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Abstract

Eleven single-nucleotide polymorphisms (SNPs) spanning OPRD1 were examined in 1063
European Americans (EAS) (620 cases with substance dependence (SD), including 557 with
alcohol dependence (AD), 225 with cocaine dependence (CD) and 111 with opioid dependence
(OD), and 443 controls). Nominally significant associations (P < 0.05) of five SNPs with SD were
observed; only the association of the non-synonymous variant G80T with OD remained significant
after correction for multiple testing using SNPSpD. Haplotype analyses with six tag SNPs
indicated that a specific haplotype GCAACT, which harbors G80T G-allele and C921T C-allele,
was significantly associated with AD (y2 = 14.82, degrees of freedom (d.f.) = 1, P < 0.001), CD
(2 =9.19, d.f. = 1, P=0.002) and OD (2 = 20.68, d.f. = 1, P < 0.001). Logistic regression
analyses, with sex and age being considered, demonstrated that this haplotype had a risk effect on
AD (P =0.03, g =1.86, odds ratio (OR) = 6.43) and especially on OD (P< 0.001, g = 3.92, OR=
50.57). Moreover, seven SNPs covering OPRK1 were examined in the majority of the above
subjects (390 cases, including 327 AD, 177 CD and 97 OD subjects, and 358 controls). Although
no significant differences in allele, genotype or haplotype frequency distributions were seen
between cases and controls, a specific OPRK1 haplotype, GGCTTCT, was significantly associated
with AD (2 = 8.12, d.f. = 1, P=0.004). Logistic regression analyses also revealed its risk effect on
AD (P =0.009, s = 1.06, OR= 2.90). Population stratification artifact was not observed in the
sample. Taken together, our findings supported a positive association between OPRD1 variants
and SD, and a positive haplotypic association between OPRK1 and AD in EAs.
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Introduction

Adoption and twin studies have provided evidence that heritable factors play important roles
in the etiology of alcohol dependence (AD)Y2 and drug (cocaine and opioids) dependence
(DD),34 although the influence of environmental factors (for example, psychological and
socio-cultural ones) on AD and DD is also substantial. A rational etiological model for AD
and DD is that they result from the interaction of multiple genes and environmental factors.
Identification of genetic risk factors for AD and DD should increase our understanding of
the etiology of these disorders, and help in the identification of individuals who may benefit
from preventive efforts, as well as new treatments for individuals who have developed a
disorder. Genes that code for proteins known to be involved in the pathophysiology of AD
and/or DD are good candidates in genetic association studies of these disorders. For opioid
dependence (OD) especially, but also other forms of substance dependence (SD), genes
encoding opioid receptors (OPRM1, OPRD1 and OPRKZ1, which encode the u-, J-and «-
receptor, respectively) are among the most obvious such candidates.

Exogenous opioids (for example, morphine and heroin), as well as endogenous opioid
peptides (for example, S-endorphin, enkaphelin and dynorphin), are believed to exert their
pharmacological and physiological functions by binding to u-, /-, and x-opioid receptors.
These three receptors are mainly expressed in the central and peripheral nervous systems.
They are highly homologous and belong to the superfamily of G-protein-coupled receptors.
Mounting evidence has shown that these three opioid receptors mediate the analgesic action
and addictive properties of opioid drugs. Among these three receptors, the u-receptor has
been considered the primary target for opioid addiction.® It possesses the highest affinity for
morphine and its stimulation leads to pain relief and euphoria.® Although not as well studied
as the u-receptor, the J-receptor has been shown to mediate antinociception at both the
spinal and supraspinal levels.” Moreover, animal studies have demonstrated that the o-
receptor is involved in addictive processes. Knockout of the J-receptor results in a loss of
morphine tolerance in mice.8:9 5-receptor agonists have been found to have analgesic
properties, but induce weaker physical dependence. 1011 In the central nervous system, o-
receptor agonists have been shown to modulate u-receptor-mediated analgesia, suggesting
cross-talk between these two kinds of receptors.12 In addition, the d-receptor participates in
the regulation of emotional responses. Mice with the d-receptor disruption showed
consistent anxiogenic- and depressive-like behaviors.13 Therefore, the 5-receptor is a
promising target for treatment of both drug addiction and mood-related disorders. In contrast
to the - and J-receptor, the function of the x-receptor in opioid analgesia and dependence is
less clear. However, opposing interactions between the x-receptor and the x- and 5-receptor
have been reported. Activation of the x-receptor suppresses the development of analgesic
tolerance to u-receptor agonists and physical dependence on u-receptor agonists.14
Furthermore, several putative x-receptor agonists inhibit x- and J-receptor-dependent
pharmacological actions, such as dopamine-related hyperlocomotion.1® Of interest, the x-
receptor seems to mediate psychotomimetic effects. Agonists of the x-receptor have been
shown to elicit dysphoric sensations.16

The three opioid receptors also play important roles in the reinforcing properties of non-
opioid drugs (for example, cocaine) and alcohol. Cocaine is thought to act primarily at the
dopamine transporter, blocking the normal presynaptic reuptake of dopamine and yielding
excess dopamine signal transmission to postsynaptic neurons. As a consequence, analgesia
and euphoria are induced. The dopamine system is intimately interconnected with the
endogenous opioid systems. Dopaminergic neurons of the substantia nigra and the ventral
tegmental area have projections that release dopamine in the caudate putamen, the nucleus
accumbens, amygdala, anterior cingulate, and related regions where both opioid peptides
and receptors are expressed. Cocaine intake may thus alter the function of the endogenous
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opioid system and reinforced behaviors of individuals. Repeated administration of cocaine
evokes a down-regulation of J-receptor density in the nucleus accumbens, and to a lesser
extent in the striatum; long-term alcohol drinking results in loss of the u-receptor in both
structures of the rat brain.1” Moreover, Kim et al.18 found that a single cocaine exposure
enhanced both u-receptor reward and x-receptor aversion through a circuit involving the
ventral tegmental area, in which dopamine neurons are abundant. The rewarding effects of
cocaine and alcohol are thought to be mediated by the mesolimbic dopamine pathway and to
be modulated by the endogenous opioid system. u- and J-receptor agonists sensitize animals
to the rewarding effect of cocaine and alcohol, whereas x-receptor agonists inhibit it.19
Interestingly, these opposing effects are paralleled by an increase (produced by - and o-
receptor agonists) and a decrease (produced by x-receptor agonists) in dopamine release in
the nucleus accumbens.8 Furthermore, antagonists for these receptors produce effects that
are opposite to one another. Pharmacological blockage of the endogenous opioid system by
- and J-receptor antagonists prevents ethanol from activating the dopamine system and
reduces ethanol craving and consumption.20-22 Thus, .- and J-receptor antagonists can be
useful in the treatment of AD. Naltrexone, one of only three approved pharmacotherapies for
AD and OD, is thought to exert its actions primarily by blocking the p-receptor.23:24 In
contrast, x-receptor antagonists have been shown to increase ethanol self-administration.1?
In addition, agonists or antagonists for these three opioid receptors modulate the rewarding
properties of cocaine in a similar way. For example, naltrindole, a selective antagonist for
the J-receptor, decreases sensitization to the rewarding effects of cocaine.2%:26 Taken
together, these data indicate that the rewarding properties of non-opioid drugs and alcohol
are also regulated by the activity of the three opioid receptors.

