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Abstract

Objective—: The aim of this study was to identify gene variants of DAT1 (SLC6A3) that 

modulate subjective responses to acute cocaine exposure.

Methods—Non-treatment seeking volunteers with cocaine use disorders (CUDs) received a 

single bolus infusion of saline and cocaine (40 mg, IV) in randomized order. Subjective effects 

were assessed with visual analog scales administered before (-15 min) and up to 20 min after 

infusion. Subjective effects ratings were normalized to baseline and saline infusion values were 

subtracted. Data was analyzed using repeated measures ANOVA. DNA from subjects was 

genotyped for the DAT1 intron 8 (rs3836790) and 3’ UTR (rs28363170) variable number of 

tandem repeats.

Results—Participants were mostly male (~80%) and African American (~70%). No differences 

were found among drug use variables between groups for either polymorphism. Carriers of the 9-

allele of the DAT1 3’ UTR (9,9 and 9,10) (n = 24) exhibited greater responses to cocaine for 

“high”, “any drug effect”, “anxious”, and “stimulated” (all p-values < 0.001) compared to 

individuals homozygous for the 10-allele (n = 33). For the intron 8 polymorphism, individuals 

homozygous for the 6 allele exhibited greater responses for “anxious” than carriers of the 5 allele 

(p < 0.001). Individuals possessing the genotype pattern of 10,10 and at least one 5-allele reported 

lower responses to “good effects”, “bad effects”, “depressed”, and “anxious” (all p-values < 0.01).

Conclusions—The data presented here support the hypothesis that genetic differences of DAT1 

contribute to variation of subjective responses to cocaine among participants with CUDs.
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DSM-IV-TR diagnosis criteria for substance dependence has been shown to correlate with DSM-5 diagnostic criteria for use 
disorders, therefore we use DSM-5 nomenclature throughout this manuscript for consistency purposes [1]

HHS Public Access
Author manuscript
Pharmacogenet Genomics. Author manuscript; available in PMC 2016 June 01.

Published in final edited form as:
Pharmacogenet Genomics. 2015 June ; 25(6): 296–304. doi:10.1097/FPC.0000000000000137.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

cocaine use disorder; dopamine; genetics

INTRODUCTION

According to the 2012 National Survey on Drug Use and Health, approximately 1.6 million 

Americans over the age of 12 have used cocaine in the past month [2]. Approximately 

639,000 Americans (nearly 1,800 per day) older than 12 tried cocaine for the first time in 

2012. Nearly 16% of Americans between the ages of 12 and 17 (approximately 1 out of 

every 6) reported that cocaine would be easily obtainable for them. Of all illicit drugs, 

cocaine only trailed marijuana and prescription drugs as having the highest level of past-year 

dependence, with 1.1 million individuals with cocaine use disorders (CUDs).

CUD is also problematic because individuals that use and abuse cocaine are also frequently 

users of other addictive drugs, such as marijuana, alcohol, and nicotine [3-5]. For example, 

estimates vary, but nearly 70-80% of individuals that use cocaine also smoke cigarettes 

[6-11]. The sequelae of comorbid cocaine and other substance use are beyond the scope of 

this paper, but are mentioned to highlight the complexities of CUDs.

The dopamine transporter (DAT) is primarily located in presynaptic nerve terminals and is 

the principal element responsible for the reuptake of dopamine (DA) from the synaptic cleft. 

Thus, it is essential for dopaminergic signaling and mediating DA levels within brain 

synapses. DAT is also a target of stimulant drugs, including cocaine. Cocaine binds to the 

DAT and inhibits the reuptake of DA, leading to an excess of DA within the synaptic cleft 

[12]. This excess DA present within the cleft can then lead to enhanced stimulation of 

downstream DA receptors.

