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Abstract

Individuals addicted to most chemical substances present with hypoactive dopaminergic systems 

as well as altered prefrontal white matter structure. Prefrontal dopaminergic tone is under genetic 

control and is influenced by and modulates descending cortico-striatal glutamatergic pathways 

that in turn, regulate striatal dopamine release. The catechol-O-methyltransferase (COMT) gene 

contains an evolutionarily recent and common functional variant at codon 108/158 (rs4680) 

that plays an important role in modulating prefrontal dopaminergic tone. To determine if the 

COMT val158met genotype influences white matter integrity (i.e., fractional anisotropy (FA)) in 

substance users, 126 healthy controls and 146 substance users underwent genotyping and magnetic 

resonance imaging. A general linear model with two between-subjects factors (COMT genotype 

and addiction status) was performed using whole brain diffusion tensor imaging (DTI) to assess 

FA. A significant Genotype×Drug Use status interaction was found in the left prefrontal cortex. 

Post-hoc analysis showed reduced prefrontal FA only in Met/Met homozygotes who were also 

drug users. These data suggest that Met/Met homozygous individuals, in the context of addiction, 

have increased susceptibility to white matter structural alterations, which might contribute to 

previously identified structural and functional prefrontal cortical deficits in addiction.
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Introduction

Drug dependent individuals, regardless of their drug of choice, have marked decreases in 

striatal dopamine (DA) D2 receptors and attenuated striatal DA release (Volkow et al., 2001; 

Volkow et al., 2005; Volkow et al., 2007). This alteration in DA signaling, in addition to 

predicting relapse (Wang et al., in press), is associated with reduced metabolism in several 

frontal cortical areas including orbitofrontal, cingulate and dorsolateral prefrontal cortices 

(Volkow et al., 2009). These regions support behavioral and cognitive functions that are 

disrupted in addiction, including emotional regulation, self-control and executive function, 

respectively (Volkow et al., 2009). Dysregulated neuronal processing in these areas may 

thus contribute to compulsive, impulsive and impaired action regulation behaviors that 

characterize the addiction phenotype (Volkow et al., 2009; Volkow et al., 2005).

In addition to these DA-associated prefrontal functional changes, structural changes in 

prefrontal cortex (PFC) have also been found in drug-dependent individuals. For example, 

reduction in frontal grey matter volume is seen in cocaine dependent subjects (Matochik 

et al., 2003) that is inversely proportional to deficits in executive functioning (Fein et al., 

2002; Franklin et al., 2002). Zhang et al. (2011) found reduced PFC gray matter density in 

smokers, with this reduction inversely related to the total lifetime cigarette use. They also 

reported a reduction in prefrontal white matter (WM) integrity that was negatively correlated 

with nicotine addiction severity as measured by the Fagerstrom index (FTND). Finally, Liu 

et al (2008) reported reduced medial frontal FA that correlated with months of heroin use. 

That these WM structural alterations may have functional significance is suggested by a 

recent study showing that the P3 event-related potential during a go/nogo task in alcoholics 

predicts FA in the bilateral cingulate bundle (Colrain et al., 2011).

Of course, both structural and functional alterations found in drug users may be either 

a consequence of or a cause for chronic drug use. Other factors not considered in 

the above studies, such as an individual’s genetic background, may amplify or protect 

against the effects of chronic drug exposure on brain structure and function. One such 

potential genetic polymorphism is the relatively common COMT val158met gene, a major 

determinate of dopaminergic tone in the brain, particularly in the PFC where the DA 

transporter is particularly sparse (Garris and Wightman, 1994). A valine (val) to methionine 

(met) substitution in a coding region of COMT is associated with a greater than two-fold 

decrease in COMT enzyme activity and DA catabolism (Chen et al., 2004; Lachman et 

al., 1996; Lotta et al., 1995) such that the Met allele confers a relative increase in local 

DA concentration (Tunbridge et al., 2004), especially in the PFC. Such elevated DA tone 

associated with the Met allele has been shown to confer an advantage for tasks involving 

sustained attention and memory and in contrast, a disadvantage for tasks involving cognitive 

flexibility (Bilder et al., 2004).

