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Abstract

The purpose of this exploratory study was to examine the interaction of 5-HTTLPR and DRD4

exon III polymorphisms with gender in non-treatment seeking alcohol dependent (AD) individuals

while alternately taking ondansetron and sertraline. Evidence suggests that alcohol dependence

may be influenced by a genetic interaction that may be gender specific with temporal changes

making pharmacological treatment with serotonergic drugs complex. The main trial was a within-

subject double-blind placebo-controlled human laboratory study with 77 non-treatment-seeking

AD individuals randomized (55 completed, 49 complete data) to receive 200mg/day of sertraline

or 0.5mg/day of ondansetron for 3-weeks followed by an alcohol self-administration experiment

(ASAE), then placebo for three weeks followed by a second ASAE, then receive the alternate

drug, in a counterbalanced order, for three weeks followed by a third ASAE. Results for men were

not significant. Women with the LL 5-HTTLPR genotype receiving ondansetron and SS/SL 5-
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HTTLPR genotypes receiving sertraline (matched), drank significantly fewer drinks per drinking

day (DDD) during the 7-days prior to the first and third ASAEs than women receiving the

mismatched medication (i.e. sertraline to LL and ondansetron to SS/SL). In a three-way

interaction, 5-HTTLPR alleles by DRD4 alleles by medications, women with the LL genotype

who received ondansetron and had DRD4 ≥7 exon III repeats drank significantly fewer DDD as

did SS/SL women who received sertraline but conversely had DRD4 <7-repeats in the 7-day

period leading up to the first and third ASAEs. Consistent with these data was a significant

reduction of milliliters consumed ad lib during these same ASAEs. These exploratory findings add

possible support to gender and genetic differences among AD individuals in response to

serotonergic pharmacotherapies. Future trials should be powerful enough to take into account that

endophenotypes and a targeting of serotonergic interactions may be essential to successfully treat

alcohol dependence.
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Introduction

Alcohol influences the release of several key neurotransmitters including dopamine (DA)

and serotonin (5-HT), which, in turn, may mediate alcohol-related reward processing. For

example, DA is an important neurotransmitter to facilitate motivation, reward and

reinforcement in alcohol dependent patients and is interconnected with 5-HT (Koob, 2011;

Tupala and Tiihonen, 2004). An increase in 5-HT3 receptors results in an increase in DA

release at the nucleus accumbens via the mesolimbic pathway (De Deurwaerdere et al.,

1998). This pathway is strongly associated with susceptibility to alcoholism (Volkow et al.,

2002), the development of craving and loss of control (Robinson and Berridge, 1993) and

the acquisition of excessive motivational properties by alcohol related cues (DiChiara,

1995). Indeed, the action of a serotonergic non-dopaminergic medication such as

ondansetron to reduce drinking may in fact be mediated by DA (De Deurwaerdere et al.,

1998). As a result, treatment of alcohol dependence with pharmacotherapies that affect these

neurotransmitters has strong clinical appeal. Yet, pharmacotherapy results particularly with

serotonergic medications that ultimately affect both 5-HT and DA remain inconsistent

(Garbutt et al., 1999; Kranzler and McKay, 2012). To address these inconsistencies,

polymorphisms and gene × gene interactions are of growing significance in the context of

personalized medicine research associated with alcoholism that may also affect medication

response (Heilig et al., 2011).

One hypothesis suggests that alcoholic individuals with a strong biological predisposition

have a dysregulation of serotonergic function primarily associated with 5-HT transporter

(5’-HTTLPR) function (Johnson, 2000). The foundation of this hypothesis examines the

polymorphic differences associated with 5-HTTLPR expression initially proposed as

biallelic with three possible allele combinations: homozygous LL, SS and heterozygous SL

(Heils et al., 1997; Johnson, 2000). The efficacy of ondansetron, a 5-HT3 antagonist and
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anti-emetic, is proposed to be the result of modulating 5-HT3 function in alcoholics with LL

5-HTTLPR genotype rather than in alcoholics with the SS/SL genotypes and reduction in

pre-cortical DA release manifested as a decrease in alcohol’s rewarding effects (Johnson,

2000).

