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Abstract
Given the link between depression, anxiety, and cannabis abuse, a serotonin receptor (rs6311) and
transporter polymorphism (rs2020936) were examined as moderators of neural response following
a psychosocial treatment for cannabis use disorders (CUDs). While the proposed hypotheses
wereunsupported, we found that the rs6311 C allelewas significantly related to brain activation
(medial frontal gyrus, precuneus), indicating the role of this serotonin receptor in adolescent
treatment response.
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1. Introduction
Adolescent cannabis use has been strongly correlated with a number of health risk behaviors
(Chabrol et al., 2008; French and Dishion, 2003), protracted use (Swift et al., 2008), and
poorer life outcomes during adulthood (Fergusson and Boden, 2008). These trends are even
more striking for justice-involved adolescents (Aarons et al., 2001).Additionally,
psychosocial treatments are the most frequently utilized approach for cannabis use
disorders(CUDs; DHHS, 2009).However, only 26% successfully achieve
abstinencefollowing treatment (Dutra et al., 2008).Notably, genetic factors may influence
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treatmentoutcomes (Anton et al., 2008; Bauer et al., 2007). For example, DRD4 was found
tomoderate response toa motivational interviewing (MI) intervention targeting heavy
drinking, with emerging adults with the protective allele evidencing better treatment
response (Feldstein Ewing et al., 2009). Related, most of the research has focused on
genesinvolved in craving, reward, and dependence (Filbey et al., 2010; Haughey et al., 2008;
Schacht et al., 2009). Yet, the serotonergic system may be particularly salient to youths’
vulnerability to CUDs and subsequent treatment response (Lopez-Moreno et al., 2008; Otten
and Engels, in press; Sadeh et al., 2010).

There are several reasons for this. First, serotonergic polymorphisms are involved in mood
and anxiety symptoms. Risk alleles of single nucleotide polymorphisms (SNPs) on both the
serotonin 2A receptor gene (5-HT-2A; rs6311 C allele; Dickel et al., 2007; Giegling et al.,
2006; Unschuld et al., 2007) and the serotonin transporter gene (SLC6A4; rs2020936 A
allele; Kramer et al., 2009; Wray et al., 2009) correspond with greater mood and anxiety
disorders, aggression, and anger.Second, mood and anxiety symptoms are elevated among
adolescent cannabis abusers (e.g., Diamond et al., 2006; Kaminer et al., 2008;Malmberg et
al., 2010),with some arguing that youth use cannabis to cope with negative affect (Fox et al.,
2011).Third, mood and anxiety symptoms have been found to influence treatment response
(risk for relapse, e.g., Sinha and Li, 2007; Stein et al., 2011).

Despite these connections,we could find no study explicitly evaluating the relationship
between serotonin polymorphisms and treatment response. Thus, wesought to investigate the
association between two types of serotonin polymorphisms (transporter gene; receptor
gene)and BOLD response during an active ingredient of a psychosocial intervention (change
talk; CT). Based on prior researchindicating that genetic protective factors (DRD4)
modulated psychosocial treatment response (Feldstein Ewing et al., 2009), recent research
supporting the associations between depressive and anxiety symptoms and cue-induced
BOLD response (Feldstein Ewing et al., 2010), and the clinical connection between
adolescents’ cannabis use and mood and anxiety symptoms,we posited that the protective
alleles of the serotonin polymorphisms (rs6311 T allele and rs2020936 G allele) would be
correlated with greater activation of introspection/contemplative areas (medial frontal gyrus,
insula, precuneus).

2. Materials and Methods
2.1 Participants

With institutional review board approval, 86 non-treatment seeking youth were recruited
from southwest juvenile justice centers. All youth provided assent and parent/guardian
consent. To participate, youth needed to be age 14-17, fluent in English, and a regular
cannabis user (defined as use >7 of the past 30 days; Walker et al., 2006). Exclusion criteria
included antipsychotics/anticonvulsants (serving as a proxy to detect psychotic
symptoms),MRI contra-indications, and TBI with loss of consciousness >6 min.While not
exclusion criteria, no participants within this study were taking other psychotropic
substances, anxiolytics, or anti-depressants. Eligible participants could earn $105.