Among the three opioid receptor genes, OPRM1 (located at 6q24—q25), which encodes the
human w-receptor, is the most intensively studied. A number of studies have reported
positive association between OPRM1 functional variant A118G and OD,27-30 cocaine
dependence (CD)3! or AD.31-34 Moreover, three studies adopting haplotype-based
approaches also demonstrated the association between OPRM1 variants and DD or AD.35-37
However, a meta-analysis showed no consistent evidence of an association of the A118G
polymorphism with SD.38 OPRD1, located at 1p36.1-p34.3, and OPRK1, located at 8q11.2,
have not been well studied. OPRDL, the first of the human opioid receptor genes to be
cloned,39 has a relatively conserved coding sequence. Only two coding sequence
polymorphisms, a silent T921C (Gly307Gly) in exon 3 and the non-synonymous
transversion G80T (Cys27Phe) in exon 1,041 have been identified. Mayer et al.? reported
a positive association between OPRD1 T921C and heroin dependence in a German
population. They found that both the C-allele and the C/C homozygote were significantly
more frequent in a sample of 103 German Caucasian heroin addicts than in 115 control
subjects. However, Franke et al.#2 used both case—control (233 heroin addicts and 173
controls) and family-based designs (90 heroin addicts and their parents, and 262 alcohol-
dependent subjects and their parents) in another German population, but found no evidence
for association or linkage disequilibrium (LD) of OPRD1 T921C with heroin or AD.
Additionally, Xu et al.,*3 who tested this variant in 450 Han Chinese heroin addicts and 304
controls, and Loh et al.,** who tested this variant in 158 Han Chinese alcohol-dependent
patients and 149 controls, found no association with either phenotype. To date, there are no
published studies of the association of OPRD1 G80T with SD. With regard to OPRK1,
Vadasz et al.** found that OPRK1 variants might contribute to genetic predisposition to
voluntary alcohol-drinking behavior in mice. In addition, a study by Yuferov et al.*6 showed
a possible haplotypic association of OPRK1 with OD in a small Hispanic group (n = 60).
However, because Hispanic subjects recruited in the United States are heterogeneous with
respect to their continental ancestry (see, for example, Gelernter et al.#), case—control
studies focused on this population must be interpreted with great caution owing to
stratification artifact risk. Most recently, Xuei et al.#8 examined 13 single-nucleotide
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polymorphisms (SNPs) throughout OPRK1 in a group of 1860 European American (EA)
individuals from 210 multiplex alcohol-dependent families and found that OPRK1 variants
were associated with increased risk for AD.

In two previous studies, we found association between OPRM1 variants and SD by
haplotype analyses.36:37 The purpose of this study was to examine whether variants of the
other two opioid receptor genes (OPRD1 and OPRK1) affect the susceptibility to AD or DD.

Materials and methods

Subjects

A total of 1063 unrelated EA subjects were recruited in this study, as described previously.3’
Two sets of samples were included in this study. The first set (390 cases including 327 AD,
177 CD and 97 OD subjects, and 358 controls) (‘Set A’) was included in our previous
study.3’ The second set (‘Set B”) (230 cases, all of whom had AD, with 48 also having CD
and four having OD, and 85 controls) was newly collected. In brief, individuals who met the
DSM-I11-R (American Psychiatric Association, 1987) or DSM-1V (American Psychiatric
Association, 1994) diagnostic criteria for AD and/or DD (cocaine or opioid) were recruited
as cases (n = 620, 73.2% were males). Among them were 557 with AD, 225 with CD and
111 with OD. Controls were EA subjects who were screened to exclude major Axis |
disorders, including substance use disorders, psychotic disorders (including schizophrenia or
schizophrenia-like disorders), mood disorders and anxiety disorders (n = 443, 38.6% were
males). The mean age for cases was 41.5+9.9 years (meanzs.d.; range, 18-78), and that for
controls was 27.8+7.8 years (meanzs.d.; range, 18-56). No age information was available
for one case and five control subjects.

The EA case and control subjects were recruited at either the University of Connecticut
Health Center or the VA Connecticut Healthcare System-West Haven campus, where the
study protocol was approved by the respective institutional review boards. All subjects gave
written informed consent before participating in this study.

Marker selection and genotyping

Eleven SNPs at OPRD1 and seven SNPs at OPRK1 were selected from the dbSNP database
(http://www.ncbi.nlm.nih.gov/SNP/) of the National Center for Biotechnology Information
(NCBI; designated by rs#) or from the Applied Biosystems SNP database
(http://mwww.appliedbiosystems.com/). SNP selection was based on published data,
information content, minor allele frequency, functional potential, LD structure and
validation evidence. The average distance between OPRD1 SNPs was 5370 bp and the
average distance between OPRK1 SNPs was 4844 bp. Detailed information about these
markers is presented in Table 1.

Four OPRD1 SNPs (OPRD1"1, -*2, -3 and -*10) and one OPRK1 SNP (OPRK1/6) were
genotyped by the PCR-restriction fragment length polymorphism (PCR-RFLP) technique.
The genotyping methods for OPRD1/2 (G80T or Cys27Phe) and OPRD1710 (G921T or
Gly307Gly) were described previously.4! Primer pairs, PCR conditions and enzyme
digestions for OPRD1"1, OPRD1/3 and OPRK1”6 are presented in Supplementary Table
S1in Supplementary Materials. Approximately 8% of samples were re-genotyped by PCR-
RFLP as a quality check, with complete concordance. Among the five SNPs, three had
already been genotyped in some subjects using PCR-RFLP before the 5" nuclease assay
method, that is, the TagMan technique,*® was available to us; so genotyping for these
markers was completed by this method. Because two other SNPs (OPRD1”1 and OPRD1/2)
have a low frequency (< 2%) of the homozygote for the minor allele, the TagMan assay
could not cluster the three groups of genotypes (minor allele homozygote, heterozygote, and
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major allele homozygote) clearly, so the PCR-RFLP method was used to genotype them. All
other SNIPs (seven OPRD1 SNPs and six OPRK1 SNPs) were genotyped with the TagMan
technique. PCR conditions were as described in our previous study.3’ Genotyping was
performed in duplicate and compared to ensure validity of the data. The genotype discordant
(that is, non-matching) rate was < 0.5% for both case and control samples. Initially, OPRD1
and OPRK1 SNPs were genotyped in the first set of samples. If significant differences in
allele or genotype frequency distributions between cases and controls were observed,
markers were also genotyped in the newly collected subjects (‘Set B’).

