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A number of human cytochrome P450 enzymes are polymorphically expressed. This results 

in inter-individual dserences in the ability to metabolize substrate dmgs. More importantly, they 

exhibit sigdicant inter-ethnic dserences in the frequencies of mutant aileles and frequencies of 

the poor metabolizer genotype and phenotype. Although P450 enzymes have been studied 

extensively in Caucasian and .&ian populations, very M e  is known about their genetic variation 

in Canadian Native Indians. 

Mitochondrial DNA studies have shown that Canadian Native Indians are descendants of 

north h i a n  populations which crossed the Bering Strait between 13,000 and 30,000 years ago. 

This agrees with previous evidence gathered fiom linpuistic, dental and morphologicai studies. 

We have therefore hypothesized that Canadian Native Indians will resemble Asians, and differ 

from Caucasians, with respect to the frequencies of CWID6,  C Y P X  19 and CYP2A6 mutant 

aileles. 

We have studied the screened 159 Canadian Native Indian subjects for C Y P X  19 

(CYP2C W*2 and C Y P X  l9*3) and CYP2A6 (CYP2A6*2 and CYP2A6*3). These data have 

been anaiyzed and compared to Caucasian and .Sian data previously reported in literature and 

data t o m  Our own laboratory. Canadian Native Indians were significantly different fiom both 

Caucasian and Asian populations with respect to the genotype patterns of both C Y P X  19 and 

CYPIA6. 



This snidy was unique in that it investigated both the CYP2C 19 and CYP2A6 

polporphisrns in one population, thereby dlowing us to detem-e whether there was any 

association between the CYP2C 19 and CYP2A6 genotypes. Analysis of Canadian Native Indians 

suggests that there is an association between the presence of the CPZCIP and CYPZA6 mutant 

aiieles such that the CO-occurrence of these two alleles is higher than would be predicted based on 

their tiequencies in this population. 

These resuits suggest that Canadian Native Indians do not resemble either Caucasians or 

Asians with respect ro the variant aiiele frequencies of these poiyrnorphic cytochromes P450. This 

is most likely due to 1)  selective pressures which are unique to North America and 2 )  Canadian 

Native Indians' unique evolutionary history. 
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Introduction 

Cytochrome P450 Superfamily 

The cytochromes P450 (P450) are a superfamily of enzymes whkh are involved in the 

oxidative metabolism of a wide variety of endogenous and exogenous compounds such as dmgs, 

steroids, pronaglandins and pheromones (Nebert and Gonzalez, 1985). These enzymes are present 

in both eukaryotic and prokaryotic species. The number of P450 genes in any given mammaiian 

species has been estimated to range between 60 and 200 (Nelson er al., 1996). 

P450 Protein and Gene NomencIature 

P450 nomenclature is based on amino acid sequence homology. P 4 O  genes with derived 

amino acid sequence homology of >JO% are gouped into the same family, whereas PJjO senes with 

denved amino acid sequence hornology of >5 5% are grouped into the same subfàmily (Nelson er al., 

1996). To date, 14 mammalian P450 gene f a d e s  and 26 P450 gene subfarnilies have been identified 

(Nelson er al., 1996). 

Cytochrome Pl50 gene nomenclature consists of 1 )  the italicized root "CYP" denotins 

cytochrome P450, 2) an Arabie numeral representing the P45O family, 3) a letter representing the 

P450 subfamily and 1) an Arabie numeral represenring the actual gene (Nelson er ai., 1996). For 

instance, CYP2D6 is Pl50 gene 6 belonging to the D subfarnily of farniiy 2. 

Human Genorne Nomenclature for CYP1R6 Mutant .Aileles 

INtially, CYP3D6 mutant aileles were named using an arbitrary sysrem in which a letter 

following the jene narne was used (Le., CYPID6X). Some alleles were assigned in alphabetical 

sequence according to the order in which they were discovered. For instance, the t i rs  mutant alleles 



identified in Caucasian populations were denoted "CYP2D6A7" and "CYP2D6B" (Heim & Meyer, 

1990). M e r s  were assigneci names based on the hctional consequence of the dele .  The CYPZDaD 

dele,  for exarnple, is responsible for the deletion of the entire CYP2D6 gene (Steen ri al., 1995). 

Fdy, a number of C F - 9 6  mutant aiieles were named according to the populations in which they 

were discovered. For example CYP7D6Ch, and CYPZD6J were initially detected in Chinese and 

Japanese populations, while CYPZD6Z was found in a Zirnbabwean population C;Masimirembwa ei 

al., 1995). 

The discovery of CYP2D6 variant alleles has progressed at such a rapid rate in recent years 

that the development of a standardized nomenclature was required. In 1996, Daiy et al., proposed 

such a system which has since been adopted by many researchers in the field. Daiy proposed the 

following : 

"AH alleles are termed CYPlD6 foliowed by an astensk. Specific alleles are named by Arabic 
numerals or a combination of Arabic numerals followed by a capitalized Latin letter. There 
are no spaces benveen gene, astensk and ailele and the entire gene-allele symbol is italicized 
(cg. .  CYP2D6*I). Since a number of alleles share comrnon key mutations but differ with 
respect to other base changes, these should be given the same Arabie number (denoting an 
allele group) and distinguished by capitalized Latin letters (denoting allele subgroups)." 

In addition, in order for new alleles to be classified, they should contain murations which have 

funnional consequences on transcription, splicing, translation. post-transcript ionaü post-translational 

modifications, or amino acid sequence (Daly et al., 1996). The trivial nomenclature, proposed 

nomenclature, mutations, effects and enzyme activity for different CYP2D6 aileles are listed in Table 

1.1 (modified from Daly et al., 1996). 



Table 1.1 CYP2D6 Allele Nomenclature. 

1 T$v=ivei Causative Activity Activity 
Mutation E ffect in vivo in vitro 

1 CYP2D6*l 1 wiid-type none nomai normal 

CI'P2D6*8 CYP2D6G G 1 S46T stop codon none 

Cl'PZD6*9 CYPZD6C 2 7 ' 0  1-3 or E S  1 delrrsd Jrcreased dmreassd 
G2702-1 
delered 

C W 2 D 6 *  1 OC CYP2D6C h: C 188T P3JS, SJ86T decreasised decreased 

CYPZD6* 1 1 CYPZDoF G97 1C splicmg de f i t  nom 

CYP2D6* 12 G2 12.4 GJZR, R29bC S-MT none 



The new nomenclanire syaern for CYP2D6 alleles has aiso been extended to CYP2C 19 and 

CYP2A6 deles. The new nomenclature for CYP2A6 and CYP2C 19 mutant aiieles is Listed in TabIe 

1.2 (modified fiom Daly et al., 1996). 

Table 1.2 Mutant Allele Nomenclature for CYP2C19 and CYP2A6. 

Allele I Trivial Causative Activity Activity 
Name Mutation Effect in vivo in v i e 0  

1 CYPZC19*1 1 wild-type none normal normal 

1 CYP2A6*1 1 wild-type none normal normal 

CYP2C19 ' 2  

C Y P X ~ ~ * ~  

CYPZC 19m, G,,,A Exon 5 aberrant splicing none none 

CYPX 19m, G636A premature stop none none 
codon 

CYP2A6vz rW substitutions unknown none unknown 
in exon 3, 6, 8 

CYP?A6*2 

Function of P4jO Enzvmes 

One of Pl50 enzymes' functions is the 

compounds, including drugs and environmental poilu 

pp 

CYP7A6v, LI& possible normal or none 
decreased absent 
stabiiity 

rnetabolism 

~tants. are me 

of xenobiotics. Many 1ipopiUlic 

:taboIized by P450 enzymes whose 

main rote is to make these compounds more hydrophilic. thereby increasing their elimination £Yom 

the body. This occurs via Phase 1 or functionalization reacrions which involve the addition of a 

hydrophilic functional group, such as -OH, to lipophilic cornpounds, thereby increasing their water 

solubility and increasing their rend elimination (Gonzalez and Neben. 1990 & 1995). 



P450 E r n e  Multiolicitv and Overiêp~ing Substrate Specificitv 

Overiapping substrate specificity is a key feature which makes P450 enzymes highly effêctive 

detoxifïers of foreign compounds, a single P450 enzyme cm metabolize a number of stmcnirdy 

unrelated compounds while any one chernicai can be metabolized by a number of different P450 

enzymes. For instance, CYP2D6 is involved in the oxidative metabolism of over 40 comrnonly used 

dnigs including beta-blockers. tricyclic antidepressants and MAO inhibitors. At the same t h e ,  

dextromethorphan, which is used as a CYP3D6 probe substrate, can be metabolized by both CYP2D6 

and CYP3A While the V,, for dextromethorphan metabolism by both enzymes is comparable, the 

K.,,, values dBer significantly. Y, for O-demethylation (CYETD6) was 7 PM while the K, for N- 

demethylation (CYP3A) was 650 PM suggesting that C Y P X  plays only a minor role in 

dextromethorphan rnetabolism in humans (Jacqz-Aigrain ri al., 1993). In sumrnary, enzyme 

multiplicity and overlapping substrate specificity enable the P450 enzyme systern to detoxie a large 

variety of xenobiotics. 

Factors Affecting P450 E n m e  Xçtivity 

The metabolic activity of P150 proteins rnay be reguiated at various levels (Table 1.3)- 

Deletions, insenion, or substitutions in the coding sequence of the gene may affect the arnount of 

active enzyme present or enzyme hnction. Mutations in regulatory sequences, defects in transcription 

or RNA processing rnay result in variable amounts or quality of mRNA produced. In addition, mRNA 

stability may have an impact on the arnount of enzyme produced. Finally, enzyme induction or 

inhibition may alter the V-, thereby altering the enzyme's ability to metabolize substrates (Meyer et 

al., 1992). 



Table 1.3 Possible Mechanisms Causing a Genetic Deficiency of Drug-rnetabolizing 
Enzymes (Meyer et ai-, 1992). 

a. Deletion, insertion, or rearrangement mutation of gene 
b. Defect in transcription, RNA processing, or RNA stability 

IL At enzyme protein level 

a. Decreased intracellular concentration or absence of enzyme protein 
Diminished rate or lack of synhesis 
Accelerated degradation of labile enzyme variant 

b. Normal intracellular concentration of mutant enzyme protein 

At level of enzyme function 

a. Decreased affinity for substrates (increased Km) 
b. Decreased maximal velocity (decreased Vmax) 
c. Combination of a. and b. 
d. Change in the stereo-selectivity of the reaction 

Role in Animal- lan nt Warfare 

Cytochromes P45O are believed to play an important role in '-animal-plant warfare". It has 

been suggested that as animals began ingesting plants approximately 1200 million years ago, plants 

responded by evolving to produce chernical defence mechanisms in the form of phytoale'ans in order 

to make themselves less palatable and/or digestible to animals. In tum, animals have developed a 

battery of xenobiotic metabolizing enzymes to counteract the effects of these plant-denved 

xenobiotics. Consequences of such CO-evolution and plant-animal warfare include polymorphisms of 

dmg metabolizing enzymes (Gonzalez and Neben, 1990). 



P450 Polvmomhism~ 

AIthough many cytochrome P450 proteins may be induced andor inhibited by xenobiotics, 

the P450 enzymes discussed here, CYP796, CYPX 19, and CYP2A6, are regulated primarily at the 

genetic level. Most of the inter-individual and inter-ethnic variation in human CYP2D6, CYP2C19 

and perhaps CYP2A6 activities can be accounted for by genetic polymorphisms. According to Vogel 

and iMotusky (1986), a polymorphism is: "a Mendeiian or monogenic trait that exists in the 

population in at least two phenotypes, neither of which are rare - that is neither of which occurs with 

a fiequency of less than 1-2%". Consequently, populations cm be divided phenotypically into poor 

metabolizers (PMs) and extensive metabolizers (EiMs) with respect to CYP2D6, CYP2Ci9 and 

CYP7A6 based on the ability to metabolize seiective P450 substrate drugs (Le., CYP2D6: 

dextromethorphan; CYP2A6: coumarin etc.). 

CYP2D6 Po~vmor~hisrn 

The CYP2D6 polymorphism is the most studied P450 human polymorphisrn. It has been 

studied at the D N h  mRNh and protein level (Meyer, 1990). Metabolism of CYP?D6 subsrrates 

exhibits significant inter-individual variation, ranging from deficient to ultra-rapid (Sachse er ai., 

1997). Approximately 5- 10% of Caucasians are homozygous for defective CYPîD6 aileles. These 

individuals express an inactive form of the CYP7D6 enzyme or lack the C W2D6 protein altogether. 

As a result, their ability to metabolize CYP3D6 substrate dmgs such as demornethorphan or 

debrisoquine is significantly cornprornised relative to Caucasian EM individuais. In contrast, some 

individuals have multiple copies of the CYP1D6 gene which results in ultra-rapid CYP2D6 activity 

(h l i l lu  et ul., 1996; Johansson et al., 1993). 



. 
Inter-etfinic Differences n CYP2D6 Act 

In addition to variations within ethnic groups, CYP2D6 dso  exhibits sigruficant inter-ethnic 

differences in populations' mean metaboiic activity. Significant inter-ethnic differences exist in 

C W 2 6  PM fkequencies and in mean metabolic activity of CYP2D6 EM individuais. For example, 

whereas Caucasian populations exhibit PM fiequencies in the range of 5 to 10Y0, .Gan and m c a n  

populations exhibit PM frequencies of approximately 1 % (Bertilsson et al., 1992; Lou et al., 1987; 

Iyun et ai., 1986; Lemard et al., 1992; Marinac et al., 1995; Masirnirembawa ri al., 1993 ; Simooya 

et ai-, 1993; Sornmers et al., 1991; Spina et al., 1994; Xu et al., 1990; Yao et al., 1990). ~Moreover, 

Asian EM individuals exhibit a lower mean CYP7D6 metabolic activity than do Caucasian EM 

subjects. This difference in activity appears as a right-ward shift in the fi-equency distribution of 

Chinese subjects (Figure 1.1). 

Molecuiar/Genetic Basis of Variation in CYP2D6 .Activity 

The human CW?D6 gene is located on the long a m  of chromosome 23 in region q 13.1 

(Gonzalez er al., 1988, Gough rr al, 1991). CYPZD6 is located in close proximity to two CYP7D 

pseudogenes, CYP2D7P and CY2D8P, which share a high sequence hornology (>go%) with the 

functional CYP2D6 gene (Heim and Meyer, 1990). These pseudogenes also contain a number of 

deleterious mutations, some of which are also found in CYP2D6 mutant alleles. Consequently, special 

care must be taken when genotyping for CYP2D6 aileles not to a m p w  the CYP2D7P and CYP2D8P 

pseudogenes in order to avoid inaccurate jenotype results. 

Inter-individuai differences in CYPID6 activity are caused by one or more mutarions in the 

CYP2D6 gene. CYP2D6 PM individu& lack CYP?D6 activity due to deletenous mutations in both 

CYP2D6 alleles. Family studies have shown that CYP2D6 PM subjects are hornozygous for these 
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Oeb tisoquinef 4-hydroxydebrisoquine m e t a b o k  ratio 

Figure 1.1 Frequency distributioos o f  the debrisoquine hydroqlation index in Swedish 
and Chinese populations. This figure demonarates the bimodai nature of the 
fkequency dismbution. The antirnode, which is indicated by the arrow, may be used 
to classi- individuals into CYP2D6 extensive metabolizers (ES0 and poor 
metabolizers (P?vI).The solid line symbolized a metaboiic ratio of  1. iMost Chinese 
subjects have 'vlR ratios geater than 1 while most Caucasian subjeas have >IR rarios 
below 1 (ECalow & Bertilsson, 1994). 



deleterious mutations whereas CM subjeas can be either homozygous or heterozygous for the wild- 

type aiiele (Mura et al., 1993; Evans et al., 1980, Steiner et al., 1985). In addition, severd CYP2D6 

deles have been shown to be responsible for a CYP2D6 protein with decreased catalytic activity in 

viîro and in vivo (Tyndale et al., 199 1 ; Broly & Meyer 1993 ; Johansson et al., 1994). 

CYPZD6*3 and (TYPLB6*4 NuII Mutant Aileles 

To date, at least 17 CYP2D6 variant alleles have been identified, 12 of which code for 

deficient CYP2D6 activity and are therefore termed nul1 mutant aileles @aly et al.. 1996). 

CYPZD6*4 (CYP2D6B) is by far the most common CYP2D6 nul1 mutant allele in Caucasian 

populations (20-23%), accounting for approximately 82% of ail Caucasian mutant alleles (Broly et 

al., 199 1; G o d e z  and Idle, 1994; Sachse et al., 1997). C W 6 * 3 ,  which has an allele frequency 

of 2%, accounts for roughly 8% of Caucasian CYP2D6 mutant alleles. Combined, the CYPtD6*3 and 

CYPZD6*4 mutant alleies account for approximately 90% of CYP?D6 poor metabolizers. (Sachse 

et al., 1997). 

CYP2Dd*/0 Mutant Allele 

In addition to nul1 mutant alleles which, rvhen present in a homozygous state, result in a PM 

phenotype, there exist CYP2D6 mutant alleles which code for a CYPID6 protein with decreased 

metabolic activity (Johansson ri al., 1994). The most cornmon of these alleles is CYP2D6'10 which 

was previously known as CYP3D6Ch1 The CYPID6Ch2 and CYP3D6J mutant alleles are similar to 

CYP7D6Ch, with the exception of exon 9, where they contain addirional silent nucleotide changes. 

The new nomenclature proposed by Daiy ( 1996) classifies these alleles as CYP7D6' 1 OA, B and C, 

with the letters denoting silent mutations which are believed to have no further functional 
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consequences. 

WhiIe CYPZD6*4 is the moa comrnon mutant dele  in Caucasian populations. CYPtD6*IO 

is the most common CYP2D6 mutant dele  (47-70%) in populations of Asian origin (Lee and 

Jeyaseelan, 1994; Wang el al., 1993; Armstrong et al., 1994; Dahl et al., 1995). Expression of 

CYP2D6*iO genes in COS-1 cells has shown that the causative mutation in this allele is a C to T 

substitution at position 188 in exon 1. This substitution results in a proline to serine amino acid 

substitution in a region which is highly conserved among cytochrome P450 gene families 1 and 2 

(Tbeanu et al., 1996). The result is a CYP2D6 protein which exhibits lower catalytic activity than the 

wild-type protein (Johansson, 1994). This decrease in activity has been shown in vivo. Figure 1.2 

demonstrates the effect of the CYP3D6*iO ( C ~ J  genotype on Iapanese subjects' ability to 4- 

hydroxylate debrisoquine ( Lee & Jeyaseelan, 1994). 

Inter-ethnic Variation in CYP2D6 Mutant Allele Freauencies 

CYP2D6 mutant ailele eequencies exhibit significant inter-ethnic variations (Table 1 A). For 

example, CYP7D6*4 is the most comrnon mutant allele in Caucasian populations, but is absent in 

populations of Asian descent. In contrast, CYP2D6*IO, which is present in .Qian populations at 

fkequencies of 47% to 71%, is present in only 5% of Caucasians (Armstrong et al., 1994). As rnight 

be expected, these variations in CYP2D6 mutant allele kequencies result in significant inter-ethnic 

differences in nequency distributions of CYP2D6 activity. 

The absence of CYP3D6*4 in populations of -4sia.n descent is responsible for the relatively 

low (<1%) prevaience of the CYP2D6 PM phenotype in these populations. However, due to a 

relatively high CYP7D6*IO allele frequency, .hian CYP2D6 EM individuais exhibit significantly 

higher metabolic ratio values for demornethorphan and debrisoquine metabolites than do Caucasian 
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Figure 1.2 Frequency distributions of debrisoquine metabolic ratio as a function of 
CYPID6V ((wt) and CP2D6*IO (Chl) aiïeles. Presence of the CYP2D6* 10 ailele 
results in decreased CYP2D6 mean metabolic activity when compared to subjects 
carrying the C Y P 2 6 ' 1  (wt) allele. Homoqgous CYPZD6'lO (Chl)  subjeas exhibit 
higher metabolic ratios than heterozygous subjeas, which in mm exhibit higher 
metaboiic ratios values than CW2D6*1 (WC) homozygous subjeas (Johansson et QI., 
1994) 



EM subjects (Lee and Jeyaseelan, 1994; Wang et al., 1993; Dahl et ai., 1995; .Armstrong et ai-, 

1994). In contras, high CYPtD6*4 aiiele fiequencies (20-23%) in Caucasians result in a Caucasian 

PM fkquency of 7- 10%. while low CP2D6 *IO frequencies result in EM individuals which exhibit 

lower MR values than do Asian EM subjects. 

Although it is the CYPZD6*4 and CYPZD6*iO mutant deles which exhibit the Qreatest 

differences in allele Bequencies beîween Caucasian and Asian population, other CYPtD6 mutant 

deles dso Vary in these and other ethnic groups (Table 1.4.). 

Table 1.4 Inter-ethnic differences in select CYP2D6, CYP2C19 and CYP2A6 mutant altele 
frequencies (%). 

Mutant  Allele Caucasian Chinese Japanese African 

Allele Derived <1-6 1-3 23 <l 
P M  O/o 



Clinical Consequences of CYP2D6 Pol-iorphisrn: Dmg Mmbolism 

CYP2D6 is involved in the oxidative metaboiism of over 40 cornmonly used dmgs, which 

include vicyclic antidepressants, hypnotics, beta-blockers, amphetamines and opioids (Figure 1 -3). 

With nich a wide array of CYPID6 substrate drugs, it is not surprising that ciifferences in CYP2D6 

activity have been irnplicated in a number of potentidy dangerous dmg responses (Kroemer and 

Eichelbaum, 1995). The most common complications Uivolving CYPZD6-substrate drugs are 

concentration-dependent toxiciry reactions. Such adverse dmg reactions (ADRs) are usually observed 

in CYP2D6 PM patients due to their inability to biotransform the active dmg to an inactive 

metabolite. 