It has been known for over 25 years that the DAT is important for the subjective and 

physiological effects produced by cocaine. It was reported that dopamine transport 

inhibition was likely responsible for the reinforcing effects of cocaine [13]. The DAT is 

encoded by the DAT1 gene. The DAT is essential for DA neurotransmission as stimulants 

such as cocaine and methamphetamine have no effect when in DAT1 (also referred to as 

SLC6A3) knock-out mice [14]. Two of the most common variable number of tandem repeats 

(VNTR) polymorphisms in DAT1 are found within the 3’-untranslated region (UTR) 

(rs28363170) and intron 8 (rs3836790). The 9- and 10-alleles are the most common alleles 

of the 40 bp 3’ UTR VNTR polymorphism and the 5- and 6-alleles are the most common 

alleles of the intron 8 polymorphism [15]. In cellular assays using transfected reporter 

constructs, the 6-repeat allele had lower basal activity, and had lower expression in the 

presence of cocaine, yet higher expression in the presence of KCl or KCl/forskolin than did 

the 5-repeat allele [16]. In postmortem midbrain, the 6-repeat allele had higher transcript 

levels [17]. When the DAT1 3’ UTR VNTR was examined in cellular transfection assays, 

the 10-repeat allele of the 3’ UTR VNTR had higher expression than the 9-repeat allele of 

SLC6A3 did [18-19], and a study using CHO cells reported that the 3’ UTR VNTR did not 

appear to have a statistically significant effect on DAT1 expression [20]. In contrast, in 

human studies, carriers of the 9-repeat allele had higher striatal DAT availability than did 
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10-repeat homozygous individuals [21]. Regarding the 3’ UTR VNTR, a new report 

published very recently seems to suggest however that it is indeed the 9-repeat allele that 

leads to increased DAT expression and binding [22].

Genetic differences within DAT1 have also been investigated for their relation to subjective 

effects of other stimulants as well. Two studies examined the effect DAT1 3’ UTR VNTR 

genotypes had on subjective effects after exposure to d-amphetamine (which is also known 

to evoke extracellular DA release) [23]. In the first study, individuals who consumed d-

amphetamine (0, 10, or 20 mg, p.o.) were monitored for subjective and physiological 

responses for up to 3 hours. Individuals homozygous for the 9-repeat allele were observed to 

have reduced subjective responses to d-amphetamine, particularly for adjectives such as 

“feel drug” and “high” compared to volunteers who had either the 9,10 or 10,10 repeat [24]. 

The second study used a similar design, but investigated four additional polymorphisms in 

DAT1. In this study, individuals possessing the C-C genotype at rs460000 demonstrated a 

dose-dependent increase in responsiveness to d-amphetamine compared to the other 

genotype groups [25], although the authors later reported a failure to replicate those findings 

[26]. A report investigating the effect of DAT1 genotype on response to smoking cues found 

that individuals with a 9-allele had a greater brain and behavioral response to cigarette 

smoking cues than individuals homozygous for the 10-allele [27]. Last, a study investigated 

the effect of DAT1 genotype on response to methylphenidate in children with ADHD as 

measured by tests of ADHD symptoms [28]. The report found that individuals homozygous 

for the 9-allele did not appear to improve ADHD symptoms despite increasing doses of 

methylphenidate, further demonstrating that DAT1 genotypes may influence the subjective 

response to stimulants. To date, however, no studies have been published investigating the 

effect of DAT1 polymorphisms on subjective effects following acute exposure to cocaine.

It would be useful to identify a therapeutic agent that could eliminate or reduce CUD. 

However, individuals with CUDs are not members of a homogeneous population. It has 

been reported that 27-36% of the variance of cocaine use could be accounted for by genetic 

factors [29-30]. The consensus of the literature appears to be that individuals who carry the 

3’ UTR 9-repeat allele have higher DAT binding than their counterparts. This implies 

greater clearance of extracellular DA, lower extracellular DA concentrations, and 

subsequently reduced downstream DA signaling. In lieu of this, we hypothesized that 

participants carrying 9-repeat alleles would have lower positive and lower negative 

subjective responses to cocaine than the 10,10 homozygous participants. We also 

hypothesized that participants carrying a 5-repeat allele of the intron 8 polymorphism would 

have lower positive and lower negative subjective responses to cocaine than the 6,6 

homozygous participants. To test these hypotheses, we enrolled several participants into one 

of several ongoing studies where they received an acute infusion of cocaine and were then 

asked to complete a subjective effects questionnaire and have their blood pressure and heart 

rate monitored. These individuals were then genotyped and examined for differences in their 

subjective responses based on their DAT1 genotypes.
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METHODS

Participants

Data for this study was collected between March 2010 and January 2013 as part of the 

Stimulant Addiction Research Program at Baylor College of Medicine (BCM) and the 

Michael E. DeBakey Veterans’ Affairs Medical Center (MEDVAMC), located in Houston, 