To examine whether population structure existed in our sample, 38 ancestry informative
markers (AIMs) described previously®0-51 were genotyped in all subjects. They included two
sets of short tandem repeat (STR) markers (15 loci used for forensic purposes: TPOX,
D2S1338, D3S1358, FGA, D5S818, CSF1PO, D7S820, D8S1179, THO1, vWA, D13S317,
D16S539, D21S11, D18S51 and D19S443; 22 markers known to have high 6-values (or
highly different ancestry informative contents) between EAs and African Americans (AAS):
D1S2628, D1S196, D2S319, D2S162, D5S407, D5S410, D6S1610, D7S2469, D7S657,
D7S640, D8S1827, D8S272, D9S175, D10S197, D10S1786, D11S935, D12S352, D14S68,
D15S1002, D16S3017, D17S799 and D22S274) and one SNP marker rs2814778 (the Duffy
antigen gene (FY) marker, in which the FY null allele is almost absent in Europeans, but its
frequency is between 75 and 85% in AAs®2). The STR markers were analyzed on an ABI
PRISM 3100 semi-automated capillary fluorescence sequencer and the SNP marker FY was
genotyped by PCR-RFLP or as a TagMan assay.

Statistical analysis

Population structure analysis—We used the program STRUCTURE 2.15354 to infer
ancestry proportions for all of our EA subjects. To facilitate ancestry proportion calculation
for our EA cases and controls, genotype data from the 38 AlMs obtained from 214 AAs (as
references, including 164 substance-dependent cases and 50 controls, described previously
by Luo et al.5%) were also integrated in the analysis. The length of burn-in and the number of
Markov Chain Monte Carlo (MCMC) repetitions after burn-in were both set at 100 000. The
proposed number of populations was set at 2 (K= 2). Subsequently, we employed the
program STRAT®® to determine whether population structure is a concern in our case—
control sample. STRAT produces y?-values and simulated P-values under the assumption of
no population structure. If the EA case and control samples were mismatched (or population
structure is a problem), structured association (SA) analyses can be conducted via this
program by incorporating the genotype data of the markers of the candidate genes. In the
absence of a mismatch, it is unnecessary to perform the SA analysis.

LD analysis—The level of LD between SNPs at OPRD1 and OPRK1 was analyzed in
cases and controls separately and in all samples combined using the Haploview program,
version 3.2.%7 Standardized LD coefficients (D’) for all SNP pairs were calculated and
visualized. Haplotype blocks were defined according to the criteria of Gabriel et al.>8

Hardy—Weinberg equilibrium test—Hardy-Weinberg equilibrium (HWE) was tested in
both cases and controls using the HWSIM program (described in Cubells et al.>%). P-values
(two-tailed) were estimated empirically through the use of Monte Carlo simulations (10 000
iterations) based on observed genotype frequency. Significance levels were determined as
the proportion of times the simulated distribution reached or exceeded the observed
deviation from HWE. In addition, if Hardy-Weinberg disequilibrium (HWD) was present in
cases or controls or both samples, the program developed in Mathematica (version 5.2)60
was applied to analyze whether the observed departure was due to genotyping error or to
underlying biology. A goodness-of-fit test was used to identify the genetic disease model
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with the best fit to the genotypic proportions observed in cases and controls. If the *best-fit’
model is a poor fit to the observed data, as assessed by a 42 test with 2 degrees of freedom
(d.f.) for a restrictive (dominant, recessive, additive or multiplicative) model and with 1 d.f.
for a general model, then it is unlikely that the underlying genetic disease model has
generated the observed HWD. Thus, alternative explanations for the HWD, including
chance, genotyping error and/or violations of the requisite assumptions of HWE, must be
considered.

Allelic association analysis—Allele and genotype frequencies of OPRD1 and OPRK1
markers were compared between cases and controls through the single-locus case—control
test function in the program PowerMarker 3.0.51 The SNPSpD method,%2 which considers
marker LD information and generates an experiment-wide significance threshold required to
keep the type I error rate at 5%, was used to correct for multiple testing.

Haplotype association analysis—Haplotype analysis can be more powerful than
single-marker analysis in detecting disease association if a combination of polymorphisms
acts in concert to affect gene function.%3 Haplotypes were reconstructed and their
frequencies were estimated using the expectation— maximization (EM) algorithm (which
assumes HWE) implemented in the HelixTree Genetics Analysis software (Golden Helix,
Bozeman, MT, USA). Two algorithms in HelixTree, either the EM algorithm (which
assumes HWE) or the composite haplotype method (which considers departure from HWE),
can be used to reconstruct haplotypes. Because only two of the 18 SNPs of OPRD1 and
OPRK1 showed deviation from HWE and the significance did not withstand correction for
multiple comparisons, we used the EM algorithm to calculate both haplotype frequencies
and haplotype probabilities. The effects of haplotypes were estimated using haplotype trend
regression (HTR) in HelixTree.54 Initially, we performed haplotype analyses through the
three-locus moving window approach; then, to examine the possible effect of haplotypes
harboring alleles of SNPs distributed in the whole OPRD1 region, six tag SNPs were
selected from the 11 OPRD1 SNPs with the Tagger program incorporated in Haploview
3.257 for haplotype analyses. This is because (i) a small fraction of SNPs (or tag SNPs) can
capture most of the haplotype structure of a gene, and (ii) if all 11 OPRD1 SNPs were
included, a large number of haplotypes would have been generated, thereby decreasing the
power of haplotype analysis. For OPRK1, besides using the three-locus moving window
method, we also employed all seven OPRK1 SNPs in haplotype analyses. Additionally,
based on the genotype data of all OPRD1 and OPRKZ1 SNP markers in both cases and
controls, HTR as implemented in HelixTree can compute probabilities of haplotypes in each
subject and forms a tree regression on the trait using the haplotype probabilities as the
regression matrix. This method is similar to a multiple regression, where covariates are the
probability of the presence of each haplotype. Then a significance test for the effect of
individual haplotypes on the trait is applied.

