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Abstract
Negative mood increases smoking reinforcement and risk of relapse. We explored associations of
gene variants in the dopamine, opioid, and serotonin pathways with smoking reward (“liking”) and
reinforcement (latency to first puff, total puffs) as a function of negative mood and expected vs.
actual nicotine content of the cigarette. Smokers of European ancestry (n=72) were randomized to
one of four groups in a 2 × 2 balanced-placebo design, corresponding to manipulation of actual (0.6
mg vs. 0.05 mg) and expected (told nicotine, told denicotinized) nicotine “dose” in cigarettes during
each of two sessions (negative vs. positive mood induction). Following mood induction and
expectancy instructions, they sampled and rated the assigned cigarette, and then smoked additional
cigarettes ad lib during continued mood induction. The increase in smoking amount due to negative
mood was associated with: DRD2 C957T (CC>TT or CT), SLC6A3 (presence of 9 repeat > absence
of 9), and among those given a nicotine cigarette, DRD4 (presence of 7 repeat > absence of 7) and
DRD2/ANKK1 TaqIA (TT or CT > CC). SLC6A3 and DRD2/ANKK1 TaqIA were also associated
with smoking reward and smoking latency. OPRM1 (AA > AG or GG) was associated with smoking
reward, but SLC6A4 VNTR was unrelated to any of these measures. These results warrant replication
but provide the first evidence for genetic associations with the acute increase in smoking reward and
reinforcement due to negative mood.
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INTRODUCTION
Acute situations or other contexts can modulate smoking reinforcement, supporting the notion
that those situations may strengthen dependence and promote relapse in smokers trying to quit.
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For example, inducing negative mood in the laboratory consistently increases smoking
behavior (Rose et al. 1983; Pomerleau and Pomerleau, 1987; Gilbert 1997; Conklin and Perkins
2005) and craving for cigarettes (Perkins and Grobe 1992; Willner and Jones, 1996). Negative
mood also increases relapse risk in clinical studies (Lerman et al. 2003; Baker et al. 2004;
Shiffman and Waters 2004).

Less studied, however, is the possibility of individual differences in vulnerability to these
situational influences, especially those contributing to negative mood effects. Some have
proposed that certain personality traits may increase sensitivity to smoking’s influence on mood
regulation in particular situations (e.g., Gilbert 1997; Netter et al. 1998). As a specific example,
smokers (and even nonsmokers) high in trait hostility experience greater alleviation of anger
from nicotine intake via patch (Jamner et al. 1999; Fallon et al. 2004). Few other individual
difference characteristics have been examined to understand why some smokers may be more
vulnerable to smoking reinforcement during negative mood. Notably, no study, to our
knowledge, has explored genetic moderation of the link between negative mood and acute
smoking reinforcement or reward. Greater understanding of such genetic influences may
provide direction for identifying smokers most vulnerable to relapse in response to negative
mood, as well as for clarifying the mechanisms of smoking’s reinforcing effects during negative
mood, a surprisingly murky area of research (Parrott 1998; Kassel et al. 2003).

Although no research has directly examined genetic factors on smoking reinforcement during
acute negative mood, prior research suggests that the dopamine reward pathway and opioid
and serotonergic systems may be important. Genetic variants in the TaqIA variant in the
dopamine D2 receptor (DRD2/ANKK1), dopamine D4 receptor (DRD4), and dopamine
transporter (SLC6A3) genes have been associated with smoking status, smoking intensity, and
smoking cessation in some, but not all, studies (Munafo et al. 2004; Schnoll et al. , 2007).
Additional studies suggest that genes in the dopamine pathway may interact with negative
mood symptoms in associations with smoking behavior (Lerman et al. 1998; Audrain-
McGovern et al. 2004). Genetic variation in the mu opioid receptor (OPRM1) gene also may
be associated with smoking behavior and cessation (Lerman et al. 2004; Zhang et al. 2006;
Munafo et al. 2007), as well as with negative mood effects of smoking abstinence (Lerman et
al. 2004). Although most studies have not found significant associations of a common variant
in the serotonin transporter (SLC6A4) gene with smoking behavior and cessation (Munafo et
al. 2006; Trummer et al. 2006; David et al. 2007a), there is evidence that smoking behavior is
related to a gene by neuroticism interaction (Hu et al. 2000; Lerman et al. 2000).