Of the 86 eligible youth, 7 did not completea scan(e.g., scanner problems, intoxication). Of
these, 43 had motion within the selected threshold (<3 mm in any direction) and >1 run of
data. Forty-one youth also had genetic data; these 41 were included in subsequent analyses.
This sample was predominantly male (83%), age 16.09 (SD = 1.09), and Hispanic (53.5%),
Caucasian (20.9%), Bi-/Multi-racial (14%), African-American (7%), and Native American
(4.7%).
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2.2Procedures
2.2.1 Baseline session—Participants completed a demographic questionnaire, as well as
an assessment of their past month behavior, including problems related to their cannabis
use(cannabis-related problems; “Have you had a persistent chest infection or cough?”,
“Have you driven while stoned?”;CPQ-A; Martin et al., 2006), DSM-IV-TR criteria for
cannabis dependence (cannabis dependence symptoms; “The need to smoke more marijuana
to achieve the same high.”, “A failure to cut back or reduce your marijuana smoking
habits.”; Stephens et al., 2000), frequency of cannabis use (cannabis use days; TLFB; Sobell
& Sobell, 1992), depression (CDI-S; Kovacs, 2001), and anxiety (RCMAS; Reynolds &
Richmond, 2008). Following other studies that have supported the use of a single
motivational interviewing (MI) session to successfully catalyze change in substance use
behaviors (Bertholet, et al., 2010; Miller & Wilbourne, 2002; Moyers et al., 2009), all
participantsreceivedone60-minute session of MI targeting reducingcannabis use. During this
session, all counselors elicited5 statements in favor of changing cannabis use (change talk;
CT; e.g., I need to back off my marijuana use) and 5 statements in favor of sustaining
cannabis use (sustain talk; ST; e.g., Marijuana isn’t a problem for me).

DNA was collected from saliva and extracted according to modified standard procedures
(for details, see Walker et al., 1999).Samples were genotyped for the rs6311 and rs2020936
polymorphisms using Taqman PCR technology. Minor alleles were combined into one
group. For rs6311, as halfof the sample was homozygous C/C (53.7%; n=22; C/T=36.6%,
n=15; T/T=9.8%, n=4), C/T and T/T were combined into a second group (the T allele
group). For rs2020936, as mostof the sample was homozygous A/A (65.9%; n=27), all G
alleles were combined into a second group (the G allele group; A/G=24.4%, n=10; G/
G=9.8%, n=4).HWE statistics were calculated for both SNPs with rs6311 falling within
HWE assumptions (χ2=0.36) and rs2020936 deviating from HWE assumptions (χ2=3.41),
due to an excess of dominant homozygotes compared to heterozygotes. Notably, no
differences in allele distribution were observed by race/ethnicity, age, gender, frequency of
cannabis use, or cannabis related problems.

2.2.2 Scan session—Consistent with studies indicating the ability to detect neural
changes in response to treatment within a week of a single MI session (Feldstein Ewing et
al., 2011; Houck, Moyers, & Tesche, in press), all participants returned within one week of
their baseline session for a scan. All youth abstained from cannabis for 24 hours and from
caffeine and cigarettes for the preceding hour, as verified by self-report. We utilized a 3T
Siemens Trio with a 12-channel coil to collect MRI scansduring a task evaluating the effects
of in-session-derived client statements on cue-elicited craving(for details, see Feldstein
Ewing et al., in press).An anatomical MRI scan was collected with a T1-weighted multi-
echo Magnetization Prepared Rapid Gradient Echo or MPRAGE (MEMPR) sequence (TR/
TE/TI = 2300/2.74/900 ms, flip angle=8°, FOV=256×256 mm, Slab thickness=176 mm,
Matrix=256×256×176, Voxel size=1×1×1 mm3, Number of echos=4, Pixel bandwidth=650
Hz). fMRI scans were collected using a gradient echo, echo-planar sequence with ramp
sampling correction using the intercomissural line (AC-PC) as a reference [TR: 2.0 s, TE:
27ms (39ms for 1.5T), α: 70o, matrix size: 64×64, 32 slices, voxel size: 3×3×4 mm3] with a
tilting acquisition to increase OFC signal-to-noise.

