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Introduction: A functional tandem repeat polymorphism in the promoter of the serotonin
transporter (SERT) gene (SLC6A4) has been studied for association to neuropsychiatric
conditions, including substance use disorders. Short (S) forms of this repeat result in reduced
transcription, and presumably greater synaptic levels of serotonin, which are involved in
opioid and cocaine-induced reward. Dual exposure to heroin and cocaine is a common
pattern of poly-drug use and is associated with considerable morbidity. We hypothesize
that SLC6A4 variants are associated with cocaine exposure in subjects with an opioid
dependence diagnosis (OD), and also in non-dependent opioid users (NOD). Other single
nucleotide polymorphisms (SNPs) of SLC6A4 may also be likewise associated.

Materials and Methods: This study determined whether variants of the SLC6A4 promoter
repeats and two intronic SNPs, rs16965628 and rs2066713, are associated with categorical
diagnoses of opioid dependence (DSM-IV criteria) and with dimensional aspects of cocaine
use, in a Caucasian cohort (n=591). Three groups of subjects were examined: (1) 276 subjects
with opioid dependence diagnosis (OD); (2) 163 subjects who had used opioids for non-medical
reasons but never had an opioid dependence diagnosis (NOD); (3) 152 healthy controls (HC).
Results: Aside from high exposure to heroin in the OD group, relatively high exposure to
cocaine was detected in both OD and NOD groups. The SERT repeat genotype (classified as
“long-long” [LL] versus “short-long” plus “short-short” [SL+SS]) was not associated with
categorical opioid dependence diagnoses. A nominally significant association was identified
with the [SL+SS] genotype of SLC6A4 and cocaine KMSK scores >“cutpoint” for a cocaine
dependence diagnosis (p=0.026). The [SL+SS] genotype was associated with more rapid
cocaine escalation than the LL genotype. No significant associations of rs16965628 and
152066713 SNPs were found overall.

Conclusion: The functional SERT promoter tandem repeat genotype may be associated to
heavy cocaine exposure and more rapid escalation of cocaine use, in persons with and
without opioid dependence diagnosis.

Keywords: cocaine, serotonin transporter, SLC6A4, KMSK scale, escalation

Introduction

The trajectory from initial drug use to addiction is influenced by vulnerability based
on genetic, neurobiological, behavioral, and environmental factors. In addition to its
impact on other neuropsychiatric diseases, dysregulation of the serotonin (5-HT)

system may also be involved in the progression of substance use disorders.' The
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serotonergic system is composed of 15 types of receptors,
and there is one major transporter, SERT (encoded by the
SLC6A4 gene), which is responsible for the reuptake of
released 5-HT into presynaptic neurons. Cocaine’s reward-
ing effect is generally associated with inhibition of the
dopamine transporter (DAT); however, this drug is also
active at the serotonin transporter.”

Drugs of abuse affect the serotonergic system directly
and indirectly. Mu-opioid agonists (eg, heroin, morphine)
lead to increased extracellular 5-HT levels,* whereas with-
drawal from chronic mu-opioid agonist exposure is asso-
reduced 5-HT
neurotransmission is also affected by exposure to cocaine,

ciated with levels.'>  Serotonergic
which acts as a monoamine reuptake inhibitor."**7 More
generally, pharmacological modulation of SERT results in
robust changes in expression of several opioid genes,
including prodynorphin (Pdyn), known to modulate the
consequences of exposure to cocaine.®'°

Previous studies have identified a functional tandem
repeat polymorphism in the 5’ promoter region of the
SLC6A4 gene (5S-HTTLPR) yielding two main alleles:
a short (“S” allele, 14 repeats of 20-23 nucleotides) and
a long (“L” allele, 16 repeats) variant of the allele.'""'* The
presence of the S allele (in homozygous or heterozygote
genotypes, SS or SL) has been reported to result in lower
transcriptional activity than the L allele,'""'? leading to
a relative reduction in mRNA levels, serotonin binding,
and reuptake and higher synaptic 5-HT levels.'"* There is
considerable variability in the prevalence of the S- and
L-allele across different human populations, depending on
ethnicity, and drug use comorbidity.'> The 5-HTTLPR (ie,
5-HTT length promoter polymorphic region) has been
investigated in numerous genetic association studies,'¢ !
including systematic reviews on the role of 5S-HTTLPR on
substance use disorders and their pharmacotherapy.”®**