Such complications have been observed with a number of clinically used dmgs which are 

C YP2D 6 su bstrates. For exarnple, the anti-arrhythmc pro pafenone has been s h o w  to reach plasma 

levels of 6000 ng/ml in CYP2D6 poor metabolizers. This is eight to ten times above the expected 

plasma levels and is caused by poor metabolizers' inability to carry out CYP7D6-mediated 

propafenone 5-hydroxyiation (Lee et ai., 1990; Botsch et al., 1993; Kroemer and Eichelbaum, 1995) 

This may ultirnately resuit in serious toxicity-reiated .mRs which inciude cardiogenic shock, 

pulmonary edema and arrhythmias (Kroemer and Eichelbaum, 1995). 

While certain dmgs can reach toxic levels in CYP2D6 PM patients, others may not reach 

therapeutic concentrations. This occun in situations where an inactive parent drug is bioactivated by 

CYP2D6 to an active compound. For example, codeine, which is bioactivated to more active 

morphine via CYP2D6, provides negligible analgesic benefit to CYP2D6 PM patients who are unable 

to cany out this CYP2D6-mediated bioactivation (Caraco et al., 1996). 

A number of studies have reponed CYP2D6-dependent disposition of other clinically used 

dnigs. Among those midied are: maprotiline (Firkunsy & Gleiter, 1994), trarnadolol (Pouslen et al., 
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B.AORENMWC BLOCKING AG- 

MSC-N ECUS 

Figure 1.3 Chernid structures of drugs with deficient metrboiism in poor rnetabolizers of  
debrisoquine. The m o w  designates the site of oxidarion (Meyer rr al., 1992). 



1994), encaùiide (Funck-Brentano el ai., 1989), propranolol (Lai et al., 1999, hydrocodone (Otton 

et al., 1993), dihydrocodeine (Fromm et al., 1995), nefazodone (Barbhaiya and Greene, l996), 

fluvoxarnine ( C d o  et ai., 1996), fluoxetine (Hamelui et ai-, 1996), halopendol (Llerena et al, 

1992), metoprolol (Lennard et al., 1982) and desipramine (Table 1.5) (Benilsson and Aberg-Wistedt, 

1982). 

FinalIy, the CYP2D6 polymorphism has also been irnplicated in the metaboiism of drugs of 

abuse. Tnese include opioids, cocaine and amphetamines (Tyndale et al., in press; Seliers et al., 1994, 

Wu et ai., 1994, Sproule et al., 1 994). 

Table 1.5 Selected substrates, inhibitors and inducers of CYP2D6. 

Substrates 

Amitnptyiine 

Citaloprarn 

C Io nipramine 

Clozapine 

Codeine 

Desiprarnine 

Dextromethorphan 

Encainide 

Flecainine 

Fhoxetine 

Ffunarizine 

Halopendol 

Hydrocodone 

Imi p ramine 

Methoxyamp hetamine 

Met h o q p  henamine 

lMetoprolol 

Mexiletene 

Nortriptyline 

Paroxetine 

Perhexilene 

Perp henazine 

Propafenone 

Propranoloi 

Dnig Interactions 

Inhibitors 

Ajrndicine 

Chinidin 

Corynant hine 

Fluoxetine 

Lobelin 

Propidin 

Quinidine 

Trifluperidol 

Yohimbine 

Inducers 

Yet another clinical complication which may aise  is a drug interaction. This occurs when 
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patients are given two drugs, both of which are CYP2D6 substrates. The dmg with higher atfinity 

for CYP2D6 occupies the enzyme, thereby sigdicantiy decreasing or anenuahg biotransfonnation 

of the second drug. This results in dmg accumulation and toxicity-related AD& (Belpaire and 

Bogaert, 1996). Altematively, if both dmgs have similar afnnities for CYP2D6, patients may 

expenence toxicity symptoms of both dmgs (Figure 1.4; Niefsen et al., 1990) 

In effea, CYP2D6 EM patients who are taking two CYP2D6-substrate dmgs may be prone 

to the same problems as CYP2D6 PM patients, namely toxicity symptoms, because they may 

resernble PM patients with respect to CYP2D6 phenotype as a result of cornpetitive inhibition. This 

phenomenon is referred to as phenocopying (Figure 1.4) (Nielsen et al., 1990, firom Caraco, 1996). 

CYP2D6 Acctivitv as a Factor in Disease Susceptibility 

h recent years, several snidies have associated CYP2D6 phenotype and/or senotype nams 

with disease (Table 1.6). These include Parkinson's disease (PD) (Xkhmedova et al., 1995; Tsuneoka 

et al., 1993; Smith et al., 1992; Amstrong et al., 1992; Iwahashi, 1994; Kondo & Kanazawa, 1993; 

Kurth & Kurth, 1993; Benitez et al., 1990; Barbeau et a[., 1985; Poirier et al., 1987; Fonne-Pfister 

et al., l988), Alzheimer's disease (AD) (Chen et al., 1999, various foms of cancer (Ayesh et al., 

1984, Ayesh &: Idle, 1985, Caesar rr ul, 1957, Roots rf al., 1988; Kirvonen er al., 1993; Agndez 

et al., 1996; Legrand et al., 1996; Speirs et al., 1990), epilepsy (Borlak et al., 1994), systernic lupus 

erythematosus (Baer et al., 1986), and Balkan nephropathy (Ritchie et ai., 1983; Nikolov et al, 

1991). Whether CYP2D6 plays a functional role, such as bioactivation of procarcinogens to 

carcinogens, or whether it is in genetic linkage with a proto-oncogene is still unknown (Meyer et al., 

1992). r\s an example, the PM phenotype has been associated with an increased susceptibility to PD. 

Recently, a mechanism by which this may occur has been proposed. Laboratory results have shown 
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Figure 1.4 

Debtisoquin metabolic ratio 

Cornparison of frequency distributions of debrisoquine metabolic ratio between 
untrented patients and patients trented with antidepressants or neuroleptics. 
The fiequency distributions of the patients treated with antidepressants and 
neuroleptics is shified ro the n&t relaùve to the untreared pallents suggesung that 
CW2D6 is inhibired by these dnigs. In the case of neurolepcics, a large proportion 
of patients have been pheno'iped as CYEU36 poor rnetabolizers due to cornpetitive 
inhibieon of the C F 2 6  protek. The arrow indicxes a debrisoquine me~abolic rano 
of 12.6 which is used as the antirnode to disringuish benveen extensive and poor 
metaboiizers (Metsen er al., 1990). 



Table 1.6 CYP2D6-associated Disease Suscepti bility. 

Condition Risk References 

Systemic lupus increased Baer et al., 1986 
erythmatosus 

Alzheimer's Disease increased Chen et al., 1995; 
no effect Benitez et al., 1993; 

Liu et al, 1992 
- - -- -- -- - - - - 

Parkinson's Disease increased Barbeau er ai., 1988 
Akhrnedova et al., 1995; 
Tsuneoka et al., 1993; 

Smith et al., 1 9%; 
Armstrong et al., 1992; 

Iwahashi, 1994; 
Kondo & Kanazawa, 1993; 

Kurth & Kurth, 1993 ; 
Benitez et al., 1990; 
Barbeau et al., 1985; 
Poirier et al., 1987; 

no effect Plante-Bordeneuve er al., 1994; 
Gudjonsson et al., 1990; 

Steiger er of., 199 1 ; 
Liu et al., 1993. 

Lung Cancer increased Hirvonen et ul., 1993; 
Roots ef al., 1988 

Bladder Cancer increased Romkes et al., 1996 

Hepatocelluiar increased Agundez rr al .  1996 
Carcinoma Speirs et al., 1990 

no effect Legrand et al., 1996 

Colon Cancer increased 

Balkan nep hropathy increased Nikolov el al., 199 1 
ktctiie et al.. 1983 



that a PD-like syndrome can be caused by 1 -rnethyl-4-p henyl- L,2,3,6-tetrahydropyridine (MPTP). 

MPTP is bioactiMted by monoamine oxdiase B to a neurotoxic metabotite, 1-methyl-4-phenylpy~idine 

WP'). CYP2D6 activity is believed to provide some neuroprotection against this toxicity as it is 

involveci in the Ndemethylation of MPP+. This reaction inactivates the neurotoxh and facilitates its' 

removai f?om the CNS (Coleman et al., 1996). Since CYP2D6 has been implicated in the 

detoxification pathway of MPP+, CYP2D6 PM subjects are believed to have an increased risk of 

developing Parkinson's due to a deficiency in the detodcation pathway (Plante-Bordeneuve et ai., 

1994; Steiger et ai., 1992). At the sarne tirne, CYP2D6 PM subjects are believed to have a decreased 

rkk of developing certain types of cancer. A number of studies have shown a significantly lower 

prevalence of the CYPîJ6  PM phenotype in cancer patients than in control subjects (Agundez et al., 

1996; Roots et of., 1988; Hirvonen et al., 1993). This suggests that the PM phenotype may be a 

protective factor against some forrns of cancer due to the fact thar PM subjects do not activate 

procarcinogens to the sarne extent that EM subjects do (Caporaso et al., 1995). 

CYP2C19 Polymorphism 

As with CYP2D6, human populations can be phenotypicdly divided into C Y P X  19 EM and 

PM subjects based on the ability to rnetabolize CYP2C19-substrate dmgs such as mephenytoin 

(Kupfer and Preisig, 1984). Mephenytoin is an anriconvulsant dmg which is given in a racemic 

rniurure. The R-enantiorner is N-dernethylated, while the S-enantiomer is rapidly Chydroxylated. The 

C Y P X  19 polyrnorphism was onginally identified when inter-individual differences were observed 

in the mephenytoin S R  ratio (Kupfer, 198 1). This was eventually attributed to a difference in the 4- 

hydroxylation of S-mephenytoin which is mediated by C Y P X  19. 



Inter-ethic differences in CYP2C 19 Activity 

CYP2C19 has ben studied in populations of v-g ethnic backgrounds. As with CYP2D6, 

there are significant inter-ethnic dBerences in CYP2C19 activity. Approximately 1% to 5% of 

Caucasians are poor metabohers of S-mephenytoin (Berthson 1992; Drohse, 1989; Inaba, 1984; 

Jacqz, 1989; Nakamura, 1985; Pollock, 199 1 ; Riviriego, 1993; Wedlund, 1989). In contrast, Asian 

populations exhibit PM fkquencies between 15% and 23% (Xie et ai, 1996; Bertilsson 1992, Horai, 

1989; Kubota, 1996; Nakamura, 1985; Sohn, 1992; Takakubo, 1996). 

CYP2C 19 Genotme: CYP2C19*2 and CYP2 19*3 Mutant Alleles 

The CYP2C 19 P M  phenotype is inhented as an autosomal recessive trait (Kupfer & Preisig, 

1984; Inaba et ai., 1986). CYPlC 19 PM individuals are hornozygous for two mutant alleles which 

resuit in no active protein being expressed, while CYPX 19 EM individuals are either homozygous 

or heterozygous for the CYP2C19*1 (wild-type) allele. Two CYP2C 19 mutant alleles, which are 

responsible for the PM phenotype, have been described (deMorais et al., 1994a; 1994b). Additional 

nul1 mutant alleles, which are present at very iow frequencies, have been identified, however, these 

data have not yet been published. 

CP2Cf9*7 contains a G,,J substitution in exon 5 of the C Y P X  19 gene. This nucleotide 

substitution results in the creation of an aberrant splice site which shifts the reading fkme of the 

mRNA and produces a premature stop codon 10 amino acids downstream of the mutation. The result 

is a truncated, non-funaional 234 amino acid CYPX 19 protein which lacks the heme-binding region 

(de Morais rr al., 1994a). The CYP2C19 *I mutant ailele accounts for 83% of Caucasian CYP2C 19 

PMs and 75% of Japanese CYPZC19 PM alleles (deMorais er al., 1994a). This suggests that 

additional C Y P X  1 9 nul1 mutant alleles exist. 
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A second CYP2C 19 mutant allele, called C I E C I 9  *3, contains a G,A substitution mutation 

in exon 4 of the CWZC 19 gene. This mutation creates a premature stop codon which results in the 

formation of a truncated and inactive protein (deMorais et al., 1994b). Although CYP2Ci9*3 

accounts for the remaining 25% of Sapanese CYP2C19 PM deles not accounted for by CP2C19*2, 

it has not been found in Caucasian populations (de Morais et al., 1994b). This evidence suggests, that 

there exist additional CYPZC 19 mutant alleles which account for the remaining 17% of Caucasian 

CYRC19 PM deles which are not explained by CYP2Ci9*2 or CYP2CI9*3. Presumably, some of 

these individuals can be explained by the recently identified CYP2C19 null mutant alleles. 

Clinicd Conseauences of C Y P X  19 Polvmortlhisrn 

CYPX 19 is invoived in the metabolisrn of a wide variety of dmgs including diazepam 

(Caraco et al., 1995), omeprazole (Chang et  al., 1995: Caraco ri al., 1995; Caraco rf al., 1996), 

hexobarbital (Kato et d., 1992) and proguanil (Ward et al., 1991) (Figure 1.5, Table 1.7). For 

example, signifiant inter-individual and inter-ethnic diEerences exist in the clearance of diazepam. 

CYPX19 ESI individuals ashibit diazepam plasma clearance twice thar of C Y P X  19 PM individuals 

(Bedsson er al., 1989). 

In addition, due to the higher proportion of heterozvgous individual in .-\sian populations. 

significant differences in diazeparn clearance have been observed between EM individuais of 

Caucasian and Asian origin (Ghoneim et ni., 198 1). In fact, many Hong Kong physicians have been 

reported to prescribe lower doses of diazepam for Chinese than for Caucasian patients (Kumana et  

al., 1987). 



Figure 1.5 Structures of substrates metiibolized by CYEC19. Sites of metaboiisrn are 
indicared with XTOW (hydroqdan'on) or curved lines (dernethylarion) (Goidstein and 
de LMorais, 1994). 



Table 1.7 Dmgs Metabolized by CW2C19 (Daniel and Edeki, 1996). 

Hydroxylation Pathway N-Demethylation Pathway 
r 

(S)-rnephenytoin (R)-mep henytoin 

desmethyidiazepam diazepam 

1 moclobemide citaiopram 

h addition, proguanil, which is bioactivated to cycloguanil is less effective as an antirnalarial 

dmg in PM individuais than in EM individuals due to decreased bioactivation via C Y P X  19 (Ward 

et al., 1991). It has been suggested that this may mean that the dmg is Iess effective in Asians than 

in Caucasians due to the higher proportion of heterozygotes and thus. lower enzyme actiMq in the 

former population (Benilsson, 1995). 

CYPX 19 Inhibition and Inducrion 

Non-genetic factors, such as concomitant use of certain drugs, may be responsiblç for altennç 

CYP2C19 phenotype. Presence of CYPZC19 substrare drugs, such as omeprazole. may &ect 

phenotyping results due to cornpetitive inhibition of the CYPX19 protein. In addition, certain disease 

States. such as acute hepatitis and cirrhosis, have been reponed to decrease CYP2C 19 enzymatic 

activity (Breimer rr al., 1975, Zay rr ai., 1978) Finally, there have been reports of age being a factor 

in CYPX 19 activity, with older patients exhibiting decreased activity (Wan r f  al., 1997). 
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CYPZA6 Polymorphism 

Recently, inter-individuai variations in CYP2A6 activity have been observed (Rautio et al., 

1992). Work on CYP2A6 began in the mid-1980's when Pelkonen reported the presence of a new 

phenobarbital-inducible enzyme in human, mouse, rabbit and guinea pig liver microsomes. This 

enzyme, which was responsibie far the hydroxylation of coumarin (1,2-benzopyrone), was termed 

coumarin hydroxylase (COK) (Pelkonen et al., 1985; Raunio et al., 1988). 

At about the same tirne, a new human P450 was isolated and sequenced using a rat CYP2Al 

cDNA probe. This new P450, which was termed CYP2Aj (now CYP2A6), exhibited hi& deduced 

amino acid sequence hornology with rat CYPX3 and mouse CYP7X; (Yamano, 1989). Within a 

yeaq the CYP2M protein was expressed in Hep G2 cells, and it was reported that the enzyme was 

able to carry out coumarin 7-hydroxylation. 

Studies of CYP2A in human liver microsomes identified a 50 kDa protein which showed a 

wons correlation benveen the arnount of protein and coumarin 7-hydroxylation activity and between 

the amount of CYP2Xj mRNA and coumarin 7-hydroxylation (Yamano, 1990). In addition, the rat 

C Y P X  antibody cornpletely abolished coumarin 7-hydroxylation activity in hurnan liver microsomes. 

These findings, combined with m e r  kineric investigation, established that CYP?X was the primary 

enzyme responsible for coumarin 7-hydroxylation in humans and that C Y P 2 X  and COH were in fact 

one and the same enzyme (Yamano et al., 1990). 

While screening a liver bank for CYP2A3 activity, Yamano reponed up to a 40-fold variation 

in enzyme activity and significant differences in mRNA levels between liver samples. Most 

imponantly, three specimens were found to have no detectable CYP7A3 mRNA. Maurice (1 99 1) 
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quanaed the new CYP2A protein, now termed C Y P 2 6 ,  in human liver samples and found that the 

concentration of CYP2A6 in human liver sarnples varied up to 144 fold and accounted for 

approximately 10% of total P450 content (Maurice et al., 199 1). 

Two in vivo studies, using coumarin as a CWA6 submate dmg, have show that fiequency 

distributions of 7-hydroxycoumarin urinary excretion do not exhibit a bimodal distribution, which is 

indicative of a genetic polymorphism (Rautio et al, 1992; Iscan er al, 1994). However, a s m d  

number of individuals in both studies exhibited urinary 7-hydroxycoumarin excretion well below the 

mean suggesting that these individuals may be heterozygous for a nul1 or decreased activity CYP2A6 

dele (Figure 1.6). 

Genetic Basis for Variation in CYP2.16 Activity 

To investigate the possibility of a genetic polymorphism, the CYP2A6 gene locus was 

characterized (Yamano et al., 1990; Bde et al, 1990; Hoffman et al., 1995). CYP2A6 is localized 

on human chromosome 19q13.2. in a tight 3SOkb cluaer containing members of the CYP3A CYPZB 

and CYP2F families. C Y P X 6  is in close proximity to CYP2.47 and CYP2Al3 which are highly 

homologous to CYPI.46 with respect to nucleotide sequence. 

CYP2A6 Mutant Aileles 

To date, there are two CYP2A6 mutant alleles which are believed to be responsible for 

decreased C W X 6  activity. CYP2A6*I was the first CYP2A6 mutant allele identified (Yamano et 

al., 1990). It consists of a single amino acid substitution which results in a L,& amino acid 

substitution. Expression of this protein in Hep G2 cells resulted in a protein lacking coumarin 7- 

hydroxylation activity. A population study by Cholenon and Idle revealed a CYPM6*2 murant allele 
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Figure 1.6 Frequency distribution of percentage of coumürin dose excreted as 7- 
hydrorycoumarin metabolite. -4though aatisrical analysis revealed no antirnode. 
which wouid be indicative of a bimodal distribution. several individuais display 
excretion of 7-hydroxycoumarin which is well below the mran. The black and white 
bars denote males and fernales, respectively (Cholenon a JI., 1992). 



frequenq of 1% (Fernandez-Salguero and Gonzaleq 1995). However, the CYPtA6*Z mutant allele 

did not explain aii low activity individuais. A subsequent study reported CP2A6.2 ailele frequencies 

ranging f?om 0% in Afican-Amencan to 20% in Japanese populations (Fernandez-Salguero et al., 

1995). 

A second CYP2A6 mutant allele, CYP2A6'3, which is characterized by a mutation in exons 

3, 6 and 8 was also identifid (Fernandez-Salguero et al., 1995). This aiiele was found at frequencies 

ranging from 0% to 28% in various ethnic groups (Table 1.4). 

Foilowing phenotyping for CYP--M activity and genotyping for CYPH 6 *t and CYP2AtSf3, 

Fernandez-Salguero (1995) found that there was a lack of concordance between phenotype and 

genotype. Although three subjects who were deficient in coumarin 7-hydroxylation were genotyped 

as CP2D6*2 homozygotes, there were also three CYP2D6* Z/CYP7D6*2 individuals who exhibited 

cournarin metabolism similar to that of CYP2D6* l/CYP2D6*7 individuais. To  date, the role of the 

CP2A6*2 and CYP2A6'3 mutant alleles is not clearly understood. Despite earlier results, it is still 

not clear whether a CYP?M*I/CYP2A6*2 genotype results in a C Y P X 6  PM phenotype. Reliable 

phenotype and genotype data on CYP2.46 are still lacking as only small populations have been 

studied. Athough initial studies do show sigificant inter-individual and inter-ethnic differences in 

both CYP2A6 mutant allele frequencies and enzyme activity, larger populations need to be studied 

to rule out or confirm the presence of a genetic CYPlA6 polymorphisrn (Table 1 .-IV Femandez- 

Salguero et ni., 1995; Shimada et al., 1994; Shimada et al., 1996). 