Aside from negative mood, other influences on smoking reward and reinforcement include the
actual, as well as the expected, nicotine content (or “dose”) of cigarettes (Netter et al. 1998;
Juliano and Brandon 2002; Perkins et al. 2003; Perkins et al. 2008). Regarding genetic
influences on the reinforcing effects of actual nicotine content, one study showed an association
between preference for nicotine versus denicotinized cigarettes with the mu opioid receptor
polymorphism (OPRM1), at least in women (Ray et al. 2006). No research has examined
genetic moderators of the influence of expected nicotine content (i.e. nicotine expectancy) on
acute smoking reinforcement and reward.

In this study, we examined the association of specific genetic polymorphisms with the increase
in smoking reward and reinforcement due to negative mood, taking into consideration the
effects of actual and expected nicotine dose. Candidate genes and SNPs were selected based
on the following criteria: (1) genes in pathways implicated in the neurobiology of nicotine,
including the dopamine, serotonin and endogenous opioid pathway; (2) within those pathways,
genes that have been linked to nicotine dependence phenotypes in prior research (Lerman et
al. , 2007); and (3) within these genes, polymorphisms with documented functional effects (in
vitro or in vivo) and minor allele frequencies >0.10). Based on these criteria, we selected the
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following polymorphisms: dopamine D4 receptor (DRD4 VNTR), dopamine D2 receptor
(DRD2 C957T SNP and DRD2/ANKK1 TaqIA SNP (referred to here as ANKK1), the
dopamine transporter (SLC6A3 VNTR), the mu opioid receptor exon 1 SNP (OPRM1 A118G),
and the serotonin transporter promoter variant (SLC6A4 5HTTLPR VNTR).

METHODS
Participants

Participants were 72 young adult smokers of European ancestry (34m, 38f) who smoked at
least 10 cigarettes per day and had been smoking for at least 1 year. They were participants in
a study of the effects of mood on smoking behavior as a function of actual and expected nicotine
dose (Perkins et al. 2008). Mean ± SE sample characteristics for these 72 participants are as
follows: age of 28.1 ± 1.3 yrs, nicotine yield of preferred brand of 1.01 ± 0.02 mg, daily smoking
rate of 17.6 ± 0.6 cigarettes/day, and Fagerstrom Test of Nicotine Dependence (FTND;
Heatherton et al. 1991) score of 4.4 ± 0.2.

Independent Variables
Negative versus positive mood was manipulated within-subjects, during two experimental
sessions on separate days. (Note that “mood” is the context for smoking, while “affect” is the
self-reported experience produced by mood.) Actual nicotine content (given nicotine, given
denicotinized, or “denic”) and expected nicotine content (told nicotine, told denic) of cigarettes
were manipulated between-subjects, to form the 2 × 2 balanced-placebo design. The same
actual and expected nicotine conditions were administered across days. Genotype was another
between-subjects factor and is described later.

Negative and Positive Mood Induction Procedure—The mood induction procedure
produces robust differences in self-reported affect and has been described in detail elsewhere
(Conklin and Perkins 2005). This procedure involves the combination of pictorial slides from
the International Affective Picture System (IAPS; Lang et al. 1988) and mood congruent
classical music. Briefly, slides are presented for 12 sec each as musical selections play
(negatively-valenced slides and music for negative mood induction, positively-valenced slides
and music for positive mood induction), to foster sustained negative mood or positive mood,
depending on the assigned mood condition for that session.

Cigarettes (actual nicotine “dose”)—Half of the sample was randomly assigned to the
“given nicotine” cigarette group and half to the “given denic” group. The “nicotine” brand was
QuestR 1 (yield of 0.6 mg nicotine, 9 mg tar), and the denicotinized (“denic”) brand was
QuestR 3 (yield < 0.05 mg nicotine, 9 mg tar), both sold commercially by Vector Group, Ltd.
(Miami, FL). Menthol smokers received menthol Quest; non-menthol smokers received non-
menthol Quest. All cigarettes had identifiable markings covered.

Expectancy for nicotine—Half of each “given” group was randomly assigned to two
expectancy subgroups, “told nicotine” and “told denic”. When presented with the cigarette to
be smoked that session, they were given the following instructions, based on those of Juliano
and Brandon (2002), via computer screen to manipulate their expectancy for nicotine:

Told nicotine: “You will be smoking a regular cigarette. This is a normal cigarette
with a normal amount of nicotine.”

Told denic: “You will be smoking a placebo cigarette. This is a normal cigarette except
it contains no nicotine.”
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Dependent Measures
Smoking reward (“liking”) and reinforcement (latency to first puff, amount of puffs) were the
primary dependent measures. We also assessed affect to verify manipulation of mood.