A complementary mechanism to the 5-HT3 pathway in this hypothesis is also proposed for

the predominant SS/SL variants that have similar rates of serotonin transport. Treatment

with a selective serotonin reuptake inhibitor (SSRI) such as sertraline facilitates 5-HT

transmission and inhibition of DA (Pettinati et al., 2000). This putatively results in a

diminution of reward during acute alcohol consumption. The differential response to

sertraline and ondansetron therefore may be in part due to possessing one of these 5-

HTTLPR alleles (Johnson, 2000).

We previously reported the results of a within-subject double-blind placebo-controlled

counter-balanced human laboratory pilot study that matched and mismatched 5-HTTLPR

genotypes, with alternate administration of either ondansetron or sertraline to 15 non-

treatment seeking AD individuals (Kenna et al., 2009). In this within-group design, we

reported that at the first alcohol self-administration experiment (ASAE), ondansetron

compared to sertraline significantly improved drinking outcomes for the LL genotype only

for the ASAE on volume of alcohol consumed and for drinks per drinking day (DDD)

during the 7 days prior to the first ASAE. By contrast there was no support that sertraline

reduced alcohol use in individuals who had SS/SL alleles (Kenna et al., 2009).

More recent clinical trials continue to refine and delineate these and other polymorphic

combinations providing strong support for the role on pharmacogenetics in the response to

ondansetron (e.g. Johnson et al., 2011; Johnson et al., 2013) and sertraline (Kranzler et al.,

2011) in AD individuals. For example, Johnson et al. (2013) reported that participants

receiving ondansetron compared to placebo carrying one or more of genotypes rs1150226-

AG and rs1176713-GG in HTR3A and rs17614942-AC in HTR3B demonstrated a

significant overall mean difference in DDD, percentage of heavy drinking days, and days

abstinent. Furthermore, combining HTR3A/HTR3B and SLC6A4-LL/TT genotypes

increased the target cohort to 34% from a previously reported approximately 20% (Johnson

et al., 2011). Kranzler and colleagues (2011) reported results demonstrating that the

moderating effect of age of onset on the response to sertraline was conditional on genotype.

In LALA homozygotes, the effects of medication group varied by age of onset as late onset

alcoholics reported fewer drinking and heavy drinking days when treated with sertraline,

compared to early onset alcoholics receiving placebo who reported significantly fewer

drinking and heavy drinking days.

A 48-base pair variable number tandem repeat (VNTR) polymorphism in exon III located on

the gene encodes the DA receptor D4 (DRD4). For most populations, several length variants

exist however common length variants consist of 2, 4 and 7 repeat (Van Tol et al., 1992). G-

protein-linked D4 receptor activation attenuates signaling by inhibiting adenylyl cyclase

coupling. This inhibition is blunted by the presence of the DRD4 7-repeat allele resulting in

decreased receptor sensitivity and is associated with increased measures of novelty seeking
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and addiction phenotypes (Asghari et al 1995; Ebstein et al. 1998;Ebstein, 2006; McGeary et

al., 2007; Oak et al., 2000).

To further account for the complex mechanisms associated with AD, gene by gene

interactions are of growing importance in the context of endophenotype research (Ray et al.,

2010). For example, there is consistent evidence of an interaction between DA and 5-HT

related polymorphisms on impulsivity in infants (Auerbach et al., 2001) and temperament in

adults (Varga et al., 2012). Additionally, alcohol use during adolescence may increase the

risk for establishing a substance use disorder in adulthood and alcohol stimulates

polymorphisms from both the DA and 5-HT systems but differently by gender (Skowronek

et al., 2006). However, no exploratory study has examined this gene × gene interaction as a

function of gender in an adult AD population receiving serotonergic medications. Such data

may help to provide further guidance for serotonergic treatment matching using ondansetron

and sertraline. More specifically, we sought to investigate an interaction between gender, the

5-HTTLPR and DRD4 alleles, and alternating pharmacotherapy consisting of ondansetron

and sertraline in non-treatment seeking alcoholics.