Logistic regression analysis—Because age and sex, which were asymmetrically
distributed in our cases and controls, could confound the case—control study results, they
were controlled for in the analysis. A backward stepwise logistic regression analysis,
implemented in SPSS 13.0 (SPSS Inc, Chicago, IL, USA), was applied to test the
association between OPRD1 and OPRK1 markers and SD. In the regression model, the
phenotype served as the dependent variable and the covariates included sex, age and
probabilities of alleles, genotypes and haplotypes. The estimated probability of a specific
haplotype in each subject was obtained using HTR. Detailed regression analysis methods
were described previously. 37:65 Only those factors (sex, age, alleles or haplotypes), which
contribute most to the difference between cases and controls, would be retained in the final
regression step.
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Bayesian clustering implemented in the program STRUCTURE revealed that both self-
reported EA cases (n = 620) and controls (n = 443) were ‘genetic’ EAs. The average EA
ancestry proportions for cases and controls were 0.977 (s.d. = 0.047) and 0.979 (s.d. =
0.046), respectively. In contrast, the mean EA ancestry proportion for the 214 AA reference
subjects was 0.048 (s.d = 0.103). Moreover, the program STRAT revealed no significant
difference in ancestry proportions between EA cases and controls (2 = 291.99, d.f. = 292,
P = NS). Therefore, population admixture in our sample can be neglected, and additional SA
analyses are unnecessary.

LD analysis results are shown in Figure 1. The majority of OPRD1 SNPs (OPRD1/1-
OPRD1"9) were distributed in a single haplotype block. The two remaining SNPs
(OPRD1710 and OPRD1"11), located 793 bp apart in the 3’ region, are in another haplotype
block. Two pairs of SNPs were in high LD (OPRD1”1 and OPRD1/2: D’ = 0.95, r2 = 0.833;
OPRD15 and OPRD176: D' = 0.97, r2 = 0.656). Among seven OPRK1 SNPs, five
(OPRK173-OPRK1/7) were in one haplotype block. However, OPRK1"1 showed LD with
both OPRK1”3 and OPRK1"4, and OPRK1”2 also showed LD with both OPRK1"3 and
OPRK1”4. In addition, OPRK1"5 and OPRK1/6 were in close LD (D’ = 0.97, r2 = 0.663).

No significant deviations from HWE were detected in controls for any OPRD1 SNPs, nor
were there deviations from HWE in cases or controls for any OPRK1 SNPs. However, two
OPRD1 SNPs showed departure from HWE in AD subjects (OPRD1”6, P = 0.01;
OPRD1"9, P = 0.02) or in CD subjects (OPRD1"6, P = 0.02). None of these were
significant after correction for multiple comparisons. In addition, the genotype distributions
for these two SNPs were consistent with genetic models that best fit these data. The
OPRD16 genotype data fit either an additive model for AD (2 = 1.43, d.f. = 2, P = 0.489)
and DD (CD and/or OD) (42 = 0.56, d.f. = 2, P = 0.755) or a recessive model for DD (42 =
2.91,d.f. =2, P =0.234). The OPRD1"9 genotype data fit an additive model for both AD
(2 =4.55,d.f.=2, P =0.103) and DD (42 = 2.27, d.f. = 2, P = 0.322). In other words, the
deviation from HWE of genotype distributions for OPRD1”6 and -"9 may reflect either
random effects (particularly a problem with multiple testing of many SNPs) or a real disease
association of these two markers. Additionally, the OPRD1 SNP, rs419335 (not listed in
Table 1), which is located between OPRD1/3 and OPRD1"4 (6656 bp from OPRD1"3 and
9765 bp from OPRD1"4), was also genotyped by the TagMan technique in all our case and
control subjects. However, its genotype distribution was neither in HWE nor did it fit any of
the disease models. Rechecking the allelic discrimination plot for this marker revealed that
the three clusters of genotypes of this marker were not well separated, leading to the
conclusion that the deviation was attributable to genotyping error, so it was excluded from
analyses.

As shown in Table 2, nominally significant associations (P < 0.05) were obtained with
allelic and genotypic association analyses: OPRD1”1 (in the 5’ region) and OD (allelic);
OPRD1”2 (or G80T in exon 1) and OD (both allelic and genotypic); OPRD1/6 (in intron 1)
and AD (genotypic), CD (genotypic) and OD (allelic); OPRD1”7 (in intron 1) and AD
(genotypic) and CD (genotypic); and OPRD1711 with OD (genotypic). OPRD12 (or
G80T) showed a strong association with OD (allelic, P = 0.005; genotypic, P = 0.008). Its
minor (G) allele was significantly more frequent in OD subjects (21.0%) than in controls
(13.2%). In addition, the G80T heterozygote (C/T) showed a significantly higher frequency
in OD subjects (32.4%) than in controls (24.2%) (Supplementary Table S2 in
Supplementary Materials). To correct for multiple testing, we calculated the effective
number of independent markers and the experiment-wide significance threshold required to
keep the Type | error rate at 5%. The effective numbers of independent markers were 8.67,
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8.71 and 8.74, respectively, for AD, CD and OD association analyses. Correspondingly, the
threshold significance levels were 5.78x1073, 5.74x1073 and 5.72x1073. Only the
association between G80T and OD remained significant after correcting for multiple
comparisons

Using a moving window analysis of three SNPs, an association of a haplotype of alleles of
SNPs OPRD173, -4, and -5 and OD was detected (global P-value after adjustment for
multiple comparison or aP = 0.03). Moreover, moving window analyses indicated that two
OPRK1 haplotypes were associated with AD (haplotype OPRK1/2-"3-"4: aP = 0.02;
haplotype OPRK1/3-"4-"5: aP = 0.004). To analyze the possible association of OPRD1 and
OPRK1 variants and SD using a different approach, six OPRD1 tag SNPs (selected by
Tagger in Haploview) and all seven OPRK1 SNPs were included in haplotype analyses,
results of which are summarized in Table 3. A significant difference in haplotype frequency
distributions was found between OD subjects and controls (aP = 0.005). This global P-value
might be attributable to rare haplotypes, because the global P-value computed from the
haplotypes abundant enough to be listed (frequency > 2%) did not reach statistical
significance (OD vs Con: x2 = 0.38, P= 0.53). However, the frequency in cases of a specific
OPRD1 haplotype GCAACT, which harbors the G-allele of G80T (in exon 1) and the C-
allele of C921T (in exon 3), was more than double in controls (AD, 9.3%; CD, 9.1%; OD,
13.4%; controls, 4.7%). For OPRK1, no significant difference in haplotype frequencies was
observed between cases and controls. Nevertheless, one specific OPRK1 haplotype
GGCTTCT occurred significantly more frequently in AD subjects (25.4%) than in controls
(18.6%) (2 = 8.12, d.f. = 1, P = 0.004). Furthermore, the positive results obtained from
these two specific haplotypes (OPRD1 GCAACT and OPRK1 GGCTTCT) were confirmed
by HTR analyses. As shown in Supplementary Table S3 in Supplementary Materials,
GCAACT was the deleterious OPRD1 haplotype for AD (P < 0.005, g = 2.68, odds ratio
(OR) = 14.55), CD (P = 0.01, 8 = 3.25, OR=25.90) and OD (P < 0.001, 8 = 4.98, OR=
145.37), and GGCTTCT was the OPRK1 risk haplotype for AD only (P =0.02, # =0.52,
OR=1.68).