TX. Participants were recruited from the local area through print and radio advertisements, 

as well as word of mouth from past participants. All potential participants were screened by 

telephone to ensure basic eligibility, and those eligible volunteers were brought into the 

Research Commons of the MEDVAMC to complete an in-person screen. Basic eligibility 

criteria included age between 18-55 years, being currently non-treatment-seeking, no other 

substance use disorders except cocaine and nicotine, and for women, a negative pregnancy 

test. All participants met Diagnostic and Statistical Manual of Mental Disorders, Fifth 

Edition (DSM-V) criteria for CUDs, and had a history of using cocaine either via smoking 

or intravenously. During the in-person screen, participants were allowed to read, ask 

questions about, and then sign the informed consent document. The study was sponsored by 

the National Institute on Drug Abuse, and approved by the BCM IRB and the Research and 

Development Committee of the MEDVAMC. Participants were compensated with a $40 

(USD) gift card for the in-person screen and $50 cash for each inpatient day of the protocol. 

Participants received a double blind infusion of cocaine (40 mg, I.V.) or saline, in 

randomized order during the same day at 10 AM and 2 PM. The infusion was continuously 

delivered over a period of 2 minutes, and subjective effects of cocaine were recorded along 

with heart rate, systolic, and diastolic blood pressure.

Subjective Effects

To assess the subjective effects produced by the infusions of cocaine, participants answered 

a visual analog scale (VAS), which consisted of 10 questions rated from 0 (no effect at all) 

to 100 (greatest effect possible) in increments of 10, plus an additional item rating the 

monetary value (USD) of the infusion. Participants completed a baseline VAS 15 minutes 

prior to each infusion, and every 5 minutes post infusion up to 20 minutes. Participants were 

asked if they felt: “any drug effect”, “high”, “good effects”, “bad effects”, “like infusion”, 

“desire cocaine”, “depressed”, “anxious”, “stimulated”, and “ likeliness to use cocaine if it 

was accessible”. Cardiovascular data including heart rate, systolic and diastolic blood 

pressure were also recorded at the same time points.

Genotyping and statistical analyses

DNA was purified from blood samples as previously described [31]. Genotypes were 

determined by an investigator unaware of the physiological or subjective data collected from 

the participant. The DAT1 40 bp VNTR polymorphism was genotyped in a multiplex assay 

along with the DAT1 Int8 and the serotonin transporter (SLC6A4) STin2 repeats using PCR 

to determine the number of repeats of each allele. PCR amplification of genomic DNA was 

performed using the DAT1 40 bp repeat primers 5′-AGCTCAGGCTACTGCCACTC-3′ and 

5′-GCCAGGCAGAGTGTGGTCTG-3′, the DAT1 Int8 primers 5′-

ATGTGTTCTTGCATGTATGAGTTTG-3′ and 5′-

GCAGAAACAAGGAGGAGCAGGA-3′, and the SLC6A4 STin2 primers [32] 5′-
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GGGCAATGTCTGGCGCTTCCCCTACATA-3′ and 5′-

TTCTGGCCTCTCAAGAGGACCTACAGC-3′. Amplifications were performed with 100 

ng genomic DNA, 1 μM of each primer, 250 μM each of dATP, dCTP, dGTP, and dTTP, 50 

mM KCl, 0.5 units Platinum Taq DNA Polymerase High Fidelity (Invitrogen, Carlsbad, 

CA), and 10 mM Tris-HCl (pH 8.3) in 25 μL. Samples were amplified at 95°C for 5 

minutes, followed by 25 cycles of 95°C for 30 seconds, 60°C for 30 seconds, and 72°C for 

30 seconds, with a final extension step of 72°C for 7 minutes. Size of the DNA fragments 

was determined by electrophoresis in a 4-20% polyacrylamide TBE gel. PCR amplification 

of the DAT1 40-bp repeat can yield fragment sizes ranging from 208 bp (3 repeats) to 528 bp 

(11 repeats), with only the 3 (208 bp), 8 (408 bp), 9 (448 bp), and 10 (488 bp) repeat 

polymorphisms being observed in our cohort. The gender of each subject was confirmed by 

a PCR assay of the sex-determining region gene on the Y chromosome and population 

substructure was determined using Taqman® single nucleotide polymorphism genotyping of 

ten ancestry informative markers (AIMs), as previously described [33]. Briefly, AIM data 

from our cohort was compared against that of the CEPH-HGDP samples (1,035 subjects of 

51 populations).