In this exploratory analysis, based on results previously reported by Skowronek and

colleagues (2006) with adolescents, we hypothesized that men with the DRD4 ≥ 7 repeats

would be associated with the most drinking and women taking ondansetron with the 5-

HTTLPR LL but with the DRD4 < 7 repeats would have the greatest response to

ondansetron and reduction of drinking. As for sertraline we examined if sertraline had any

efficacy based on the interaction of these polymorphisms, but consistent with the “subtype”

hypothesis proposed by Johnson (2000) one might expect that sertraline would demonstrate

the most efficacy to reduce drinking in participants with the SS/SL 5-HTTLPR genotypes.

Though exploratory, this analysis was performed before the data for the main trial were

analyzed (Kenna et al., in press) based on our interest and above hypothesis from several

studies published after the main study was initiated.

MATERIALS AND METHODS

Participants

The present sample was recruited with local advertisements in the Providence, RI area. The

study was conducted at the Brown University Center for Alcohol and Addiction Studies,

approved by the Brown University Institutional Review Board and listed on

clinicaltrials.gov (NCT01113164). Written informed consent was obtained from each human

subject and that the procedures followed were in accordance with the ethical standards of the

responsible committee on human experimentation (institutional or regional) and with the

Helsinki Declaration of 1975, as revised in 1983. Participants were diagnosed as AD as

assessed by the Structured Clinical Interview for the Diagnostic and Statistical Manual of

Mental Disorders -IV- Text Revision (SCID-I/P; First et al., 2002) were drinking ≥ 35

standard drinks/week for men or ≥ 28 standard drinks/week for women, and were not

seeking treatment for AD.
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Study design

The 14-week experimental study design was a double-blind placebo-controlled mixed two-

factor design in which the LL vs. SS/SL genotypes were crossed with the medication

condition (within subjects factor). If screened eligible (at Visit 1), participants were

randomized at Visit 2 and received three weeks of one active medication, followed by three

weeks of placebo, followed by three weeks of the other active medication. An alcohol self-

administration experiment (ASAE) was conducted at the end of each of the three medication

phases (see Figure 1). Participants were also asked to return for a final visit (12) four weeks

after their final ASAE. The order of the active medications was controlled through urn

randomization with gender and baseline DDD as the two urn variables, so that half the

subjects received 100 mg twice a day of sertraline for the first active medication phase, and

the other half received 0.25 mg twice a day of ondansetron for the first medication phase.

The main results of this study are published in Kenna et al. (2014).

Procedure

Details of this procedure are provided in a previous publication (Kenna et al., 2009). In

brief, the procedure involves administration of a priming drink which must be consumed.

The volume of alcohol for all drinks including the priming drink was adjusted for gender,

body mass index and age (Watson, 1989). Subsequently, individuals were offered two trays

of 4 drinks, each tray followed by a 45 minute drinking period. As an alternative

reinforcement, participants received $3.00 for each drink they decided not to drink.

The main dependent measures for this analysis was alcohol consumption as measured by the

Timeline Followback (TLFB; Sobell and Sobell, 2000) during the 7-day period leading up to

each ASAE, and total milliliters (mls) consumed during each ASAE. The study was

conducted in consecutive phases with volunteers in both arms taking the same number of

doses a day throughout the study: (1) a one-week screening period; (2) a 21-day treatment

period consisting of a 9-day titration up period for those receiving sertraline and a minimum

of 12-days (± 3 days) at the target dose; (3) an ASAE on the last day of treatment (± 3 days)

at the target dose; (4) a 21-day placebo controlled period; (5) a second ASAE on the last day

of placebo (± 3 days); (6) a 9-day titration up period for those receiving sertraline last; (7) a

minimum of 12-days (± 3 days) at the target dose; (8) an ASAE on the last day of treatment

at the target dose (± 3 days). Sertraline was started at 50 mg for three days and increased

50mg every three days to a maximum dose of 200mg until the day that the ASAE was

conducted. Then, sertraline was titrated down over 7 days. Whether ondansetron was

administered first or last, there was no titration required for the dose of 0.25mg twice a day

(total 0.5mg/day) given for 21 days. Participants remained eligible and included in the

analyses as long as they exceeded thresholds of 100mg per day of sertraline and/or 0.25mg

of ondansetron (i.e. 50% of the maximum target dose). All participants received interviews

with the same trained staff who focused on drug side effects and adherence.

