BDNF Brain-derived nerve factor Val 66 Met Exon 5
ADRA2A «2a-Adrenergic receptor C1291 G Promoter
CACNA2D2 Calcium channel subunit G845 C Intron 2

Data from Belfer I, Wu T, Kingman A, et al. Candidate gene studies of human pain mech-
anisms: methods for optimizing choice of polymorphisms and sample size. Anesthesiology
2004;100(6):1562-72.

association of a gene for FM with human leukocyte antigen has been re-
ported [22] and further supported by research conducted in 40 multicase
families with FM [23]. The T102C polymorphism of the 5-HT2A serotonin
receptor gene may contribute to nociception in FM, though a link has not
been established in FM etiology. An investigation of the T102C allele found
that FM patients exhibited a decrease in T/T and an increase in T/C and
C/C genotypes when compared with healthy controls [24]. The pain scores
for the T/T genotype were significantly higher then for T/C or C/C
polymorphisms.

Several disorders associated with fibromyalgia have similar symptoms
and also appear to have a similar neuropathology. A large population-based
study using the Swedish Twin Registry determined that genetic factors con-
tribute to the co-occurrence of FM with psychiatric disorders, including
major depression, generalized anxiety disorder, and eating disorders [25].
Significant co-occurrences were found between FM and chronic fatigue,
joint pain, depressive symptoms, and irritable bowel syndrome. Collectively
termed ‘“‘functional somatic syndromes,” these conditions share many
clinical features, which point to a shared mechanism for pain sensitivity.

A role has been suggested for polymorphisms of genes in the serotonin-
ergic, dopaminergic, and catecholaminergic systems, which are associated
with FM and additional comorbid conditions [26]. The polymorphisms
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could result in an imbalance of many neurochemicals, leading to the somatic
complaints and depression common in FM and related disorders.

Hereditary disorders insensitive to pain

A confirmation of the genetic association to perceived pain is found in the
five congenital disorders characterized by defects in normal sensation that
have been documented to date (Box 1, [27-31]). Understanding genomic in-
volvement with pain may lead to more precise pain therapies.

Genetics of analgesia

Clinicians who treat pain have always known that the response to opioids
varies widely among patients. Differences in bioavailability and pain stimuli
explain some of this difference, but genetic makeup is likely a strong factor.
Clinicians struggle with finding a consistent response to pain medications
because of this tremendous interpatient response. There are several ways
genetics influence drug response: through drug metabolism enzymes, drug
transporters, opioid or other pain medication receptors, or structures
involved in the perception and processing of pain.

Pharmacogenetics describes the effects of polymorphic genes on the en-
zymes that metabolize drugs. It has been shown that a variation in amino
acid sequence replacing an arginine and a serine by a histidine (R265H)
and a proline (S268P) residue, respectively, at the mu opioid receptor can
change receptor signaling after stimulation with morphine [32]. Ethnic
groups are known to vary in response to opioid medications. Caucasians
are more prone to sedation and respiratory depression than Asians are,
and Native Americans display even more depression of the ventilatory re-
sponse than do Caucasians [33,34]. Animal studies provide further ballast:
in one study, inbred laboratory mice (CXBK) showed no response to levels
of morphine that are analgesic for more than 90% of typical mice [35].

What follows is a consideration of research involving certain genetic
polymorphisms and their association with increased or reduced drug sensi-
tivity. The evidence, so far, implicates only a few genes in pain processing.

Box 1. Congenital disorders characterized by defects in normal
pain processing

Congenital insensitivity to pain with anhidrosis [27]

Familial dysautonomia (also called Riley-Day syndrome
or HSAN IlI) [28]

Lesch-Nyhan syndrome [29]

Tourette’s syndrome [30]

De Lange syndrome [31]
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Cytochrome P450 2D6 gene

Among the most studied factors in drug metabolism is the CYP2D6, one
of the cytochrome P450 enzymes, which are a super-family of drug-metab-
olizing enzymes that have shown variations in large populations [36].
Researchers have described more than 75 CYP2D6 alleles [36], and further
study has found that patients who rapidly metabolize therapeutic drugs
have multiple copies of the CYP2D6 gene [37]. Polymorphism of this gene
helps explain tremendous individual differences in opioid requirements.

Here, too, research has uncovered notable differences in the frequencies
of alleles among different nations and ethnic groups: close to 29% of people
in parts of East Africa may have multiple copies of CYP2D6, while the pat-
tern is rare in Northern Europeans [38]. In fact, CYP2D6 gene duplication
has been shown to occur in less than 2.6% of Caucasians [39].