CYP2A6 Plavs a Role in Nicotine Metabolisrn in Humans 

P450 enzymes were initially implicated in nicotine metabolism in the early 1980s (Nakayama 

et al., 1981). These findings have been confirmed in more recent studies with the help of cDNA 
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expresseci human P450s. Ofthe 12 P450 enzymes expressed in vib-O, CYPIB6 exhibited the highest 

rate of nicotine metabolisrn (Fiammang et al., 1992). However, since CYP2B6 accounts for less than 

1% of total P450 content in the liver, it is not believed to play a major role in nicotine metabolism in 

vivo. Subsequent studies using human liver microsornes have shown thar CYP2A6 protein content 

mongiy correlates with nicotine to cotinine biotransfomation (Berkman et al., 1995; Nakajima et 

al., 1996; Messina et al., in press). The nicotine to cotinine pathway accounts for approximately 70- 

80% of nicotine metaboiism iF. humans (Nakajima et al., 1996). Given that nicotine is the reinforcing 

stimulus in tobacco, it is possible that CYP2A6 activity may play an important role in regulating 

tobacco smoking behaviour (Gf?oerer, 1995). Individuals with low CYP2A6 activity rnay not be able 

to eiiminate nicotine 6om the body as quickly as individuals with high CYPî-M activity. 2 result, 

individuals with low CYP2A6 activity rnay experience more negative effects following their first 

cigarette and may be less kely to continue smoking. In addition, smokers who exhibit iow CYP2M 

activity may srnoke fewer cigarettes per day, or smoke cigarettes with lower nicotine content due to 

decreased nicotine to cotinine biotransfomation thereby lowerino their exposure to toxic chernicals 

present in cisarette srnoke. 

Clinical Consecpences of CYP2A6 Activity 

CYP2M has also been implicated in the bioactivation of a number of carcinogens, suggesting 

that inter-individuai differences in CYP2A6 activity rnay be associated with cancer nsk (Fernadez- 

Salguero, 1995, Liu et al., 1996; Yamazaki et al., 1992: Pelkonen & Raunio, 1995). One group of 

compounds which has been shown to be bioactivated to carcinogens are nitrosamines. Nitrosamines 

are bioactivated to reactive allcyldiazohydroxides via the CYP2A6 pathway (Yamazah cr ai., 1992). 

Given that nitrosamines are present in tobacco smoke, it is possible that smokers with high CYP2A6 
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activity may be at sigdïcandy increased risk of developing tobacco-related cancers compared to 

srnokers with decreased or nomai CYP2A6 activity. This may be due to their increased ability to 

bioactivate nitrosamines to genotoxic products and due to increased exposure to tobacco which may 

be a consequence of faster nicotine metabolism. In &kt, these two rnechanisms may have an additive 

or synergistic eEect in determining cancer nsk in srnokers with high CYP2A6 activity. 

Non-Genetic Factors Aflèct CYP2A6 Activity 

CYPZA6 activity, as determined by Fhydroxylation of coumarin, has been s h o w  to be 

significantly decreased in volunteers drinking gapefhit juice (Merkel et al., 1993). Although the 

mechanism of inhibition is poorly undemood, it is believed that two flavonoids, naingin and aslycon 

naringenin, are responsible for the decrease in coumarin 7-hydroxylation (Merkel et al., 1993). 

Decreased CYP2A6 activity has also been associated with liver disease, whereas increased CYP2A6 

activity has been associated with lignocaine, an anti-epileptic agent (Sotaniemi et al., 1 995). To date, 

no mechanisrn for this has been postulated. 

Evolutionary Origins of Canrdian Native Indians 

The evolutionary ongins of modern Nonh Arnerican Indian populations have been the focus 

of nuinerous debates in recent years. It is currently believed that today's Nonh knencan Indian 

peoples are descendants of h i a n  populations which migrated to North Arnenca across the Benng 

Strait between Siberia and Maska (Meltzer, 1993). This migration occuned between 13,000 and 

30.000 years ago (Schanfield, 1997; Zegura, 1987; Weiss, 1994; Torroni et al., 1994; Cam, 1994). 

Today, native North Amencan peoples are divided into three linguistic groups which consist 

of the Amerindians of North, Central, and South h e n c a ,  the Na-dene of northem North h e r i c a  
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and the Aleut-Eskirno of the far nonh (Wallace & Torroni. 1992). Most human geneticists attribute 

the linguistics differences to independent migrations. This is in agreement with the Greenberg theory 

which States that the Amerindian, the Na-dene and the Aleut-Eskimo arrived in North Arnerica in 

three separate migratory waves (Figure 1.7). The three groups exhibited significant variations in 

language, morpholog and genetic markers prior to the migrations, giving rise to the heterogenous 

groups of today (Greenberg, 1986). 

Greenberg's hyporhesis is nipponed by evidence gathered in various research disciplines 

including anthropology, archaeology, Iinguistics, taxonomy, and most recently, genetics. Eariy 

genetic research has focused on studies of blood groups markers. However, most recently, 

mitochondriaf DNA (mtDNA) anaiysis has emerged as an ideai tool for such studies. 

Mirochondrial DNA is weii suited to determining ethnic and geographic ongins of populations 

for a number of reasons. First, mtDNA mutations accumulate dong radiating maternai lineages. 

Second, since mtDNA is inherited in the maternai line, mutation is the oniy source of variation. 

Third, al1 human mtDNAs are components of a single mtDNA lineage, indicating a single ongin. 

Finally, mtDNA variation correlates highly with the ethnic and geographic origins of the samples 

studied. 

in sumrnary. although recent genetic çnidies have challenged Greenberg's theory. Greenberg's 

explanation for Amerindian heterogeneity is sùll the most accepted among human geneticists. For the 

purposes of this discussion, the recent controversy is academic as the most important point is that 

rntDNA and morphologicai, linguistic and dental data suseest that Canadian Native Indians are 

descendants of ancient Asian populations. 



Figure 1.7 Hypothesized waves of migration of original Yonh American populations. 
Accordhg to Greenbers's hyporhesis. modem Sa-Dene. .knerind and Eskimo-.Aieut 
are descendants of Asian populaeon which crossed the Bering S trait in three separate 
migrations (Science 7743 1-32, 1996). 



Bypotheses 

There û ample evidence suggesting that the Canadian Native Indian peoples are unique 

descendants of North Asian populations. Consequently, we hypothesize that the Canadian Native 

Indian population wiU resemble h i a n  populations and differ fiom Caucasian populations with respect 

to the CYP2D6, CYPZC 19 and CYP2A6 polymorphisrns. The specific hypotheses are as foilows: 

CYPW6 Genotygg 

1. The fiequencies of the C P t D 6 * 3  and CYP2D6*4 mutant alleies are s i ~ c a n t l y  

lower in the Canadian Native Indians than in Caucasians and not significantly different 

fiom Asians. 

ii. The fkquency of the CW3D6*IO mutant allele, which results in decreased CYP2D6 

activity, is sigrUScantly higher among Canadian Native Indians than arnong Caucasians 

but is not significantly different from Asians. 

CYP2D6 P h e n o r ~ p  

1. The fkequency of the poor metabolizer phenotype is significantly lower in Canadian 

Native Lndians than in Caucasians and not significantly different from Asians. This is 

due to the relatively low Eequencies of the CYP2D6*3 and CYP2D6*4 mutant alleies 

in the Canadian Native Indian population. 

ü. The frequency distribution of the Canadian Native Indian O-dernethylation ratio 



(ODMR) for dextromethorphan is shifked to the nght relative to the Caucasian 

ODMR eequency distniution, thereby resembling Asian populations. This is due to 

the relatively hiph prevdence of the CYP2D6*iO mutant allele which encodes a 

CYP2D6 protein with decreased catalytic activity. 

CYPX 19 Gemme 

1. The frequency of the CYP7C19*2 mutant allele is significantly higher in Canadian 

Native Indians than in previously studied Caucasians and not significantly different 

£Yom Asians. 

ii. The CYP7C19*3 mutant allele in Canadian 'iative Indians is present at frequencies 

sirnilar to those found in Asian populations and significantly higher than observed in 

previously studied Caucasian populations. 

CYP2A6 Genotype 

1. The Eequency of the CYP3ii6*2 mutant allele in Canadian Native Indian subjects is 

not significantly differenr from Caucasian or k i a n  populations. 

. . 
11. The frequency of the CYPZi16*3 mutant allele in Canadian Native Indians is 

significantly different from Caucasians but not significantly different frorn Asians. 



Subjects 

Ethics Approval 

Al1 study protocols were approved by the Addiction Research Foundation Ethics Review 

Committee. 

Sarnple Size Detemination 

Before subjects were recruïted, it was important to calculate the sample size required to detect 

a significant difference between Canadian Native Indian, Caucasian, and Chinese mutant ailele 

fiequencies. The sarnple size calculations for this snidy were determined using Easystat software 

which perfom sarnple size caiculations based on; estimated rate of characteristic in control group, 

expected change of charactenstic in study group, size of control group, desired power of the test, 

desired si-gnificance level, etc. 

Sarnple size determination was based on the prevaience of the CYP2D6 PM phenotype and 

the allelic fiequencies of the CYP2D6*3, CYP2D6*4 and CYPZD6*10 mutant alleles in previousiy 

studied Caucasian populations and the expected fiequencies in the Canadian Native Indian population. 

At a significance level of rr=0.05, power of 1-P =O.& it was determined that samples of 

approximately 180 Canadian Native Indian subjects were required to perform a statistical cornparison 

between CYPZD6 PM phenotype frequencies and the allelic fiequencies of CYPZD6 mutant alleles; 

CYP2D6*3, CYP-iD6*4 and CYP2D6*f O. The hypothesized allele fiequencies in Canadian Native 

Indians were based on previously studied h i a n  populations were O%, O?/o and 70% for the 

CYPZD6*3, *4 and * 10 mutant alleles, respectively. 
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Caucasian (n=355) and Chinese (n=85) subjects, which were recruited for previous studies 

in Our laboratory were used as control groups for the CYP2D6 phenotyping part of this study. Ail 

subjects had been previously classified into CYPZD6 PMs and CYP2D6 EMS according to their 

dextromethorphan ODMR values. Genotype results were not available for these subjects as blood 

samples were not colieaed at the tirne of the previous recniitments. However, blood samples and 

DNA were available for 70 recently recruited Chinese subjects who were genotyped for CYP2D6, 

CYPlC  19, and CYP2A6 mutant deles. In addition, Caucasian subjects were genotyped for CYP2A6 

mutant alleles (n=270) and the CYP,7D6*3 and CYP2D6*4 mutant deles (n=276). 

Subject Recruitment 

Subjects were recnited in the Metropolitan Toronto area through the Mental Health Unit of 

the Addiction Research Foundation (XRF.). ARF. Ethics Review Cornmittee-approved posters and 

newspaper advertisements were utilized in the recruitment of Canadian Native Indian participants 

(Appendk 1). A sigrilficant number of midy participants were also recruited through word of rnouth 

at Native cornrnunity centres in the Toronto area. 

Inclusion Ctiteria 

Aii subjects were required to meet the following critena before being accepted into the study: 

1. Must have at l em one grandparent of Canadian Native Indian descent. 

*. 

U.  Healthy male or femaie. 

.a. 

111. 16 to 70 years of age. 

iv. Willingness to sign the Consent Form and abide by the rules of the study. 



. . 
xcIusion Cntena 

Subjects were excluded fiom the study ifthey had: 

1. Known sensitivity to demornethorphan. 

.- 
LI. Medical or psychiatnc reasons that require tirrther investigation or treatrnent 

and would preclude participation (eg. patients who were taking medications 

which are known CYP2D6 substrat es, ie. fluoxetine). 

. *. 
ui. No Canadian Native Indian ancestry. 

Interview 

AU midy participants took part in a bief i n t e ~ e w  pnor to biood and urine sample collection. 

Most subjects were interviewed at the Mental Health Unit of the -4ddiction Research Foundation. 

Additional subjects were interviewed on-site at local Native cornmunity centres. 

l n t e ~ e w  Trainina, 

Interviews were camed out by trained nurses and,or students. Lnterviewers were trained at 

the Mental Health Unit of the Addiction Research Foundation by B. Sproule, PhamiD. Training 

involved two seminar sessions. Following instruction sessions, a11 trainees were required to conduct 

mock interviews wirh .Addiction Research Foundation employees who posed as study subjects. iMock 

interviews were audio recorded and played back to the interviewers at the conclusion of each 

interview at which time the recorded data were evaluated for accuracy. 

Witten Consent 

AU midy participants were required to read a description of the study protocol and a consent 



form after which they had ample opportunity to ask any questions regarding the midy (Appendix 2). 

AU subjects were required to si@ the consent form in the presence of a witness before blood or urine 

sarnples d d  be coliected. AU abjects in this midy were voiunteer participants, who had the option 

of withdrawing at any time during the study. 

Race Determinat . . 
ion 

The midy protocol requird that ail subjects be of Canadian Native Indian descent. According 

the Canadian Govemment, the current definition of "Canadian Indian" has both legal and cultural 

connotations (Indian Act, 1978). Since this definition omits the issue of race, it is inadequate for a 

pharrnacogenetic midy nich as diis as it does not tell us anything about the ancestry or genetic make 

up of the individuais in question. According to the Govemment of Canada's definition, certain 

individuais may be considered Lndian (ie. status Indian) despite not having any Indian ancestry. On 

the other hand, "full-blooded" Canadian Indians may have no Indian status as determined by the 

Indian .4ct of 1978. To ensure that study subjects were Indian with respect to race, their Indian 

ancestry was determined as follows: 

a. Subjects' own declaration as to whether or not hdshe is a Canadian Indian. 

b. A family history was provided by the subjects. This included the ethnic background 

and narnes of parents, grandparents, and great-grandparents. 

c. Calculation of the Blood Quantum Factor (BQF) as determined by the subjects' famiiy 

history. 

The BQF is a racial quantitator which is often used by the United States Govemment to settle land 

daims and distinguish Indians from non-Indians (Frideres, 1993). In this study, the BQF was used 

to determine the proportion of Canadian Native Indian ancestry for each subject. The BQF ranges 
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nom O to 100 depending on the individual's ancestry. For example, an individual with a father of 

£ùii Canadian Native Indian ancesûy and a rnother of non-Canadian Native lndian ancestry would be 

assigned a BQF of 50. On the other hand, an individual who had three grand parents of full Canadian 

Native Indian ancestry and one Caucasian grandparent would be assigned a BQF of 75. 

Subjects' ancestral data was recorded on the Genetics of Addiction Questionnaire (GAQ) 

(Appendiu) and the Ethnic Background Form based on the above cnteria. 

C~enetics of Addiction Questionnaire 

The Genetics of Mdiction Quesrionnaire (GAQ) was used to record information on subjects' 

age, sex, ethnic background, cunent medication use and patterns of substance uselabuse including 

alcohol, tobacco, opiates, amphetamines etc. The GAQ is a combination of a demographic 

questionnaire, the Wilkinson Psychoactive Drug Use History Questionnaire and the Diagnostic and 

Statistical  manua al (DSMIV) of  the Amencan Psychiatnc Association. The GAQ was used to gather 

demographic data and to diagnose abuse and/or dependence on alcohol, amphetamines, cocaine, 

opiates and tobacco. 

CYPZD6 Phenotvping 

Dextromethomhan Administration and Urine Sarnde Collection 

Oral dextromethorphan, in the form of a 30 mg tablet (SmithKline-Beecham Pharma, OakvilIe, 

Ontario), was used as a CYP1D6 probe drug. Subjects took the tablet at bedtime. and collected 

ovemight urine first thing in the morning. In cases where the subjeas needed to pass urine during 

the night, they were asked to do so in the sarnple boale provided. Samples were retumed to the 

laboratory on the morning of  urine collection at which time urine volume and pH were measured. 
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Urine samples were then aliquoteci to 12 mi vials and stored at -20" C. 

. High W L C ]  

Urine demornethorphan @EX) and three of its' metabolites, namely, dextrorphan (DOR), 

3-methoxymorphinan (3-MM) and 3-hydroxymorp hinan (3-HM) (Hoffinam-La Roche Lrd., Nutley, 

New Jersey, USA) were analyseci using high perfomiance Liquid chromatograph (HPLC) (Chen et al., 

1990). 

Frozen urine samples were thawed, vortexed and centrifbged for 5 seconds. One quarter of 

a millilitre (0.15 mi) of urine and an equal volume of 0.2 M acetate buffer pH 5.0 (J.T. Baker Canada, 

Phillipsburg, NJ, USA) containing B-glucoronidase (Sigma, St. Louis, MO, USA) in concentration 

of 1.8 mg/d  were pipetted into polypropylene conical tubes which were incubated ovemipht at 3 7 OC. 

On the following moniing, the required arnount of standards was added to blank urines in 

order to obtain a standard curve. intemal standard (1 00 pl Buspirone. Bristol Myers) and 100 pl of 

1 M carbonate bd3er pH 10 were added to each tube. in order to oprimize the extraction procedure. 

each sample was adjusted to a pH of 1 1.3- 1 1.6 using 0.5 N NaOH. 

For the extraction step. 5 mi of exctractant (hexaneyethrr 4: 1 : v:v) ( Fluka Chemika- 

Biochemika, Buchs, Switzerland), was added to each tube. Tubes were vortexed for 10 minutes and 

centrifùged at 3000 rpm for 5 minutes. The organic layer was back extracted into 200 pl of 0.0 1N 

HCI. Tubes were vonexed for 10 minutes, and centrifùged at 3000 rpm for 5 minutes once again- 

The organic top layer was aspirated and the inorganic layer was washed with 1 ml of ether under the 

h e h o o d .  The samples were voneaed for 5 minutes and centrifuged for another 5 minutes at 3000 

rpm. The organic top layer was aspirated once again. Finally, 30 pl of the 300 pl clean extract was 
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injected into the HPLC systern. 

The extracted samples were analysed on a phenyl, 5 pm, 15 x 0.46 cm chromatography 

column (Chromatography Sciences Company, Montreal, Quebec) on a Hewlen Packard HPLC 

System (Pump and Autosarnpler series 1050, htegrator 3396 series II, Hewlett Packard Co., Pa10 

Alto, CA, USA). A mobile phase of buffer:acetonitrile - 8020 (v:v) (Buffei-10 mM =OI 

containing 1 mM Heptandonic acid, pH adjusted to 3.8 with orthophosphoric acid) was used for 

the injections at a flow rate of 1.5- 1.7 d m i n .  An AB1 Spectroflow 980 W detecror was used. 

CYP2D6 Phenotype Determination 

CYP2D6 phenotype was assigneci based on subjects' ability to convert dextromethorphan to 

its metabolites, dextrorphan, hnethoxymorphinan, and 3'-hydroxymorphinan (Figure 3.1). The O- 

demethylation ratio (ODMR) of dextromethorphan was used to determine CYP2D6 activity. The 

dextrornethorphan ODMR is a ratio which is calculated using the amount of parent dmg (DEX) and 

metabolites (DOS 3-iW detected in an 8 hour urine sample. The ODMR is calculated as 

foIlows: 

ODMR = (DEXTRO~1ETEIORPEUN + 3 - ~ ~ l ) / ( D O R  + 3-ml) 

A larger Caucasian population ( n = X j )  was used to determine the anti-mode of the bimodal 

dextromethorphan log ODMR frequency distribution. Probit plot analysis revealed that the ami-mode 

was located at approxhately -0.3 (Figure 3.2). Consequently, subjects with log ODMR values above 

-0.3 were classified as PMs, whereas subjects with log ODMR below -0.3 were classified as EMS. 



Figure 3.1 Major routes of dertromethorphan metabolism in hurnans (Jacqz-..Aigrain el al, 
1996). 



-4 -3 -2 -1 O 
Dextromethorphan log ODMR 

Figure 3.2 Probit plot of 355 Caucasian subjects. The arrow points to an inflection point ar a 
log ODMR of -0.3. This point represents the antimode which can be used to 
dirringuish benveen CYP2D6 PM and EM subjects. 



Genotyping 

Iood Sarnple C o l l m  

Venous blood sarnples were collected f?om al1 smdy subjects. Twelve ml of whole blood was 

collected in Vacutainer Tubes (Becton Dickinson, Rutherford, New Jersey) containing ACD solution 

(citric acid, sodium citrate, glucose and distiUed water). Shordy after collection, samples were 

transferred to scintillation vials and stored at 4°C. Lf DNA was not extracted within two weeks of 

collection, sarnples were transferred to a -20°C keezer. Genomic DNA was extracted using a 

variation of Sambrook's (1989) protocol. One MI of thawed blood and 2 mi of lysis buffer (10 rnM 

Tris, pH=8.0, 10 rnM NaCI, 4 rnM DTT, 20 g/ml RNase, and 2% SDS) were incubated for 1 hour 

in a 37OC water bath. 100 PL of proteinase K (1 mg/50 ml) (Boehringer Mannheim, Lavai, Quebec) 

was then added and incubated in a 56'C water bath. Following incubation, 3 ml of Tris-saturated 

@H=8.0) phenol was added to the solution and tubes were placed on a shaker for 5 minutes. Tubes 

were centrifbged for 5 minutes at 5000 g. The aqueous phase was transferred to new tubes and the 

extraction process was repeated w o  more times using equal volumes of pheno1:choloroform:isoamyl 

alcohol (25 : 2 5  1 v:v:v) (Sisma, 'vlississau_oa, Ontario). The extraction process was repeated one 

additional time with chloroform alone (Sigma, Mïssissauga, Ontario). Two times volume of 100% 

ethanol (Commercial .Ucohols Inc., Brampton, Ontario) was used to precipitate the DNA at -20°C 

for 30 minutes. Upon removal fiom the freezer, DNA was washed with 70% ethanol. Tubes were 

then centrifugecf for 10 minutes at 12,000 g. Ethanol was removed and the remaining pellet was dned 

at 65 O C  for 5 minutes. The dried pellet was resuspended in 40 of TE buffer (10 rnM Tris HCI, 

pH=8.0, 1 mLM EDTA). The absorbance of the DNA solution at 260 nm and 280 nm was measured 

using a B e c h a n  Du-70 Spectrometer (Bechan, hlïssissauga, Ontario) The concentration of DNA 

was detennined by calculation the OD, (OD, of 1 equals 50 ~gld DNA). 
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Primers for d PCR assays were synthesized by the Hospital for Sick Children Biotech SeMce 

in Toronto. P h e r s  were delivered in Iyophilized fo:m and were diluted with 500 pL of autoclaved 

water. The concentration of the primer solution was measured using OD260 calculations. Primers 

were aliquoted to srna11 volumes of appropriate concentrations. Primer sequences were identicai to 

those described in the iiterature (Heim and Meyer, 1990, Johansson et ai-, 1994, deMorais et al., 

1994a and b, Fernandez-Saiguero et al., 1995). Primers are iiaed in Table 3.1. 