Screening assessments such as the physical, the SCID I/P, family history of alcoholism,

genotyping and age of onset of alcoholism were performed at the start of the study. Clinical

and psychological assessments were conducted at baseline, weekly throughout the study,

and during a 1-month follow-up visit. Alcohol consumption using the TLFB particularly in
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the 7-day period prior to each ASAE and medication assessment measures was performed

throughout the study and at follow-up. Pregnancy tests were performed at screening and

immediately before each ASAE in women of childbearing potential. The inclusion and

exclusion criteria for this study are the same as were reported previously for our pilot study

[15].

Genotyping

We described the genotyping used in this main study in a previous publication of the pilot

data (Kenna et al., 2009). It is important to note however that while we were aware of the

importance that the 5’HTTLPR that was discovered to be triallelic (i.e. LALA etc; Hu et al.,

2005; Hu et al., 2006) due to one cell missing participants, planned analyses using this

polymorphism were not feasible. Genotype frequencies were in Hardy–Weinberg

equilibrium in both genes.

Statistical Analysis

Analyses were conducted on baseline characteristics to describe the 77 persons urn

randomized in the main trial and 49 participants in this exploratory analysis. The skewness

and kurtosis of the two outcome measures were examined, to verify that the distributions

approximated a normal distribution. Preliminary hierarchical linear modeling (HLM)

compared medication matches (LL and ondansetron, SS/SL and sertraline) versus

mismatches (SS/SL and ondansetron, LL and sertraline) for the two active medication

periods for the two dependent outcome measures (of alcohol consumed during the first and

third ASAEs and DDD seven days prior to these two ASAEs). We considered this particular

period was consistent with the notion that each medication would be at its relative maximum

pharmacodynamic effect. Baseline DDD was entered as a covariate in all HLMs. Next, two

HLMs (one for each DV) were conducted adding the LL versus SS/SL variable and a LL

versus SS/SL by medication (match vs mismatch) interaction term. Third, two HLMs were

conducted adding DRD4 status and three 2-way and one 3-way interactions. Fourth, since

there is evidence that the DRD4 exon III moderation effect may vary by gender (Ray et al.,

2009; Skowronek et al., 2006) we conducted, two more HLMS with all interactions

(baseline DDD was entered as a covariate but was not incorporated in the interaction terms).

Finally, given the complexity of interpreting 4-way interactions, we reran the third set of

HLMs separately for each gender. Statistical analyses were conducted using SPSS version

20.

RESULTS

Demographics

A total of 117 participants were screened and 77 participants were urn randomized into the

study and received study medication. Of the participants randomized, 55 completed the

ASAEs during the two active medication phases and we had complete data for 49

participants (19 women and 30 men) in this sample who are the focus of this exploratory

research. Demographics for the main trial and this exploratory analysis are shown in Table

1. Those participants receiving ondansetron first and those participants receiving sertraline

first, were equivalent on gender [45% women and 50% women, respectively, X2(1,N = 49)
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= 0.13, p = .72]. Likewise, baseline DDD was equivalent across the two groups

[ondansetron first: 11.94 DDD (SD = 7.84), sertraline first: 13.92 DDD (SD = 7.04), t(47) =

0.93, p = .36]. There were slightly more SS/SL participants (55%) than LL participants

(45%). Forty one percent of the sample received a hypothetical matching medication first

(ondansetron + LL or sertraline + SS/SL alleles) and 59% of the sample received a

hypothetical mismatched medication first (ondansetron + SS/SL or sertraline + LL alleles).