Dopamine also influences structural development of the PFC (Bhide, 2009). Indeed, 

COMTVal158Met, as a surrogate measure of prefrontal DA levels, has been shown to 

affect prefrontal WM pathways (Thomason et al., 2010), such that the Val allele, conferring 

low prefrontal dopaminergic tone, is associated with significantly elevated FA values and 
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attenuated cortical thinning in a longitudinal study of children and young adults, suggesting 

a role for DA in myelination development (Bongarzone et al., 1998; Karadottir and Attwell, 

2007).

Fractional anisotropy (FA), an MRI based metric of WM pathway microstructure integrity 

measured using diffusion tensor imaging (DTI), is based on the degree to which water 

preferentially diffuses along WM tracts (Basser, 1995). Higher FA is generally associated 

with developmental advancement (Barnea-Goraly et al., 2005; Eluvathingal et al., 2007; 

Lebel et al., 2008; McGraw et al., 2002; Morriss et al., 1999; Sakuma et al., 1991; 

Schneider et al., 2004; Snook et al., 2005), in part due to enhanced myelination during 

development. Indeed, myelination is thought to be one factor contributing to WM tract 

coherence measures (Mori and Zhang, 2006). Critically, with respect to the current study, in 
vitro data suggests that high levels of DA can inhibit myelination (Bongarzone et al., 1998; 

Karadottir and Attwell, 2007). In humans, Val homozygotes, i.e. those with the lowest levels 

of prefrontal DA, also exhibit the highest FA (Thomason et al., 2010).

Since WM structural differences resulting from genetically determined neurotransmitter 

(and other) microenvironments are antecedent to any structural or functional alterations 

that might occur in the context of substance use environmental factors, we investigated the 

interaction between prefrontal DA (as inferred by the COMT Val158Met polymorphism) 

and substance abuse on WM structural integrity. Met allele carriers show higher levels of 

prefrontal DA than Val allele carriers (Tunbridge et al., 2004); chronic drug users show 

reduced D1 receptor availability (Narendran et al., 2005) and reduced striatal D2 availability 

(Fehr et al., 2008). We, therefore, hypothesized that previously observed effects of reduced 

prefrontal FA in substance users (Liu et al., 2008; Zhang et al., 2011) will be amplified in 

Met allele carriers whose elevated DA tone (Turnbridge et al 2004) reduces WM integrity by 

impacting myelination (Bongarzone et al., 1998; Karadottir and Attwell, 2007). In addition, 

we hypothesized that WM integrity will be reduced in Val/Val homozygote drug users (vs. 

controls), though less so compared to the other two gene groups.

Methods and Materials

Participants:

Data were collected from 126 healthy controls and 146 drug users. The genotype 

distribution included 51 Met/Met homozygotes, 139 Met/Val heterozygotes, and 82 Val/Val 

homozygotes (see demographic details in Table 1 and Table S1 and S2 in supplementary 

materials), which was consistent with Hardy-Weinberg Equilibrium (X2=0.34, p=0.56). The 

drug-user group was assessed by the Structured Clinical Interview for DSM-IV (SCID), 

computerized self-report version, with follow-up clinical interview. Subjects in the drug-user 

group met DSM-IV abuse or dependence criteria for at least one of the following substances: 

nicotine (≥ 10 cigarettes per day or nicotine dependence), alcohol, cocaine, marijuana, or 

heroin/opiates; the distribution of substance use did not differ across the COMT genotype 

(nicotine: χ2 =0.194, p=0.907; alcohol: χ2=1.565, p=0.457; cocaine: χ2=1.178, p=0.555; 

marijuana: χ2=0.513, p=0.774; heroin/opiates: χ2=1.801, p=0.406). Of the 146 drug users, 

30 used nicotine only and 90 used both nicotine and at least one other drug. The remaining 

26 were nonsmoking illicit drug users. Participants in the control group had no history of 
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abuse or dependence on any substance ever in their lifetime and were not former smokers. 