The frequency of the short—short (SS) genotype was
higher among male Caucasians with heroin dependence
of the

frequencies in

compared to controls.”?
5-HTTLPR

Caucasians showed that heroin dependence diagnosis

A meta-analyses
allele and genotype
was significantly associated with the S allele.”® The
5-HTTLPR polymorphism has also been examined in
several studies of cocaine use disorders. There were no
differences in the reduction in cocaine use across the LL,
LS and SS genotypes, in African-American patients with
cocaine dependence.”’ Studies of cocaine dependence
diagnosis as a categorical endpoint did not detect
a robust association with 5-HTTLPR genotype, either in

Spanish®® or African-American cohorts.”> In another
study, carriers of the S allele reported greater “desire”
and other subjective effects after challenge with intrave-
nous cocaine injection.'® Therefore, the association of
the 5S-HTTLPR with cocaine use and cocaine use disor-
ders may depend on the type of variable studied (eg,
categorical diagnoses, or particular dimensional pheno-
types) and ethnic/cultural group. Inconsistencies in the
association of the S5-HTTLPR variants with cocaine
dependence in previous studies can be explained by
a high level of poly-drug use of cocaine use with other
substances. Dual use of cocaine and heroin is frequently
considerable

and 1s associated with

26-28

reported
morbidity.

Some recent genetic association studies have focused
on dimensional aspects of drug use on a continuum, as
opposed to only categorical substance use disorder (SUD)
diagnoses.?”>? In this study, we use two major dimen-
sional measures: 1) level of exposure to cocaine, and 2)
time of escalation of cocaine use, from initiation to the
onset of heaviest use.’’ >* In this study, we examined the
association of 5-HTTLPR tandem repeats with opioid
dependence (OD) in a sample of Caucasian volunteers
from the Netherlands, and also with dimensional measures
of cocaine exposure and escalation, using the Kreek—
McHugh—Schluger—Kellogg (KMSK) scale. To our knowl-
edge, this is among the first studies to examine the impact
of this promoter repeat polymorphism on such cocaine-
related measures in a Caucasian cohort.

Materials and Methods
Subjects

In this case-control study of 591 subjects, three subject
groups were recruited in the Netherlands as previously
described (Table 1),>*>7 including:

(A) Persons with opioid dependence diagnosis (OD,
n=276, by DSM 1V criteria), who had been heroin
dependent for at least 5 years and who had parti-
cipated in methadone maintenance treatment for at
least 12 months, without (termed MMT) or with
heroin-assisted treatment (termed HAT). These
persons also had a range of cocaine and alcohol
exposure (characterized with KMSK scales).

(B) Persons who used illicit opioids (ie, 5—100 times in
their lifetime), but who never qualified for an

opioid dependence diagnosis (NOD, n=163).
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Table 1 Demographics (Total n=591)

Characteristics Healthy Controls Not Opioid Dependent Opioid Dependent (OD; MMT Comparison
(HC) (NOD) +HAT)
n 152 163 276
Male 89 (59%) 107 (66%) 213 (77%) Chi*=17.29, df=2
p=0.0002
Female 63 (41%) 56 (34%) 63 (23%)
Age, years (£SD) 39.7x10.0 40.1+8.8 43.8+6.8 Kruskal-WVallis
ANOVA=28.14
P<0.0001

These persons also had a range of cocaine and

alcohol exposure (characterized with KMSK
scales).

(C) Healthy controls without a history of any illicit
opioid use and with no history of any dependence
diagnosis to other drugs, including cocaine, alco-
hol or cannabis (HC, n=152). Lifetime nicotine
dependence diagnosis was not an exclusion criter-
ion from the HC category. These persons had no
opioid or cocaine exposure, but they did have
a range of alcohol exposure (characterized with
KMSK scales).

The study was conducted in accordance with the
Declaration of Helsinki. The Central Committee on
Research Involving Human Subjects in the Netherlands
(protocol number P04.0156C) approved the study of her-
oin-assisted and methadone maintenance treatments, and
the human molecular genetics study for all study groups.
The genetics study was also approved by the Rockefeller
University’s Institutional Review Board. All subjects
signed an informed consent for the study, including the

genetics research.