There were significantly more males among cases (P < 0.01) and cases were significantly
older than control subjects (P < 0.01) (Tables 4 and 5). When potential confounding effects
of sex and age were considered in backward logistic regression analyses in three genetic
models (additive, dominant and recessive), four OPRD1 markers (OPRD1/2, -*, -A7 and -
79) showed association with SD (Table 4). Specifically, the minor (G) allele of OPRD1"2
(or G80T), which was significantly more frequent in OD subjects than in controls, was a risk
factor for OD and it exerted its effect on susceptibility to OD via an additive mode of action
(P =0.04, p=1.27, OR= 3.56). In contrast, the minor (C) allele of OPRD1"7 was a
protective allele for AD, consistent with a dominant mode of action (P = 0.04, f =—0.83,
OR=0.44). Moreover, logistic regression analyses with the recessive model demonstrated
that the minor allele (the G-allele) of OPRD14 might play a protective role for CD (P =
0.04, p = —1.80, OR= 0.16), whereas the minor allele (the G-allele) of OPRD1"9 might exert
arisk effect on CD (P = 0.03, g = 2.17, OR= 8.79). Additionally, haplotype logistic
regression analyses, which also took sex and age into consideration, confirmed the
haplotype association results, that is, the OPRD1 haplotype GCAACT might have a risk
effect on AD (P =0.03, = 1.86, OR= 6.43) and has a significant risk effect on OD (P <
0.001, g =3.92, OR=50.57). The logistic regression analysis results for OPRK1 are
summarized in Table 5. Three OPRK1 SNPs (OPRK1/2, OPRK1"3 and OPRK1"4) were
shown to be associated with AD or CD. The minor (T) allele of OPRK1/3 showed a
protective effect on CD through an additive mode of action (P = 0.02, # =—1.07, OR= 0.34);
the minor (T) allele of OPRK1/2 might exert a risk effect on CD (P = 0.03, f = 2.61, OR=
13.65), and the minor (C) allele of OPRK1”4 might play a protective role for AD (P =
0.005, g =—1.08, OR=0.33) and CD (P = 0.02, # =—1.00, OR= 0.37), both consistent with a
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recessive mode of action. Furthermore, OPRK1 haplotype GGCTTCT might contribute to
risk for AD (P =0.009, $ = 1.06, OR= 2.90) and possibly for CD (P =0.03, = 1.02, OR=
2.76) (Tables 4 and 5).

Discussion

The three major opioid receptors (u, d and x) are members of the family of transmembrane-
spanning G-protein-coupled receptors. Although they differ in their affinity for various
opioid ligands and in their cellular distribution, they are structurally and functionally related.
The analgesic, rewarding and adverse effects (for example, respiratory depression,
constipation, tolerance and addiction) of opioids are mediated mainly through the x-opioid
receptor. However, agonists or antagonists of two other receptors (especially the 5-receptor)
may mediate the pharmacological effects of u-agonists. Several biochemical and
pharmacological studies using u- and J-receptor ligands have shown an interaction to exist
between x- and J-receptor.12:66.67 |n contrast to the J-receptor, the x-receptor has been
shown to be countermodulatory in interacting with - and o-receptor, including modulating
and reducing dopaminergic tone.1*1° Several published studies, including two of our
previous studies (discussed in Zhang et al.37), have demonstrated an association between y-
receptor gene (OPRM1) variants and AD and/or DD. Meta-analysis showed no association
of one polymorphism, A118G, and SD.38 Owing to the close relationship among these three
opioid receptors, we examined the possible association of the two other opioid receptor
genes, OPRD1 and OPRK1, which encode the J- and x-receptor, respectively, with SD
(alcohol or drug). In comparison to the positive association results of OPRD1 and OPRK1
from earlier studies, 404648 the present study not only confirmed some previous findings but
also provided new evidence of the association of these two receptor genes with SD.

First, OPRD1 variant G80T in exon 1 may be associated with OD in EAs. We found that the
80G-allele was significantly more frequent in OD cases (21.0%) than in normal controls
(13.2%). The high frequency of this allele in OD cases demonstrates that it might be a
genetic risk factor for the disorder. Considering the importance of marker allele frequency in
controls for genetic association analyses, we compared G80T allele frequencies obtained in
this study and in previous reports. The 80G-allele had a frequency of 17.2% (which was
higher than we reported for our controls) in Caucasians,®® but only 9.0% (which is lower
than we reported for controls in the present study) in 152 EA control subjects (they were
actually included in our ‘Set A’ control samples).*1 Also, allele frequencies of this non-
synonymous substitution (Cys27Phe) vary substantially by population. The frequency of the
80G-allele (or Cys27) was reported to be 0.09 in EAs and Ashkenazi Jews and 0.03 in AAs,
but was absent in Chinese and Japanese.#14344 The rarity of this allele in the Chinese
population might explain the negative association to phenotype of G80T in studies by Xu et
al.*3 and Loh et al.** In addition, marker OPRD1/1, which is located in the 5’ region and is
2289 bp distant to G80T, also showed an association with OD. Similarly, the minor (C)
allele of OPRD11 had a significantly higher frequency in OD cases (19.0%) than in normal
controls (12.4%). Because these two SNPs were in high LD (in the same haplotype block), it
is unclear whether either or both, or some other variants in the same haplotype block, are
involved in determining risk for OD. SNP OPRD1”1 is in the putative regulatory region, and
may therefore affect the transcription level of the gene. SNP G80T is in exon 1; it directly
changes the amino-acid sequence and may alter the protein structure and therefore possibly
the function of the J-receptor. Therefore, to address the issue of whether these two SNPs are
both disease variants, further pharmacological and functional studies are warranted.

Second, we found no association between another OPRD1 exonic variant, G921T
(Gly307Gly or OPRD1”10), and AD or DD by individual marker analyses. Because the
initial report by Mayer et al.40 that G921T was associated with heroin dependence (that is, a
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significantly higher frequency of the C-allele and the C/C genotype in heroin addicts
(53.0%) than in controls (39.0%) in a German population, at least three follow-up studies
have failed to confirm the findings. Of these, Franke et al.#? used both case- control and
family-based association designs also in a German population, but were unable to replicate
the association. Furthermore, two other studies did not detect significant association between
this variant and heroin dependence243 or AD#244 in two Chinese Han Populations (one
from Taiwan and another from Southwestern China). Franke et al.*2 noted that the results by
Mayer et al.40 could be due to several reasons, such as a chance finding, population
stratification, or strong LD of this marker with an unknown functional polymorphism in
OPRD1. Xu et al.3 even presumed the existence of LD between G921T and G80T. In this
study, we did not detect LD between G921T and nine of 11 OPRD1 SNPs (including G80T),
although there was high LD between G921T and OPRD1”11 (a marker situated in the
downstream region of OPRD1, only 793 bp from G921T). As discussed below, no
population stratification was shown in our case or control samples. Taken together, even
though we cannot completely exclude an association, it seems unlikely that G921T plays an
important role in SD.