Smoking Reward—The “reward” value of smoking was assessed using the single “liking”
item from the Rose Sensory Questionnaire (see Westman et al. 1996), which was rated on a 0
to 100 visual analog scale (VAS) anchored by “not at all” and “extremely”, respectively.

Smoking Reinforcement—Smoking reinforcement during the 14-min ad lib smoking
period (see Procedure, below) was determined by: 1) the latency to first puff, and 2) the total
number of puffs taken. Latency was viewed as an index of smoking’s incentive salience
(Berridge 2007), and number of puffs was seen as a measure of overall drug consumption
(Everitt and Robbins 2005). These measures were obtained by behavioral observation of
smoking behavior from videotapes of the sessions (see Perkins et al. 1997; Conklin and Perkins
2005). Inter-rater reliability of these measures exceeds 99% (Perkins et al. 1997).

Affect—Self-reported affect was assessed with the Diener and Emmons (1984) Mood Scale
to verify successful manipulation of affect via the mood induction procedure. The Mood Scale
consists of 9 VAS items rated from 0 (“not at all”) to 100 (“very much”) that yield a positive
affect (PA) and negative affect (NA) score. PA scale items are “happy”, “joyful”, “pleased”,
and “enjoyment/fun”, while NA scale items are “depressed/blue”, “unhappy”, “frustrated”,
“worried/anxious”, and “angry/hostile”.

Procedures
Participants engaged in two 90-min sessions, each after overnight (>12 hrs) abstinence from
smoking, verified by expired-air carbon monoxide (CO). Mean±SE CO was 6.5 ± 0.3 ppm
upon arrival, confirming overnight abstinence. Sessions differed only by the valence of the
mood induction condition, positive or negative (in counter-balanced order). Participants were
randomly assigned to one of four groups, varying in each combination of actual (given nicotine,
0.6 versus given denic, 0.05 mg) and expected (told nicotine versus told denic) nicotine “dose”
in the cigarettes provided; “given” and “told” conditions remained the same between sessions.

For each session, subjects first rested quietly and completed the affect measure. They repeated
this measure following 5 mins of initial mood induction (negative, positive). They were then
given their expectancy instructions (i.e. told condition) and the assigned cigarette under single
blind conditions. As the music from the mood induction procedure continued, participants took
4 puffs to “sample” the cigarette (smoking exposure period), using computer-presented puffing
instructions to standardize intake, as described previously (Perkins et al. 2004; Perkins et al.
2006). They rated the cigarette for reward (“liking”) and completed a check of the expectancy
manipulation (see below). After resumption of the mood induction procedure for 3 mins, they
were allowed to smoke ad lib more cigarettes of that same type as the mood induction continued
for 14 mins. Latency to the first puff and the total number of puffs consumed were assessed
during this ad lib smoking period.

Because effects of expectancy rely on successful manipulation of expectancy (Hull and Bond
1986; Martin and Sayette 1993), we verified the success of this manipulation after the smoking
exposure period, before the ad lib smoking period. Subjects were asked to circle one of two
options indicating how much nicotine they believed was in the cigarette they were given, either
“normal amount of nicotine” or “no nicotine”. Analyses were limited to the 72 (out of 120 total
subjects of European ancestry) who believed their dose instruction on both days (i.e. under
both mood induction conditions).
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All subjects provided informed consent after the nature and consequences of participation were
explained. This research was approved by the Institutional Review Board of the University of
Pittsburgh Medical Center.

Genotyping
We performed the genotyping of the SNPs using the GoldenGate™ Assay on the Illumina
platform (Illumina, San Diego, CA) at the Genomics Core Facility at USC/Norris
Comprehensive Cancer Center (Director, David Van Den Berg). The assay utilizes a
multiplexed oligonucleotide ligation assay (OLA) on genomic DNA and PCR amplification
with universal primers. For additional details see
http://www.illumina.com/products/prod_snp.ilmn. Data from the assay array is read by the
BeadArray Reader (Illumina) and genotype calling is performed in BeadStudio software
(Illumina, Inc.) using the genotyping module. The system includes automated protocols for the
entire genotyping process utilizing robotics, barcoding, and extensive data and process tracking
to ensure high call rates and accuracy. Additionally, genotyping quality control was further
monitored by the inclusion of replicates and CEPH trios. VNTR genotyping was as described
elsewhere (George et al. , 1993; Lesch et al. , 1996; Vandenbergh et al. , 2002). Results were
analyzed using GeneMarker® v1.5 (SoftGenetics).