CYP2D6 

Ai1 Canadian Native Indian samples were analysed for the CYPZD6*3, CP2D6*4 and 

CYP2Dd*IO aileles. 

T. CYPZD6*3 and CYP3D6*4 

The CYP3D6*3 and CYP3D6*4 mutant deles were detected using a modified version of the 

polymerase chah reaction (PCR) described by Heirn and Meyer (1990). C P D 6  is in close proximity 

to CYP7D7P and CYP2D8P, both of which exhibit high degree of nucleotide identity with the 

functional CYP7D6 gene (Heim & Meyer, 1990). These pseudogenes also contain some of the 

mutations present in CYP2D6. Therefore, in order to increase specificity and decrease false prirning 

to the pseudogene sequences, a double amplification, nested PCR approach was used (Figure 3.3).  



Figure 3.3 Schematic d iagnm depicting ailele-specific PCR rpproach used to detect the 
CYP?D6"3 and -D6*1 nul1 mutant alleles. A nested-PCR srrategy, which 
involved a C Y P 9 6 - s p d c  arnpEcation to ampli@ the exons containing nucleotide 
changes. was used. Fragments 1 and II were then analyzed using allele-specific PCR 
to detect nucfeotide chanses present in the CYP2D6*j and CYP2D-4 mutant deles 
or the wild-type gene. (Heim & ,Meyer, 1990). 



Table 3.1 Primers used for PCR genotyping assays. 

Sequence (5'03') 

1 GCGGAGCGAGAGACCGAGGA 

CCGGCCCTGACACTCCTTCT 

P6 1 GCTAACTGAGCACG 

ATTTCCCAGCTGGAATCC 

GAGACTCCTCGGTCTCTC 

CGALM%GGCGTCC 

CGkL4GGGGCGTCT 

ACCAGGCCCCTCCACCGG 

Pl0  1 TCTGGTAGGGGAGCCTCAGC 

P41 1 TATCACTTTCC A T W G C  AAG 

R4 1 CGCCCCTTCCTTTCCGCCATCCTGCCCCCAC 

ESF 

E3R 1 TCGTGGGTGTTTTCCTTC 

The tint amplification uses a set of primers whch are CYPXM gene-specific. These pnmers 

amplie exons 3 through exon 6 of the CYP2D6 gene without a m p l a n g  the corresponding 

CYP2D7P or CYPZDIP exons. The first amplification product undergoes subsequent second 

amplifications which are used to detect the point mutations in exon 4 (CYP3D6*4) and exon 5 

(CYPZD6*3) (Figure 3 2).  



Each genomic DNA sample undergoes two parallel first amplifications. One readon, which 

amplifies exons 3 and 4. was performed with prirners 1 and 2 (Pl and P2). The other fkst 

amplification reaction, which amplifies exons 5 and 6, was performed with primers 3 and 4 (P3 & P4). 

The PCR conditions were m o a e d  corn those described by Heim and Meyer in order to 

optimize the assay for our system. ïhe  most important changes were those in MgCl? and dNTP 

concentration and annealhg temperature. The concentrations of both MgCl, and dNTP were 

increased due to the fact that the rate of false-positive results was unacceptable when using the 

original conditions described by Heim and Meyer. In addition, the annealing temperature of the first 

amplification was increased from 52°C to 56 O C .  These changes were made to ensure that second 

amplification only occurred when there was a match between primer and template. This was 

determined through the use of genotype control samples. 

The first amplifications were performed in a reaction mixture of 30 pl containing 2.0 rnM 

MgCl, 20 mM Tris HCL @H=8.4), 50 mM KCl, 4% DMSO, 2.0 rnM total W s ,  0.36 piM of each 

primer, 0.9 U Taq polymerase (Gibco BRL, LXe Technologies, Burlingto~ Ontario). PCR conditions 

were as follows: denanirarion step at 80" C for 2 min; 3 5 cycles of 94°C for 90 sec, 56 " C for 90 sec, 

and 72°C for 90 sec. Al PCR reactions were performed using a kU DNA Engine (MJ Research, 

hc., Watertown, Massachusetts). The P l&P? first amplification yielded a PCR product of 739 bp 

This producr served as a template for the second amplification reaction. 

The Pl&P? (739 bp) first amplification produa undenvent two parallel second amplifications 

with Pl&P7 (wildtype-specific) and Pl&PS (CYP2D6*4-specific) to yieid a 564 bp product. This 

reaction was performed in a PCR mixture of 20 pl containing 2.0 mM MgCl,, 20 mM Tris HCl 

@H=8.4), 50 mM KCI, 2.0 miLI total dNTPs, 0.615 &l of each primer, 1.25 U of Taq polymerase 

and 1 pl of kt amplification product as template. PCR was carried out at an initial denaturation of 
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80 O C  for 2 min, 30 cycles of 60 sec at 94 OC, 60 sec at 50 O C  and 60 sec at 72 OC. 15 pl of each 

sample was mixed with 2 p1 ethidium bromide and run on a 1.2% agarose gel (Gibco BRL, Life 

Technologies). 

The presence of the P 1&P7 band (564 bp) was indicative of a wild-type sequence (G1934) 

in exon 4, while the presence ofthe P1&P8 (564 bp) band diagnosed the G1934A substitution, which 

is the causative mutation of the CYP2D6*-# de le  (Figure 3.4). 

The CYP2D6*2 ass2yy. which involved a first amplification with P3&P4 and a second 

amplification with P4&P5 and P4&P6 was camed out under the same conditions as the CYP3D6*4 

assay with the exception of the primer sets. The fkn amplification yielded a product of 1 123 bp which 

was used as a template for the second arnp[ification reaction. The second reaction yielded a product 

588 bp in length. The presence of the P4&P5 band was indicative of a wild-type sequence at ..A2637 

of exon 5, while presence of the P4&P6 band indicated presence of the A2637 deletion, which is the 

causative mutation of the CY2D6*3 dele  (Figure 3.4). 

iT. CYPID6*10 (Ch,) 

The C,,,T base pair substitution, which is the causative mutation in al1 three CYPZD6*IO 

mutant deles (* 10A, * 1 OB and * 1 OC) was detected using PCR and WLP PCR amplification was 

performed using primers 9 and 10 (P9 and P 10, Table 3.1). The reaction conditions were determined 

empirically through the use of control sarnples, which consisted of individuals with the following 

genotypes: ClSWC 188, C 18S/TISS and T188TT188. The assay was optimized in order to ensure that 

no false-positive andjor false-negative results were obtained for the control sarnples. A mixture of 50 

11 containhg 10 rnM Tris HCl @H=8.4), 50 mi' KCl, 2.0 m i  dPu'TP, 4% DMSO. 1 .S mi l  MgCl,, 

0.35 PM of each primer, 3 U of Taq polymerase (Gibco BRL), and 2.5 pl of DNA template. The 
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Figure 3.4 PCR banding patterns for CYP1D6*3 (A) and CYPZD6W (B) penotyping. 
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PCR reaction yielded a 5 17 bp DNA eagment. 

Twenty pl of PCR product was incubated in a total volume of 25 pl of 1X NEBuffer 4 (50 

mM potassium acetate, 20 rnM Tris acetate, 10 mM magnesium acetate, 1 mM DTT, pH 7.9 @ 

25 OC) (New England Biolabs, Beverly Massachusetts, USA) containing 1 U of Hph 1 enzyme (New 

England Biolabs). Hph 1 digestion was cmïed out for 5 hours at 37°C. An uncut control containing 

1X NEBufYer 4, but no enzyme, was also incubated for the same amount of tirne. 

Foiiowing digestion, 20 pl of cut and 20 pl of uncut PCR produa were analysed on a 1.2% 

agarose gel. Digestion of samples which did not carry the CW2D6 ClSgT mutation produced 

fi-agments of 477 and 40 bp. Sarnples homozygous for the mutation yielded fragments of 377, 

100 and 40 base pairs. Finally, sarnples which were heterozygous, having both the CL" and Tls8, 

resuited in fragments of 477, 377, 100 and 10 base pairs. 

C Y P X  19 Genotypg 

Genomic DNX was analysed for the CYP3Cf 9*2 and CYP2Ci9*3 nul1 mutant alleles which 

have previously been descnbed (deSIorais rr al., 1994a & 1994b). 

1. TYP3C19*3 Nuil Mutant ..Ulele 

The CYP2C19*2 variant is characterized by a single base (G to A) substitution in exon 5 of 

the CYP2C19 gene. The detection of the CYPZC19*2 allele involved the PCRRFLP method 

descnbed by de ~Morais rr al. ( 1994a) (Figure 3 . 5 ) ,  

PCR was carried out in a 60 pl reaction miunire containing 20 mM Tris-HCI (pH 8.4), 50 mM 

KCl, 0.2 mLI of each d N T P ,  4.8% DMSO, 0.54 ;tM of each primer, and 2 U of Taq polymerase 

(Gibco BRL). An initial denaturation at 94 OC for 90s was followed by 3 5 cycles of 94 OC for 60s, 

-5 1- 



- 

mutant aileles. ~ * 2 ~ 1 9 * 2  k detected using a PCR amplification of exon 5 
followed by digestion with SmaI. Since the CYPX19'2 allele removes the SmaI 
cutting sire, CYP2Cl9*2 homozygotes are not digested by SmaI. CYP?CL9*5 is 
derected using a PCR amplification of exon il followed by digestion with BamHI. 
CYP2C 19'3 homozygotes also result in uncut PCR product (de Morais rt al., 
1994b). Digestion products for five genotype controls are shown. 



52 OC for 90s, 72 OC for 90s and a final denamration step for 7 minutes at 72 O C  (Chang et al., 

personai communication). Following ampLification, PCR product was aliquoted into three tubes, each 

contauUng 20 pl of PCR product. Two tubes were used for digestion reactions with Sma I (Phannacia 

Biotech) and BstN I (New England Biolabs), while the third was used as an uncut control (Table 3.2). 

S m  1 digestion was perforrned in a reacton mixture of 25 pi containing One-Phor AU buffer 

(100 mM Tris-HC1 (pH 7 . 3 ,  100 mM magnesiurn acetate, 500 mM potassium acetate), 5 U of Sma 

I, and 20 11 of PCR produa. Reaction mixtures were incubated ovemight at 30°C using a water bath 

or the UT DNA Engine. 

Table 3.2 Digestion conditions for CYP2C19 genotyping. 

Enzyme Digestion 
(Units) Volume Buffer 

Sma 1 (5 U) 25 pl One-Phor-Ai1 

BstN 1 (3U) 1 25 pl 1 NEBuffer $2 

BamHT: (13L.j) 25 pi One-Phor- .Ail 

Ternperaturel 
Incubation 

Time 

3 0 O C/oveniight 

60°C/5 hrs. 

37"C/3 hrs. 

3 7" C/3 hrs. 

The causative mutation of the CYP2CIY *7 allele, a G to h substitution in exon 5, results in 

the deletion of the Sma 1 digestion site (de iMorais er al., 1994a) Consequently, hornozygous 

digestion of the PCR produa by Sma I is indicative a wild-type sequence at that Locus. The banding 

patterns of control smples is illustrated in Figure 3.5. Fotlowing digestion with Sma 1. the 169 bp 

PCR product yields fragments of 110 and 49 bp (de Morais, 1994a). 

Upon analysis of the CYP2C19V DNr\ sequence in exon 5 ,  we found that the G to X 

mutation in exon caused the formation of a BstN 1 digestion site which is not found in the wild-type 

-53- 



CYP2C19 sequence. .As a result, digestion with BsfNI was added to the genotyping protocol, thereby 

providing a more accurate RFLP assay which consisteci of both a wildtype-positive (at this locus) and 

a CYPZC 19*2-positive digestion in exon 5 .  

Samples were digested with BstNI in a 25 ,d mixture containing NEBuffer 2 (50 mM NaCi, 

10 mM Tris-HCL, 10 mM MgCI, 1 mM DTT, pH 7.9 @ 25°C) 3 U of BstNI and 20 pl of PCR 

product at 60 OC for 5 hours (Table 3.4). 

II. CYPtCl9*3 Null  mutant Mlele 

CYPZC19 *3 is characterized by a G636A substitution in exon 4 of the CYPZC 19 gene (de 

Morais et al., 1 994b). Once again, a PCWRnP approach described by de Morais er al., (1 994b) was 

used to detect this mutation in the Canadian Native Indian population. 

PCR reactions were camed out in a 60 ;ri mixture containing 20 mM Tris-HCI (pH 8.4), 50 

rnM KCl, 0.08 of each dNTP, 3.75 MgCl, 4% DMSO, 0.42 p M  of each primer and 2 U of Taq 

polyrnerase (Gibco BRL). The resulting PCR product (329 bp) was digested with 12 Ci of BamHI 

(Pharmacia Biotech) which results in a wildtype-positive eut in exon 4. The digestion mixture was 

incubated for 3 hours at 37°C. Digested products were analysed on ethidium bromide-stained 3% 

agarose sels. Wildtype homozygotes. wKYP2C 19*3 heterozygotes, and CYP?C/ 9 *3 homozygotes 

yielded banding patterns of ZY96  bp, 329/233/96 bp and 329 bp, respectively (Figure 3 3). 

CYP2A6 Genoorpe 

CYP2A6 genotype was detemined using nested PCR and WLP as described by Fernandez- 

Salguero et al (1995). The first amplification, which is CYP2A6 gene-specific, was used to increase 

the specificity of the second amplification. Exon 3 was utilized in the second amplification because 
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both the CYP2A6*2 and CYP2A6*3 mutant aiieles contain nucleotide changes leading to amino acid 

changes in this region of the CYP2A6 gene (Figure 3.6)- 

The first amplification was performed using the XL-PCR kit (Perkin-Elmer Co., Nowalk, 

Connecticut). A LOO pl reaction mixture of 0.2 pM of primer F4 and R4 (Table 3. l), 200 p M  dNT'Ps, 

0.8 mM magnesiun acetate, and 2 U of rTthl DNA polymerase and 400 to 600 ng of genomic DNA 

used. The amplification was performed in a MT DNA Engine (UI Research, Inc., Watertown, 

Massachusetts) at 95 OC for 1 minute, 66 OC for 6 minutes and 30 seconds for 3 1 cycles. 

At the hme that the assay was being set up in Our laboratory, 0.7 % ethidium-stained agarose 

(Gibco BRL) gels were used to detect first amplification PCR products. However, it was soon 

realized that the suength andor presence of the 7.8 Kb band on the agarose gel was not predictive 

of second arnp~cation efficacy. lb a resulq this sep was abolished for genotyping of sarnple DNAs. 

The second arnplitication was perfonned in a reaction M m r e  containing 0.5 p M  of pnmen 

E3F and E3R (Table 3.  l), 100 PM d m s ,  1.5 mM iMgCI, 2.5 U of Taq DNA polymerase (Gibco 

BRL, Life Technologies, Burlington, Ontario), and 2.5 p1 of first amplification product. which was 

the template for the reaction. The reaction conditions were as follows: 94°C for 3 minutes. followed 

by 3 1 cycles of 94°C for 1 minute, 60°C for 1 minute and 72°C for 1 minute. 

The second amplification yielded a PCR product ?O1 bp in length which was digested with 

Xcm 1 (New England Biolabs) and Dde 1 (New England Biolabs and Pharmacia Biotech) to detect 

the C7"'2A6*2 and CYP7A6 *3 mutations, respectively. Concentrations of enzymes and PCR 

product, total volume and digestion time were determined empiricaily to optimize cutting efficiency 

with a muiimal amount of time and enzyme. Xcm 1 digestion reactions were carried out at 37°C for 

2 hours in a 30 pl reaction mixture containing 1X NEBuffer 3 (1 00 mh.L NaCl, 50 mi. Tris-HCI. 10 

rnM MgCl,, 1 mM DTT pH 7.9 @, 25 OC), cH,O, and 2 U of Xcm 1. Dde I digestions were carried 
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Figure 3.6 

7.8 kb PCR 

CYPZA6 wild type 

CYP2A6vl 

CYPZA6vî 

Stntegy used to genotype for the CYPZA6* 2 (VI) and CYP2A6*3 (v2) mutant 
aiiele. A CYP?A6-speci£ic PCR amplification is followed by an amplification of sxon 
3 and subsequent digestions wirh XsmI and DdeI to detect the CYP3.\6*2(vl) and 
CYPX6'3 (v2 )  mutant dleles, respectirely Banding parrems for four control 
sarnples are shown. Xsmi digsuon resdts in bands 60 bp and l4 i bp in length. DdeI 
digestion results in hgmenrs  of 59 bp and 1-12 bp respectivaly (Frrnandez-Salguero 
et al., 1995). 



out at 37°C for 7 houn in a 50 pl reaction mumire contairang One-Phor-M (OPA) buffer (Pharmacia 

Biotedi) and 2 U of Dde 1. Ail digestions were perfomed with unait controls and sequenced controls 

obtained fiom F.J. G o d e z  (National Institute of Health, Bethesda, MD, USA) and H. Raunio 

(ünivenity of Oulu, Fuiland). Digestion products were anaiysed on ethidium-stained 3% agarose gels. 

Banding patterns for the CYP2A6 RFLP are illustrated in figure 3.6 (Femandez-Saiguero rf  al., 

1995). 

Statistical Analysis 

Significance of dinerences in dextromethorphan log ODMRs was calculated using the two 

sample r-test (Microsofi Excei v5.0). Alele frequencies, phenotype frequencies and associations of 

genotype with drug dependence were statisticaily anaiysed and compared using the Chi-square test 

(Easyaat). in some cases, the Chi-square test could not be used due to a Iow number of observations 

in any given ceil. In such cases, the Fisher's exact test (Easystat)was used. The Fisher's exact test 

provides a correction factor for cases where the number of observations are Iow. 



.Results 

One hundred and --aine unrelateci Canadian Native Indian volunteers were recmited in the 

Metropolitan Toronto area. Based on the family histories provided, blood quantum factors were 

calculateci and 1 1 5 volunteers were determined to have blood quantum factors of 1 00 indicating that 

they were descendants of four Canadian Native Indian grandparents The remaining 44 volunteers had 

blood quantum fàctors ranghg fkom 25 to 57.5 indicating that at least one parent or grandparent was 

not of Canadian Native Indian ancestry (Table 4.1). Thirty-eight of the mixed-ancestry subjects 

reported partial Caucasian ancestry, four did not know the ethnic background of their non-Native 

anceston and two reported mixed Canadian Native Indian, Caucasian and unknown ancestry. 

Table 4.1 Ethnic Backgrounds of Study Volunteers. 

Number of Canadian Native Blood Quantum Code Males/Fernales Number of 
Indian Grandparents Factor Subjects 

1 

4 1 O0 4N 85/30 115 

3 75-57.5 3N1 W 1018 18 

2 50 2N2W 12/12 24 

I 35-3 7.5 I X W  2/0 2 

The midy volunteers consisted of 109 males and 50 females ranging fiom 16 to 62 years of 

age with a mean age of 33.8 i 9.9 years (mean 2 SB) .  

D n x  Dependencc 

The prevalence of dnig dependence was determined using DSM-IV critena. Ninety-nine 

(62.3%) and 109 (68.606) subjects were dependent on alcohol and nicotine, respectively. Seventy- 

nine subjects (49.7%) were dependent on both alcohol and nicotine. Thirty-four (2 1 -4%) subjects 
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were dependent on cocaine at some point Ui their lifè. Eight (5.0%) subjects were dependent on 

codeine and four (2.5%) were dependent on amphetamines. Twenty-six (16.4%) subjects were 

dependent on three or more of the compounds mentioned above. Nmeteen (1 1 -9%) individuals were 

never dependent on alcohol nicotine, cocaine, opiates, or amphetamines. 

. . 
Medicatron Use Historv 

Ali subjects were asked to provide a detailed dmg use history. Any subjects taking 

medications which might interfiire with the CYP2D6 phenotyping (eg. fluoxetine, codeine, etc.) were 

excluded fiom the study. As a resuit, none of the 159 Canadian Native lndian volunteers hvolved in 

this midy reported taking any h o w n  CYP2D6 substrates or inhibitors at the time of the phenotyping 

test. 

CYPîD6 Phenotype 

M Canadian Native Indian volunteers were phenotyped for CYP2D6 activity using a 30 mg 

dextromethorphan capsule. Phenotypinç compliance among the full Canadian Native Indian 

volunteers was 83% ( 9 9 1  15). HPLC analysis revealed that 20 urine samples did not contain 

dextromethorphan @EX) or any of its three metabolites ( 3 m  3HM, DOR) sugsesting that 20 

subjects did not take the dextromethorphan capsule provided. 

Only 1 of the 95 full Canadian Native Indian subjects was determined to be a poor metabolizer 

of dextromethorphan. This translates to a CYP2D6 PM frequency of 1.1% which was significantly 

lower (p=0.03) than the PM frequency observed in Caucasians (6.2%) and was not significantly 

different (p=0.7) fiom the PM fiequency observed in the Chinese popularion (1 2 % )  (Figure 4.1; 

Figure 4.2; Table 4.2). 
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Figure 4.1 Frequency distributions of ODMR values for Caucasian, Canadian Native 
Indian and Chinese populations. The Canadian Xative Indians resemble Caucasians 
with respa to mean CYP2D6 metabolic activity but differ with respect to CYP2D6 
PM hequency. In cornparison to the Chinese, the Canadian Native Indians have a 
similar PSI frequency, but have a higher mean metabolic activiry 
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Figure 4.2 Cornparison of -D6 P M  frequencies in four ethnic groups. The C Y X D 6  P M  
fiequency in Canadian Native Indians is significantly lower than in Caucasians but is 
nor si-dcanrly different f?om Chinese or lapanese (Ishizaki et al.. 1 957) populations 
(*p<O.OS). 