A repeated measures analysis of variance (ANOVA) was used to analyze the subjective 

effects scores over time for each subject. Subjective effects values after each session were 

normalized to baseline, and then values from the saline sessions (0 mg cocaine) were 

subtracted from the active sessions (40 mg cocaine) to produce the final subjective effects 

scores. Values were corrected by subtracting the baseline (-15 minute time point) from each 

time point (5, 10, 15, and 20 minutes) to yield subjective effect scores. Covariates included 

in the statistical model were gender, age, and population structure. Individuals possessing a 

3-, 7-, 8-, or 11-repeat were omitted from our analyses. The allele frequency distribution of 

these alleles is shown in Table 1. We independently compared the DAT1 40 bp 3’ UTR 

VNTR genotype (0=10,10 genotype, 1 = 9,9/9,10 genotypes) and the intron 8 genotype 

(0=6,6 genotype, 1 = 5,5/5,6 genotypes) and interactions between genotypes and time. Data 

from the genotype groups over time were analyzed to determine if the subjective effect 

scores were moderated by the DAT1 variants using R version 2.9.1. [34]. The Bonferroni 

correction was applied to correct for multiple testing for 10 adjectives and to evaluate 

experiment-wise significance. We calculated effect size as a partial eta-squared statistic 

using condition or SNP variance over residual variance.

RESULTS AND DISCUSSION

Linkage disequilibrium (LD) analyses

LD analysis revealed that in the racial subgroup with the most subjects, the African 

Americans (n = 48), the DAT1 intron 8 (rs3836790) and 3’ UTR (rs28363170) VNTRs are 

in low LD where D′ = 0.32 (r2 = 0.02). The frequency of distribution of participants among 

the genotype groups varies and is as follows: DAT1 intron 8 (rs3836790) 5,5 = 0.18, 5,6 = 

0.55, and 6,6 = 0.27, and 3′ UTR (rs28363170) 9,9 = 0.06, 9,10 = 0.30, 10,10 = 0.50, and 

other = 0.14.
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DAT1 3’ UTR VNTR

No significant differences were observed among demographic variables between the two 

groups. For the VAS adjective of “high”, individuals with 9,9 or 9,10 genotype, in 

comparison to individuals with 10,10 genotype, reported significantly greater responses for 

cocaine across the time course. There were significant main effects of genotype (F(1,219) = 

15.20, p < 0.01, d = 0.0463) and time (F(1,219) = 19.78, p < 0.0001, d = 0.0911), but the 

interaction term was not significant (p > 0.05). The peak difference (largest difference 

between groups at any time point) between groups occurred at 10 minutes, where 

individuals with 9,9 or 9,10 genotype reported change from baseline scores of (mean ± 

s.e.m.) 68.33 ± 4.43, compared to 44.52 ± 4.41 for individuals with 10,10 genotype (Figure 
1a).

For the VAS adjective of “any drug effect”, individuals with 9,9 or 9,10 genotype, in 

comparison to individuals with 10,10 genotype, reported significantly greater responses for 

cocaine across the time course. There were significant main effects of genotype (F(1,219) = 

13.68, p < 0.001, d = 0.063) and time (F(1,219) = 22.74, p < 0.0001, d = 0.105), but the 

interaction term was not significant (p > 0.05). The peak difference between groups occurred 

at 10 minutes, where individuals with 9,9 or 9,10 genotype reported change from baseline 

scores of 72.5 ± 3.91, compared to 48.18 ± 4.78 for individuals with 10,10 genotype (Figure 
1b).

For the VAS adjective of “stimulated”, individuals with 9,9 or 9,10 genotype, in comparison 

to individuals with 10,10 genotype, reported significantly greater responses for cocaine 

across the time course. There were significant main effects of genotype (F(1,219) = 15.52, p < 

0.001, d = 0.0715) and time (F(1,219) = 12.44, p < 0.001, d = 0.0573), but the interaction 

term was not significant (p > 0.05). The peak difference between groups occurred at 5 

minutes, where individuals with 9,9 or 9,10 genotype reported change from baseline scores 

of 62.92 ± 6.01, compared to 46.45 ± 5.54 for individuals with 10,10 genotype (Figure 1c).