Data for total years of exposure to drug of choice was available for 141 out of 146 drug 

users. FTND scores were available for 113 out of .120 cigarette smokers

Participants were recruited through newspaper advertisements, flyers, and referrals. After 

complete description of the study to the subjects, written informed consent was obtained 

from NIDA-IRP Institutional Review Board approved protocols. Screening procedures 

included a history and physical exam and a comprehensive laboratory panel (CBC, blood 

chemistries, liver function tests, thyroid function screening, erythrocyte sedimentation rate, 

HIV antibody, syphilis screening, urinalysis, pregnancy (females) and a comprehensive 

urine drug screen). Participants were excluded if they had any major medical, psychiatric 

or neurological disorders, were left-handed or if their T1 weighted images revealed gross 

structural abnormalities.

Data acquisition:

Experiments were performed on a Siemens 3T Allegra MRI scanner (Erlangen, Germany) 

at the NIDA-Intramural Research Program in Baltimore, MD. Subject head movement was 

minimized by use of foam padding and/or hardened polyurethane foam. A standard birdcage 

RF head coil was used to obtain whole-brain DTI using a single-shot, spin-echo echo-planar 

imaging technique (TR=5000ms, TE=87ms, BW=1700Hz/Pixel, FOV=220×220mm, matrix 

size=128×128, 35 slices, thickness=4mm, b value= 0 or 1000s/mm2). Thirteen unique 

volumes were collected to compute the tensor: a b=0s/mm2 image and 12 images with 

diffusion gradients applied in 12 non-collinear directions (Gx, Gy, Gz: [1.0, 0.0, 0.5], [0.0, 

0.5, 1.0], [0.5, 1.0, 0.0], [1.0, 0.5, 0.0], [0.0, 1.0, 0.5], [0.5, 0.0, 1.0], [1.0, 0.0, −0.5], [0.0, 

−0.5, 1.0], [−0.5, 1.0, 0.0], [1.0, −0.5, 0.0], [0.0, 1.0, −0.5], [−0.5, 0.0, 1.0]).

Genotyping:

Genomic DNA was isolated from blood using standard protocols. The COMT Val158Met 

(rs4680) functional polymorphism was genotyped on a custom-designed ‘addictions array’ 

using the Illumina GoldenGate platform (Hodgkinson et al., 2008). A total of 186 

ancestry informative markers (AIM) were genotyped in the study sample and in the 

HGDP-CEPH Human Genome Diversity Cell Line Panel (1051 individuals from 51 

worldwide populations) (http://www.cephb.fr/HGDP-CEPH-Panel). PHASE Structure 2.2 

(http://pritch.bsd.uchicago.edu/software.html) was run simultaneously using the AIM data 

from our sample and the 51 CEPH populations to identify population substructure and to 

compute individual ethnic factor scores. See Table 1 for AIM scores.

Data analysis

Participant characteristics: The seven AIM scores and age were not normally distributed in 

our study population (K-S test; p<0.05). Therefore, non-parametric Mann-Whitney (controls 

vs. drug users) and Kruskal-Wallis (3 genotypes: Met/Met, Met/Val, and Val/Val) tests were 

applied to age data and each of the AIM scores. Gender difference across gene groups and 

user groups was determined using a Chi-square test.
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DTI alignment: We employed “unbiased” tract-based spatial statistics (TBSS) (Smith et al., 

2006) with an implicit-reference based group-wise (IRG) registration method (Geng et al., 

2009). FA images were first estimated by fitting the raw diffusion data to a tensor model 

using AFNI (Cox, 1996) and calculated according to Pierpaoli et al. (1996). Then, FA 

datasets were simultaneously registered onto an unbiased reference with IRG registration, 

a nonlinear registration procedure. Compared with conventional methods, which register 

images to a template reference, the IRG registration eliminates the bias associated with 

reference selection and produces smaller registration errors (Geng et al., 2009). The 

reference was then converted into standard space using an affine registration method and 

the transferred parameters were applied to all data sets. FSL 4.0 (Smith et al., 2004) was 

used to create a mean FA skeleton (Smith et al., 2006), which represents the centers of all 

tracts common to the group. Each participant’s aligned FA data were then projected onto this 

skeleton. A flowchart of this DTI data alignment process is shown in Figure 1.