The dextromethorphan log ODMR means of Canadian Native Indian, Caucasian and Chinese 

CYP2D6 EM aibjects were compared to determine whether there were any inter-ethnic clifferences 

in the mean metabolic activity of CYP2D6. The mean log ODMR of Canadian Native Indian Eh4 

subjects was -2.56 2 0.60. This value was not significantly (p=0.4) different nom the mean log 

ODMR of -2.57 2 O. 77 observed in Caucasian EM (n=3 3 3) subjects, but was significantly lower 

(p<O.OO 1) than the mean log ODMR of -2.1 5 0.67 in Chinese (n=84) EM subjects (Figure 4.1). 

CYP2D6 Genotype 

CYP2B6*3 and (TY??D6*4 NuIl .Mutant Alleles 

The CYPZD6*3 nuii mutant ailele was not detected in Canadian Native Indian subjects 

(n=l15). This translated to a CP2D6*3 nuii mutant allele fiequency of 0% which was significantly 

iower than the 2% reponed in Caucasian subjects by Sachse et al @<O.OZ; n=5 89; 1 997) and was also 

significantly lower than the 1.8% f?equency observed in Caucasians genoryped in our laboratory 

@=O.O3.4; n=t76; Tyndale et al-, 1997 in press). The Canadian Native Indian CYP2D6*3 nul1 mutant 

ailele fiequency was not sijnificantly different (p=0.99) from Chinese subjects (096) studied by Lee 

and Jeyaseelan (n=93; 1994) or Chinese (0%) subjects genotyped in Our laboratory (n=54) (Figure 

4.3). 

The CYP3D6*4 nul1 mutant aliele was present in Canadian Xative indians (n= 115) at a 

fiequency of 3% which was sipficantly lower than the frequency observed in Caucasians studied by 

Sachse et al  (20.7%, n=589, p<O.OO 1; 1997) and Tyndaie et al ( 1  6.876, n=276, p<O.OO 1. 1997. in 

press), but was not significantly different from Chinese populations (0%. n=93, p=0.7) (Lee and 

Jeyaseelan, 1994) and (O%, n=54, p=0.2) (Figure 4.3). Xeither the CYP2D6*3 nor the CYPZD6*4 

aileles were detected in full Canadian Native Indian CYP2D6 PMs (log ODMR4.77; figure 4.4). 
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Figure 4.3 Corn parison of mD6 mutant  allele frequencies in four  ethnic groups. The 
Canadian Xao've Indian population resernbles Asians (p=0.99) and differs fkom 
Caucasians ( p 4 - 0 2 )  with respecr to CYP3D6'3. The CYPZD6'4 muranr allele 
nequency arnong Canadian 'iative Indians is ~i~gificantly lower @<O. 00 1) than in 
previously midied Caucasian populations but is not sigificantly different ( ~ 4 . 2 )  
kom previously smdied Chinese and Iapanese populations. Finally, the CYP3D6'IO 
murant allele was si=enificantIy lower (p<O 001) in Canadian 'iarive Indians rhan in 
Asian popularions, but was nor significcinrly diferent ip=O.54) from Caucasians 
(*p<O.Oj). 
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Figure 4.4 Dextromethorphrn log ODMR frequency distribution of 136 Canadian Native 
Indians in relation to their CYPZD6 genotype. The figure illustrates the effect of 
the CPZD6*4 and C'YP2D6*IO mutant deles on CYP2D6 phenotype. Subjects who 
carry these aiieles e,xhibit si-dcantly higher log ODMR values than subjects who are 
hornozygous for the CYP?D6 wild-type allele. 



2Dd*IO Mutant Ailele 

The CYPtD6*I0 mutant allele fkequency in full Canadian Native Lidians (n=l15) was 3%, 

which was not significantly different @=0.5) from previously studied Caucasians (1.5%, ~ 5 8 9 ;  

Sachse et al., 1997), but was sigmikantiy Iower fiom Chinese subjects (50.7%. n= 1 13, pc0.00 1) 

studied by Johansson et a1 (1994) and Chinese subjects (73%, n=54, p<0.001) genotyped in Our 

laboratory. The frequencies of CYPZD6 mutant aileles in diferent ethnic populations are illustrated 

in Figure 4.3. 

Table 4.2 CYP2D6 phenotype and allele frequencies in 159 Canadian Native Indian 
subjects. Astensks (*) indicate significant dserence &om full Canadian Native Indian 
subj ects. 

CYP2D6*3 CYPZD6*4 CYP2D6"l O 
Frequency Frequency Frequency 1 Number of 1 mean log 

Total ~Uxed 
4q O - - .  7? 7*** 6.5** 3.9 -2.35 Ancestry 

1 Total 1159 1 O 1 8.2 1 3.8 1 2.5 1 -2.47 

t CYP2D6 PM fkquencies were caidated kom the nurnber of subjects phenotyped (ie. 95 4N 
and 11 rnixed-ancestry subjects) 

tt Caucasian data taken Born Sachse et al., 1997 
(*p<0.05; **p<O.Ol, ***p<O.OOl) 



1 Total 1 131 1 16 1 2 (1.2%) 1 3 (1.9%) 1 4 (2.5%) 1 3 (1.9%) 

Table 4.3 CYP2D6 Genotypes in 159 Canadian Native Indian Subjects. 

Effect of Caucasian Admixture on CYP2D6 Phenotype and Genosrpc 

Forty-one mixed-ancestry Canadian Native indian subjects were phenotyped and al1 44 

subjeas were genotyped. One hundred and fifteen full Canadian Native Indians were compared to 

the 44 mixed-ancestry Canadian Native Indians with respect to PM frequency, mean CYP2D6 

metaboiic activity and CYPZD6 mutant ailele frequencies. No significant differences were observed 

between the two groups with respect to mean log ODMR (p=0.2 j, CYP2D6 PM fiequency (p=0.2), 

or CYP2D6*3 nuIl mutant dele frequency (p=O. 99) (Figure 4.5 and Table 4.2). However, subjects 

with mixed Caucasian and Canadian Native indian ancestry displayed significantly higher allele 

frequencies of CYPZD6*4 (p<0.00 1) and CYP2D6*IO (pc0.0 1 ) mutant afleles. 

CYP2D6 Geno-pe and Drue Deoendence 

CYP3D6 genotype data were analyzed to determine whether there was an association 

between dnig dependence and CYP2D6 genotype. There were no sigruficant merences in proportion 

of CYP?D6 EMS (* 1/* 1), IMs (intemediate metabolizers: * 1/*4, * 1/* 1 0, * 1 O/* 10 and *4/* 10) and 

PMs (*4/*1) benveen subjects who were dependant and non-dependant on alcohol (p=O.3), nicotine 
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Figure 4.5 Cornpanson of CYP2D6 phenotype results in full and mixed-ancestry Canadian 
Native Indian subjects. There are no significant differences in either die PM 
tiequency (p=0.1) or the mean log ODMR (p=O.l) betwern full and rnixed-ancesq 
Canadian Native Indians. 



@=O. 6), codeine @=O. 2), cocaine (@ -6) and amphetamine (p=0.8). 

CYP2D6 Genotype and Gender 

There was no association between gender and CYP2D6 genotype w . 6 ) .  

CYP2C19 Genotype 

The CP2C19*2 nuii mutant ailele fiequency in full Canadian Native lndians (n= 1 15) was 

19.1%. This was significantly higher than the frequency reported by Ferguson in Caucasians (l3%, 

~ 1 7 3 ,  p=O.O3), but was significantly lower than the C Y P X  19*2 fiequency observed in Chinese 

descnbed by Xiao et al (25.7%, n=202, p=0.04), Japanese descnbed by Takakubo et al. (27%, 

n=Z 17, p<0.02) and Chinese genotyped in our laboratory (29%, n=69, p<0.0 1) (Figure 4.6). 

The CYPZC19*3 nuil mutant allele was not found in the full Canadian Native Indian subjects 

(n=115). This was not sigdlcantly dlterent f?om the frequency observed in Caucasians (0.3%, 

n=173, p=0.9) by Ferguson et al, but was significantly lower than the fiequencies observed in 

previously st-udied Chinese (S. 5%, ~ 2 0 2 ,  p<0.00 1) and Japanese (1096, n=2 17, pK0.00 1) 

populations (Xao et al., 1997; Takakubo et al., 1996). It was also significantly lower (pc0.00 1) than 

the CYP2C19 ' 3  frequency observed in Chinese (7%, n=70, p<O .O0 1 ) in Our laboratory (Figure 4.6). 

Eight Canadian Xative Indians (n= 1 15) were C Y P X  19 Pbfs. The resulting C Y P X  19 PM 

genotype frequency of 7% is significantly higher than in Caucasians (3  3%. ,488, p<0.02) but is 

significantly lower than in Chinese (l3.4%, n=202, pC0.02) and Japanese (1  7.3%, n=2 17, p<0.02) 

populations (Bertilsson et al., 2992; Xiao et al., 1997; Takakubo et ai., 1996) (Table 4.4). It is also 

significantly lower (pC0.02) than the CYPX19 PM pnotype frequency of 17.8% observed in 

Chinese subjects in Our laboratory. 



Figure4.6 ComparisonofCk'P2C19mutantallelefrequenciesinfourethnicgroups.The 
fiequenq of the 0F2C19'2 mutant dele in Canadian 'iative Indians is intermediate 
between the kequencies observeci in Caucasian and .Asian populations. The frequency 
of the CYP3C19'3 mutant allele among Canadian Native Indians resembles the 
fiequenees in ?reviously observed C~ucasian populations but is si_onificantly lower 
the frequencies observed in previously srudied h i a n  populations (*p<O. OS). 



Effect of Caucas'an I Adm' ~ m r e  on CYF 3C 19 Mutant Allele Frequenc tes 

Uniike CYP2D6, CYP2C 19 mutant dele and PM frequencies did not exhibit a gene dose 

effèct. There were no sigdcant merences in the CYPtCl9*2 mutant de le  fkequency between the 

full Canadian Native Indians and the abjects with blood quantum factors of 75% (p=û.08), 50% 

@=0.6), 25% (no nat$ n=1) or total (75% + 50% + 25%) mixed-ancestry ( ~ 4 . 2 )  Canadian Native 

Indian abjec ts  combined. There was aiso no significant difference in the CYP2C 19 PM ( ~ 4 . 3 )  and 

CYPZC19*5 w . 9 9 )  fiequencies b e ~ e e n  full and mixed-ancestry Canadian Native Indian subjects 

(Figure 4.4). 

CYP2C 19 and Dnig: De~endence 

The CYPX 19 genotype data were analyzed to determine whether the CYPZC 19*2 mutant 

allele or genotype was associated with an increased risk of dmg dependence. No association was 

found between CYP2C19*2 mutant allele frequency and dependence on alcohol (p=O.j), nicotine 

(p=O.O6), cocaine (p=O. 5) or codeine (p=O. 13). In addition, no associations were found between 

C Y P X  19 genotype (* 1/* 1 vs * 1/*3 vs *2/*2)  and dependence on alcohol (p=0.96), nicotine @=O. l),  

cocaine (p=0.99) and codeine (~4.05). 

CYP2C 19 and Gender 

No significant differences were observed between males and females with respect to 

CYPX 19*? mutant allele frequency (p=0.3) and C Y P X  19 PM genotype fiequency (p=0.6). 



Table 4.4 CYP2C19   mut an t Allele Frequencies in Canadian Native Indians. 

1 Blood Subjects CYmCI9*2 CYPfCI9*3 Number of =Cl9 PM 
Quantum Analyzed Frequency Frequency Eornozygous Genotype 

Factor ( % )  ( O b )  Mutants Frequency (%) 

1 Total 159 17.6 O 9 5.7 

CYP2A6 Genotype 

One hundred and fi@ Canadian Native Indians were genotyped for the CYP2A6*2 and 

CP2A6*3 mutant allela. The CPZA6*2 and CYPZA6*3 mutant allele frequencies in full Canadian 

Native Indians were 0.9% and 13.9%, respectively. The frequency of the CYP2A6*7 mutant allele 

was not significantly different Erom the frequency observed in Caucasian (2.2%. n=270, p=O.2) and 

Chinese (O%, 6 7 ,  e . 4 )  subjects genotyped in our laboratory and the Japanese (O%, n=20, p=0.7) 

subjects studied by Fernandez-Salguero c.t al. (1995). However, it was significantly lower than the 

CYP2A6 *2 frequencies observed in Caucasian ( l6.7%, n=42, p<O.OO 1), Taiwanese (1  1 %, n=79, 

p<0.00 1) subjects reponed by Fernandez-Saiguero et al., 1995) (Figure 4 7)-  

The frequency of the CVZA6*3 mutant allele in the Canadian Native Indian subjects ( 13.9%) 

was significantly higher than in Caucasians snidied by Fernandez-Salguero (4.7%, ~ 4 2 ,  pc0.02) and 

Caucasians genotyped in our laboratory (6.576, n=270, pc0.00 l), but was not significantly different 

(1 2%, n=67, p=0.4) Born the fiequency observed in Chinese subjects (Figure 1.7) 



Figure 4.7 Cornpiirison of CYPI.46 mutant allele frequencies in four ethnic groups The 
C P M 6 * 2  mutant diele lfequency in Canadian Native Indian subjecrs resembles the 
fiequencies obsewed in our Caucasian and Chinese populations, but is significantly 
lower than rhe frequency obsemed in Japanese subjecrs smdied by Fèrnandez- 
Salguero ( 1995). The Gequency of the CYP2A6'3 mutanr allele in Canadian 'iative 
Indians resembles the frequency observed in Chinese subjecrs. but is significanrly 
higher than the fiequencies observed in both Caucasian and Japanese (Femandez- 
Salguero, 1993) subjects (*p<O.Oj j. 



2A6 Allele Freauencia re on CYP 

There were no significant differences in CYPZA6*2 (p=û.3) and CYPZA6*3 @=OS) mutant 

allele fiequenaes between the full and mixed-ancestry Canadian Native Indians. More in-depth 

analysis revealed no significant dBerences in the fiequencies of these two alleles between full 

Canadian Native indians and 75% (p=0.6 for *2, p 4 . 4  for *3), 50% (p=0.09 for *2, p=0.4 for '3) 

and 25% (p4.9  for *2, p 4 . 7  for '3). 

Table 4.5 CYP2A6 Mutant Allele Frequencies in Canadian Native Indians. 

Blood CYP2A6*2 CYP2A6*3 Number of Genotype- 
Quantum Samples Frequency Frequency Homozygous predicted PM 

Factor Analyzed (%) ("A) iMu tan ts Frequency (%) 

1 O0 108 O. 9 13.9 O O 

75 24 O 10.4 O O 

50 17 6 17.6 1 6 

25 1 O O O O 

To ta1 150 1.3 13.6 1 0.7 

Tobacco Use 

Since CYP2A6 is involved in nicotine metabolism, genotype and tobacco-use data were 

analyzed to determine whether individuals carrying CYP2A6 mutant alleles differed from CYP2A6 

wild-type individuals with respect to tobacco-smoking behavior. CYPU6*I homozygous subjects 

were compared to individuais carrying CYP7A6 murant alleles (including one hornozy~ous 

CYP2Ati6+7/*7) with respect to a number of tobacco variables obtained from the GAQ questionnaire. 

There was no association between CYP-A6*2 fkquency and dependence on tobacco (p=0.4), 

alco ho1 (p=O. 1 9, cocaine (p=0.06), codeine (p=U. 6) and amphetamine (p=0.7). No significant 



Merences m.7) were observed in the ages at which subjects first smoked a cigarette. The means 

(mean + S.D.) for CYPZA6'1 homozygous subjecxs and heterozygotes were 14.3 2 3.8 and 14.1 + 
4.1, respectively. There were also no sigmfïcant differences between CYP2A6 wild-type homozygous 

subjects and mutant heterozygotes in the number of cigarettes srnoked per day in the past 90 days 

(13.9 vs. 13.2; p=0.83), proportion of individuals who have tried smoking and gone on to smoke 

regularly (85.2% vs 72.8%; p4.16). proportion of Uidividuds who tried smoking but did not 

experience desirable effects (44.1'%0 vs 5 0.0%; p=0.62), proportion of individuais w ho tned smoking 

but did not continue due to undesirable e f f i  (44.4% vs 0%; p=0.09), number of cigarettes smoked 

per day arnong regular smoken (24.1 5 14.0 vs. 20.9 5 16.3; p=û.43), maximum number of cigarettes 

smoked in any 24 hour penod arnong smokers (34.4 2 16.8 vs 42.4 5 29.1; p=O.3), how soon after 

waking up did the individual smoke the îkst cigarene @=0.53) and in the proportion of smokers who 

have difficulty in refiaining koom smoking in places where it is forbidden (51 -9% vs 37.5%; p=0.24). 

The oniy significant ciifferences benveen CYP2A6 wild-type homozygous subject s and mutant 

heterozygotes in the parameters studied was the proportion of individuals who smoked even when 

the? were dl. A si-gificantly hiber @=0.04) proportion of heterozygotes (53 .894)  smoked when they 

were iil compared to CYP2A6 homoqgous subjects (25.0%). 

Association between CYP2D6. C Y P X  19 and CYPIA6 Genome Resuits 

The genotype resuits for the three genes were analyzed in 108 Canadian Native Indian 

subjects. Thineen subjects carried mutant alleles for more than one of the enzymes. Nine subjects 

were genotyped as C Y P X  19' 1lCYP2C 19*7 and CYP?A6* lICYP2M*3. Two subjects were 

genotyped as CYPîC 19* 1ICYPî-C 19*2 and CYP2A6* IICYPî-A6*2 and two were genotyped as 

(Table 4.6). 



Table 4.6 Genotype combinations for the CYP2D6, CYP2C19 and CYP2A6 for 108 full 
Canadian Native Indians. 

CYPZD6 Genotype CYPtC19 Genotype CYP2A6 Genotype 

A sirndar analysis was performed on 43 mixed ancestry subjects. One mixed ancestry subject 

tested positive for mutant deles of al1 three g e n s  The C W D 6 ,  CYP2C19 and CYP2A6 jenotypes 

for this subject were CP2Db'I. CP;P2D6+#, CYPZC19*2:CPZC19+2 and CYPZA6*I CYPZA6*3., 

respectively (Table 4.7). 



Table 4.7 Genotype combinations for the CYPLD6, CYPZC19 and C Y P U 6  for 43 mixed- 
ancestcy Canadian Native Indians. 

CYP2D6 Genotype CYPZC19 Genotype CYP2A6 Genotype 



Discussion 

Canadian Native Indians are descendants of Asian populations which migrated to North 

America between 13,000 and 30,000 years ago. They are a unique population which was geneticdy 

isolated in the North Arnencan environment for thousands of years; an environment which ciiffers 

nom that of Asia with respect to climat+ flora and fauna. Since cytochrome P450 enqmes are 

involved in "plant-animai w&e", these environmental ciifferences, including diet, may have resulted 

in unique selective pressures which, ultimately, may have had an impact on the genotype patterns of 

cytochrome P450 enzymes in Native North Arnencan populations. Since these enzymes are involved 

in the metabotism of many commonly used dmgs, understanding their genotype in these populations 

may have important clinical implications. Moreover, understanding the genotype of these enzymes 

in Canadian Native Indians may also provide insight into the evolutionary histories of these 

populations. 

Subjea Characteristics 

ï h e  study population consisted on 109 male and 50 female Canadian Native Indian volunteers 

ranging firom 16 to 62 years of age with a mean age of 33.8  5 9.9 years (mean r S.D.). One hundred 

and fifteen subjects reponed Full Canadian Native hdian ancest- and 14 subjecrs reponed mixed 

Canadian Native Indian ancestry. 

CYP2D6 Phenotwe 

The log ODMR frequency distribution of full Canadian Native Indians revealed a CYP2D6 

PM kequency of 1.1%. Ths resembled the CYP2D6 PM frequency in the Chinese population, but 

was sigdicantly lower than the CYP2D6 PM frequency observed in the Caucasian population. The 
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CYP2D6 PM frequency observed in Canadian Nanve Indian abjects agreed with our original 

hypothesis which stated thaî due to their Asian ongins, Canadian Native Indians would resemble the 

Chinese with respect to the low prevaience of the CYP2D6 PM phenotype. 

In contrast, the mean log ODMR of -2.56 in the Canadian Native hdian population did not 

resemble the mean of -2.15 observed in Chinese subjeas. It did, however, resemble the Caucasian 

population which exhibited a mean log ODMR of-2.57. Unlike the Chinese, the full Canadian Native 

Indian abjects did not exhibit a right-ward shif? in the log ODMR fiequency distribution relative to 

Caucasian populationsl which would be indicative of decreased CYP2D6 metabolic activity among 

EM subjects. As a result, Canadian Native Indian EM subjects appear to have a 'normal1 CYP2D6 

metaboiic activity relative to Caucasian populations. 

Possible Genetic Basis for Phenotvne Results 

In interpreting these phenotype data we have proposed a genetic basis for low CYP7D6 PM 

frequency and the absence of a right-ward shifl among Canadian Native Indian subjects-The Iow 

prevalence of the CYP2D6 PM phenotype suggests that Canadian Native indians rnay exhibit low 

frequencies, or altogether lack, one or both of the CYP2D6*3 and CYP7D6*4 nul1 mutant alleles. 

These two mutations account for approximately 90% of Caucasian CYP2D6 PM subjects. In 

addition, the absence of a right-ward shift in the log ODMR frequency distribution of Canadian 

Native Indians may indicate that the CP3D6*10 mutant allele is present at low frequencies, or is 

altogether absent. in this population. CYPZD6VO is present in Asian populations at frequencies of 

up to 70%. It is responsible for decreased mean metabolic activity of the CYP2D6 enzyme in these 

populations. However, since the Canadian Native Indian population does not appear to exhibit 

decreased CYP2D6 activity among EM subjects, these data suggest that the CYP?D6*iO mutant 
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d e l e  is not prevalent in this population. 