The coding of genotypes for analysis, based on prior literature, was as follows: 1) DRD2 C957T
(CC vs. CT vs. TT); 2) 5HTTLPR (or SLC6A4, presence or abstinence of the short allele); 3)
DRD4 VNTR (presence or absence of the 7-repeat allele); 4) SLC6A3 (presence or absence
of the 9-repeat allele); 5) OPRM1 A118G (presence or absence of the G allele); and 6) DRD2/
ANKK1 (TT or CT vs. CC; note: T is the less common TaqIA A1 allele).

Analyses
The overall effects on smoking reward and reinforcement due to mood and actual or expected
nicotine dose in the full sample are reported elsewhere (Perkins et al. 2008). Of primary interest
in the current analysis were interactions involving gene X mood (positive, negative) on
smoking reward and reinforcement. We first determined any influence of the order of mood
induction conditions across sessions on responses, but found no such order effects, allowing
us to collapse across order. Differences in affective responses (NA, PA) to mood induction as
a function of each gene were then analyzed separately using analysis of variance (ANOVA),
with mood induction (negative, positive) as the within-subjects factor.

The primary analyses examined the influence of genes on smoking reward and reinforcement
in response to the nicotine, expectancy, and mood manipulations, using ANOVA. Gene,
nicotine (nicotine versus denic cigarette), and expectancy (i.e. told nicotine versus told denic)
were between-subjects factors, and mood was the within-subjects factor. Because we found
virtually no interactions that differed by sex, sex was not included as a between-subjects factor
in primary analyses in order to retain power for the other effects of interest. To further minimize
chances that significant interactions were due to very small n’s in certain cells, we focused
only on interactions involving gene X mood, which would suggest differential sensitivity to
mood effects on smoking associated with gene variants. We also examined the possible
moderating influences of actual or expected nicotine indicated in the triple interactions
involving gene X mood X nicotine or gene X mood X dose expectancy. Significant interactions
were followed up with paired comparisons within the relevant subgroups of differences in
smoking reward or reinforcement due to negative versus positive mood induction using
Fisher’s LSD t-tests (Huitema 1980).
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RESULTS
Genotype distributions

The distribution of genotypes, by sex, is presented in Table 1. Because no significant effects
were observed for 5HTTLPR (SLC6A4), this gene will not be discussed further.

Mood manipulation check
The differences in negative and positive affect due to the mood induction were highly
significant, F (1,70)’s = 21.86 and 70.77, respectively, both p<.001, verifying that mood was
successfully manipulated.  Negative affect increased from a mean (SE) of 21.8 + 2.0 at baseline
to 29.2 + 2.3 during negative mood induction, and decreased from 20.5 + 1.9 to 17.9 + 1.9
during positive mood induction.  Similarly, positive affect decreased from 44.5 + 2.2 at baseline
to 23.6 + 2.2 during negative mood induction, and was maintained from 44.1 + 2.3 to 43.6 +
2.6, respectively, during positive mood induction. There were no other significant effects,
including interactions of mood X sex.  In analyses of genetic influences on negative and positive
affect responses to mood induction, we saw no significant effects at all, indicating that the
affective responses to mood induction were not associated with the genes of interest.

Cigarette liking
In ANOVAs of cigarette liking, significant interactions were observed for DRD2/ANKK1
TaqIA X mood, F(1,49)=6.56, p<.05, and OPRM1 X mood, F(1,54)=5.20, p<.05. As shown
in Figure 1, liking was higher during negative versus positive mood induction for DRD2/
ANKK1 TaqIA TT or CT genotypes but higher during positive versus negative mood for the
CC genotype. Liking was also higher during negative versus positive mood induction for the
OPRM1 AA genotype but not the AG or GG genotypes. Also found was a significant
interaction of SLC6A3 X mood X expectancy, F(1,54)=5.73, p<.05. Among those told and
believing the cigarette was a denic, liking was higher during negative versus positive mood
induction for those with the SLC6A3–9 allele but not among those without the 9 allele. There
was no influence of genotype among those told and believing the cigarette had nicotine.

Smoking behavior
Latency—For latency to first puff during the ad lib smoking period, the interactions of
SLC6A3 X mood, F(1,55)=4.76, p<.05, and of DRD2/ANKK1 TaqIA X mood X nicotine, F
(1,50)=5.15, p<.05, were significant. As shown in Figure 2, latency was faster during negative
versus positive mood for those with the SLC6A3–9 allele but not among those without the 9
allele. Among those given the nicotine cigarette, latency was faster during negative versus
positive mood in those with the DRD2/ANKK1 TaqIA TT or CT genotypes but not CC
genotype. Yet, opposite results were seen among those given the denic cigarette, as latency
was faster during negative mood for those with the ANKK1 TaqIA CC genotype but not TT
or CT genotypes.