For the VAS adjective of “anxious”, individuals with 9,9 or 9,10 genotype, in comparison to 

individuals with 10,10 genotype, reported significantly greater responses for cocaine across 

the time course. There were significant main effects of genotype (F(1,219) = 11.81, p < 0.001, 

d = 0.0044) but not time nor interaction (all p-values > 0.05). The peak difference between 

groups occurred at 5 minutes, where individuals with 9,9 or 9,10 genotype reported change 

from baseline scores of 37.08 ± 4.78, compared to 16.52 ± 5.97 for individuals with 10,10 

genotype (Figure 1d).

No significant differences were observed for any other VAS adjectives (all p-values > 0.05).

DAT1 Intron 8—Significant differences between individuals with 5,5 or 5,6 genotype and 

those with 6,6 genotype were observed for race (p < 0.01), ethnicity (p < 0.05), and years of 

education ( p < 0.05). Race differences were accounted for in the genetic analyses.

For the VAS adjective of “anxious”, individuals with 6,6 genotype, in comparison to 

individuals with 5,5 or 5,6 genotype, reported significantly greater responses for cocaine 

across the time course. There was a significant main effect of genotype (F(1,255) = 14.55, p < 
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0.001, d = 0.0575) but not time nor interaction (all p-values > 0.05). The peak difference 

between groups occurred at 20 minutes, where individuals with 6,6 genotype reported 

change from baseline scores of 37.89 ± 5.20, compared to 14.25 ± 4.27 for individuals with 

5,5 or 5,6 genotype.

Subjective effects in African Americans: 3’ UTR VNTR and intron 8 genotypes

We analyzed the data by self-reported ethnicity to investigate if there were subjective effects 

within individual ethnic groups without correcting for population structure. The only group 

large enough for such analysis was the African Americans (n ≥ 40 for both variants). These 

analyses showed results similar to the previous analyses that were corrected for population 

structure. In particular, the analyses for the African American group for the DAT1 3’ UTR 

variant either remained significant (“stimulated” (F(1,149) = 8.909, p < 0.01) and “anxious” 

(F(1,149) = 8.537, p < 0.01)), or trended towards significance, (“high” (F(1,149) = 2.211, p = 

0.1392) and “any drug effect” (F(1,149) = 2.528, p = 0.1139)). For the intron 8 variant, 

“anxious” remained significant (F(1,181) = 22.268, p < 0.001). This demonstrated that the 

genotypes in DAT1 3’ UTR and intron 8 polymorphisms showed differences or trended 

towards differences, in “stimulated”, “anxious”, “high”, “any drug effect”, and “anxious”, 

respectively. Therefore, the results with the subset of African Americans only reveal that it 

is unlikely that the results with the total cohort were due to population stratification.

Genotype Pattern Analysis

The subjective effect of “anxious” was found to be statistically significant for both the 3’ 

UTR and intron 8 variants, so on this basis an analysis of genotype patterns was conducted. 

Individuals with the lower response in both sets of groups (individuals possessing the 10,10 

genotype of the 3’ UTR polymorphism and at least one 5-allele of the intron 8 

polymorphism) were compared against all other genotypes (Figure 3). For the VAS 

adjective “anxious”, individuals with this genotype pattern reported a significantly lower 

response to cocaine across the time course than their cohorts. There was a significant effect 

of genotype pattern (F(1,217) = 21.077, p < 0.0001), but not time nor interaction (all p-values 

> 0.05). There were also significant differences for three other VAS adjectives between 

these groups. In each case, individuals possessing the genotype pattern of 10,10 and at least 

one 5-allele reported significantly lower responses to cocaine than their cohorts. For the 

VAS adjective “good effect”, there was a significant effect of genotype pattern (F(1,217) = 

10.128, p < 0.01), but not time nor interaction (all p-values > 0.05). For the VAS adjective 

“bad effect”, there was a significant effect of genotype pattern (F(1,217) = 12.126, p < 0.001), 

but not time nor interaction (all p-values > 0.05). For the VAS adjective “depressed”, there 

was a significant effect of genotype pattern (F(1,217) = 14.955, p < 0.01), but not time nor 

interaction (all p-values > 0.05).