Diagnoses and Measurements

All subjects were interviewed by trained clinical investigators.
Standard questionnaires were used for collection of data on
age, gender and country of origin and clinical characteristics.>
The categorical diagnosis of opioid dependence was based on
DSM-1V Additionally, the Kreek-McHugh—
Schluger—Kellogg (KMSK) scale was used for a dimensional

criteria.

assessment of a subject’s exposure to opioids, cocaine, alcohol
and nicotine.*®*° The KMSK scales characterize maximal
exposure to a specific substance, based on the period in
a subject’s life when use is at its heaviest.

Each KMSK scale measures maximal exposure to
a specific substance, on an ordinal integer scale.
A KMSK score=0 indicates that the participant had never
used the substance of interest, and this ordinal score
increases up to a maximum (13 for alcohol, tobacco/nico-
tine, and heroin, and 16 for cocaine). KMSK scales have
also been used as a dimensional phenotype in genetic
association studies.*>*' As shown in Table 2, heroin,
cocaine and alcohol exposure in all these volunteers was
characterized by KMSK scores. KMSK scores >“cutpoint”
have high concurrent validity with the respective DSM-IV
dependence diagnoses.*®>° For example, the area under
the receiver operating curve (AUC-ROC) for the cocaine
KMSK score and the DSM-IV diagnosis of cocaine depen-
dence was 0.97.%

The KMSK instrument also collects the ages of first
use and age of onset of heaviest use (in whole years).
“Time of escalation” for a drug was calculated as age of
onset of heaviest use minus age of first use (in whole
years).>® Time of escalation of cocaine use was therefore
also used as phenotypes in this study.

Assessment of Percentage of European
Ancestry

There is considerable variability in frequency of the pro-
moter repeat S-HTTLPR S- and L-alleles across different
human populations.'” For this study, ethnicity was initially
assigned based on self-reported family origin data, with
628 self-identified Caucasian volunteers.>*** Biographic
Ancestry Scores (eg, fractions of genetic affiliation of the
individual in each cluster) were estimated by
STRUCTURE 2.2 with seven clusters (K), based on 155
ancestral informative markers (AIMs). Each AIM is
a single nucleotide polymorphism that differed in allele
frequency by at least 70% between continental populations

Neuropsychiatric Disease and Treatment 2021:17
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Table 2 KMSK Scores: Maximal Exposure to Specific Substances

KMSK Opioid Dependence Non-Opioid Dependent Healthy Controls (HC) Kruskal-Wallis Test of
Score® Diagnosis (OD) (NOD) KMSK Scores (Dunn’s
. - . . . . Tests)
Median Subjects > Median Subjects > Median Subjects >
(2IQR) Cutpoint/Total (2IQR) Cutpoint/Total | (xIQR) | Cutpoint/Total
(%)° (%)" ()"

Heroin® 9 (8-10) 158/173 (91%) 5 (4-6) 80/150 (57%) 0 (0-0) 0/107 (0%) Kruskal-Wallis statistic=
Range: 323.0; p<0.0001
0-I13 (OD>NOD>HC)
Cocaine 10 (12-15) 147/172 (86%) 6 (8-11) 69/149 (46%) 0 (0-0) 0/107 (0%) Kruskal-Wallis statistic=
Range: 236.6; p<0.0001
0-lé6 (OD>NOD>HC)
Alcohol 12 (10-13) 132/157 (84%) I (10-12) 113/141 (80%) 10 (9-11) 65/94 (69%) Kruskal-Wallis statistic=
KMSK 46.02; p<0.0001
score (OD>NOD>HC)
Range:
0-13

Notes: Total N differs from Table |, due to some missing KMSK scores for each drug. *KMSK scores are on an ordinal integer scale for each drug, focusing on the period in
a subject’s life when use is the heaviest. A score=0 indicates no lifetime use of the substance, and greater scores indicate progressively greater exposure. bCutpoint KMSK
scores with optimal concurrent validity for the respective DSM-IV Dependence Diagnosis. Heroin cutpoint score 26; Cocaine cutpoint score29; Alcohol cutpoint score 210.