Briefly, following prior work (see Feldstein Ewing et al., in press), participants were
visually and auditorily presented with 5 unique 16 s. CT statements and 5 unique 16 s. ST
statements, followed by exposure toeither thetactile cannabis cue (marijuana pipe) or the
control cue (pencil) for 20 s., ending with a 20 s. washout period to allow the hemodynamic
response to return to baseline before the next trial. Youth were pseudorandomly presented
with a single run of each of the 4statement/cue combinations[(1) CT/cannabis, (2) ST/

Ewing et al. Page 3

Psychiatry Res. Author manuscript; available in PMC 2013 November 30.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



cannabis, (3) CT/control, and (4) ST/control]. Each run consisted of 10×65 second trials (TR
2s/volume; 1 run=10 trialsx65 seconds/30 TRs per trial=325 TRs/10 min.).Each statement
was presented to the participants twice yielding 10 CT and 10 ST statements per participant.

2.3 Analyses
Identical to our prior work (for details, see Feldstein Ewing et al, in press), the following
SPM pre- and post-processing steps were conducted. To begin, exposure to tactile cues
(cannabis/control) following CT and ST were modeled. Next, we contrasted: (a) exposure to
(cannabis > control) cues following (ST > CT) and (b) exposure to (cannabis > control) cues
following (CT >ST).To examine group differences in BOLD response for (cannabis >
control) cues across different talk conditions, for the rs6311 SNP, atwo-sample t test was
used to compare the T allele youth against C/C youth. Likewise, for rs2020936, the G allele
group was compared with the A/A youth. Anatomical localization for the regions of
activation was found using the Talairach Daemon software(Lancaster et al., 2000). For
visualization and display, z-maps were overlaid on SPM’s T1 canonical MNI template.

3. Results
3.1 Cannabis use disorder, depression, and anxiety symptoms

This sample evidenced heavy cannabis use and related symptoms, as indicated by their past
month frequency of cannabis use (M=17.78 days, SD=9.85), weekday cannabis use (97.6%),
cannabis-related problems (M=16.46, SD=8.93), and cannabis dependence symptoms
(M=3.22, SD=1.94). Youth reported low rates of depression (M=2.07; SD=2.21; note: total
score >8 for girls and >10 for boys indicatesclinically-significantdepression; Kovacs et al.,
2001) and anxiety (M t score = 50.00; SD=9.87; note: t score >70 indicates clinically-
significant anxiety).

3.2 Genotype and BOLD response during (cannabis> control) cues following (change talk
>sustain talk)

3.2.1 SNP rs6311—Compared with the T allele youth, the C/C youth had a greater
cannabis-cue induced BOLD response following CT across the middle and superior frontal
gyri, the temporo-occipital lobe, and parietal lobe (precuneus; uncorrected p<0.001, extent
threshold>20 voxels; Figure 1). There were no regions where the T allele group had greater
BOLD response than C/C youth.

While there were no differences betweenthe C/C and T allele groups on self-reported
depression (CDI-S) and anxiety (RCMAS), the C/C group had significant negative
correlations between BOLD response and depression (inferior parietal lobule, supramarginal
gyrus, superior temporal gyrus; uncorrected p<0.001, extent threshold>20 voxels) and
anxiety (cuneus; uncorrected p<0.001, extent threshold>20 voxels).Similarly, the T allele
group had significant negative correlations between BOLD response and depression
(inferior parietal lobule, middle temporal gyrus, middle frontal gyrus; uncorrected p<0.001,
extent threshold>20 voxels), as well as both significant positive (postcentral gyrus;
uncorrected p<0.001, extent threshold>20 voxels) and negative correlations between BOLD
response and anxiety (cingulate gyrus, middle temporal gyrus, precuneus, caudate, middle
frontal gyrus; uncorrected p<0.001, extent threshold>20 voxels).

3.2.2 SNP rs2020936—There were no significant differences between the rs2020936
genotypes (A/A and G allele) on neural response to cues following CT and ST. There
werealso no differences between allele groups on self-reported depression (CDI-S) and
anxiety (RCMAS) scores.
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4. Discussion
Based on prior research (Feldstein Ewing et al., 2009; 2010; 2011),we posited that
protective alleles of the serotonin receptor (rs6311 T allele) and transporter genes
(rs2020936 G allele) would modulate response to client change language. In contrast with
expectations, neither the rs6311 T allele nor the rs2020936 G allele was correlated with
greater levels of BOLD activation.Rather,the rs6311 C/C group demonstrated significantly
greater activation in areas important totreatment response and self-awareness (medial frontal
gyrus, precuneus; Falk et al., 2011; Gusnard et al., 2001).While more activation can reflect
compensatory efforts to overcome dysfunction and/or inefficient use of neural resources,
greater activation in these areas has been found to correspond with better treatment
outcomesfor adolescent cannabis users (lower follow-up CUD; Feldstein Ewing et al., in
press). Thus, we carefullyspeculate that the greater activation observed for rs6311 C/C in
this studymightrepresent a protective role.