OPRM1 118G

The mu-opioid receptor encoded by genetic locus OPRM1 is a prime site
of action for endogenous opioid peptides and, thus, of interest to genetic
investigators. Laboratory and clinical evidence has shown increased opioid
requirements in patients with the OPRM1 118G polymorphism [40—42]. Of
120 patients who underwent total knee arthroplasty, patients who were
118G homozygotes consumed significantly more morphine than did patients
who were 118 A homozygotes or heterozygotes [41]. A further study found
significantly greater opioid consumption to achieve pain control in 118G
homozygotes compared with 118A homozygotes for hysterectomy patients
during the first 24 hours postsurgery [42].

Catechol-O-methyltransferase gene

Catechol-O-methyltransferase metabolizes catecholamines and is impor-
tant for dopaminergic and adrenergic/noradrenergic neurotransmission. A
common polymorphism at amino acid position 158 (Vall58Met) has been
shown to impact human pain response [43]. Individuals with a homozygous
methionine-158 genotype showed diminished regional mu-opioid system
response to pain when compared with heterozygotes, and also demonstrated
higher sensory and affective ratings of pain. Cancer patients with the
Met/Met genotype also have shown a heightened need for morphine [44].
However, other research has found only a weak association between poly-
morphisms in the monoamine neurotransmitter systems and postsurgical
pain response [45].

Melanocortin-1 receptor gene

The Melanocortin-1 receptor (MCIR) gene variants offer additional
interesting evidence of the potential for highly targeted analgesia based on
sex and other differences. There is evidence that women, more than men,
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respond to kappa-induced analgesia [46], which 1s mediated by the MCIR
[47]. Women carrying two nonfunctional alleles displayed greater pentazo-
cine (kappa agonist) analgesic response compared with women with one
or no such alleles, or men [48]. Furthermore, 75% of individuals with red
hair and pale skin phenotypes carry two or more inactivating variants of
the MCIR [48].

Affect of genotype variants on dose

The opioid dose required for analgesia will be affected by genotype var-
iants. One dose does not fit all. For example, a patient with the variant of
OPRMI1 may require twice the standard morphine dose to be effective.
This variability in clinical effect among patients based on genotype empha-
sizes the need to perform pharmacogenetic assessments in patients, perhaps
leading to the concept of “pharmacogenetic-based dose adaptation™ [49].

Joining the genetics of pain and analgesia for clinical utility

Pharmacotherapy for chronic pain will encompass the genetic research on
the variability of pain expression and the variations in response to analgesic
medications. One clinical scenario that presents difficulty in this regard lies
in initiating doses of methadone for pain.

Initiating methadone: a clinical scenario

Unintentional overdose deaths involving methadone are rising. A report
by the National Drug Intelligence Center found methadone deaths rose
390% from 1999 through 2004, a higher rate than for any other opioid
[50]. A common scenario in these deaths is accumulation of methadone to
a toxic level during initiation for pain therapy or addiction treatment because
of an overestimation of tolerance and lack of consideration for methadone’s
long, variable half-life, according to the United States Substance Abuse and
Mental Health Services Administration [51]. Because many deaths from
methadone occur within the first few weeks of initiating therapy, poor meth-
adone metabolism in a subset of patients may well be a factor.

The cytochrome P450 (CYP) enzyme system is a key player in methadone
metabolism, and research is aimed at discovering which isoenzymes have the
most influence. Although its metabolism is complex and research is incom-
plete, methadone appears to be metabolized mainly by CYP2B6 [52-54].
Testing for this isoenzyme may help identify who is at risk for slow metab-
olism and, therefore, toxicity from drug accumulation.

The spectrum of medication response

Genotyping for CYP2D6 has resulted in classifying morphine recipients
as poor metabolizers, extensive metabolizers, intermediate metabolizers,



576 WEBSTER

or ultrarapid metabolizers [55] with consequences for pain sensitivity and
opioid consumption. The categorization suggests a spectrum of possible re-
sponses from analgesia to lack of efficacy to toxicity after the same doses.

Furthermore, poor metabolism of opioids could compromise the inter-
pretations of urine drug testing administered to ensure compliance with
opioid therapy. If genotyping were to reveal poor or ultrarapid opioid
metabolizers, clinicians may find quantitative urine drug testing useful in
assessing whether patients are consuming their prescriptions as directed or
possibly diverting some of them.

Adverse drug reactions

Genetic variations that impact a patient’s drug sensitivity can lead to ad-
verse reactions, toxicity, or therapeutic failure [56]. Of 27 drugs frequently
cited in adverse drug reaction studies, 59% are metabolized by at least
one enzyme with a variant allele known to cause poor metabolism [57].
That compares with 7% to 22% of randomly selected drugs. Tailoring
therapy based upon each individual’s genotype should yield increased ther-
apeutic effectiveness and minimize adverse effects.

Summary

Each person carries his or her own genetic imprint for pain response and
medication sensitivity. How this genetic profile is expressed may be signifi-
cantly influenced by the environment. Studies of genetic polymorphisms
linked to pain syndromes and medication metabolism promise a fresh
therapeutic approach where targeted analgesia with fewer side effects may
be possible based on genotype.
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