The data in this report demonstrate that genetic differences within DAT1 can lead to distinct 

subjective responses to cocaine in individuals with CUDs. In this report, individuals with the 

DAT1 3’ UTR 40-bp VNTR 9,9 or 9,10 genotype exhibited significantly higher subjective 

responses to cocaine for multiple VAS adjectives compared to those with the 10,10 

genotype. In addition, individuals with the intron 8 30-bp VNTR 6,6 genotype exhibited a 

higher subjective response to cocaine for the VAS adjective “anxious” compared to 
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individuals possessing a 5-allele, although this may have been influenced by differences in 

race, ethnicity, or years of education. Last, individuals possessing the genotype pattern of 

10,10 for the 3’ UTR polymorphism and at least one 5-allele of the intron 8 polymorphism 

displayed decreased subjective responses to acute cocaine than their cohorts.

Individuals reported significantly higher ratings for “high”, “stimulated”, and “any drug 

effect”, subjective ratings of cocaine that are generally considered to be “good” or “positive” 

subjective effects of cocaine, as well as a higher rating of “anxious”, which is generally 

considered to be a “bad” or “negative” subjective effect of cocaine. The ratings for these 

three positive subjective effects were all similar. As for the intron 8 polymorphism, an 

opposite pattern emerged. No positive subjective effects emerged with significant 

differences, but once again, a negative subjective effect, “anxious”, did emerge with 

significant differences. These results are somewhat consistent with a report that investigated 

the effect of SLC6A3 genotype, in combination with recent cocaine use, on cocaine cue 

reactivity [35]. These researchers compared individuals with CUDs (n = 73) against 

otherwise healthy individuals without CUDs (n = 47). The individuals with CUDs were 

further subdivided into individuals who had recently used cocaine (within 72 hours of the 

study) against those who had not. Then, a battery of four tests (event-related potentials, 

fMRI drug-word task, picture rating, and picture choosing) were administered to the three 

groups (cocaine-positive, cocaine-negative, and non-cocaine-using), and the results were 

analyzed in light of the individuals with the 10,10 genotype compared to those possessing a 

9-allele. The authors reported that across the four tests, individuals that possessed a 9-allele 

were more reactive to cocaine cues than individuals with the 10,10 genotype, but only for 

individuals that had recently used cocaine prior to entry into the study. These results are 

aligned with the results of the present study, however. The results of this study and the 

previously mentioned study also may indicate that individuals possessing a 9-repeat allele 

may be more vulnerable to relapse than individuals homozygous for the 10-repeat allele.

The functional effect of genotype of the 3’ UTR VNTR and the intron 8 polymorphism on 

DAT continues to be controversial. One recent report found that both polymorphisms 

significantly affected striatal DAT density [36]. In this report, the investigators used positron 

emission tomography and a racially diverse sample to conclude that both polymorphisms, 

individually and together as a haplotype, influenced DAT levels. Specifically, they observed 

that the 9-repeat allele appeared to have an additive effect (i.e. 10,10 vs. 9,10 vs. 9,9) on 

DAT density, whereas the presence of a 5-repeat of the intron 8 polymorphism yielded 

higher levels than being homozygous for the 6-repeat. A more recent report found that 

genotype of the 3’ UTR VNTR but not intron 8 genotype was associated with increased 

striatal (caudate) DAT binding [37], although the authors did also report a small sample size 

with their intron 8 data. However, for the 3’ UTR VNTR at least, a consensus appears to be 

developing that the 9-repeat allele leads to increased DAT [22].

The 3’ UTR VNTR may be the more interesting of the two polymorphisms as more research 

and more significant findings have been published on this variant compared to the intron 8 

polymorphism. These results are not intended to imply causation, but potential hypotheses to 

explain the results may include withdrawal [35] and/or drug priming [38]. Briefly, previous 

literature has reported that individuals with CUDs in various stages of withdrawal have 
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displayed decreased striatal DA activity [39] and decreases in non-stimulated DA release 

[40]. This state of dysfunction in individuals possessing 9-repeat alleles could be heightened 

in these individuals (because of reduced tonic activity associated with the allele). Lower 

tonic DA levels could be expected to increase phasic DA levels upon conditioned cues [41], 

or in this case, the initial bolus of cocaine, especially within a state of withdrawal [37]. It 

should be noted that all individuals must test negative for cocaine upon entry into any of our 

studies, meaning they should likely be in some state of withdrawal prior to receiving cocaine 

in our laboratory. An alternate, but less likely potential mechanism for the observed effects 

of the 9-repeat allele, could be the phenomenon of drug priming, wherein exposure to an 

addictive drug after a period of abstinence leads to increased craving and usage [38]. 