Whole brain analysis: Age, gender and genetic information (i.e., AIM scores) were first 

regressed out from the FA data using a non-parametric method (Quade, 1972). Then, a 

3 (GENOTYPE) x 2 (DRUG USE GROUP) ANOVA was performed on the residuals 

with permutation-based testing (Nichols and Holmes, 2002). Additionally, since 120 of the 

146 drug users were cigarette smokers, any association found between the COMT gene, 

addiction, and prefrontal WM may be driven solely by the cigarette smoking phenotype. 

Therefore, we also performed a separate 3 × 2 whole brain ANOVA in two sub-groups: 

smokers + other drug using smokers compared to controls, and nonsmoking drug users 

compared to controls. Whole brain comparisons between drug users and controls in each 

genotype group were applied to follow up on significant interactions. Significance was set to 

FWE corrected p < 0.05.

ROI analysis: Clusters showing a significant interaction or main effect in the total 

population, whole brain analysis, were set as regions of interest (ROI). Then, a Mann-

Whitney U test was applied between drug users’ and controls’ data in each genotype group. 

Because FA in the ROIs was not normally distributed (K-S test, Z=1.421, p=0.035), a log 

transform was performed, resulting in FA values in both ROIs to be normally distributed 

(K-S test, PFC 1: Z=0.561, p=0.911; PFC 2: Z=0.909, p=0.380). A partial correlation was 

then performed between participant characteristics, including FTND score and total years of 

exposure to drug of choice, and FA. Finally, we tested whether the GENOTYPE X FTND 

(or total years of drug use) interaction on FA in each ROI was significant.

Results

Participants’ characteristics

The drug user group was significantly older (34.43±9.53 vs. 30.29±8.42; mean±SD than the 

control cohort (Z=3.672, p<0.001) and had more males (98 vs. 63) (χ2=8.210, p=0.004). 

However, age (χ2=0.312, p=0.855) and gender (χ2=2.215, p=0.330) did not differ across 

COMT genotypes. The drug user group had a higher European AIM score compared to the 

control group (Z=2.190, p=0.029). No other significant AIM score differences were found 

between drug users and controls or across the three genotypes. As such, age, gender, and 

seven AIM scores were used as covariates in subsequent whole brain and ROI analyses.
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In our smoker sample, FTND showed a significant genotype effect (χ2=8.617, p=0.013), 

suggesting that FTND may be a highly heritable trait, which is consistent with previous 

studies (Feng et al., 2004; Kendler et al., 1999; Li, 2008; Vink et al., 2005). The Met/Met 

homozygotes showed significantly higher FTND scores (mean: 6.08, SD: 1.98) compared 

to the Met/Val heterozygotes (mean: 4.80, SD: 2.24; z=2.449, p=0.014) and Val/Val 

homozygotes (mean: 4.50, SD: 1.80; z=2.826, p=0.005). FTND score was not different 

between the Met/Val and Val/Val genotype groups (z=0.575, p=0.565). In contrast to FTND, 

total years of drug use did not show a significant genotype effect (χ2=0.098, p=0.952).

Whole Brain FA Analysis

Two WM regions demonstrated a significant GROUP x GENOTYPE interaction, both in the 

left PFC, specifically in anterior corona radiata (Figure 2A and B and Table 2). See also 

figure 4 showing the pattern of FA in drug users vs controls in each gene group. There 

were no significant WM regions showing a main effect of GENOTYPE or drug use GROUP 

status.

Since the majority of drug users in the cohort were cigarette smokers, we explored whether 

smoking alone could have driven the FA difference. As such, we performed separate whole 

brain analyses between controls and those drug users who smoked, and between controls 

and nonsmoking drug users. Intriguingly, each of the two PFC clusters identified in the 

above GROUP x GENOTYPE interaction were found in virtually the identical location 

when comparing just the smoking drug users and controls (Figure 2A) or nonsmoking drug 

abusers and controls (Figure 2B). The volume- corrected p value and the MNI coordinate of 

each WM cluster are listed in Table 2.