Amount—For number of puffs, interactions of SLC6A3 X mood, F(1,55)=6.31, p<.05, and
of DRD2/ANKK1 X mood X nicotine, F(1,50)=6.12, p<.05, were significant, similar to
findings for latency to first puff (above). Also significant were interactions of DRD2 C957T
X mood, F(2,47)=3.51, p<.05, and DRD4 X mood X nicotine, F(1,50)=8.17, p<.01. As shown
in Figure 3, puffs were greater during negative versus positive mood for those with the
SLC6A3–9 allele, and for those with the DRD2 C957T CC genotype. For DRD2/ANKK1
TaqIA and DRD4, genotype was associated with puff number only among those given a
nicotine cigarette. In these subjects, puffs were greater during negative versus positive mood
for those with the DRD2/ANKK1 TaqIA TT or CT genotype, and for those with the DRD4–
7 allele.
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DISCUSSION
To our knowledge, this is the first study to examine genetic associations with differences in
smoking reward and reinforcement due to acute mood manipulation. Past research has shown
that negative mood acutely increases ad lib smoking behavior, indicating that smoking is more
reinforcing during negative mood. The novel finding from this study is that this influence of
mood is associated with genes in the dopamine reward pathway and endogenous opioid
pathway.

Among the significant findings, two genes believed related to the dopamine D2 receptor, the
DRD2/ANKK1 TaqIA and the DRD2 C957T, were associated with sensitivity to mood effects
on smoking reward and reinforcement. Smokers carrying the minor “T” allele of DRD2/
ANKK1 TaqIA reported increased cigarette liking during negative versus positive mood, while
those heterozygous for the common variant liked the cigarette more during positive versus
negative mood induction. The minor allele group also had an increased number of puffs and
shorter latency to smoking during negative mood, if they were smoking a nicotine cigarette.
These findings are consistent with evidence for an increased risk of cigarette consumption
among carriers of the DRD2/ANKK1 TaqIA minor allele (Munafo et al. 2004). However, this
finding may not fit as well with prior evidence that this subgroup of smokers is less responsive
to treatment with the antidepressant bupropion for smoking cessation (David et al. 2007b).
Smokers homozygous for the DRD2 C957T allele (CC) also took more cigarette puffs during
negative versus positive mood, perhaps consistent with prior evidence for their increased risk
for relapse while on placebo and their enhanced therapeutic response to bupropion (Lerman
et al. 2006).

Two other genes thought to be involved in the dopamine pathway were associated with
increased smoking reinforcement due to negative mood. The increase in smoking amount due
to negative mood among those given nicotine (but not denic) cigarettes was greater in smokers
carrying the DRD4 7 repeat allele, which has been associated with increased risk of smoking
relapse (Shields et al. 1998; David et al. 2008). We also found that carriers of the 9-repeat
allele of the dopamine transporter (SLC6A3) polymorphism had a shorter latency to smoking
and increased number of puffs during negative mood induction, consistent with associations
of this allele with stress-induced cigarette craving (Erblich et al. 2004).

Regarding the two non-dopamine related gene variants examined here, the serotonin
transporter promoter variant was unrelated to any of the effects examined, while the functional
OPRM1 A118G variant was associated with smoking reward under negative versus positive
mood induction. Specifically, smokers carrying the common AA genotype liked the cigarette
more in the negative mood condition, while ratings of liking did not differ significantly as a
function of mood condition in those with the minor “G” allele. The minor G allele is thought
to be a reduced activity allele for the mu opioid receptor, as it relates to reduced mRNA and
protein expression (Zhang et al. 2005). These in vitro data are consistent with evidence that
smokers carrying the common AA OPRM1 genotype are more likely than those carrying the
“reduced activity” G allele to relapse, and those with the AA genotype also report higher levels
of abstinence-induced negative affect (Lerman et al. 2004). Further, female smokers with the
OPRM1 AA genotype are more likely to choose nicotine over denicotinized cigarettes than
female smokers carrying the G allele (Ray et al. 2006). The present findings, therefore, suggest
that the AA genotype of OPRM1 may predispose to smoking relapse, in part, via effects of
negative mood on smoking reward.