(Europeans, Africans, and Asians). The effectiveness of
Ancestral Informative Markers (AIMs) to distinguish eth-
nic substructures was demonstrated by PCA analyses
(Ducci et al, 2009). The AIMs were genotyped using an
Illumina GoldenGate Assay array (Illumina, San Diego).
Each volunteer was “anchored” against 1051 samples from
51 worldwide populations in the Human Genome
Diversity Cell Line Panel.* To minimize population stra-
tification for the current study, the inclusion criterion was
set at >70% European ancestry contribution. Several sub-
jects were excluded from analysis due to the low quantity
and/or poor quality of the DNA; therefore, there are 591
subjects available for these association analyses.

Genotyping of the SLC6A4 Promoter

Tandem Repeat Polymorphism

Genomic DNA was extracted from blood cells using a salt-
precipitation method. Genotyping of the 44-base pair (bp)
insertion/deletion polymorphism in the 5’ promoter region
of the SLC6A4 gene was performed using the following
two sets of primers: The first set was (Forward) 5'-
ATGCCAGCA CCTAA CCCCTAATG-3' and (Reverse)
5'-  GAGGGACTGAGCTGGACAACCA-3' for PCR
DNA of 513 bp for the L allele (16 repeats) and PCR
DNA of 469 bp for the S allele (14 repeats). The second

set was (Forward) 5-ATC GCTCCTGCATCC
CCCATTAT-3' and (Reverse) 5-GAGGTGCAGGGG
GATGCTGGAA for size discrimination for the S (103
bp) and L (146 bp) alleles.'” PCR was performed for 40
cycles of 30 seconds at 94°C, 30 seconds at 58°C, 30
seconds at 72°C, followed by 6 minutes at 72°C using
either a TagPCRx DNA Polymerase Kit (Invitrogen) or
AccuPrime GC-rich DNA Polymerase Kit (Invitrogen,
catalog # 12337-016), both designed for amplification of
GC-rich regions. PCR products were electrophoresed on
a 2.0% agarose gel. SERT genotypes were determined
according to the size and number of PCR DNA fragments.
To confirm SERT specificity of the PCR fragments, DNA
from 30 subjects having S allele (n=13) and L allele
(n=17) was sequenced in both orientations. Genotyping
and analysis of the SERT promoter repeats were per-
formed in Laboratory of the Biology of Addictive
Diseases, at the Rockefeller University.

Genotyping of the intronic SNPs rs16965628 and
rs2066713 was performed at the Rockefeller University
Genomics Resource Center using a custom Illumina
Golden Gate Panel (GS0013101-OPA) (Illumina, Inc.,
CA, USA)* Data analysis was performed using
BeadStudio v2.3.43 (Illumina, Inc.). The genotype data
were visually inspected for quality.
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Statistical Analysis

The p=0.05 level was used as the criterion for significance.
Analyses were carried out with GraphPad Prism (V.8);
Hardy—Weinberg equilibrium was examined as described
in a prior publication.*” Demographic variables and
KMSK scores were analyzed with #-test or Mann—
Whitney tests, Kruskal-Wallis tests (with Dunn’s post
hoc tests), or Fisher’s tests, as appropriate. Contingency
analysis for categorical OD diagnoses and 5-HTTLPR
SLC6A4 genotype was carried out with Fisher’s exact
test for the more commonly studied S-dominant model
(ie, SLASS, versus LL), and also for an L-dominant
model (ie, LL+SL versus SS). A contingency analysis for
cocaine KMSK scores > cutpoint was also carried out with
Fisher’s exact test. A multiple logistic regression for
cocaine KMSK scores > cutpoint was also carried out,
adjusting for gender. Time of escalation of cocaine use
was also examined as a phenotype, using a survival ana-
lysis and the Log rank test. Similar analyses were also
carried out for the two intronic variants SNPs (rs16965628
and rs2066713), whenever relevant.