Third, we present evidence that a specific OPRD1 haplotype GCAACT, consisting of alleles
of six OPRDL1 tag SNPs (note: the first allele G is from G80T and the fifth allele C is from
C921T), may be a risk factor for SD (alcohol and drug) in EAs. In comparison to individual
marker association analyses, haplotype analyses are believed to provide higher resolution
and potentially greater power for identifying modest etiological effects of genes.58 Complex
traits, including SD, are usually caused by the interaction of a group of genetic and non-
genetic factors. Even if a susceptibility gene for a complex trait is identified, the association
is not necessarily due to a single variant of the gene. An individual variant may not directly
affect gene expression or protein function because the effect of this variant is likely to be
regulated or modulated by other (possible cis-acting) variants in the gene. Taking the
OPRD1 SNP C921T as an example, when it was considered individually, no association was
found between this variant and SD. However, when it was investigated against the
background of a series of OPRD1 markers, its risk effect on SD was exposed. We assume
that part of the reason that three previous studies*2~4 did not detect a risk effect of the C-
allele of OPRD1 C921T on SD is that this variant was not studied together with other
OPRD1 variants. Studies of cis-acting variation in gene expression suggest that cis-acting
genetic variants are one of the main sources of variability in human phenotype, including
susceptibility to diseases. 8970 Thus, it is possible that either the functional OPRD1 variant
G80T in exon 1 serves as a functional cis-acting modifier variant for SNP C921T, or that an
unknown functional cis-acting polymorphism exists in close LD with SNP C921T, and it is
harbored in the haplotype region covering the six OPRD1 tag SNPs.

Fourth, OPRK1 haplotype analyses provide another good example of this kind of
observation. Although none of the seven OPRK1 SNPs showed an association with SD
individually (by genetic association analysis), when they were considered jointly, a strong
association was shown for haplotype GGCTTCT with AD (a weak association with CD was
also observed). Similarly, in a previous study by Yuferov et al.,6 the association between
OPRK1 and opiate addiction was observed in a Hispanic population only by the haplotype
approach. Considering our research results in the context of the findings from others, it
seems that OPRK1 variants show an additive interaction effect on susceptibility to SD. The
expression level of OPRK1 in SD subjects may either be significantly decreased or increased
due to the interaction of its gene variants. However, this speculation needs to be verified by
haplotype functional studies.

Fifth, population structure analyses excluded population stratification artifact in our EA
subjects. To solve the problem of sample stratification in studying the association of OPRD1
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with SD, two previous studies used either a family-based approach#? or genotype data of
genomic control loci.*3 We addressed the issue by using genotype data for 38 ancestry
informative markers, which can efficiently differentiate EAs and AAs, the two major
populations in the United States. By population structure analyses, we excluded the
possibility that our allelic and haplotype association results were due to population
stratification (as represented by differing AA admixture within the EAs we studied).

In summary, this study provides evidence of association between OPRD1 and SD (that is,
AD and/or CD and/or OD), and between OPRK1 and AD (and possibly CD). In contrast to
the study of OPRD1 by Mayer et al.,*? we did not observe an association between the
synonymous variant C921T and OD (though a specific haplotype harboring its C-allele was
associated with AD, CD, and especially with OD); instead, a significant association between
the non-synonymous variant G80T (or Cys27Phe) and OD was observed. Moreover, our
results are consistent with the findings from a recent study by Xuei et al.48 that OPRK1
variants are associated with risk for AD. They found that five SNP variants in OPRKL1 intron
2 were associated with AD. In this study, no variants in intron 2 were analyzed; however, an
OPRK1 haplotype consisting of alleles of seven OPRK1 SNPs located in other regions of the
gene showed a risk effect on AD. All in all, the findings from this study and previous studies
suggest that the J- and x-receptor play an important role in AD or DD, either alone or
through interaction among the three receptors (i, d and ). Future studies of the functional
effects of variants of these three receptor genes will facilitate further understanding of the
mechanism of their association with SD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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OPRD] b OPRK1

Figure 1.
Linkage disequilibrium (LD) analysis of OPRD1 and OPRK1 markers in European

Americans (EAs) (cases and controls together) ((a@) 11 OPRD1 SNPs; (b) 7 OPRK1 SNPs).
The numbers in the squares are D’ x100.

Mol Psychiatry. Author manuscript; available in PMC 2011 August 28.



Page 17

Zhang et al.

‘uoiBal parejsuesiun ‘41N ‘wsiydiowAjod apnosjonu a1buls ‘dNS ‘wsiydiowAjod yibua] uswbel) uonosal ‘414 :SUONBIABIGQY

uebe YTYTOEYS :801UD weansumoq 10 TMYdO 1080285/ LvTYYdO
d144-40d LLEVOEYS :80IUD (4.Ln) € uox3g 10 TMddO 615£965! IO
ue\be 0T.¥0€YS :804UD BIVT8CeIV € uox3 1€¥80  TMHULO ¥9.20/81 SvIMHdO
uebe TEBYTEYS :80IUD T uonu| 10 TMYdO 161668 P IMYAO
uebe 699E2EYS :80IUD T uonu| 10 TMddO 90958695/ eV MO
ue\be GTT9CEYS :804UD 0id¢T0.d T uox3 19€9  TMYdO 099750Ts! vIAHdO
uebe 8LY0OEEYS :80IUD weansdn OV THMYdO §65G29¢Ts! TvIMYdO
uebe 11629062 :T0UD weansumoq LV 1addo 9.0%0zs! TTvIQ¥dO
d149-40d 8129062 104D A19.0€A1D € uoxg 17260  1Q¥dO 8T6vEZTSI 0TvIQY¥dO
uebe 00887062 :T0IUD T uonu| oV  1Q¥do ¥026v.L2Ts! 6vIAYdO
uebe €€G.¥062 “TOIUD T uonu| 1/9 1Qddo 0256258/ 8v1Q¥dO
ue\be 08T¢06¢ -T0IYD T uoau| 1/ 1AYdo 00€TCYSI /Lv1Ayddo
uebe /8062 “TOUD T uonu| oV 1A¥do 96886225/ 9vTQ¥dO
uebe 9857€062 ‘T0IUD T uonu| 1/9 1Qddo §689¢2¢s! G 1ay¥do
uebe 96TFE06Z ‘TOIUD T uosuj OV  1Q¥dO 1589¢22s! #v1QddO
d149-40d GLLLTO6T “TOD T uonu| 1/0  1a¥do 61788.95! €vTQ¥dO
d144-40d Z9GTTO6Z :TOMMD  3ydLesAD Tuox3 1089 1Q¥dO YTTZyOTS! Zv1Qdd0
d144-40d €1260062 :T0IYD weansdn 1/ 1ay¥do 9569581 Tv1Q¥dO
poylew BurdAlouss  (1°9¢ pling 190N) (da) uonisod swiosowoayd  pIoe oulwy uonesoT  uofELIEA 3Us9D  (#s4190N) Al dNS  (Apmis siy1) I dNS

NIH-PA Author Manuscript

SANS THHdO pue Taddo 10} spoylaw BuidAjoush pue uolewoju|

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2011 August 28.