Post-hoc comparison between drug users and controls showed that only the Met/Met 

controls have significantly higher FA than the Met/Met drug users in both identified 

prefrontal ROIs (Figure 3). The location of these ROIs was very close to those showing 

significant GROUP x GENOTYPE interaction. Figure S1 illustrates several additional group 

differences in post-hoc comparison in the inferior and superior longitudinal fasciculus

ROI Analysis:

FTND score negatively predicted the two PFC FA alterations (Figure 5) such that greater 

nicotine addiction severity was associated with smaller FA (PFC 1: r[102]= −0.239, 

p=0.014; PFC 2: r[102]= −0.273, p=0.005). In contrast, total years of drug of choice 

exposure did not predict regional FA differences (PFC 1: r[130]=−0.123, p=0.159; PFC 

2: r[130]=−0.155, p=0.076).

Neither FTND score (PFC1: F=0.256, p=0.775; PFC2: F=1.086, p=0.342) nor total years 

of drug of choice exposure (PFC1: F=0.176, p=0.838; PFC2: F=1.466, p=0.235) showed a 

significant GENOTYPE X FTND (or total years of drug of choice exposure) interaction on 

FA in either ROI.
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Discussion

The results of this study support a genetic vulnerability in prefrontal white matter 

microstructure following the environmental exposure to and addiction from chronic drug 

use, i.e., we found a significant interaction between GENOTYPE and DRUG USE. 

Only those smoking and nonsmoking drug users homozygous for the Met allele of the 

COMTVal158Met polymorphism had a significant regionally decreased left hemisphere 

prefrontal FA pathway compared to controls; there was no significant group difference 

in Val/Val homozygotes or Val/Met heterozygotes. Since there was no main effect of 

GENOTYPE, the COMT polymorphism does not appear in and of itself to engender 

structural changes in WM, at least those that are detectable using DTI. Rather, these results 

suggest that the Met allele confers susceptibility to developing WM changes within the 

context of drug use.

That WM structure is susceptible to a gene x environment interaction is plausible, as it has 

been shown that WM continues to develop and change throughout the lifespan (Thomason 

and Thompson, 2011). Further, regional WM changes have been previously noted in chronic 

drug using populations (Liu et al., 2008; Pfefferbaum et al., 2000). For example, cocaine 

and methamphetamine dependent individuals demonstrate altered prefrontal WM structure 

compared to controls (Chung et al., 2007; Lim et al., 2002). Further, both Arnone et al 

(2008) and our group (Zhang et al., 2011) have reported lower prefrontal FA in chronic 

marijuana and cigarette smokers, respectively, while Liu et al., (2008) reported decreased 

medial frontal FA in heroin dependence that correlated with years of drug use.

Importantly, such structural brain changes appear to reflect functional alterations. For 

example, reductions in frontal FA are related to impairment in decision-making and 

treatment outcome in cocaine dependence (Lane et al., 2010; Xu et al., 2010). Further, 

performance on tests of attention, working memory and visuospatial ability in alcohol 

dependent individuals is related to the regional microstructural integrity of the corpus 

callosum genu, the area where prefrontal WM tracts interconnect the hemispheres 

(Pfefferbaum et al., 2000).

Just as substance use has been shown to impact WM structure and cognitive function, the 

effect of the COMT Val158Met polymorphism itself can alter cognitive processing over 

the developmental trajectory, such that the working memory capacity advantage for Met 

allele carriers becomes evident only after age 10 (Dumontheil et al., 2011). White matter 

FA increases linearly over the first three decades of life then gradually declines with age, 

with the PFC being the latest brain region to develop (Thomason and Thompson, 2011). 

Given the effect of dopaminergic tone on myelination (Bongarzone et al., 1998; Karadottir 

and Attwell, 2007), it seems plausible that WM integrity in those with certain genetic 

polymorphisms, i.e. Met/Met homozygotes, may be uniquely susceptible, perhaps at certain 

critical points in development, to the profound changes in DA signaling that are known to 

occur in substance dependence (Volkow et al., 2009).