Results
Sample Characteristics and

Demographics
After exclusion of volunteers with <70% of Caucasian
AIMs markers or poor DNA quality, 591 volunteers were
included for analysis (Table 1). There were relatively more
females in the opioid dependent, non-opioid dependent, and
healthy controls (OD, NOD and HC groups, respectively),
compared to males. The mean ages at the time of ascertain-
ment were also significantly different among groups.
Available KMSK scores for all genotyped subjects are
summarized in Table 2. KMSK scores for the full cohort,
including subjects who could not be genotyped here, have
been previously published.*® As expected, the OD group
had high heroin KMSK scores, typically >cutpoint with
optimal concurrent validity for an OD diagnosis, as calcu-
lated from a separate cohort.’® As previously reported,**
the OD group also had relatively high exposure to both
cocaine and alcohol (Table 2). The NOD group, as
expected, had some exposure to heroin, but lower than
that of the OD group. We note that the NOD group also
had a range of exposure to both cocaine and alcohol. The
HC group, as expected, had primarily “0” scores for both
heroin and cocaine (ie, denoting no exposure). KMSK
alcohol scores in the HC group had a broad range, but as

a group they were smaller than both the OD and NOD
groups (Kruskal-Wallis ANOVA; Table 2). As previously
reported, all three groups (OD, NOD and HC) had con-
siderable exposure to nicotine.>®

Contingency Analysis of Genotype of
SLC6A4 Variants with Categorical
Diagnoses of Opioid Dependence

Our previous studies with this cohort found very few genetic
differences between the HC and NOD subject groups.*®™*
Therefore, the HC and NOD groups have been previously
combined into a control group of subjects without opioid
dependence diagnosis for comparison to the OD group. In
this study, we first performed a Fisher’s exact test of the
SERT promoter tandem repeat frequency between HC and
NOD (Table 3, section A). We did not find significant
differences in frequency between these groups, neither alle-
lic (p=0.72) nor genotypic (p=0.84). Therefore, these two
groups, HC and NOD, were combined into a control group
of subjects without opioid dependence diagnosis (see Table
3, sections B and C).

There was no significant deviation from Hardy—
Weinberg equilibrium (HWE) in the distribution of the
genotypes of the promoter tandem repeat polymorphism
(p=0.21, Pearson test) and the SNPs rs1696528 and
rs2066713 in the combined control group (p=0.28 and
0.64, respectively). The distribution frequencies of the
SERT variant genotypes in the treatment groups did not
deviate from HWE: MMT (p=016), HAT (p=0.97), and
combined OD group (MMT+HAT, p=0.44).

Fisher’s exact test conducted for an S-dominant of
5-HTTLPR (ie, SL+SS vs LL) or an L-dominant model
(ie, SS versus SL+LL) did not show significant association
of the SERT repeat genotype with categorical OD depen-
dence diagnosis, p=0.18, see Table 3 (section D). Fisher’s
exact test for the frequency of male and female volunteers
with OD across genotype was also not significant.

Neither the intronic rs1696528 or rs2066713 genotypes
showed an association of SL+SS vs LL in the comparison of
the combined controls with the opioid dependent group,
p=0.18 and p=0.94, respectively, see Table 3 (sections
E and F).

Dimensional Analyses of Drug Exposure
(KMSK Scores)

We first examined whether KMSK scores differed according
to tandem repeat genotype in the whole cohort, focusing on

Neuropsychiatric Disease and Treatment 2021:17
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Table 3 Frequency and Fisher’s Exact Test of the Distribution of SERT Variants in Subjects with Opioid Dependence (OD) and

Control Subjects (HC +NOD)

Genotype Cases Controls Model (Dominant/Recessive) P Odds Ratio (95% CI)
A) Promoter tandem repeats

NOD HC
LL 53 46 [SS+SL] vs LL 0.31 1.29 (0.782-2.15)
SL 80 49
SS 17 16 SS vs [SL+LL] 0.46 1.32 (0.634-2.74)
B) Promoter tandem repeats

oD NOD
LL 55 53 [SS+SL] vs LL 0.48 1.18 (0.744-1.88)
SL 90 80
SS 29 17 SS vs [SL+LL] 0.17 0.639 (0.336-1.22)
C) Promoter tandem repeats)

oD HC
LL 55 46 [SS+SL] vs LL 0.091 1.53 (0.934-2.51)
SL 90 49
SS 29 16 SS vs [SL+LL] 0.6l 0.84 (0.434-1.63)
D) Promoter tandem repeats