In addition to the novelty of the study focus, genetic associations with increased smoking
reward and reinforcement due to negative mood, strengths of this study include some of the
methods used. The mood induction procedure was successful in manipulating mood as
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intended, as we have previously demonstrated (Conklin and Perkins 2005). Moreover, the
magnitude of negative and positive affect changes due to the mood induction procedures did
not vary by genotypes, ruling out the notion that these genetic associations with increased
smoking reward and reinforcement due to negative mood resulted from some genotypes
experiencing greater intensity of negative affect. Second, the within-subject manipulation of
mood reduced error variance in the statistical comparisons, all of which involved mood as a
factor, as well as genotype. Third, inclusion in analyses of only those smokers who believed
their dose instructions resulted in participants whose expectancies for nicotine were
successfully manipulated, allowing for a test of genetic association with the influence of
expectancies on smoking behavior during negative mood, if present.

The study contained several limitations as well, primarily the small numbers of subjects in
some of the genotype subgroups varying in actual nicotine or expectancy for nicotine (e.g.,
those with the DRD4–7 allele). Consequently, despite the within-subject manipulation of
mood, we may not have had adequate power to detect other genetic influences on smoking
reward and reinforcement due to negative mood. This problem reflects the practical conflict
between studying a limited amount of data from a large sample versus extensive phenotyping
of a smaller sample (e.g., assessing prospective responses to different mood induction
conditions while varying actual and expected nicotine, as done in this study). A second
limitation is that some of the significant effects may have resulted from chance, with 6 genes
and 3 gene X mood effects of interest (gene X mood, gene X mood X nicotine, gene X mood
X expectancy) for each of the 3 main dependent measures. Yet, the fact that interactions
involving SLC6A3 X mood and DRD2/ANKK1 TaqIA X mood were significant for each
dependent measure suggests a consistency in associations that is not likely due to chance. Given
the complete lack of prior research on genetic associations with smoking reward and
reinforcement due to mood, this study was exploratory in nature and the findings were intended
to be heuristic and not conclusive. This study should be replicated with larger samples to verify
the findings. Third, the ad lib smoking period during mood induction was only 14 mins, and
more extended duration of mood may reveal greater or smaller changes in smoking behavior
due to genotypes.

In summary, these findings suggest that some dopamine and opioid genes are associated with
the degree to which negative mood increases acute smoking reward and reinforcement. Future
research should examine associations of these genes with smoking reward and reinforcement
under other mood conditions or other acute behavioral manipulations (e.g. stressful challenge,
co-administration of alcohol). The associations of genes in other neurobiological pathways
with smoking reward and reinforcement during negative mood should also be examined.
Results may help identify possible mechanisms to explain increased risk of dependence onset
and persistence (i.e. relapse) in those with certain genotypes.
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Figure 1.
Mean±SE “liking” (reward) for the assigned cigarette after initial exposure (4 puffs) during
negative versus positive mood induction, by genotype and, where relevant, expected (“told”)
nicotine dose. * p<.05 for differences between mood induction conditions within subgroups.
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Figure 2.
Mean±SE latency (secs) to first puff during the ad lib smoking period under negative versus
positive mood induction, by genotype and, where relevant, actual (“given”) nicotine dose.
Smaller values indicate faster latency to first puff. * p<.05, ** p<.01, *** p<.001 for differences
between mood induction conditions within subgroups.
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Figure 3.
Mean±SE total number of puffs during the 14-min ad lib smoking period under negative versus
positive mood induction, by genotype and, where relevant, actual (“given”) nicotine dose.
Asterisks as in Figure 2.
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Table 1
Frequencies of alleles for each gene, by sex.

Males Females Total

DRD2 C957T TT 11 (32.4%) 10 (27.8%) 21

TC 14 (41.2%) 20 (55.6%) 34

CC 9 (26.5%) 6 (16.7%) 15

5HTTLPR Absence of Short 11 (32.4%) 12 (32.4%) 23

Presence of Short 23 (67.6%) 25 (67.6%) 48

DRD4 Absence of 7 25 (75.8%) 25 (75.8%) 50

Presence of 7 8 (24.2%) 8 (24.2%) 16

SLC6A3 Absence of 9 21 (61.8%) 19 (51.4%) 40

Presence of 9 13 (38.2%) 18 (48.6%) 31

OPRM1 AA 25 (73.5%) 26 (70.3%) 51

AG or GG 9 (26.5%) 11 (29.7%) 20

ANKK1 TaqIA TT or TC 18 (52.9%) 16 (47.1%) 34

CC 16 (50%) 16 (50%) 32
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