Page 18

Zhang et al.

*(ueayiubis = 91S quediyubis 10U = SN) Uo1I3LI03 AdSdNS BulAjdde Jayye sanjea-d Jo adue

‘PIOq Ul aJe sanjeA-d Jueaiyiubis Ajjeonsiels 810N

juBis ‘UONDBII0 4

'S|0JJU0I pue S3sed Usamiaq suostiedwod Aousnbaly ajajfe 1oy sanjen-d ‘8ldlled

'S|0JJU0D PUE S35eD Uaamyag suostiedwod Aausnbaly adA1oush 1oy sanfea-g ‘@usby

“aouspuadap pioido yam sased ‘o ‘aouspuadsp (proido Jo/pue auredod) Bnip yim sased ‘gqQ ‘$]04uod [ewlou ‘uo) eauapuadap auIed0d YIIM Sased ‘) ‘aouspuadap |OYoIJe YIIM S8sed ‘Qy :SUONRIA3IqQY

NIH-PA Author Manuscript

SN vL0 G600 670 080 290 ¥80 920 950  (L08028.S4) LvTMHdO
SN T€E0 250 S50 8y0 260 €60 GC0 20  (6YSE96S1) 9vTHMUdO
SN /80 860 6,0 /60 180 v¥0 8T0 2¥0 (#9220/81) SVTHHLO
SN 250 9.0 €90 /80 6E0 0.0 ¥20 860  (LT6166S1) tvIMHO
SN 290 690 00 Tr0 S60 00T €60 880  (909586951) EvINHUO
SN €y0 0€0 980 STO S80 190 €T0 900  (099TS0TS) ZvIHHO
SN Ge0 G20 €0 S50  STO  GE0 620 910  (G6S9GL92TS) TvIMHdO
SN LT0 €00 €90 9T0 LT0 00 2,0 €70  (9.0v02s!) TTvIAHdO
SN vL0 €60 950 080 O0L0 €80 S90 160 (8T6vETTS!) OTvIAYULO
SN 00  6T0 ¥S0 2ZT0  T90 TIT0 €70 070 (#0Z6v.TISH) 6vTAUO
SN 990 TL0 S60 680 GL0 2/0 920 9.0  (02S62SS) 8vTAUdO
SN 900 TIT0 20 200 TZ0 00 600 <200  (00ETZys) LvIAYdO
SN ¥00 600 090 00 OO0 200 9T0 <200  (96886¢¢SH) 9vTAULO
SN Z€0 TS0 690 980 T80 160 €90 280  (9989€7est) GvTAUdO
SN GT0 960 6y0 020 950 O0€0 ¥20 8T0  (L989€Zes!) hvIAYAO
SN 680 G90 080 690 080 TI¥0 060 860  (6¥88.9S4) EvIAULO
oIS G000 8000 €90 S¥0 9T0 IT0 €60 070  (bTTZYOTS) 2vTAUdO
SN 200 500 €60 ¥60 920 vFO IE0  6Y0 (95€695s1) TvIAYdO
apIey  ausby  BpEley  eusby  apIley  eusby  spEley  eueby
uonaRLIo9 4 uod sA do uod sAad uod sAaa uo)d sA Qv SANS

$]041U0D pUR S8Sed U3aMIag suonngLisip Aouanbaly sfaje pue adAjousb Jo suosiiedwod 1o) sanjeA-d

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2011 August 28.



Page 19

Zhang et al.

'SdNS TAYdO TT Woly mainojdeH ut 1ebfe | Aq pe1os|ss a1am sdNS Bel Taddo xis,

‘wisiydiowAjod
apnosjonu ajbuis ‘dNSs ‘aouspuadsp pioido ‘qo ‘uoneziwixew-uoineidadxs ‘AT ‘eouspuadap Bnip ‘@q {s]04uod Jewlou ‘uo) ‘eauspuadap auredod ‘g ‘eduspuadap [0Yodje ‘Qy :SUoNeIABIqQY

190 80 280  €€0 o(W3 Aq) e
6700 9200 /200 2200  OS0°0 1110019
€800 600 €400  £¥00  TS00 1010019
P00 %900 2900 /900 0900 1010099
¥S00 900 G900  TZ00 100 101009V
8800 8800  T800 G900 6600 0100099
GEZ0 €20  T€C0  ¥520  98T0 pLOL1099
TIP0  T6E0 6680  2OV0  8vv0 1011199
68=U E9T=U (0BT=U OIE=U 6ZE=U (£-9-5-v-€-2-T) SANS THIdO £ IV
000  6¥0 810 010 o3 Aq) de
¥200  TE00 8200  0€00 200 V09001
6100  GE00 8200 €00 8200 1ovvoL
1200 900  TEO0 8200  SEOO V1vOOL
ZI00 €200 2200 0200  8E0°0 109001
2€00  0€00  TEO0 €00  EW00 V1VVI9
600  ¥E00 900  TYO0  E€v00 VIVVOL
vET0 1600  90T0 €600 /KOO qLOVVvOD
SI00 600  2EO0 900  8v0'0 VOVVLL
€800  SS00  /¥O0 9S00 9500 V1VOLL
8900 /00 0900  TS00 6500 10v00L
€600  8TT0  /IT0  8IT0  22T0 V19001
61T0  6TT0 0210  GIT0  €ET0 1OWvLL
¥620  ¥520 2520 SSZ0 €20 VIVVLL

€0T=U €Tz=U Gpz=U T#G=u gzp=u (TT-0T-6-9-€-7) ¢SdNS Bel TA™dO 9

ao an aa av s|oauod sadA1o|deH

S]0J1U0D pUR S3Sed Uaamiag suonnguisip Aousnbaiy adAojdey Jo uostiedwo)
€ 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2011 August 28.



Page 20

Zhang et al.