oD HC+NOD
LL 55 99 [SS+SL] vs LL 0.176 1.32 (0.88-1.98)
SL 90 129
SS 29 33 SS vs [SL+LL] 0.24 0.74 (0.42-1.24)
E) rs16965628 (intronic SNP)

oD HC+NOD
CcC 0 | [CC+CG] vs GG 0.18 1.44 (0.84-2.47)
CG 33 26
GG 234 276 CC vs [CG+GG] 0.35 2.65 (0.11-65.39)
F) rs2066713 (intronic SNP)

oD HC+NOD
CcC 37 49 [CC+CT]vs TT 0.94 1.01 (0.73-1.41)
CcT 133 144
T 106 122 CCvs [CT+TT] 0.46 1.19 (0.75-1.89)

a dominant model for the “S™ allele (ie, comparing [LL] versus
[SLASS] genotypes), which is typically used for this poly-
morphism. We found that in the whole cohort, heroin KMSK
scores did not differ by genotype (Mann—Whitney test; ns).
Using a similar approach, we also found that alcohol KMSK
scores in the whole cohort did not differ by genotype, using the
“S” dominant model (Mann—Whitney test NS, not shown).
Neither 151696528 or rs2066713 genotypes showed an asso-
ciation with different KMSK scores for cocaine.

However, cocaine KMSK scores were higher in par-
ticipants with the [SL+SS] wversus [LL] genotype
(Mann—Whitney test, p=0.047) (Figure 1). As a follow-
up, we stratified cocaine KMSK scores by gender and
found that this effect of genotype was primarily due to
(Mann—Whitney
p=0.044), whereas no difference of genotype was

the larger group of males test;
detected in females, which were a smaller group

(Mann—Whitney test, ns).
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Whole cohort:
Level of cocaine exposure
(KMSK scores)

* p=0.047
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Figure | Cocaine KMSK scores in the whole cohort, by genotype. KMSK scores
are on an ordinal integer scale, where “0” denotes no lifetime exposure (never used
drug; see Methods), and greater scores denote increasing exposure (maximum
score=16). Cocaine KMSK scores measure exposure at the point in a volunteer’s
life when use was at its heaviest. A cocaine KMSK value 29 has optimal concurrent
validity with a cocaine dependence diagnosis (DSM-IV criteria). Individual data
points are shown in the scatter plot. The width of the data shown for each score
is proportional to the number of subjects with that score. The red line shows the
median score. The data were analyzed with a Mann—Whitney test (¥ denotes
p=0.047).

Analysis of Cocaine KMSK “Cutpoint”
Scores by Genotype

We found above that cocaine, but not heroin or alcohol
KMSK scores differed by tandem repeat genotype. We
therefore focused further analyses on the association of
the SHTTPLR genotype with cocaine. We did not have
available formal DSM-IV diagnoses for cocaine depen-
dence. However, as mentioned above, cocaine KMSK
scores have high concurrent validity with the DSM-IV

Contingency analysis for cocaine KMSK scores
and optimal "cutpoint” score
for cocaine dependence diagnosis

200- _
£ Fisher's test p=0.026 W <cutpoint
_g 150~ ___ 3 >cutpoint
L

t

©

2 100

U

[3)

S

3 50_

£

=]

=z

0- T T
LL SL+SS
Genotype

Figure 2 Contingency analysis in the whole cohort by tandem repeat genotype, for
cocaine KMSK scores < or 2 cutpoint (ie, for a score of 9) for the cocaine
dependence diagnosis; see Figure | and Table 2.

cocaine dependence diagnosis.*” ' Therefore, based on
the most recent evaluation, cocaine KMSK scores >
cutpoint (ie, score >9) can be a useful surrogate for
the cocaine dependence diagnosis.’® We carried out
a contingency analysis to determine if scores > cut-
point for cocaine are associated with tandem repeat
genotype. Fisher’s exact test (p=0.026) shows that the
[SL+SS] genotype was associated with greater odds of
cocaine KMSK scores > cutpoint versus the [LL] gen-
otype (Figure 2). Thus, the odds ratio for the [SL+SS]
genotype was 1.58 (95% CI: 1.07-2.36).