CYP2D6 & n o m  

To investigate these possibilities, Canadian Native Indian subjects were genoryped for the 

CYP2D6*3, CYP2D6*4 and CPZD6*iO mutant de les  using a combination of PCR and RFLP. 

Genotyping revealed that the CW2D6*3 n d  mutant allele was absent in the Canadian Native Indian 

population while CYPZD6*-/ was detected at a eequency of 3%. As hypothesized, both the 

CYPtD6*3 and CYPZD6*4 nuil mutant alleles were present at frequencies which were similar to 

those observed in Aians, but lower than those observed in Caucasians. 

With a CYP2D6*10 mutant ailele frequency of 3%, Canadian Native Indians resembled 

Caucasians with respect to CYP2D6* 1 0. However, this frequency was si&cantly lower than the 

47-70% observed in previousiy studied hian populations. ;Uthou& this result did not agree with Our 

initial hypothesis regarding CYP2D6* 10, it was supponed by the phenotype results which did not 

show a nght-ward shifi of log O D m  values in Canadian Native Indian subjects. 

Concordance Between CYP3D6 Phenotype and Genotvpe 

One hundred and thiny-five of the 136 subjects who were phenotyped displayed full 

concordance between CYPtD6 phenotype and genotype. The phenotypes and genotypes of 136 

subjects are illustrated in figure 4.4. This figure demonstrates the effects of the CYP2D6*4 and 

CYP?D6*iO mutant alleles on CW2D6 phenotype. The subjects who were positive far the 

CYP2D6*4 ancilor CYP2D6* 10 mutant aiieles exhibited mean log ODMR values which were above 

the mean of -2.56, indicating decreased CYP2D6 metabolic activity. This is in agreement with 

previous studies which have shown that CYP?D6*10 homozygotes and heterozygotes, as well as 
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CYP2D6*4 heterozygotes, tend to exhibit a lower CYP2D6 metabolic actiMty than individuais who 

are CYP2D6* 1 (dd-type) hornozygous. 

The lone full Canadian Native Indian PM subject, who had a log ODMR of 0.77, could not 

be accounted for by either the CP2D6*3 or the CYP2D6*4 mutant alleles. Consequently, there was 

a lack of concordance between phenotype and genotype with respect to this individual as the EM 

genotype r d t  does not agree with the PM log ODMR of 0.77. We suspect that this individual may 

have been classifïed as a CYP2D6 PM as a result of one of the foilowing: 1) enzyme inhibition due 

to concomitant use of medicaîion which may be a CYPZD6 inhibitor and was not reported during the 

medicd GAQ interview, 2)  concomitant use of an as yet unidentified CYP2D6 inhibitor, 3) presence 

of rare mutant deles such as CYP2D6*4 '7, *8, * 1 1, * 12, * 13, * 14, * 1 5, * 16 or others which were 

not tested for in this study, or 4) presence of novel mutant allele(s) which result in a PM phenotype. 

We have attempted to contact this individual in order to phenotype her again, however she could not 

be reached. 

In addition to the full Canadian Native Indian PM, phenotyping also revealed two rnixed- 

ancestry subjects who were poor metabolizers of dextrornet horphan. Both of t hese subjects were 

genotyped as CYP2D6*4/CYPZD6*4 homozygotes. 

Effects of Caucasian .Admixture on CYP2D6 Ex~ression in Mixed- Ancest y Subjects 

Cornparisons of the CYPZD6 PM tiequency and the mean log ODiLIR between full and 

mked-ancestq Canadian Native Indians did not reveal any natistically significant differences between 

the two groups. However, significant differences in CYP2D6*4 and CYP-D6*10 mutant allele 

kequencies were obsewed berween full and ked-ancestry Canadian Natives. The CYP2D6*4 allele 

was present at a fiequency of 3% in fidl ancestry Canadian Native Indians and 22.7% in mixed- 
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ancestq subjects. Statisticd analysis showed this dserence to be sisnificant at the 0.001 level. 

In f k t ,  the observed increase in CYP2DP-I aiiele nequency in mixed-ancestry abjects was 

greater than would be expected based on the CYP2D6*4 allele frequencies reported in previously 

midieci Caucasian populations (20-23%). Given that just over 40% (36/88) of the gene pool among 

the mixeci-ancesûy subjects was Caucasian, we would expect the mixed-ancestry subjects to exhibit 

a CYPtD6*4 de le  fiequency of approximately 9.7% [n=36(0.20) + n=52 (0.026) = 8.55; 8.55/88 

alleles=9.7%). It is unclear why the mked anceary subjects exhibited such a high CYPZD6*4 nul1 

mutant allele fiequency. This rnay be due to a srnail number of Caucasian deles  in the mixed-ancestry 

group (n=36) or due to Caucasian admixture many generations ago which would not have been 

reported by study subjects. 

The CYPZD6*IO mutant allele was detected in mixed-ancestry subjects at a fkequency of 

6.8% which was higher than the 2.6% observed in their fidi Canadian Native Indian counterpans. This 

ciifference was natisticdy significant at the 0.01 level indicating that Caucasian admixture was also 

associated with the increased CYP2D6*IO mutant allele frequency Once again this frequency is 

higher than what we would expect based on previously reponed frequencies of CYP3D*iO in 

Caucasian populations (1146 [0.015] -t n=52[0.03] = 2.1; 2.1/88=2.4%). 

The CP206*3 mutant dele  was not present in the mixed-ancestry subjects. This result was 

expected given that this d e l e  accounts for only 2% of Caucasian CYP2D6 alleles. 

CYP2D6 Summarv 

The phenotype results have show that Canadian Native indians resemble Asians with respect 

to CYP2D6 PM kequency, which is consisrent with the low frequencies of the CYP2D6*3 and 

CYP2D6*-l nul1 mutant alleles, but differ from Caucasians with respect to these parameters. In 
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contrast, Canadian Native Indian nibjects resemble Caucasians with respect to mean CYP2D6 

metabolic advity as determineci by dextromethorphan O-demethylation and low C m 6  * 10 mutant 

allele frequency. These results are interesthg given that previous studies have shown that, when 

compared to Caucasians, populations of hian origin exhibit both a decreased CYPZD6 PM frequency 

and a decreased CYD2D6 metabolic activity among Asian EM subjects. 

Table 5.1 Summary of CYP2D6 Results. Cornparison of Canadian Native Indian results to 
Caucasian and Asian data. Characteristics which resernble those of Canadian Native 
Indians are presented in bold. 

CYP2D6 Characteristic 

PM Frequency 

Mean log ODMR 

Possible Explanations for Low CYPZD6*iO Freouencv in Canadian Native Indians 

It is unciear why Canadian Native Indians resemble h i a n  populations with respect to 

CYPZD6 PM frequency, CYPID6*3 and C'YP?D6*4 allele fiequencies, but not with respect to 

CYP2D6 mean metabolic activity and CYP2D6'10 frequency. Consistent with our hypothesis. 

Canadian Native Indians resemble .Asians with respect to: 1) the frequency of the CW2D6 PM 

phenotype, 2) the allele Frequency of CYP2D6*3 and 3) the allele frequency of CYP2D6*4. These 

results were expected as both h i a n s  and Canadian Native Indians share comrnon genetic ancestry. 

On the other hand, the fact that Canadian Xative Indians resemble Caucasians, and not .hians, 

with respect to CYP2D6 rnean metabolic activity and CIiP2D6*IO allele frequency was not predicted 
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CP2D6 *3 Frequency 

CYP2D6*4 Frequency 

CYP2D6*iO Frequency 

Ethnic Group 

Canadian Native Indian 

1.1% 

-2.56 

7 

O O h  

3% 

3% 

Chinese 

1 2 YO 

-2.15 

0% 

0% 

50% 

Caucasian 

6.2% 

-2.57 

2% 

20-23% 

1.55% 



by Our hypotheses. This discrepancy may be explained by the separate and distinct evolutionary 

histones of Canadian Native Indian and Asian populations over tens of thousands of years. According 

to Hardy-Weinberg principle, "both the de le  and genotype fiequencies in a large, random-mathg 

population wiii remain constant nom generation if there is no mutation, no migration, and no 

selection" (Raven & Johnson, 1989). The Hardy-Weinberg principie States that a number of factors 

c m  aiter dele kequencies. The Factors which might best explain Our observations include mutation, 

genetic drift, and selection. 

Mutation is unlikeiy to play an important rote in this discussion as mutation rates occur at suc h 

slow rates that they have little impact on the fkquencies of comrnon alleles (e-g. CYP2D6*iO) (Raven 

& Johnson, 1989). For exampie, the mutation rate of mamrnalian P450 genes has been estirnated at 

1% in amino acid sequence every 4 miilion years (Nelson and Strobel, 1987). Given that Canadian 

Native Indians and Asians have been separated for no more than 30,000 years, mutation probably had 

minimal infiuence on the differences in CYP2D6* 10 6equencies between the two groups. 

The large difference in CYPZD6'10 allele frequencies between modem Asian and Canadian 

Native Indian populations may, however, be explained by wo forms of genetic drift, the founder 

principle and the bottieneck effect. Genetic drift is defined as "a random change in the frequency of 

alleles at a locus." (Raven & Johnson. 1989). -4ithough genetic drift has negligible impact on large 

populations, in small populations it may lead to the increase or decrease of certain alleles. One type 

of genetic drift is hown as the founder principle; a process whereby the fiequencies of certain alleles 

become enhanced or decreased when small populations migrate and become founders of a new 

population. In such cases, the aileles which the new founders c a q  are of special significance given 

that the newly arising populations are ofien dominated by alleles which were present in the original 

population. 
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The founder effect may be applicable to modern Canadian Native Indian populations which 

were founded by migrating Asian populations tens of thousands of years ago. If the founding Asian 

populations were smail and cmied Iow eequencies of the CYPtD6*iO mutant allele, it is quite 

possible that the dEerences in CYP2D6*IO kequencies between modem Canadian Native Indian and 

Asian populations may be attributed to the founder principle. 

Another form of genetic drift is known as the bottleneck efEect. Unlike the founder effect, 

which involves the migration of s m d  founding populations to new locations, the bottleneck effen 

is used to describe populations which have expenenced drastic reductions in size due to events such 

as floods, fies, earthquakes, disease or other more progressive changes in environment. h y  one of 

these events rnay result in a srnaiI s u ~ v i n g  population which is a random sample of the original 

population (Raven & Johnson, 1989). '4s a result, the alleles present in the surviving population may 

be over-propagated relative to the original population. 

The bottleneck effea may also be applicable to modem Canadian Native Indian populations- 

Ifwe were to accept the bottleneck effect as an explanation for allele Bequency daerences between 

modem Asian and Canadian Native Indian populations. we would hypothesize that the Asian 

popdation which rnigrated across the B e ~ g  Strait was genetically similar to other h i a n  populations. 

Following their arrivai in Nonh Amerka, the founding population experienced conditions which 

resulted in a drastic reduction in its numbers. This may have been a result of extreme cold, drought, 

inadequate diet, or other factors such as smail pox, which affecteci many North h e n c a n  Indians. 

By chance, the suMving population carried a low frequency of the CYP2D6*lO allele which, in tum 

resulted in a low CYPtD6*10 mutant allele fiequency in modem Canadian Native Indians. 

The final explanation for the differences in CYP2D6*10 frequencies obsrrved between 

Canadian Native Indian and Asian populations involves naniral selection. Since selection acts on 
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phenotype, we wodd hrpothesize that some environmental factor@) in the North Amencan 

environmem, which was/were absent in Asia, conferred a genetic advantage to individuals with high 

CP2D6 metabolic activity. For example, ifone accepts the "plant-animal warfare" concept proposed 

by GoRzaIez and Nebert (l990), one c m  imagine that some North American plants, which were not 

present in Asia, may have produced xenobiotic compounds (phytoalexin) which were harmfüi to 

individuals with decreased CYP7D6 activity. As a result, the CYP2D6*1O aüele frequency was 

drasticaily decreased in these populations over tens of thousands of years. Such a phenomenon is 

ofien termed nabilizing or directionai selection. It a a s  to eliminate phenotypes which deviate Eom 

the nom thereby resuiting in a phenotypically homogenous population with respect to the trait being 

selected for. 

The merence between the proposed mechanisms by which the Frequency of the CYP2D6*IO 

allele was decreased in the Canadian Native Indians is that mutation, the founder effect and the 

bottleneck effect are neutral Eorn an evolutionary perspective in that they occur in a random fashion 

and therefore do not offer any genetic advantage to the population. In contrast, naniral selection acts 

to increase fitness and survival potential of the afFected populations. Therefore, if variations in 

cytochrorne P450 enzymes, and more specifically CYP2D6, increase s u ~ v a l  potential then the latter 

explanation is the most likely. 

CYP2D6 Polynorphism in a Canadian Inuit Po~ulation 

A recent study examining CYP2D6 in Canadian Inuit subjects has shown that this population 

resembles Canadian Native Indians with respect to the CYP2D6 (Jurima-Romet er al., 1997).The 

CYP3D6*3 null mutant ailele was absent in Canadian Inuits. ïhis was not significantly different 

@=0.99) £tom the Canadian Native Indian results. The CYPZD6*4 null mutant allele was present at 
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a kequency of 6.7-8.3%. The difference in CYP?D6*4 mutant allele Eequencies between the hwo 

groups barely reached significance Q ~ û . 0 4 8 9 )  (Table 5.2). CP2D6*IO was found in the Canadian 

Inuit population at a fkequency of 2.2%. This was not significandy different w . 4 )  from the 3% 

observed among Canadian Native Indian subjects. 

The mean log ODMR of the Inuit subjects was not compared to Asian and Caucasian 

populations, however, the low CPZD6*I O mutant aliele eequency in this population would suggest 

that Canadian Inuit EM subjects probably resemble Caucasian EMS with respect to mean CYP2D6 

activity. The PM frequency in the huit population was determined to be 3.3% which is also not 

sigmlïcantly dEerent @=O.3) from the 1.1% observed among Canadian Native Indians. 

Table 5.2 Comparison of Canadian Native Indian and Canadian Inuit populations with 
respect to the m D 6  polymorphism. 

- - - - - - - - - - - - 

Ethnic Number of CYP2D6 PM CYP2D6*3 CYPZD6% CYP206W 
Group Subjects Frequency Frequency Frequency Frequency 

Native Indian 115 1.1% 0% 3 Oh 3% 

Caucasian 569 5-10% 2% 31% 1.5% 

- - 

In nimmary Canadian Native Indians resemble Canadian Inuits with respect to the CYP2D6 

polyrnorphism. The sirnilarities in the frequency of the CYP2D6*IO mutant allele is especially 

interesthg as it lends support to the role of natural selection in decreasing CYP2D6*10 mutant allele 

eequencies among Native North .;\mencm populations. 

According to Greenberg's hypothesis, modem Xative Nonh hnerican populations, namely 



the Na Dene, the Eskimo-Aleut (eg. Inuit) and Indians (eg. Canadian Native Indians), anived in 

North Amenca as three distinct groups in three separate migrations across the Bering Strait. Since 

these populations originated corn Asia, it is probable that they carried relatively high eequencies of 

the CYP2D6*IO mutant allele. It is unlikely that the CPZD6'10 mutant d e l e  fkequency was 

decreased in both the Canadian Native Indian and Inuit populations though random events such as 

a founder efféct or a botîieneck effect. The fàct that both of these North Amencan populations exhibit 

low fiequencies of CP2D6*l0 suggests that naturai selection may have been involved. 

Drug Metabolism 

From the view of clinical pharmacology, Canadian Native Indians may represent a population 

which is less likely to experience concentration-related toxicity reactions to dmgs which are 

eaensively deactivated to an inactive metabolite by CYP2D6. Since CYP2D6 PM subjects are less 

comrnon than CYP2D6 EM subjects, they are more susceptible to such side-effects due to the fact 

that, through chance alone, new dmgs are tested on populations which are composed primarily of 

CYP2D6 EMS. 

Theoretically, approxirnately 5-10% of Caucasian and 1% of Asian subjects are at an 

increased risk of esperiencing concentration-dependent side effects to dmgs which are rnetabolized 

by CYP2D6. This is due to a deficienr CYP2D6-mediateci metabolism. In addition, a large proportion 

of Asian patients are also at an increased nsk of developing sirnilar complications due to their 

decreased mean CYP2D6 activity compared to Caucasians. Consequently, Asian patients may 

experience a higher incidence of adverse reactions to CYP2D6-substrate dmgs in cornparison to 

Caucasian EM subjects as a result of decreased CYPZD6-mediated metabolism of these dmgs. 

Our results suggesr that Canadian Native Indian patients may have a lower genetic 
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susceptibiIity to concentration-related toxicity effects of CYP2D6-metabolized dmgs in cornparison 

to Caucasian and Asian populations. This implies that low prevalence of the CYP2D6 PM phenotype 

and absence of a right-ward shifk in CYP2D6 mean rnetaboiic activity observed in Canadian Native 

Indians may prove to be advantageous in clhical situations where CYP2D6 nibstrate drugs are 

prescribed. 

. . 
Implications in Disease Susceptibility 

Our phenotype and genotype resuits suggest that Canadian Native Indians might be geneticdly 

less susceptible than Caucasians to diseases associated with deficient CYP2D6 activity and more 

susceptible to diseases in which CYP2D6 is involved in the bioaaivation of precursors into active 

toxins. For example, since individuais with decreasedldeficient CYP2D6 activity are relatively rare 

in Canadian Native Lndians, Parkinson's disease (PD) and Alzheimer's disease (AD) rnay be less 

prevalent arnong Canadian Native Indian populations than among Caucasian populations. This is 

assuming that environmental conditions and diet are similar among the two populations. Although 

we have not been able to find epiderniologicai data on PD in North .Amencan indian populations, 

several studies have suggested Nonh .herican lndians may have a decreased risk of developing .m. 

h study involving Cherokee Indians in northeastern Oklahoma has shown an inverse 

relationship between the genetic degree of Cherokee ancestry and the prevalence of AD, such that 

as the blood quantum of Cherokee ancestry decreases, the risk of developing .AD increases. The study 

also found that, at age 65, a demase of 10% in Cherokee ancestry resulted in a Nne-fold higher risk 

of developing AD (Rosenberg et al., 1996). h o t h e r  study involving Cree Indians in northem 

Manitoba found the prevalence of AD among Cree indians to be 0.5%- which was significantly lower 

@<0.001) than the prevalence of 3S0h observed among Caucasian abjects in Winnipeg, Manitoba 
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(Elencirie et ai., 1993). Although both of these studies have show that North Amencan Indians may 

be less susceptible to AD than Caucasians, the results should be interpreted with caution as many 

North Arnerican Indians reside in diierent physical environments and consume traditional foods, 

which are Herent fiom those of other Nonh Arnencans. These differences may panially account for 

the differences in AD suscepfloility. 

Since 99?? of Canadian Native Indian subjects are CYP2D6 extensive metabolizers who do 

not exhibit a decreased CYP2D6 activity, it could be hypothesized that Canadian Native Indians are 

geneticaiiy more susceptible than Caucasians to cancers which have been associated with the 

CYP2D6 EM phenorype. These include cancers of the lung, bladder, liver and colon. 

At the tum of the century, cancer was rare among Native Nonh Amencan populations 

(Hrdlicka, 1908). Today, cancer rates among most Nonh Arnencan Indian populations are 

significantly lower than in the generai populations of Canada and the United States (Sievers and 

Fisher, 1983; Mahoney and ~Mchalek, 199 1; Cobb, 1996; Baquet, 1996; Byers, 1996; Gauderte et 

al., 1991; Young and Choi, 1985; Young and Frank, 1989). However, rates of some cancers are 

rising steadily among North Amencan Natives, thereby approaching the rates observed in the non- 

Native population. In fact, Aiaska Natives exhibit cancer rates which exceed those observed in non- 

Native Amencan and Canadian populations (Mahoney and Michalek, 1995). 

There is growing concem that these increases in cancer rates among Native comrnunities are 

due to changes in diet and environment which include: increased tobacco use, decreased physical 

activity and a transition frorn a traditional diet rich in h i t s  and vegetables to a Western diet poor 

in fruits and vegetables and rich in fat (Cobb, 1996; Byers, 1996). For example, lung cancer rates are 

increasing dramatically as a large number of Native youth take up smoking. Southwest tnbes, where 

smoking rates have been very low (-20%), exhibit lung cancer death rates of 7.6 per 1 00,000 whereas 
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mies in the Northem Plains and Alaska, which exhibit smoking rates of approxhately 70% exhibit 

lung cancer death rates of 74 deaths per 100,000 each year (Cobb, 1996). Since 87% of d lung 

cancen are caused by cigarette smoking, the easiest way of decreasing lung cancer death rates is to 

decrease tobacco use among Native youth ( ü S  Deparunent of Hedth and Human Services, 1989). 

The rate of reguiar tobacco use among the Canadian Native Indian subjects in this study was 

68.6%. This is more than double the 33% reported for the overd  Canadian population (Gaudette et 

ai., 199 1). Large ciifferences in Lifestyle exposures between these populations make it extremely 

diEcult to discern between the environmental and genetic factors which affect cancer rates. This is 

especidy true in tight of the f aa  that 70-80% of cancers in the United States are believed to be 

attnbuted to environmentai exposure (DoIl and Peto, 1981). 

In nimmary, although we have hypothesized that Canadian Native Indians may be genetically 

more susceptible to cenain types of cancers than Caucasians, this is ditficult to support with 

epidemiological data due to the vast ditferences in environmentai and lifestyle rxposures between the 

two groups. These include differences in tobacco-use, drug use, diet and physical environment. 

CYP2C19 Polymorphism 

The CYPZC 19 polymorphism was investigated in al1 159 Canadian Native Indian subjeas. 