Fifty seven percent of the sample had < 7 DRD4 repeats (range 2 – 10 repeats).

Preliminary qualitative analyses and subsequent HLM analyses suggested a carryover effect

for the placebo condition, as was suggested by the results of our earlier pilot study (Kenna et

al., 2009). More specifically, (1) overall drinking was lower during the placebo period than

the first active medication period; (2) the ranks of the four groups (medication X LL vs

SS/SL) were similar from the first active medication period to the placebo period (if there

was no carryover effect, some crossover would be expected); (3) when all three periods were

entered in HLM the medication match versus mismatch term, was weaker than when only

the first and third period were included. We therefore focus on data from the two active

medication conditions. The mean number of DDD during the 7-days prior to the ASAE was

10.8 (SD = 6.8). The mean number of milliliters (mls) consumed post priming drink during

the ASAE was 209.0 mls (SD = 320.0). Skewness and kurtosis for these two variables were

greater than −2.0 and less than 2.0.

Genotype effects

HLMs evaluating the medication match versus mismatch term with baseline DDD were not

significant for DDD during the week prior [F(1,81.7) = 0.33, p = 0.57] nor for mls of

alcohol consumed after the priming drink during the ASAEs [F(1,69.5) = 1.09, p = .30].

When L/L versus S/S or S/L was added to the HLMs, along with a gene X medication match

vs mismatch term, the interaction term was not significant for DDD [F(1,80.9) = 0.40, p = .

53] and not significant for mls consumed [F(1,68.5) = 0.25, p = .62]. Next, DRD4 status was

added to the HLMs creating a 3-way interaction, which again was not significant for DDD

[F(2,80.5) = 0.86, p = .43] and not significant for alcohol consumed during the ASAE

[F(2,69.0) = 2.35, p = .10]. When gender was added to the HLMs, there was a significant 4-

way interaction [DDD: F(3,78.3) = 9.04, p = .004; ASAE: F(3,44.1) = 3.93, p = .05].

However, given the difficulties in interpreting 4-way interactions, and the limited cell-sizes

in this analyses we next conducted HLMs looking at the previously examined 3-way

interaction for each gender separately. Table 2 shows the breakdown of cell sizes for the

three way interaction. In this approach, the 3-way interaction was significant in both

analyses for women [DDD: F(1,16.3) = 9.09, p = .002; ASAE: F(1,33.2) = 11.88, p = .002.

Analyses comparing 5HTT matches versus mismatches for men on DDD prior to the ASAE

and mls during the ASAE were not significant.

In Figure 2a (for ondansetron) and 2b (for sertraline) half of the 2 × 2 × 2 interaction is

plotted in each figure for DDD in the 7- day period leading up to the 1st and 3rd ASAEs for

women alone; i.e., only the medication matches are shown (in Figure 2a ondansetron

matched to LL alleles and in Figure 2b sertraline matched to SS or SL alleles). The baseline

for the ondansetron responders was 23.41 DDD. Thus the data shown in Figure 2a (the
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group with DRD4 ≥7 repeats) represents a drop from 23.41 DDD to 6.18 DDD (or a 74%

reduction). Likewise, sertraline responders (Figure 2b., the group with < 7 repeats), DDD

decreased from 15.51 DDD to 5.23 DDD (or a 66% reduction). The HLM mixed-model

analysis in women (medication match vs. medication mismatch × LL vs SS/SL × DRD4 <7

vs ≥ 7 repeats) was significant (p=0.002). Women receiving ondansetron with LL 5-

HTTLPR alleles but with the DRD4 <7 repeats reported greater DDD [estimated mean

(M)=11.69, standard error (SE)=.94] than women with DRD4 ≥7 repeats [M=6.18,

SE=1.93]. Women receiving sertraline with SS/SL 5-HTTLPR alleles and DRD4 <7

reported fewer DDD [M=5.23, SE=1.21] than women with DRD4 ≥7 repeats [M=10.3

SE=8.67]. Figure 2c and 2d also show a significant 3-way interaction (p = 0.002] across