Might there be some vulnerability at the cellular level to changes in DA signaling in 

Met/Met homozygotes that is not apparent as a genetic effect alone, but that emerges with 
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the onset of substance use wherein drug-induced changes in DA together with genetically-

determined DAergic tone combine to perturb WM structure? Indeed, the PFC, the loci of 

our GENE x DRUG GROUP interaction, is where the COMT Val158Met polymorphism 

is thought to exert its major functional effect. Thus, it would seem plausible to find a 

relationship between years of exposure and reduced FA values. However, neither in this 

sample nor in our previous work (Zhang et al., 2011), did we find such a correlation 

between FA and burden of nicotine or other drug exposure. That notwithstanding, different 

trajectories of drug use have been identified in adolescence and these trajectories have been 

correlated with outcome measures like drug dependence development (Brook et al., 2011). 

It may be that these different trajectories during adolescence, something that our drug use 

questionnaires did not capture and which would be difficult to precisely quantify post hoc, 

rather than eventual levels of drug use at adulthood or cumulative burden of exposure, 

constitute a more critical environmental factor acting in concert with genetic factors to 

produce WM structural changes. Alternatively, the interaction of substance use with this 

genotype to alter WM might be sensitive to some low threshold of substance use rather than 

linearly affected with exposure magnitude.

The two PFC clusters showing a significant GENE x DRUG GROUP interaction appear 

to be regionally distinct, although both are located in the left prefrontal area. Intriguingly, 

the GENOTYPE x DRUG GROUP interaction using only the nonsmoking drug users and 

controls was very close to the first PFC region, while that between smoking drug users 

and controls overlapped with the second PFC ROI. That is, compared to controls, both 

cigarette smoking and nonsmoking drug users showed significant GENE x DRUG GROUP 

interaction in the left PFC, with FA in both regions negatively correlated with FTND in 

the smoking cohort. Of note, our previous study examining the effect of nicotine use on 

both gray and white matter structure (Zhang et al, 2011) also showed a negative correlation 

between FA and FTND in a very similar prefrontal region in a smaller cohort. In addition, 

similar prefrontal regional WM alterations have been reported in other addiction studies 

(Bell et al.; Bora et al.; Yeh et al., 2009; Zhang et al., 2011).

As noted above, previous studies have shown correlations between PFC WM alterations in 

addicts and addiction-related functional deficits on tasks involving executive functioning, 

including decision-making, memory as well as treatment outcome. Lane et al. (2010) report 

that compromised WM integrity in frontal and parietal regions in cocaine dependent subjects 

is associated with impaired performance on the Iowa Gambling Task, a task for which 

PFC function is critical. Yeh et al. (2009) found that lower FA in frontal and limbic fiber 

tracts correlated with lower visuospatial memory performance in alcoholics. Moreover, WM 

integrity predicts longer self-reported abstinence during treatment for cocaine dependence 

(Xu et al. 2010). These studies suggest frontal WM as a potential biomarker for behavioral 

deficits in addiction. That a genetic polymorphism interacts with drug exposure to manifest 

as WM structural alterations, as reported here, refines this potential intermediate phenotype. 

In the present study, areas of WM showing GENE x DRUG GROUP interaction (Table 

2) lie in the forceps minor, a WM tract that connects left and right medial frontal gyri. 

Medial frontal gyrus has been shown to be activated during risky vs. safe decisions in the 

Iowa Gambling Task (Fukui et al., 2005). The latter has been shown to be sensitive to 

poor decision making among substance users (Buelow & Suhr, 2009) and these deficits in 
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addicts are not necessarily due only to drug exposure (Bechara, 2007). That is, pre-existing 

factors may also contribute to abnormal behavior on this measure. Although our results do 

not include measures of decision making, the GENE x DRUG GROUP interaction yielding 

decreased FA in a WM tract connecting medial frontal cortices, an area critical for risky 

decision making on the Iowa Gambling Task suggests that impaired frontal communication 

via a WM structural abnormality might contribute to the observed deficit in addicts on this 

task of executive functioning. The results reported here highlight the complex interaction 

between drug exposure and genetic background. Some limitations of the current study merit 

consideration. First, only one SNP (COMT val158met) was assessed, so it is not possible to 

discuss the influence of other genetic factors influencing WM integrity in this population. 