CYP3C19 phenotype results were not available for these subjects Ail Canadian Native Indian 

subjects were genotyped for the nvo CYP2C19 murant aileles described by de Morais er al, 

CYP7C19*2 and CYP2C1g43 (de Morais et al., 1994a & 1994b). The CYPZC 19 PM genotype 

frequencies were detemiined by calculating the proportion of subjects who were hornozygous for 

CYP2C 19 mutant alleles. 



C Y P X  1 9 Gemme 

The CP2C19V mutant allele was present at a frequency of 19.1% , while the CYPZC19*3 

mutant dlele was not detected among the full Canadian Native Indians. Therefore, it appears that 

Canadian Native Indians do not resemble Asian populations with respect to either CYPZCi9*2 or 

CYPZC19*3. Both of these deles are present at signdicantly higher fiequencies in Asian populations. 

Canadian Native indians exhibit a CYPtCi9*3 nul1 mutant allele frequency of 0% which resembles 

the frequency observed in previously studied Caucasians (Ferguson et al., 1997) 

The kequency of the CW2C19*2 mutant ailele in Canadian Native Indians was significantly 

higher dian in Caucasians but sigmficantiy Iower than in Asians. As a result, it appears that Canadian 

Native Indians &3it a CYPZC19*2 allele frequency which is intermediate between the CYP2C19*2 

nul1 mutant allele frequencies observed in Asian and Caucasian populations. 

The kequency of the CYPZC 19 PM genotype in the Canadian Native Indian population was 

7% (8/115). Once again this value is intermediate between the 2% PM f?equency observed in 

Caucasian populations and the 14% observed in Chinese populations. 

In sumrnary, these data suggest that Canadian Native Indians resemble Caucasians with 

respect to CYP2C19*3 mutant allele frequency and are intermediate between Caucasian and -4sian 

populations with respect to CYPZCI 9 *2 and C W2C 19 PM frequencies. 

Effect of Caucasian Admimre on CYPlC 19 Mutant Allele Fmcyencies 

The mixed-ancestry subjects exhibited a CYP2C19 *t mutant allele frequency of 13 -6% 

compared to 19.1% observed in full Canadian Native Indian subjects. This difference was not 

si@cant at the 0.05 level. Since the CYPtCf 9 ' 3  dlele was absent in both Caucasian and Canadian 
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Native Indian populations, no gene dose effect was observed in the frequency of this allele between 

fidl and mixed-ance~ery Canadian Native hdians. Finally, there were no siflcant differences in the 

CYP2C 19 PM genotype fkquencies between full and mixed-ancestry Canadian Native hdians. 

In aimmary, a gene dose &kt in CYP2C 19 mutant alIele and CYP2C 19 PM fkequencies was 

not observed in the mked ancestry subjects. 

CYP2C19 in Canadian Inuit oo~uiation 

A recent study of the CYP2C19 polymorphism in 90 Canadian huit subjects revealed 

CYP?CI9*2 and CYP2C19*3 mutant allele Bequencies of 12% and O%, respectively. The PM 

fiequency in this population was 3.3% (Junma-Romet, 1996). As was the case with CYP2D6, the 

C Y P X  19 results in huits resemble our observations in Canadian Native Indians. 

First, both populations lack the CYPZC19*3 mutant allele. Second, the PM frequencies are 

sigficandy lower in these populations when compared to other populations of Asian ongin. Finally. 

both populations exhibit CYP2C19 *2 mutant allele frequencies which are closer to the frequencies 

observed in Caucasians than hians. 

The fact that these two populations: 1) are both descendants of North -4sian populations, 2) 

arrived in North Anenca independently during two separate migratory waves and 3)  both exhibit 

C Y P X  19 mutant dele  fiequencieç which are ~ i ~ f i c a n t i y  different from those observed in other 

Asian populations, al1 suggest thar the differences in C Y P X  19 gene frequencies berween Asians and 

Native North Amencans may also be attributed to naturai selection. As with CYP2D6, it appears that 

higher C Y P X  19 activity provides an evoiutionary advantage compared to decreased/deficient 

C Y P X  19 activity. 



. . 
inical Irnpliçation~ 

Aithough CYPZC 19 bas not yet been implicated in disease suxeptiiiiity, it has been shown 

to have significant consequaices with respect to drug side effeas. For example, while the fiequency 

of reported side effects to mephobarbital, a CYP2C 19 nibstrate, is approximately 20% in Japanese 

populations, it is only 3.5% in Caucasim popdations (Nakamura et al., 1985). It is believed that this 

six-fold difference in the incidence of mephobarbital side effects is due to a roughly six-fold difference 

in CYP2C 19 PM phenotype fiequencies between the two populations. 

Since Canadian Naîive Indians more closely resemble Caucasians than Asians with respect to 

the CYP2C19 polymorphism, it is rasonable to assume that this population is not at an increased nsk 

of developing toxicity-related side effects to drugs which are metabolized primarily by CYP2C 19. 

Unlike Asians subjects, which require lower doses of these dmgs, Canadian Native Indians can be 

given doses of CYPX 19-substrate drugs which are comparable to those administered to Caucasian 

patients. 

CYP2A6 Polymorphism 

One hundred and fifty Canadian Native Indian subjects were genotyped for the CW2A6*t 

and C P M 6 * 3  mutant alleles. The frequency of the CYPtA6*t mutant allele in Canadian Native 

Indian subjects (n=lOS) was 0.906. This fiequency was significantly lower than the frequencies 

observed in Caucasian, Taiwanese and Japanese populations by Fernandez-Salguero (1993). The 

frequency of the CYPtA6*3 mutant allele in Canadian Native indians was 13.9%. This was 

significantiy higher than the frequencies reported in Caucasian and Taiwanese populations, but was 

significantly lower than reported in a Japanese population studied by Fernandez-Salguero (1995). 

These results suggest that Canadian Native Indians do not resemble any of the previously studied 

-93- 



populations with respect to CYP2A6 mutant de le  frequencies. 

However, Caucasians previously genotyped by Cholerton and Idle revealed a CP2A6*2 

mutant d e l e  fiequency of 1% (unpublished datq referred to in Feniander-Salguero and Gonzaiez, 

1995). We have genotyped 270 Caucasian and 67 Chinese nibjects and found CYP2A6 *2 frequencies 

of 2.2% and O%, respectively. Both of these fiequencies resemble the Eequency observed by 

Cholerton and Idle. Taken together, these data suggest that the allele Bequencies published by 

Femandez-Salguero may be over-estimated. This may be due to the s m d  sample sùe examined (e-g- 

n,-= 13 , nw=29). 

Statistical cornparisons of Canadian Native Indians and Our Caucasian and Asian control 

populations revealed that Canadian Nabve Indians (0.9%) resembled both Asian (0%) and Caucasian 

(2.2%) subjects with respect to CYPZA6*2. The frequency of the CYPZA6*3 mutant allele among 

Canadian Native hdian ( 13 -9%) subjects was not siguficantiy different fiom Asians ( 1 2.0%) and was 

sigdicantly higher than the £iequency observed arnong Caucasians (6.5%). 

Effects of Caucasian Admixture on Ck'P2A6 blutant -4leIe Freauencies 

No sigrilficant differences were observed in CW2A6*2 mutant allele fiequencies between full 

and mixed-ancestry Canadian Native indian subjects, suggesting that Caucasian admixture had no 

effect on allele fiequencies. This result was expeaed for the CYP2A6*3 mutant allele since 

Caucasians and Canadian Native Indians genotyped in Our laboratory did not dif3er significantiy in 

the deie Eequency of CYPU6*2.  There were also no significant differences in CYPZA6*3 mutant 

allele fiequencies between the full and rnixed-ancestry Canadian Native Indian subjects. 

One mixed-ancestry subject was genotyped as a possible CYP2A6 deficient individual. This 

individual's genotype was CYP2A6*1/*2 which is indicative of a CYP2A6 PM phenotype. 
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le C h c a l  . . - - 

In vivo mdies have shown that CYP2A6 plays an important role in nicotine metaboiism in 

humans. Approximately 70-80% of nicotine is metabolized to the inactive metabolite cotinine via 

CYP2A6 (Nakajima et al., 1996; Messina et al., in press). Therefore, we hypothesize that CYP2A6 

activity rnay be an important nsk factor in tobacco dependence. Individuals who exhibit deficient 

CYP2A6 metabolism rnay be at a lower nsk of becoming dependant on tobacco. Upon tqing 

smoking for the first tirne, CYP2A6 PM ~ b j e c t s  may obtain higher plasma ieveis of nicotine 

compared to CYP2A6 EM subjects. As a result, CYP2A6 PMs may experience greater aversive 

effects to nicotine which rnay make them less iikely to continue smoking. In addition, CYP2A6 PM 

srnokers may smoke l e s  than CYP2A6 EM mokers due to decreased elimination of nicotine via the 

CYP2A6 pathway. 

Our data indicate that there were no significant differences in CYP2A6 mutant allele 

fiequencies between smokers and nonsrnokers. Since Our study population contained only one 

CYP2A6 PM individual, we have compared the smoking histories between CYP2A6 wild-type 

homozygous and heterozygous subjects to determine whether CYPlA6 heterozygous subjects 

exhibited diferent smoking patterns compared to C Y P X 6  wild-type homozygous individuals. We 

found no significant differences between the two groups with respect to: age fint tried, average 

number of cigarettes smoked per day during last 90 days, proportion of individuais who have tried 

smoking and gone on to smoke regularly, proportion of individuals who tried smoking but did not 

experience desirable effects, proportion of individuals who tried smoking but did not continue due 

to undesirable effects, number of cigarettes srnoked per day among regular smokers, maximum 

number of cigarettes smoked in any 24 hour period among regular smokers, how soon d e r  waking 

up the individual smoked the fim cigarette and finaily, the proportion of smokers who had difficulty 
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refraining from smoking in places where it was forbidden. We did, however, find a sigdcant 

difference ( p 4 . 0 4 )  in the proponion of individu& who smoked even when they were di. In 

su-, there does not appear to be a daerence in the smoking behaviours of CYP7A6 wild-type 

homozygous and mutant heterozygous subjects. 

Association Between CYP2D6, CYPZC19 and CYP2A6 Genotypes 

Genetic andysis of 108 Canadian Native Indian subjects revealed that 13 individuals were 

positive for both the CYP2C19 and CYPtA6 mutant alleles (Figure 4.6). Since the fiequencies of 

CYP2C 19 and CYP2A6 mutant alleles in full Canadian Native subjeas were 19.1% (19.1 + 0) and 

14.8% (13.9 + 0.9) one would expect that Y108 (28%) of subjects would test positive for both 

alleles. Our resuits show that 13/108 (12.0%) hl1 Canadian Native Indian subjects e.xhibit this 

combination of genotypes. This difference is significant at the 0.0 1 level. This suggests that there is 

an association berneen the presence of CYP2A6 and CYP2C19 mutant alleles. This may be 

explained by the presence of selective pressures which favour the presence of these alleles. For 

instance, 

A simiiar analysis was performed on 43 mked ancestry subjects. The predicted rate of finding 

an individual with both CYP7C19 and CYPlA6 mutant alleles in these subjects was 1.78% (1/43) 

subjects. Our results show that four subjects were positive for both CYP2Cf 9 and CYP7116 mutant 

alleles. This is not significantly different (p=0.2) fiom the predicted rate. 

Neither the full or mixed-ancestry subjects exhibited any association between CYP2D6 and 

CYP2C 19 or CYP3.M mutant alleles. 



Discussion Surnrnary 

Canadian Native Indians do not compieteiy resemble Caucasians or Asians with respect to 

P450 polymorphisms. 'They exhibit patterns of expression of CYP7D6, CYPZC 19 and CYP2A6 

which are uniike those of previously studied populations, with the exception of Canadian Inuits. 

These ciifferences have probably arisen due to the selective pressures which were absent in the Asian 

environment. 

We have shown that aithough Canadian Native Indians resemble Asians with respect to the 

fkquencies of the CYP2D6*3 and CWZD6*4 nul1 mutant aileles, they do not resemble Asians with 

respect to the allele kequencies of CYPZD6*f O, CYPZC19*2. CI;pZC19*3, and CYPIA6*3. While 

some of these allele fiequemies resemble those of Caucasian populations, others seem to be 

intermediate between Caucasian and Asian populations. These differences in P450 expression may 

have important implications with respect to disease susceptibility, dnig dosing and drug-taking 

behaviour. 
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Appendix I 



VOLUNTEERS 
NEEDED 

FOR 
RESEARCH ON 

ENZYMES 

COMPENSATION $30.00 

PHASE Il - Canadian Native People Only 

Participation involves - brief questionnaire 
- urine sample 
- 12ml blood sample 

taken by 
experienced nurse 

- 
Gall now. 
LINDA 

595-681 5 





Comptete the çonsmt fom, ggnera ~ S P  of Psvchoa~tive Subs- 1. I auestionnaire and 
onnaire. 

2. At bedtime, empty your bladder and swallow the dextrumethorphan apsule with water. 

3. When you fint get up the next moming (about eight hours after you swallowed the 
dextromethorphan), collect BU, of your ovemight urine in the bottle provided. 

4. Print your narne on the botte. 

5. Retum urine, consent f om and questionnaires tha: same moming as instructed. 

PRODUCT MONOGRAPH FROM CPS: 



1 . hereby consent to parûcipate in the research 

project entitled 'Dextrornethorphan Oxidation Phenotype Distribution" being conducted at the 

Clinical Research and Treatrnent Institute of tfie Addiction Research Foundation and Universrty of 

Tomnto under the direction of EM. SeIlers. MD.. Ph.D., R.F. Tyndale, Ph.0. and M. Nowak The 

purpose of mis research, the procedures to k fdlowed. and possible risks of this research have 

been explained to my by . In consenting to participate, I understand 

that 

The purpose of mis study is to de temine  my pattern of metabolking a substance called 

dextromethorphan. 

Dextromethorphan is a widely used non-prescription anti-cough medication. 

Dextrornethorphan has been given safrly in the dose to be used in this study to millions of 

individuals without apparent risk or hüard. At the dose I will receive, the side effect that 

might oczut is a slight degree of drowsiness. 

As part of this study, 1 witl pmvide infamation about myself including medical history and 

c u r e n t  medication use (including non-prestnption drug use). 

As part of this study. 1 will take dextromethorphan 30 mg in a capsule. Before doing this I 

will empty rny bladder. After taking the arug 1 will wllect ail my urine for the next 4 to 8 

hours in the container provided. This ?rocedure may be repeated on other occasions up 

to a maximum of 4 additional times. 



5. I may decline to answer any particular questions asked of me. If this refusai makes my 

participation in this study of no scientific value. my participation can be terminated. 

6. I can expect no thefapeutic benefit frorn participation in this study and may f r e l y  choose 

to not participate in any repeat testing of this procedure. 

7. The data 1 provide will be kept stnctly confidential and secure, availa~le only to the 

researcners involved in mis study and for the purposes set out in paragraph #l above. 

Neither my name nor any pieces of identrfying information wiIl be kept together with the 

other data that 1 may provide. My remes will be treated with the same confidentiality 

afforded medical records. 

8. The results of this study may be pubiisned and if so will be published in such a manner 

that I will not be identifiable. PublishPd reports will refer to group data and not to a 

particuiar individ ual. 

9. 1 have had an opportunity to ask questions. and my questions have been satisfactorily 

answered. 

10. 1 will be given a copy of the consent fom al the time I sign it. 



Dated at Toronto. this day of , 1 9  . 

Signature 

Pnnt Name 

Date of Birth: 

day 1 month 1 year 

Address 

Witness Signature Date 

This consent f o m  was read in my presence Sy who has 

informed me that helshe carefully considered and understood each point above. I hereby confirm 

that the study will be conducîed in accordance with the conditions and procedures set out above. 

Classification 

Signature 



Appendix III 



CYP2D6 POPULATION STUDY 

Genetics of Addiction Questionnaire 

0 , 9  

DATE: 1 1 i i I 1 
YR MO. DA- 

1. Year of Bir&: - Interviewers Initiais 1-I 

2. Sex: 1. - Fernale 2- - Maie 

3. Country of birth: (spe~ify) U-J 

Bnefly describe your M y ' s  ethnic origins as far back as you are a-: 

Mc tis 
NaUve Iadi.n 
Other Native Aracricln 
Orhtr South Ean AS~UI 

Poliih 
Poraigucsc 
Scoouh 
Sp.nisb 
u h n i i  
VlttMmc~ 
mer-rpeciQ: 
Unlcnow 

4. Are you currentiy taking any medications? 1. Y e s  2- - No 
Ifyes, wmplete the following: 

Heart 
B l d  Pressure 
Diabetes 
Thyroid 
S e h  Disorder 
Asthma 
Cough/Cold/AUergy 
S tonlach 
Constipation 
Pain 
Infection 
Birth Conml 
Depression 
k e t y  
Withdrawal 
Cholesterol Control 
m e r  

1. - Yes 
1. - Yes 
1- - Ycs 
1- - Ys 
1- - Yes 
1. - Yes 
1- - Ys 
1. - Ys 
1- - Yes 
1- - Yes 
1. - Yes 
1. - Yes 
1- - Yes 
1- - Yes 
1- - Yes 
1. - Yes 
1. - Ycs 

Drun Name 



C-6 POPULATION STUDY 
1 0 i 9 ,  , , , , 

Genetics of Addiction Questionnaire SUEJECT 

5. T 

Ever 
U u d  A F  

DRUG 7YPE Firrt 
Uied 

1 = no 
2 = ycr 

CANNABIS: (cg. +njit.pi. 
hi& oil) 1 1 

DEPRESStWi5:Aoti-.Iuuety dmgd 
Scdriivc-Hypnotisa 
(e-p. Vilium. Libnum. 
S C C O ~ ~ I .  Amvun 

KARCOTICS: H c m i n  
I a 

r ,. ... . - .< 
NARCOTICS: Hydrocodone (Hycobn, 

Nov+ucx DH. 
P- Tussionex) 

1 MALANIS: Glue. mlvenu. icraoh.  
iiquid papcr, vohtüc 1 

85 = 1-3 mon 
86 = 4-7 mon 
87 = 8-11 mw 
00 = idquenl 

Typicd + 

90 Diyr 

Typied 
Amouat 
U d  Per 

-Y 
(on &ya 

in Pul 
90 r n y ~  



CYPZD6 POPLUTION STUDY 

Genetics of Addiction Questionnaire 

0 , 9  1 1 

D A T E 1  i i i i t i 
YR- MO. DA. 

1. How much have you used each of these opiates? 

Ifaxtswered "usecl regulPrly" to any of thex opiates, p d  to Qwstion 3. 

2. If you have not used any of these opiates replarly. which of the following Mtemaits applies to 
you? 

- no reaçon to use them 
- did not experience desirable effects 
- experienced undesirable t f f ~ t s  
- concemed about potential dmg effects on health/bebaviour 
- significant others (family/fnends/employef) woadd disapprove 
- too expaisive 
- not avdable 
- other 

STOP! 
This is the end of the opiate module for those who have never used op- rpgularly- 

PLEASE GO TO PAGE 7 

3. For those you have ustd remilarlv , during what time pcriod w m  you using the most? 
(code 00 for the month, if not known) 

A. d e i n e  

B. hydrodone 

C. hydromarphone 

D. morphine 

E. oxycodone 



- - - - - - - 

CYP2D6 POPULATION STUDY 
Genetics of Addiction Questionnaire 

4. What was your typicai frequmcy of use during this period? 

CI hydromorphone U 
D. morphine U 
E. oxycodone U 

2 = l x l m o  
3 = 2-3 xlmo 
4 = 1-2 x l w k  
5 = 3 4  xlwk 
6 = daily 

5. Approumately, how many tablets (teaspoonsful) of these opiates would you caLe on 
used them duriug this perid? Indice strengh for proàuct used and total mglday. 
(Le. 1 f I 1 # tabs x 1 ! 1 strengthltab = 1 I ! J mg totallday ) 

tabs - 9-. mn totaildav S+fv Product 

the days you 

6. What is the maximum number of tablets (teospoonful) you have ever used in one 24 hour period? 
Indiuate m g t h  forpmduct used and totnl &/&y. 
e I I I J # tabs x I 1 streagthltab = 1 I 1 1 mg totaliday) 

B. hydracodme U X  

C. hydromorphonc 1 I I 1 x 
D. morphine l r l x  
E. oxycodone I I X  
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What was your primar). rerrson for first using these opiate products? 

What was your prirnary feoson for uing these opiates during your period of heaviest use? 

Ifyou have used these opiates primarily for pain, was them ever a tirne when you have used them 
when you did not have pain, that is, to get other effets? 

1. Y e s  Speciw 
2. - No 
3. - Not applicable 

If you have used codeine repiarly , whkh type of p d u c t s  did you use? 

1- - always OTC 
2- - usunlly OTC, sometimes prescription 
3. - quai fiequcacy OTC and pmmiption 
4- - usually prescription, sornctimes OTC 
5- - always prescription 
6. - not applicable 

If you have usexi a prescription dnig rcguiarly, how did you g c n d y  obtnin the dmg? 

p d p t i o n  fmm physician 
MY 
fnends 
pu* off the Street 
forgcd prescriptions 
othcr, specis 
not applicable 
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DSM CRITERLA 

13. 

14. 

Note: 

1. 

2. 

3. 

4.8. 

4- b. 

5 .  

6. a. 

6- b. 

7. 

8. 

9. 

10. , 

For how ionn a time were you having some qvmptoms of drug depeadence or abuse? 

Pltaçe indicate how long it has bœn since the individual met ( e v a  one) of these Mteria? 

1 = W a& 2=- 3 = t i r i a b d d a m  

Did pu o h  6d t h t  d e n  pu ushg apuiu ?ai ended up much more 
af thcm than v w  vert planning to or ovn a longer p e n d  of cime? 

Did you try to cut dowu or riop iuisg opù-1 W m  yai auccurW? Did you m t o  
rrop or cut down (did v a  worry about it?) 