'PIOg Ul 81e Sanjen-d Juediiubis Ajjednsiiels ‘a|qel ayl ul paisi] 1ou ate THYJO pue TAYdO 40 (%g > Aouanbauy) sadAlojdey asey 810N

‘(sasAeure adArojdey THHLO Ul papnjoul 10U alam SdNS THHJO oy ueyl aiow 1oy erep adAlouab noyum asoyy ‘sasAjeue adAlojdey TQHdO Ul papnjoul 10U a1am SdNS bel

TA¥dO 9a4ys uey) aiow Joy erep adAjoush 1noynm asoy) s19algns Jo Jaquinu ‘u (000 =d ‘T= 4P ‘2T8 = Ns $]10J43U09 U1 Uey} s393lgns @y Ul Juanbaly aiow Juedliubis sem 1911099 adAiojdey THHHO

p

‘wyioBle |3 8yl Ag paurelqo a1am sanfea-d paisnipe fegolo,

'$103u00 Ul ey} s1980ans (1000 > d 'T = 4P '89°0Z = z%) AO PUB (2000 =d ‘T ="4'P '6T'6 = 5*) GO '(T00'0 > d 'T="4'P 'Z8'¥T = z¥) AV Ul uanbay siow Ajueoyiubls sem | 50D skioldey TAYdO

q

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2011 August 28.



Page 21

Zhang et al.

'p1Og Ul aJe sanfen-d Jueanubis Aj[eonsieis ‘paisi| a4e dals Uoissalfial [eury syl Ul paulelal 819Mm Jey) SaieLIeA0D 3yl AJUQ 910N

"30uapuadap prordo yym sased ‘g ‘aouspuadap (p1o1do Jo/pue sureand) Bnup Yum sased ‘gq S|0U0d [eWIoU ‘U0 ‘ouspuadap aurednd Yim sased ‘gQ ‘aouapuadap |0UOIe YHM S3sed ‘Y :SUolRIARIgaY

150§ ¢6'€ T000> — — — 8T'0T (4544 100 €9 9871 €00 10VvVvIO9OvIiAddo

40" 170 T000> ¥IT €10 TO00> €TT €10 T000> LTT 9T0 TOOO> aby

qg'e ¥6'0 T000> /[9v VST T000> TIEV 9T T000> 8Ev 8YT T0O00> 3leN
Y1 adhojdeH

— - - 6.8 LT¢C €00 €8 [4%4 ¢00 — - - Ov6v1AYdO

620 ¢¢'l1—- 600 910 08'1—- 00 8T0 O0L1- €00 6V'0 ¢L0- 100 OvinvTAYdO

— - - - — — €9°L €0'¢ S0°0 — — — Ovev1dddO

€T'1 ¢r’0  T000> 91T ST0 TO0OO0> GTT ¥7°0  T000> 61T 8T0 TOOO> aby

8L°¢C 0T €000 ¥6'9 6T T000> ¢09 6T T000> 8T9 ¢8T T000> 3leN
3AISSa%al Y adAousn

— - - o 880- 100 w0  28°0— 800 w0 €80- ¥0°0 Ov/v1dddOo

- - - 8¢'¢c €80 600 9T'¢ LL0 600 [4R2-TA] 900 1vG6v1Aaddo

40" ¢r’0 T000> 9TT ST0 T000> STT ¥1'0  T000> 6TT 8T0 TOO0> aby

ov'e 880 6000 €1. 96T T1000> 6.°G 9.'T T000> ¢T9 18T T000> dleN
JueUIWOP Y7 adAlousD

9G'¢ LT ¥0°0 - — — — — — — — — Ovev1dddO

40" ¢r’0  T000> 91T STO0 TO0OO0> GTT ¥7°0  T000> 61T LTO TOOO> aby

e€v'e 680 6000 002 G6T TO00> €LS v.'T T000> /LT'0 8.1- T000> 3leN
anppe Yy adAjouss

do g d do q d o0 q d do q d

uoD sA A0 uod sAad uoD sh ad uoD sA Qv sa|qelen

NIH-PA Author Manuscript

S]0J1U09 pue S3SBI Ul SNS TAYdO 1o sisAjeue (YT) uolssalbial ansibo| asimdals premyoeg

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2011 August 28.



Page 22

Zhang et al.

'PIOg Ul a1e Sanjen-d Juediyiubis Ajjeoansiels ‘paisi| ale dais uoissalfial [euly ayl Ul paulelal alam eyl sajerienod ayl AJuQ 810N

01l SPPo ‘HO

‘aouspuadap prordo yym sesed ‘g ‘eouspuadap (p1o1do Jo/pue sureaod) Brup YuM sases ‘g ‘S|0AIU0d [BWIOU ‘U0Y ‘ouspuadap aurednd Yim sased ‘go ‘aauspuadap JOUOIe YHM Sased ‘Y :SUoNRIARIGY

- — — 9.°¢ 0T €00 9€'¢ 980 S0°0 06'c 90T 6000  1O011099vIMddO
4" ¢r’'0  T000> €TT ¢l’'0  T000> €TT ¢l’'0 To00> 9TT STO0 TOOO> abv
0Te v.0 £00°0 99°¢ 0€'T T000> GV'E ¥¢1T 1000> €€v L¥'T  T000> 3leN

Y1 adhiojdeH
0’0 ¢60— L00 €0 00 1— 00 w0 680- 00 €0 80'1—- G000 OvirvIAEdO

— — — G660 09°0- L0°0 — - - G50 650- S0°0 LvEvTAHdO

- — — G9€T  19¢ €00 0811  L¥¢C 00 €66 0€¢C 900 1vevIAHdO
4" ¢r’'0 TO00> ¥IT €10 T000> €TT ¢l’'0 To0o0> 8TT 970 TOO0> abv
86T 890 ¢00 06°€ 9¢€'T  T000> 89€ LT T000> 9S9v ¢ST  TO0O0> 3leN

ANISSa%al Y adAiouso
S0 6.0- L00 - - - - - - - - - VvIviAddO
4" 170 T000> €TT ¢l’'0  T000> <CTT 170 T000> LTT ST0O TOO0> aby
00C 690 <00 €9°¢ 6¢'T T000> 8€€ ¢¢T  T000> 9€v VT TOO0> dleN

JueUIWOP Y7 adAlousD

— — — ¥e0  L0'T- ¢00 w0  ¢8°0- S0°0 - — — LvEvTAHdO
4" ¢r’'0  T000> €TT ¢rT’0  T000> €TIT ¢r'0  To0O0> LTT STO TOOO> aby
96'T 190 ¢00 8L°¢ €T T000> TS€ GZ¢'T To00> 9€¥ VT  TOOO> 3leN

anppe Yy adAjouss

o g d do | d do d d do q d

uod sh Ao uoQ sAad uod shad uod sh gy sa|qelen

NIH-PA Author Manuscript

S]0J1U0D pUR S3SBI Ul SNS THHJO JO SisAfeue (Y471) uoissaibal ansibo] asimdals plemyoeg

G 9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2011 August 28.