ASAEs for women. The result across the first and third ASAE was consistent with drinking

in the 7-days prior to the ASAEs. Women receiving ondansetron (Figure 2c) with L/L 5-

HTTLPR alleles and DRD4 <7 drank more mls during the ASAE [M= 120.0, SE=.52] than

women with DRD4 ≥7 repeats [M= 17.0, SE= .75]. Women receiving sertraline (Figure 2d)

with SS/SL 5-HTTLPR alleles and DRD4 <7 drank fewer mls during the ASAE [M= 88.0,

SE=.53] than women with DRD4 ≥7 repeats [M= 184.0, SE= .50].

Lower order interactions and terms in these two analyses for women were also analyzed.

The LL status X medication interaction was significant for both dependent measures [DDD:

F(1,15.6) = 25.7, p < .001; ASAE: F(1,15.7) = 11.53, p = .004; cell means for both measures

suggested a medication matching effect for SS/SL and sertraline, but not LL and

ondansetron]. A DRD4 X medication interaction was significant for the ASAE [F(1,18) =

9.41, p = .007] but not DDD. A DRD4 by LL status interaction was not significant for either

DV. LL status predicted DDD [F(1,15.6) = 14.3, p = .002, higher for SS/SL] and alcohol

consumed during the ASAE [F(1,15.7) = 26.95, p < .001, again higher for SS/SL]. DRD4

status predicted alcohol consumed during the ASAE [F(1,16.3) = 12.8, p = .002, lower

drinking for 7 or more repeats] but not DDD. Baseline drinking predicted DDD [F(1,17.7) =

54.5, p < .001] but not alcohol consumed during the ASAE.

DISCUSSION

In this exploratory study we provide evidence for a 3-way gene × gene × medication

interaction for women only. This finding, albeit preliminary, may help provide the basis to

further explore the ambiguous nature of serotonergic pharmacotherapy for alcoholism

literature to date. Our study confirmed a gender effect demonstrated by an interaction

between the 5-HTTLPR the DRD4 and serotonergic medications but was not consistent with

our a priori hypothesis. Specifically women with the LL 5-HTTLPR and DRD4≥7-repeat

allele receiving ondansetron and women with the SS/SL 5-HTTLPR but the DRD4 <7-

repeat allele receiving sertraline, had a significant reduction in drinking, both in the

naturalistic (assessed via the TLFB) and the ‘bar-like’ (assessed via the ASAE) human

laboratory settings. Speculatively, given that the majority of alcohol studies consist mostly

of men, having homogeneous subgroups like women respond or not respond to treatment

could be one potential source of systematic error that results in the inconclusive main effects

reported using serotonergic drugs. These results suggest the DRD4 allele should be

considered particularly in context with the 5-HTTLPR alleles and gender in alcoholism

research and potential influence on serotonergic medications.
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Data suggest that 5-HT has a regulatory role over DA and serotonergic dysfunction may

thus alter DA function and DA mediated behavior (Johnson 2000; Olijslagers et al., 2006;

Quist and Kennedy 2001). However, while the 5-HTTLPR is well researched its role in

psychiatric medicine is still not fully understood as the data are not consistent (for review,

see: Kenna et al., 2012). Dopamine and 5-HT are both linked to variations in personality

traits as well as to psychiatric disorders (Holmboe et al., 2011). For example, in a study of

temperament (Auerbach et al., 2001) and response to novelty in infants (Lakatos et al.,

2003), the shortest duration of looking and greater anxiety to a stranger’s initiation of

contact, respectively, were both associated with the DRD4 7-repeat allele and SS 5-

HTTLPR genotypes. By contrast, in a sample of 90 infants, those carrying the DRD4 7-

repeat allele had a higher level of negative affect, and infants with both the DRD4 VNTR 7-

repeat allele and the highest expressing 5-HTTLPR homozygous triallele LALA, had the

highest level of negative affect (Holmboe et al., 2011). Furthermore, changes in negative

affect have been demonstrated to be moderated by gender and 5-HTTLPR genotype

(Brummett et al., 2008). In alcoholics, impulsivity, novelty seeking (Evren et al., 2012) and

negative affect (Heilig et al., 2010) are linked to increased risk for craving and relapse to

drinking. While personality traits were not a focus of this study, this line of research does

suggest that DRD4 and 5-HTTLPR polymorphisms could predispose some individuals to

alcoholism and may react differently to pharmacotherapy.