Did you iped a lot of k mkhg opUtes or dohg Pihimer  y w  hrd to do to gct ibem? 
Did it tike vou a lona timc to gct back io nonnil? 

Did y w  c v n  uw aphtes wùilc doing ~ i m t t b g  wiaerc it rnight have + dutgcruus? 
lDid vou m e r  drive whik vou werc d l v  roo mntd or hizh to bt drivmg?) 

Was tbm ever a tirnt d e n  y w  wtrc o h n  wing opYtu  or hung ovcr h m  ophtu 
whcn you wcrc doing mmerhing impmnt. ükc king at u h d  or work. ot taking cire of 
chiidrrn? (Wb.t about miuing mornehina impottant?) 

Did y w  uw aphtes no o h  tbit y w  s u d  m iut opùm h d  of wotüng or 
rptndim timc on hobbies or with vour f~mi ly  or fie&? 

Did y w r  iuc of opbtea uwc problcmr with 0th- people, arch u Prirh M y  mcmbtn 
or people 81 work? 

Did v w r  uw of  opuiu c r u e  pnchoioaiuI or phvmd problemr or uukc  &em worie? 

Did y w  fiad thit you o d e d  u, wc lot more o p h a  in ordcr to pet high thut y w  did 
Prhcn you hia .I.ried uing ir, or d e n  you urcd the .imc unount. it h d  mridi Iw 
cffect thui before? 

Have y w  cvcr had withdrrwd ~pipmms, th.t is. fcR tick whtn you cut d m  or rtoppcd 
uing opiaws? (=fer to list of mmpcom at end of aucsriorwirr) 

1. - O - 1 month ( m e  at Imst one rxitcrîa cumatly) 
2- - > 1 - < 6 m 0 n t h s  
3- - r 6 months - < 12 months 
4. - r 12 months 
5. - N/A (Le thcy have never met any criteria) 

For your derence and darifkation, the DSM-Nmteria for psychoactive substance abuse and 
dependence are listed on the iasî page of this questionnaire. 

1 2 3  

1 2 3  

1 2 3  

1 2 3  

1 2 3  

1 2 3  

1 2 3  

1 2 3  

1 2 3  

1 2  3  

1 2 3  
I 

1 2 3  
1 

1 2  3 
1 

1 2 3  

1 2 3  
1 

1 2  3 
1 

1 2  3 
, 

1 2  3  

1 2 3  
I 

1 2 3  
I 

1 2 3  

1 2  3 

IF YOU HAD WïTHDRAWAL SYMPTOMS: M e r  #u using opiaw for a fcur hours or 
more, did vou often use it to kccp ywticlf fiom saine sick with withdrmtvrl sympmms? 

Have vou had rnv legai umblems mbud to v w r  use of opiatu? 

1 2 3  

, 1 2 3  
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O , 9  

G , E , N , l  , O  , O  , 3 , O * O  

DATE: 1 t t I i I r 
YR. MO. DA. 
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What are your drinking habits like? (How much do you driniï?) 

Was îhere ever a period in your Iifewben you drank tûa much? 

Has alcohol ever caused problems for you? - What? 

Has anyone ever objected to your drinking? - Why? 

1. 1s there ans suggestion thaî the person drinks or ch& excessively or had problems with alcohol 
as determinad from a b v e  scmming items? 

1- - Yes If yes , then proceed to question 3. 
2- - No If no , th= procecd to question 2. 

2. Ifyou have never expmienced problems with drinking alcohoi, which of the foilowing reason(s) apply 
to you? (Check all that npply). 

A- - no re~son  to drink more 
B- - did not expciienœ desiroble effects 
c- - experieuced undesirable effects 
D- - concernai about patential effects on h d t h  and khaviour 
E- - sipifiatut ohers (family/friaids/emp10ycr) would disappmve 
F- - too expensive 

STOP! 
This is tbe end of the alcobol module 

if the scFeeaing itms prodiirprt a respoase, 
PLEASE GO PO PAGE 10 
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su- 

3. During what period m your iife were you drinking the hest? (code 00 for the month if not Imown) 

From 1 1 1 1 1 To I ! l ! I  
M Y M Y 

4. During tbis perïod, approximately how fquently would you drink? 

LJ Freauency codes : O = never 
1 = < 1 xlmo 
2 = 1 x /mo 
3 = 2-3 x/mo 
4 = 1-2 xlwk 
5 = 3-6 x/wk 
6 = daily 

5. 8. On the days that you would drkk during this period, approrimately how m~ny  drinks would 
you have? (Please refer below for Srandard Drink Conversions). 

b- During this pcriod. ippmximately how many drinks would you bave in any one w d ?  
(Plcase rcfer below for Standard Drink Conversions). 

Standard Drink Conversion : 12 ounces of betr (5 96) 
5 ounces of winc (12-1746) 
1 ounces of harci liquor (80 A proof) 

6. What is the maximum number of drinks you have ever had in one 24 hour ptnod? 

1 1 1 1  #drinks 

8 
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Genetia of Addiction Questionnaire 

DSM CIUTERIA 

1. 

2. 

3. 

4. A. 

5. Did you drink MJ oAcn rhit you run td  UI drulk innud of woricing or rpeding timc on 1 2 3  1 2 3  
hobbies or  wïth vour fsmilv or iiiends? 

4. b. 

6. b. 1 Did vair use of Jcohol uwc psvcholon*.I or phvs id  omblenu a makc thcm -ne? 1 1 2 3  
1 1 

1 

Did you o k n  find rh.1 when y w  n i r d  dnnlung you edcd  up dcuikirrg much more 1 2 3  1 2 3  

Did y w  fiDd rbrt y w  nccdcd IO drink A lot rn in order u> get intoxicitd tha  OU did 
ai)>= YIU . t . ~  drinking. or ~rbm yai dmnk the umt uawnt. it had much ~ u r  1 1 2 3  I 

tfun vou vert  plmninp to or ovcr a i o m r  p e n d  of rime? 

Did you try to cut dwm or aog d e ?  Wcrc you rucwrful? Did you v i n t  &O QDP O f  
cm down (did v w  w m  about itl) 

Did y w  ipcd A lot of timt d a  dcohol or do* arbiwn you b d  m do  to get il? 
Did it takt vou a lonp timc IO pet back LO nomal? 

Did you ever drhk w6ilt doing iomcthhg Prherc it might hive beca dangarou? @d 
vw ever drive while vou werr rullv t6a inu>xicared w be drivin~?) 

Wu th- ever A time wben yw were o k n  drinking or hung aver h m  dcohol whco you 
w m  doing romcthing imponiat, - likc bchg at r h o o l  or  wo*. or taking arc of childccn? 
CWhat about miuing iomtthing imponant9 

8. 

9. 

Note: 

1  2 3 

1 2 3  

1 2 3  

1 2 3  

8. 

9. 

10. 

For how lone a time were you having some symptoms of drug depxadenct or abuse? 

1 2 3  

1 2 3  

1 2 3  
l 

1 2 3  

Pleast i n d i ~  how lonn it has bcen since the individual met (even one) of these criteria? 

Have you ever h.d withdnwd rymptoms. t h t  ü, feh rick wha you cut d o m  or nopptd 
drinkinn? k f e r  CO l ia of tvr~ptamr AI end of questionnaire\ 

YOU HAD ~ R A W A L S Y M T O M S :  After not drinkiq for a fto; hours or mom. 
drd vou oAcn use it to ktep v w m l f  h m  pcninp sick with withdriwal SV~DUXIU? 

Have vou had anv lemi pmblems ~ i a r c d  to vour dri-? 

1. - O - 1 month (mccts at lm one criteria m t l y )  
2- - > 1 - < 6 months 
3. - r 6 months - < 12 montk 
4. - r 12 xnonths 
5. - N/A (Le they have never met any criteria) 

For gour derraae and -cation, the DSM-Naiteria for psycboadive substance abuse and 
dependence are Iisted on the last page of this questionnah 

1 2  3 

1 2 3  

1 2 3  

1 2 3  

1 3 3  

1 2 3  
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0 , 9  
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DAfE:i  I I I I  I 1 
YR. MO. DA. 

1. Have you ever smokcd regularIy? 

1- - Yes If your answcr is yes , then p d  to question 3. 
2- - No If your answer is no , thcri proceed to question 2. 

2. If you have never smoked repuiari y, which of the following repson(s) apply to y ou? 
(check PU thut apply) 

A- - no reason to smoke more 
B. - did not experience desirable effects 
c- - experienced undesirable effects 
D- - concerneci about patential tffects on health 
E- - significant others (family/fiezids/ernployers) wodd diqprove 
F- - too expensive 

STOP! 
This is the end of the tubatm module for those who have never Lsed tobacco e i y  

PLEASE GO TO PAGE W 

3. During whnt period in your Life werc you smoking the mon cigarettes? 
(code 00 for the month, ifnot Laown) 

4- During this period. rypically how frequemtly would you rmoke? 

LI Fmuencv codes : O = never 
1 = < 1 x/mo 
2 = l x / m o  
3 = 2-3 x f m o  
4 = 1-2 x/wk 
5 = 3 4  x/wk 
6 = daily 
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5 . a. During the above p e n d  of t h e .  appmx.kwKe1y how m ~ n y  cigare- would you mioke in a 
&y ? 

b. How many in rrny one week p e n d ?  

6. Whai is the maximum number of cigareües you have evet smoked in one 24 hour period? 

7. How soon afttr you wake up would you smoke your first cigarette? 

1. - within 30 minutes 
2. - more than 30 minutes, lesi than 2 hours 
3- - pater  than 2 hours 

8. Would you find it difficult to refrain from smoking in places where it is forbidden? 

9. Would you smoke even ifyou are very ilI? 

10. Wodd you d d e  when you smoke? 

11. Wouid you avoid sociaiizing with non-smokers if you couldn't smokc in their mmpany? 
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DSM CRITERU 

1. Did you ofkn fiad rh.i whcn you a r d  nmaking y w  &cd up mnoking more thin you 
WC= planninp to or over a lonpcr pcrÏod of timr? 

2. Did you try cui dovn or nop miokhg? W m  y w  aicccufui? Did you -nt to aop or 
. cut d m  (did vou w o m  about it?l 

3. Did y w  pend 8 loi of rime -king rob.cco? (Ch doing wimtcvtr y u  h i d  to do to g a  
i ~ ?  Did it takc vou a lonp tirne to s t  back to normal? 

4. a. Did you mer rmoke Mt do@ iomelhing arhm it might have becn duigeruur? 6.t. 
fillinp aslem witb r Lit cimreat in b 4  

5. Did you srnokt io ofka  that you wodd i m k c  h d  of working or speoding timc on 
hobbies or wîth vour farnilv or fneod.? 

J 

6. a. Did y w r  smoking uuu pmbfcma witb ochcr p c q l t ,  mch aa with f d p  mcmberr or 
people rt work? 

6. b. Did vour smoking uuw prvcholo~cd or phvsiul probltmt or d e  them W O ~ ?  1 
Did you h d  rhrt y w  nccded u, nriolt r lot more thn whcn y w  mntd rmolriog? 
(Or d e n  vou u u d  the same rmount, if hrd much l a s  cfT"ct thui beforr?) 

I 
8. Have you mer b d  withdnwd ryaiptomr, h i  is. feh aick whm you cut down or  noppcd 

smoking? irefer to List of n i p i o m r  ai end of questionmice) 

1 10. 1 Have vou had rnv lcgd problcms d a k d  io your smoking? 1 

9. IF YOU HAD ~ R A W h L S Y M P T O M S :  mt smoking for r fcv h m  or more. 
did wu ofkn amokc to Leeu v w n t l f  h m  pcatna sick with orithdmwnl mmptoms? 

13. For how lone a time were you having some symptoms of dnig dependence or abuse? 

14. Please indicate how long it has b e n  since the individual met (even one) of these criteria? 

1. - O - 1 month ( m e  at lest  one criteria currtntiy) 
2- - > 1 - < 6 months 
3- - r 6 months - < 12 months 
4- - 2 12 mon* 
5 -  - N/A (i.c they have never met any criteria) 

N o k  For your ref- and clarification, the DSM-Nmterh for psychoadive substance abuse and 
dependence are iisted on the k t  page of this QUCSfio& 
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(G ,E , N I  1 , O  , O  , 5  , O  * O  J 

SYSEhd FORM PER 

D A T E i !  I i 1 1  1 
YR. MO. DA. 

1. Have you evcr used cocaine regularly? 

1. - Yes Prcnxed to qutstion 3 
2. - No Pmmxl to question 2 

2. As someone who had never used cocainc replariy, which of the following fe8sons apply? 

- no reason to use it - did not experience desixable effects 
- experienced undesrable effects - conceniexi about potential effects on health/behnviour - signifiunt 0th- (familylfriendslemployers) would disapprove 
- tw expensive - not availrrble - fiepal - otklel 

STOP! 
This is the end of the axaine module for those who have never used cocaine #y. 

During what period in your Life wert you uing cocaine the most? 
(code 00 for the month, if not bown) 

During this period what was your typical frequency of use? 

What was your most typid route of administration during this pexiod? 

Approximatcly how mmy timcs wodd you use wuine on the diys you would use? 
(code 88 if indi- "continuously") 

What was the most number of timts you have eva  usai cocPiae in a single &y? 
(codt 88 if indicatc "conhnuously') 
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, 9 ,  1 , ! 

SuBJEcr 
I L 

DSM CRITERIA 
Ur 

4 

1. 

2. 

Did you e v n  u n  & whüe dobg romtrhing dm it miphi bave bcen -? 1 2 3  1 2  3 
(Did v w  ever drive &de v w  wtrr d l v  mo nomcd or hiah to be driving?) 

A 
1 I 

Did y w  oftcn fiad t b t  PrheU you arncd ushg c o u k  y w  erded up ano* much 

3. 

Did you rut c o c a k  no ofka cht you a t u d  ro uw couine i n n u d  of w o k b g  or 1 2 3  1 2 3  
rpcnding timt on hobbies or vith vour farmiy or niends? 

7 

t 

Did you uy to cut d m  or aop cocriuc? Were y w  tucceufiil? Did you want KO 
stop O? tut down (did v a  W O ~  i h t  it2) 

Did your uu of cociine cauw pmbltmr vith otbtr people. ruch u Mth M y  mernbern 1 2 3  1 2  3 
or people at work? 

more of hem than y w  wcrc planning ~o or over a ionper pcriod of  time? , 
1 2 3  

Did you r p d  a lot of tirne usbg CO& or dokg vh.tevtr y a i  b d  to do u, gct it? 
Did it takt vou a long tirne to ECK back to nonnil? 

Did y a i  fibd hi you rietdcd to uu a lot marr cofüPc in order IO get hiph thin y w  did 
*ta y w  fim s t u t d  u8ing it, or wbcn y w  uwd the umc amaum. it h d  much l e s  1 2 3  1 2  3  
cffccr than befort? 

1 2 3  

1 2 3  

Hivc you ever hrd M t h d n d  sppiomt, thrt is, fcit rick d e n  y w  cut d m  or q p e d  1  2  3 1 2  3 
umnp c~ci ine? titfer (a tist of -rinptomr at c d  of aucrtionnaire) 

IF YOU HAD WïïHDRAWAiSYMPrOMS: AAcr ~ o t  using couine for a fear bours or 1 2 3  1 2 3  
more, did you ofka wc cocurie m k#p y o u d f  h m  gc- rick with Mthdmwd 
~ t o n u ?  

1 2  3  

1 2 3  

Have vou hrd rny leml problemr rehttd to vour couine WC? 1 1 2 3  1 1 2 3  

1 2 3  

9. 

10. 

N o k  

For how long a time were you having some symptoms of drug dependence or abuse? 

Please indicate bow long it has becn since tbe individuai met a (even one) of these criteria? 

1- - O - i month (me& a! least one criteria cunently) 
2- - >1-<6m0ntbs 
3- - r 6 months - < 12 months 
4. - r 12 months 
5. - NIA (Le tbey have never met any criteria) 

For your d m  and  cation, the DSM-Wcritetia for psychoactive substance abuse and 
dependence are lisîed on tbe 1 s t  page of this questjonaaite. 
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Genetics of Addidion Questionnaire 

2. As someonc who bad never used amphetamines regulady, which of the following feaçons opply? 

no mascm to use it 
did not experience desirable effects 
experienced undesirable efiects 
concenicd about pottatial cffsts on hcalth/bthaviour 
significant others ( M y /  frieadslempio yers) wouid disapprove 
too expensive 
not available 
Uegd 

STOP! 
This is tbe end of the am~hetamine module 

3. During whPt period in y o ~  Lifewerc you using ampheuunines the most? 
(cade 00 for the month. if not known) 

4. %ch amphetamine were you using the most? LU 

Lu 

U Ftequency d e s  : O = never 
1 = c l x/mo 
2 = l x l m o  
3 = 2-3 x/mo 
4 = 1-2 x/wk 
5 = 3-6 x/wk 
6 = d d y  

6. Whaî was your most typid mute of administmtion during this period? 

7. AppmùmPtcly how rmny t i m g  would you use imphrlpmines on the days you wodd use? 
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SUWECT 

AMPHET- MODULE cont'd. 

DSM CRITERU 

1. 

2. 

4. a. Did you evcr urc a n i p h a m  while doing rorncthhg Prtiext it mighr brvt beert 1 2 3  
danptrouf? (Did vou evtr drive w M e  vou werr r 4 v  ux, noncd or hi& to bc dnvinp?) 

? 

Did you o h n  Gnd thrl when y w  nured usifag impbcumiau you d c d  up ukbg much 
more of thcm than vw WC= planning to or ovcr r 10- pcriod of the? 

3. 
I 

Did you y, m CUI down or stop ua.iqg iaipbcumiou? Wcrr you aiccuiful? Did you 
M m  to mop or cut d m  (did vou w w n  about it?) 

1 2 3 

Did you vend a lot of rimt taking ampheumirwr or da@ arh.wtr y w  hrd to do u, gtt 
thcm? Did it mke v w  a long tiript to pa back 1.0 n o d ?  

5.  

7. Did p u  find ihrt you &cd to w a lot mm imphaamks in order to pet high üua 
you did d m  you fint arned using thcm, or when you urtd the r u ~ t  .moum, it h d  
much lem cffict ihui before? 

1 2 3  

1 2 3  

6. a. 

8. we you ever had Mthdrawrl symproms, Lhar ir, fch rick whcn you cut dom or nopped 1 2 3 1 2 3  
unng amphetamines? (rtfcr to Lisl of m t o m s  at c d  of quesionnaire) 

1 2 3  

1 2 3 

Did you uot amphcmmha u, oAcn thit you runtd LO tue unphrlrm;ncr irwid of 
workiag or rpendinp ipme on hobbies or with vwr familv or fneds? 

IF YOU HAD WïïHDRAWALSYMPiûMS: AAtrnot using amphetrminti for a fcw 
boum or more, did you o h  we thern LO LEccp yaumlf h m  geuing tick Mrh wi&dmPnl I 1 2 3  I l Z 3  

1 2 3  

Did yorv urc of amphcumio# carut pmbitmr anth &a people. ntcb u with fimily 
mcmbcn or pcmlt rt work? 

10. 

II. 

Note: 

1 2 3  

For how long a time were you hving some symptoms of dnig dependence or abuse? 

1 2 3  

1 2 3  

P h s e  i n d i c .  how long it has been since the individuai met (evea one) of these criteria? 

1 2 3  

1 - O - 1 manth ( m a s  at l a s t  one criteria currently) 
2- - > 1 -<6months  
3. - 2 6  months - < 12 m o n h  
4. - 2 12 manths 
5. - N/A (i.e they have never met any aiteria) 

For your r e f m  and chdïcafion, the DSM-Waiteria for psychoactive substance abuse and 
dependence are iisteà on the iast page of this q u e s t i o h  

THIS IS TBE END OF TBE QUESTIONNAIRE 



POPULATION 
Genetics of Addiction Questionnaire 

Taro (or m) of  the foiiow@, -dmloping within severil 
h a i n  IO r few &y. rftcr C m o n  A: 

1 .  rutowmic h ricrivity (t .g . wuting or pulw rixe 
(hin 

2. pcrm+ h.rdtrrmor 
3 .  uvomPv 
4. nuû  or vomitillg 
5. tmmau viaul, uct i i t ,  or auditory haiiucirutiwr or 

illuriona 
6.  prycbomoror agiution 
7. ui;rtiay 
8. nrind mal umiru 

- LIST OF wffEa)RAWALSYMVTOMS @ROM DSM-IV CRITERIA) - 

Abrupt c d o n  of n i c h  -uu, or reduction in the unount 
of nicotiae wcd. follwed priihin 24 h m  by fout (or m m )  of 
lhe fou- Bigm: 

1. dyiphofic or d e p d  mood 
2- 
3. unubrlity, fnrrmiion or anpr 
4. 
5 .  c o o s c a t r r ~  
6. rcm&usœss 
7.  d e c d  heur nrt 
8. i n c d  appetite or weigùt giin 

Dyrphoric mood lad w o  (or mom) of ihc following 
physiologiui changes, dcvelopiag Vithm 8 fcar hwo to 
UV& Ayr. 

8)  the chamcretinic onthdnwai syndrome for the subaurc  (refit to Crieri. A d  B of  thc crite* r u  for Withdnwd 
k m  rbc rpecific rilbuancu) 

b) the umc (or r c l o ~ l y  relateci) mibuance is tikcn ro d i e v t  or avoid withdrawd rymptoini 

3. rhc nibruncc u ofka ukcn in hrger amountr or ovcr r longer pMod than wir intrnded 



I IVIMUL C v n L u n  I IUN 

TEST TARGET (QA-3) 

APPLIEi i IMAGE. lnc - = 1653 East Main Street - -- - A Rochester. NY 14609 USA 
L -- - - Phone: i l  6/482-O3ûCi -- -- - - F a :  71 61288-5989 

O 1993. Appi~eci Image. tnc.. All Rigtrts Reîewed 