Since there had been an apparent effect of gender in
the above analysis of cocaine KMSK scores, we carried
out a multiple logistic regression for this analysis,
adjusting for gender. The predicted event was the pre-
sence of a cocaine score > cutpoint. The [LL] genotype
was used as the reference group, and females were
used as the reference group for gender. In this regres-
sion, there was a significant effect of genotype, with an
odds ratio of 1.52 (95% CI: 1.01-2.28; p=0.043) for
the [SL+SS] versus the LL genotype. An effect of
gender was also detected, with an odds ratio of 1.96
(95% CI: 1.27-30.03; p=0.0025) of males versus
females. This regression did not violate the Hosmer—
Lemeshow test. The area under the receiver operating
curve (ROC) was relatively modest (0.60; 95%
CI:0.55-0.65), but significantly above chance. Neither
151696528 or rs2066713 genotypes showed an associa-

tion with cutpoint scores for cocaine (not shown).
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Time of cocaine escalation
in NOD+OD groups combined

%volunteers

p=0.046 log-rank test

S

== LL (n=67): Median=6 years
== SL+SS (n=158): Median=2 years

0——r
0

10

5

15 20 25 30

Time of cocaine escalation (years)

Figure 3 Kaplan—Meier survival curve for time of cocaine escalation by tandem repeat genotype, in the NOD+OD groups. Time of escalation is defined as: age of onset of
heaviest use — age of first use (in years). Data are presented for all the volunteers in the NOD+OD groups who had cocaine escalation values. Values were analyzed with the

log-rank (Mantel-Cox) test.

Analysis of Time of Cocaine Escalation by
Tandem Repeat Genotype

As mentioned above and previously reported,>® the OD and
NOD groups had a range of exposure to cocaine, as measured
by KMSK scales. We therefore examined whether the time of
escalation of cocaine use differed by SLCA4 genotype,
focusing on the OD+NOD groups combined. The HC
group was excluded from this analysis since its members
typically reported no lifetime use of cocaine. As mentioned
in the methods, time of escalation is calculated as age of
onset of heaviest use minus age of first use (in whole
years).*> Therefore, an escalation time of “0” indicates that
first use and onset of heaviest use of cocaine occurred in the
same year (ie, the most rapid escalation that can be detected
with this method of measurement).*® Larger escalation scores
thus indicate a longer period elapsing between first use and
onset of heaviest use.

We found that the time of cocaine escalation was sig-
nificantly faster in the SL+SS genotype, compared to the
[LL] genotype, with median times of escalation of 2 and 6
years, respectively (Log Rank test; p=0.046) (Figure 3).
Intriguingly, there was a significant correlation between
cocaine KMSK scores, and time of cocaine escalation
(Spearman r=+0.14; p=0.01). We found that cocaine esca-
lation values did not differ by gender (not shown).

Discussion
Identification of the subpopulations at elevated risk for
rapid escalation of cocaine use is important for the

development of dynamic models of drug addiction and
treatment. Meta-analysis of twin studies showed that the
heritability of all addictive diseases ranges from 40% to
60%.52:53

Although there are likely multiple contributing factors
in developing substance dependences, including multiple
genes with subtle effects, this study was focused on the
tandem repeats in the functional polymorphism in the
SERT promoter (5-HTTLPR) in a cohort of subjects of
European ancestry from the Netherlands, including sub-
jects with current opioid dependence, lifetime opioid use
without opioid dependence, and healthy controls. In con-
trast to some previous findings showing a significant asso-
ciation of heroin dependence with the S allele of
S-HTTLPR 202223 we did not find
a significant association of short (S) or long (L) forms of

in Caucasians,

the repeats with the categorical opioid dependence diag-
nosis. Reasons for this discrepancy include methodologi-
cal differences. For example, one prior study in
Caucasians included only males.”® Also, the difference
was found only between the homozygous genotypes (SS
versus LL), comparing persons with heroin dependence
versus healthy controls®® (ie, without including persons
exposed to opioids but never becoming opioid dependent:
NOD).

Earlier studies reported that a haplotype, including
5-HTTLPR and rs16965628, was associated with obses-
sive compulsive disorder.’* Also, 1516965628 was found
to modulate task-related activation in ventral prefrontal

cortex in patients with posttraumatic stress disorder.” In
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this study, we did not find any significant association of
the rs16965628 or rs2066713 genotype with the categori-
cal opioid dependence diagnosis. The limited sample size
could explain the lack of associations of these intronic
SNPs with opioid dependence here. However, it is also
possible that associations of these intronic SNPs with
opioid dependence can only be detected in populations of
specific genetic background.