The number of tandem repeats may express functional differences in D4 receptors, and

influence craving after alcohol consumption when exposed to alcohol associated stimuli

(Oak et al., 2000). Hutchison and colleagues (2002) reported that individuals with the DRD4

7-repeat allele demonstrated greater craving after alcohol consumption than after a control

beverage and greater craving when exposed to alcohol cues suggesting that these individuals

may be particularly sensitive to the phasic effects of D4 stimulation triggered by exposure to

a priming dose of alcohol or alcohol cues. A subsequent study replicated the finding that

individuals with the 7-repeat allele experienced greater craving after alcohol consumption

and also showed that olanzapine attenuated craving and reduced alcohol consumption

(Hutchison et al., 2003). As such, it is possible to hypothesize that the significant effect of

ondansetron in reducing alcohol use in women with DRD4≥7-repeat allele may be due to the

ability of the medication to reduce craving triggered by cues such as the priming dose of

alcohol used in the ASAE.

Alternatively the DRD4 <7-repeat allele has also been shown to be a risk factor for

alcoholism (Du et al., 2010). In a sample of adolescents the influence of both the DRD4

exon III and the 5-HTTLPR polymorphisms, and an interaction with alcohol and nicotine

experimentation was reported by gender. The DRD4 7-repeat allele alone was associated

with greater drinking and smoking involvement in boys. In girls however, a significant

DRD4 × 5-HTTLPR interaction was reported, as girls who had the LL 5-HTTLPR alleles,

but without the DRD4 7-repeat genotype, reported the highest smoking and drinking activity

(Skowronek et al., 2006). The LL 5-HTTLPR genotype combined with the DRD4 <7-

repeats, is proposed to cause an imbalance between DA and 5-HT systems resulting in

greater substance use (Skowronek et al., 2006). Contrary to our prediction however, this

particular group of women had the least efficacious response to ondansetron.
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One possible explanation why men and women as well as adolescents and adults may differ

on genetic associations could be related to changes in gene expression as a consequence of

neuroendocrine influences that change developmentally over time (Edelman et al., 2012;

Munafò et al., 2005). Additionally, there are strong and consistent differences in sex and

stress hormones between men and women that affect or are affected by alcohol consumption

(Kenna et al., 2012; Mendelson and Mello, 1988). Therefore it is not uncommon to see

subtype and gender differences in response to treatment for AD with sertraline and

ondansetron, and suggest that there is enough extant evidence that these differences are at

least partially moderated by genes (Kranzler et al., 2012; Pettinati et al., 2004; Roache et al.,

2008).

There are limitations to this research that should be noted. First, the small sizes of the cells

contribute to instability of the results and lack of statistical power limit our ability to

consider the full importance of this exploratory analysis within the context of

endophenotype response to medications. However, we do note that while there are

substantial differences in assessing alcohol use naturalistically to that under the conditions

of a bar-laboratory, our results measured during the ASAEs were consistent with self-

reported drinking by female participants. Second is that since this study was conceived,

several other important polymorphisms and associations have been further researched (e.g.