However, this is a less likely potential mechanism as recent cocaine use (as verified by a 

positive test during screening) is an inclusion criterion for entry into all of our research 

studies.

Although it remains unclear as to which allele (9-repeat vs. 10-repeat) leads to increased 

DAT production, more evidence suggests that these polymorphisms are indeed functional. It 

has been reported that the 9-allele decreases tonic and increases phasic DA firing [21]. Two 

more studies (which both report that the 9-repeat allele leads to decreased DAT product) 

also suggest that this polymorphism may be functional. In the first, carriers of the 9-allele 

were observed to have significantly different blood-oxygen-level-dependent responses than 

individuals homozygous for the 10-repeat (in otherwise healthy individuals without drug use 

disorders) within the caudate nucleus and ventral striatum during reward anticipation, and 

within the lateral prefrontal cortex and midbrain during reward delivery [39]. In the second 

report, it was observed that the presence of the 9-repeat allele predicted approximately 10% 

of inter-individual variability in reward-related ventral striatum reactivity associated with 

self-reported impulsivity in individuals [40]. Again, these reports indicate that being 

homozygous for the 10-repeat allele may be considered somewhat protective of the 

subjective effects produced by acute cocaine exposure.

Some limitations of the current study should be considered. First, it may have been useful to 

compare a cohort of 9,9 individuals against 9,10 or 10,10 individuals. However, this 

genotype is rare, and in the present report, only 4 individuals out of 66 that were genotyped 

possessed both alleles. Traditionally, most researchers combine these individuals with 9,10 

individuals, and compare this group to 10,10 individuals, an approach we have also taken 

here [41-42]. It is also worthwhile to note that despite our best efforts to recruit as 

heterogeneous of a sample as possible, that our sample was largely male and African 

American; however, given the demographics of our location, this is common for us. A 

similar report to this one began with intentionally using a racially homogeneous sample 

[21], which may be helpful in determining effects of genotype on subjective response to 

cocaine before expanding into more diverse populations. Last, it may have been more 

informative to evaluate the effects of genotype on responses to multiple doses of cocaine. 

Although 40 mg is a moderate dose that most cocaine users respond to in our laboratory 

[43], most cocaine users in our studies have historically used nearly 2 grams/day. Testing 

multiple doses or higher doses of cocaine may provide even more information, yet this raises 

possible safety concerns with the Institutional Review Board.
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CONCLUSION

In conclusion, we have shown for the first time that polymorphisms present within DAT1 

can lead to significant differences in subjective effects and physiological measures after 

acute administration of cocaine in the laboratory setting. The difference in subjective effects 

in response to cocaine administration may be related to the polymorphisms’ apparent ability 

to influence protein levels of DAT, although it is not unequivocal as to which allele leads to 

increased levels, or how this occurs. These results do suggest that the presence of the 9-

allele within SLC6A3 may indicate vulnerability to the positive subjective effects produced 

by cocaine and may shed light on individual differences in subjective effects.
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Figure 1. 
Difference in scores between 10,10 and 9,9/9,10 individuals from the 3′ UTR sample, all 

plots. Data points indicate mean, and error bars indicate standard error of mean
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Figure 2. 
“Anxious” scores between 6,6 and 5,5/5,6 individuals from the intron 8 sample. Data points 

indicate mean, and error bars indicate standard error of mean
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Figure 3. 
Significant differences among subjective effects between groups after genotype pattern 

analysis. Individuals possessing DAT1 intron 8 5,5 or 5,6 and 3’ UTR 10,10 genotype are 

compared vs. all other genotypes. Data points indicate mean, and error bars indicate 

standard error of mean
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Table 1

Genotypes of DAT1 3' UTR VNTR Sample

Race

African American Caucasian Other Total

Genotype 3,9 1 0 0 1

3,10 2 0 0 2

7,10 2 0 1 3

8,10 2 0 0 2

9,9 3 1 0 4

9,10 13 5 2 20

10,10 24 8 1 33

9,11 1 0 0 1
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Table 2

Genotypes of DAT1 Intron 8 VNTR Sample

Race

African American Caucasian Mixed Race Total

Genotype 5,5 12 0 0 12

5,6 28 6 2 36

6,6 8 8 2 18
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