The C/C and T allele groups did not differ on self-reported depression and anxiety.
However,consonant with prior studies with heavy drinking emerging adults, both the C/C
and T allele groups showedsignificant relationships between BOLD activation and
depression and anxiety symptoms, notably in regions that overlap with prior work (Feldstein
Ewing et al., 2010).

There were also no areas in which the T allele evidenced greater BOLD activation than the
C/C group. These findings diverge from prior studies, which have found the T allele to be
protective against suicidal behavior (Giegling et al., 2006). Yet, theyare consistent with
researchindicating the relationship between the T allele and risk behavior (Saiz et al., 2009).

For rs2020936, genotype groups did not significantly differ on neural activation patterns and
self-reported depression and anxiety symptoms. These findings suggest that the observed
relationships might not be important for serotonergic polymorphisms globally, but rather,
may be specifically relevant to serotonin receptor genes. This is important in light of
potential downstream clinical implications, such as considerations of which serotonin-based
medications might be most effective for youth with CUDs (Cornelius et al., 2010; Findling
et al., 2009).

4.1 Limitations and Future Directions
This study provides a first step towards understanding the basic biological substrates
influencing treatment response with cannabis-using adolescents. However, examination of
other genetic factors (e.g., CNR1, FAAH; Filbey et al., 2010), along with school-involved
youth would be informative. Further, sample size and/or receipt of treatment may have
influenced mood/anxiety symptoms observed within this sample.Additionally, small sample
size and/or population stratification may have contributed to the rs2020936’s violation of
HWE assumptions. Thus, replication of this paradigm with a larger and more clinically-
severesample would be beneficial. Furthermore, some participants also consumed tobacco.
Apost-hoc evaluationindicated a significant negative correlation between BOLD activation
and frequency of nicotine use. While a full review of these findings is beyond the scope of
this manuscript,this research teamis planning to directly evaluatethis relationship in future
work. Similarly, apost-hoc evaluation of negative life events indicated that this sample had
minimal levels of early life stress; however, as stress and early life events may have a
moderating role for the serotonergic polymorphisms, greater attention to the relationship
between risk groups and susceptibility to depression, anxiety, and motivation to use
cannabis, particularly in the context of negative life events would strengthen future
work.Moreover, it is possible the modulatory effect of genetic variation on brain activation
following client statements could be due to an indirect effect. For example, mood and
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anxiety symptoms might have been lower for the risk (C/C) group following CT, which may
have led to higher brain activation for this group; further deconstruction of this relationship
in future studies is encouraged.Additionally,participants were predominantly male; as
anxiety and depression are more prevalent among females, and different allele groups
showed no differences on these scales, re-examination of this paradigm with females is
important.Together, these data suggest the importance of crafting and empirically evaluating
a developmentally-targeted translational model of adolescents’ response to psychosocial
treatments.
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Figure 1.
(a) Maximum loci of activation for the comparison of C/C vs. T allele groups (C/T and T/T)
for SNP rs6311 during BOLD response to cannabis (> control) cues following change (>
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sustain) talk condition (uncorrected p < 0.001, extent threshold > 20 voxels). Total number
of clusters: 6. L: Left; R: Right; BA: Brodmann Area.
(b) Activation maps obtained for the 2-sample t-test, where the C/C group showed
significantly greater activation than the T allele groups (C/T and T/T) group for BOLD
response for cannabis (> control) following change (> sustain) talk condition (uncorrected
p< 0.001, extent threshold > 20 voxels). Activations are observed in the superior and middle
frontal gyri along with middle temporal gyrus, superior occipital gyrus and precuneus. The
color bar indicates t values with warmer colors denoting more significant activation. Left
(L)/right (R) sides are marked in the bottom of the figure.
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