However, our intent was not to study GENE x DRUG interactions on WM per se, but 

rather to use this SNP as a surrogate for the influence of drug-induced altered dopaminergic 

tone. A second limitation is that, in our sample, the drug user group was significantly older 

than the control cohort and had more males. Therefore, our prefrontal WM result may be 

influenced by age and/or gender difference between groups. Although we included age and 

gender as co-variables in the whole brain analysis, some residual influence of these factors 

may have remained. Likewise, there were differences in BDI and IQ scores between drug 

users and controls. When these were used as covariates (data available for 240 of 272 

subjects), a trend (p<0.09) level was found in a cluster close to that reported above (See 

Fig S2), suggesting minimal effect of IQ and BDI on our main results. Nevertheless, to 

better address these potential limitations, a more closely matched replicate sample with more 

complete psychopathology and demographic information is needed.

An additional important limitation is that our sample of drug users is both ethnically diverse 

and abused multiple drugs. We were unable to balance specific drug use profiles across 

gene groups, although use of any one particular drug did not differ across the gene groups 

(see Table 1). However, our intent was to reflect the ‘reality on the ground’, wherein drug 

dependence is characterized by polydrug use within and between individuals and does not 

segregate by race. That said, most abused drugs, e.g. opiates, ethanol, nicotine, amphetamine 

and cocaine, are thought to act via a final common mechanism of increasing synaptic 

DA concentrations within the mesocorticolimbic system (Di Chiara and Imperato, 1988). 

Given this, the importance of studying the structural consequence of abusing a specific 

drug may not be of central importance, suggesting that studying the interaction between 

environmentally induced changes in dopaminergic signaling and genetically- determined 

prefrontal cortical dopaminergic tone is rational.

In conclusion, the GENOTYPE x DRUG USE interaction on PFC WM integrity reported 

herein warrants future exploration to further identify the relationship between genetic 

background and environmental exposure to drugs of abuse on structural and functional 

alterations, especially as a function of developmental trajectory, and whether genotype 

influences the potential reversal of some or all of these deficits during prolonged abstinence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
A flowchart of DTI data alignment and analysis pipeline
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Figure 2: 
PFC regions (blue) showing significant interaction between COMT gene and addiction 

status A) PFC #1 showing overlap (red) between controls vs. all drug users (blue) and 

controls vs. smoking drug users (green); B) PFC #2 showing overlap (red) between controls 

vs. all drug users (blue) and controls vs. nonsmoking drug users (dark green). Localization 

of FA differences are projected onto a white matter skeleton (shown in YELLOW on the 

right hemisphere).
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Figure 3: 
The whole brain comparison between drug users and controls in Met/Met alleles. The 

Met/Met drug users have significant lower FA than the Met/Met controls in two prefrontal 

clusters (A: volume=82mm3, MNI coordinates: L18.1, A39.7, S19.5, pcorrected=0.008; B: 

volume=55mm3, MNI coordinates: L17.5, A47.9, S6.7, corrected p=0.019).
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Figure 4: 
The mean FA value for each group in two prefrontal ROIs for each gene group. (Error bars 

show SD).
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Figure 5: 
Significant correlation between FA in PFC #1 and PFC #2 clusters and FTND
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Table 2:

Coordinate and volume of each cluster showing significant DRUG x GENE interaction

Volume (mm3) FWE corrected p MNI space *

x y z

Controls vs. all drug users PFC 1 51 0.009 −17.6 47.8 6.4

PFC 2 31 0.036 −17.6 37.8 23.3

Control vs. cigarette smokers 29 0.043 −17.6 37.7 23.5

Control vs. nonsmoking drug users 29 0.044 −18.3 44.6 9.1

*
: (L-/R+, P-A+, I-S+)
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