Other studies have shown that stratification into early and
late onset subgroups may better define the role of SLC6A4
variants in the development of alcohol dependence.’®
Overall, this suggests that the role of SLC6A4 variants may
be examined more broadly with respect to age-related phe-
notypes or disease trajectory (as carried out here), rather than
only by the presence of a diagnosis.

We did not have available categorical diagnoses of cocaine
dependence in this cohort. However, the cocaine KMSK
scores allowed us to examine if subjects had scores >cutpoint
(score=9; shown to have high concurrent validity with the
diagnosis, in a different cohort).”® We first determined that in
the whole cohort, subjects with the [SL+SS] genotype had
greater cocaine exposure than those with the [LL] genotype,
and this effect was due primarily to the males (the larger
group). We then found a greater proportion of subjects with
the [SL+SS] genotype had cocaine KMSK scores >cutpoint
for a cocaine dependence diagnosis, compared to the LL
genotype. This effect of genotype also survived adjustment
for gender, in a logistic regression. A prior study did not find
an association of this genotype with cocaine dependence, but
this was in an African American cohort,” rather than
a Caucasian cohort, as studied here. A recent study shows
that cocaine users with the [SL+SS] genotype have increased
subjective responses to i.v. cocaine challenge, compared to
users with the LL genotype.'®

Escalation of drug use has emerged as an important phe-
notype in disease trajectory and has been extensively studied
preclinically (primarily in rodents).***"*® We found here that
in the two groups which had cocaine exposure (ie, OD+NOD),
subjects with the [SL+SS] genotype exhibited a more rapid
time of cocaine escalation than the LL genotype. The magni-
tude of this difference of time of cocaine escalation was con-
siderable, with median times of 2 and 6 years, for the [SL+SS]
and LL genotypes, respectively. To our knowledge, this is the
first demonstration that the 5-HTTLPR polymorphism is
a genetic risk factor for rapid escalation of cocaine use in
humans. More rapid escalation may be associated with more

59-61

severe bio-behavioral consequences and allows less time

for preventive clinical intervention. Intriguingly, rats with

a genetic knockout in the SLC6A4 gene show enhanced
cocaine self-administration.” Selective knockdown of SERT
in the dorsal raphe (the main location of serotonergic cell
bodies in the CNS) also affected cocaine intake in rats, depend-
ing on high versus low exposure.® Taken together, these find-
ings suggest that the genetic status of SERT does affect
responsiveness to cocaine, as well as vulnerability to rapid
escalation of cocaine intake, in a Caucasian population.

Strength, Limitations, and Design

Considerations
This study has some strengths. First, we have used more
stringent criteria for heroin addiction and analyzing SERT
polymorphisms in subjects participating in methadone main-
tenance treatment (MMT), while other studies rely on DSM-
IV criteria that may be less stringent. Second, to minimize an
effect of population stratification, we have analyzed
5-HTTLPR variants in subjects with 70% of European ances-
try, based on 155 ancestral informative markers (AIMs) [42].
However, this study has also some limitations. Firstly, the
relatively small number of females in all groups could have
limited our capacity to detect effects in this gender. Also, recall
bias cannot be excluded with this type of design, which is
commonly used in the SUD field. However, it is unlikely that
such potential recall bias would vary systematically with
SHTTLPR genotype. Future larger studies with larger “n” in
each of the NOD and OD groups would also be helpful, as it
may be that cocaine-related genotypic associations are stronger
in one of the groups.

Conclusions

This study suggests that the SL+SS serotonin promoter
repeat genotype is associated with increased vulnerability to
development of heavy cocaine use in Caucasians with opioid
dependence or those repeatedly exposed to non-medical
opioids. We also provide initial evidence that the SL+SS
genotype is associated with more rapid escalation of cocaine
use, and may thus be associated with less available time for
clinical intervention. Due to the relatively small sample size,
our findings need replication in a larger independent sample.

Abbreviations

5-HTTLPR, serotonin-transporter-linked polymorphic region;
95% CI, 95% conference interval, AIMs markers, Ancestral
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