Johnson et al., 2011; Johnson et al., 2013; McGeary et al., 2007; Ray et al., 2009;

Skowronik et al., 2006; Varga et al., 2012). Moreover, we attempted to examine our results

in light of the importance of the LALA 5-HTTLPR genotype however our cell sizes were too

small. Finally, the likelihood of population stratification as a confound was considered as

there are suspected differences in alcohol consumption and ethnic differences based on 5-

HTTLPR, DRD4 polymorphic variants (e.g. Chang et al., 1997; Lusher et al., 2001;

Praschak-Rieder et al., 2007; Vaughn et al., 2009). As a result it is possible that the

relationship between 5-HTTLPR, DRD4 polymorphisms and alcoholism is real, but only in

some populations and not others (Cardon and Palmer, 2003). While the overall sample in

this study was relatively small and the majority of participants were of the same race

(Caucasian), the most effective strategy to limit population stratification is considered to

carefully match cases with controls (Cordell and Clayton, 2005). While formal tests of

population stratification using genomic control were not conducted, given that the current

design used cases as their own controls, limits, but of course does not eliminate, the

potential for confounding. Therefore there is much more that could be done to perform this

type of genotype research in much larger studies.

In conclusion, the implications of our research are consistent with previous alcohol research

suggesting that individuals with specific characteristics may possibly demonstrate a

particular pharmacotherapy response. Additionally it must be remembered that the

participants in this study were not seeking treatment for their alcohol use yet still recorded

reductions in drinking. While we recognize the potential importance of treatment matching,

we are mindful that the study wasn’t powered for this hypothesis and the small sample size

used in this analysis that may contribute to the instability of the results.

Evidence from clinical trials suggests that serotonergic medications interact

pharmacogenetically with genes. However, recent clinical trials with ondansetron (Johnson
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et al., 2011) and sertraline (Kranzler et al., 2011) were not designed to investigate the

possible moderating effect of the DRD4 alleles on the 5-HTTLPR alleles and treatment

response. While we recognize that our results do little to facilitate the kind of prominent

light needed to clarify the targeted clinical use of ondansetron or sertraline in a treatment-

seeking population, nonetheless, this exploratory study suggests a possible gender specific

medication × gene × gene interaction in the effects of serotonergic pharmacotherapies in AD

that warrants further investigation.
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Figure 1.
Study Design
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Figure 2.
a Ondansetron matched with 5-HTTLPR LL vs. DRD4 <7 or ≥ 7 repeat alleles for women;

Drinks per drinking day in 7-day period prior to first and third Alcohol Self-Administration

Experiments; 3-way interaction, [F (1,16.3)=9.09, p=0.002]; Estimated Means and Standard

Errors.

b Sertraline matched with 5-HTTLPR SS/SL vs. DRD4 <7 or ≥ 7 repeat alleles for women;

Drinks per drinking day in 7-day period prior to first and third Alcohol Self-Administration
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Experiments; 3-way interaction, [F (1,16.3)=9.09, p=0.002]; Estimated Means and Standard

Errors.

c Ondansetron matched with 5-HTTLPR LL vs. DRD4 <7 or ≥ 7 repeat alleles for women;

milliliters consumed during first and third Alcohol Self-Administration Experiments; 3-way

interaction, F(1,33.2)=11.88, p = 0.002; Estimated Means and Standard Errors.

d Sertraline matched with 5-HTTLPR SS/SL vs. DRD4 <7 or ≥ 7 repeat alleles for women;

milliliters consumed during first and third Alcohol Self-Administration Experiments; 3-way

interaction, F(1,33.2)=11.88, p = 0.002; Estimated Means and Standard Errors.
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Table 1

Demographics of study participants

Main Trial
(N=77)

Exploratory
Study (n=49)

Age (years)

(M) 43.4 43.0

(SD) 10.4 11.2

Gender (%)

Women 35 39

Men 65 61

Ethnicity (%)

African-American 20.8 28.6

Hispanic 5.2 6.1

Asian 0 0

Caucasian 64.9 53.1

American Indian,
Hawaiian or Alaskan

1.3 2.0

Multiethnic 7.8 10.2

AUDIT Score (baseline)

(M) 16.2 16.0

(SD) 7.3 7.8

Drinks per Drinking Day (DDD;
28-day baseline)

(M) 12.9 12.3

(SD) 7.16 7.0
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