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Abstract

The dynorphin/kappa opioid receptor (Dyn/KOR) system is involved in reward processing and 

dysphoria/anhedonia. Exposure to mu-opioid receptor agonists such as heroin increases expression 

of the prodynorphin gene (PDYN) in the brain. In this study in a Caucasian cohort, we examined 

the association of the functional PDYN 68-bp repeat polymorphism with opioid use disorders. In 

this case-control study, 554 subjects with Caucasian ancestry (142 healthy controls, 153 opioid-

exposed, but never opioid dependent, NOD and 259 with an opioid dependence diagnosis, OD) 

were examined for association of the PDYN 68-bp repeats with the diagnosis of opioid 

dependence (DSM-IV criteria), with a dimensional measure of heroin exposure (KMSK scale), 

and age trajectory parameters of heroin use (age of heroin first use, and age of onset of heaviest 

use). The PDYN 68-bp repeat genotype (classified as: “short-short” [SS], “long-long” [LL], and 

“short-long” [SL], based on the number of repeats) was not associated with categorical opioid 

dependence diagnoses. However, the LL genotype was associated with later age of first heroin use 

than the SS+SL genotype (19 versus 18 years; p<0.01). This was also confirmed by a significant 

positive correlation between the number of repeats and the age of first use of heroin, in volunteers 
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with OD (Spearman r=0.16; p=0.01). This suggests that the functional PDYN 68-bp repeat 

genotype is associated with the age of first use of heroin in Caucasians diagnosed with opioid 

dependence.
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Introduction

The kappa opioid receptor (KOR) and its cognate neuropeptides, the dynorphins, are 

involved in rewarding and aversive effects of drugs of abuse, as well as in dysphoria, 

anhedonia, and anxiety-like effects [1, 2]. Stress exposure and impulsivity can increase the 

risk of drug abuse, and reinstate extinguished drug-seeking in rodents [3].

In animal models, dynorphin A(1–17) and synthetic KOR agonists decrease basal and drug-

induced increases in dopamine levels in nigrostriatal and mesolimbic–mesocortical systems 

[4, 5].

Previous human genetic studies revealed that gene polymorphisms of PDYN are associated 

with memory, emotional processing, drug addiction, and alcoholism [6, 7]. A 68-bp variable 

number tandem repeat (VNTR) located 1250 bp upstream of the transcription start site of the 

gene, was described in the 5’ promoter region of PDYN [8]. This 68-bp repeat 

polymorphism (rs35286251) can be present in 1–5 copies, and each copy contains an 

activator protein-1 (AP-1) transcription complex binding site for c-Fos/c-Jun dimers [8, 9].

In vitro, PDYN expression studies using various constructs and cell lines reported divergent 

effects of the repeats [8–10]. The first in vitro reporter gene expression study in rodent 

NG108–15 cells showed that 1–2 copies of the repeat have lower phorbol-induced increases 

in expression of the reporter gene than 3–4 copies [8]. However, a more recent study, using 

an expression construct with a longer PDYN promoter sequence, and human neuroblastoma 

SK-NSH cells, showed an inverse relationship between number of repeats and promoter 

activity [9]. Thus, constructs with 1–2 repeats had higher caffeine-induced expression of the 

reporter gene than constructs with 3–4 repeats. There are different designations of the PDYN 
68-bp repeat genotype [8, 9]. We have used a genotype designation based on the number of 

repeats; thus 1–2 copies are designated as SS (short/short) and 3–4 copies as LL (long/long) 

genotype [9, 11, 12].

The 68-bp repeat polymorphisms have been examined in several association studies with 

inconsistent results. Some studies showed that 3–4 repeats constitute a risk factor for SUD 

diagnoses, including cocaine/alcohol co-dependence and heroin dependence [11, 13–16]. 

Other studies reported no association with SUD diagnoses [8, 12, 17, 18].

In this study we examine for the first time whether there is an association of variants of the 

PDYN 68-bp tandem repeats with opioid dependence (OD) diagnoses in Caucasian 

volunteers from the Netherlands [19]. Different genetic mechanisms may underlie specific 
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stages of addictive diseases, including initiation and progression to maximal use [3]. Studies 

also show that age trajectory parameters of drug use (e.g., age of first use, or age of heaviest 

use) can be associated with specific genetic polymorphisms [20]. Therefore, we also 

examined whether age trajectory parameters of heroin use differed by genotype in these 

volunteers with OD diagnoses.

Materials and Methods

Subjects

This was a case-control study, with volunteer groups recruited in the Netherlands (n=795, 

32% females, Table 1), as previously described [19, 21, 22].

Three groups were compared here:

1. Healthy controls (HC) without a history of any illicit opioid use and with no 

history of alcohol or drug dependence, according to DSM-IV criteria.

2. Volunteers self-exposed illicit opioids, but who did not have a DSM-IV lifetime 

opioid dependence diagnosis (NOD). These volunteers reported a lifetime history 

use of heroin or other non-prescribed opioids without ever reaching dependence.

3. Volunteers with opioid dependence diagnosis (OD) (DSM-IV criteria). They had 

been in methadone maintenance treatment (MMT), or in methadone maintenance 

with adjunctive heroin-assisted treatment (HAT) for at least 5 years [22].

The Central Committee on Research Involving Human Subjects in the Netherlands (protocol 

number P04.0156C) approved the study of heroin-assisted and methadone maintenance 

treatments, and the genetic study. The genetic study was also approved by the Rockefeller 

University Institutional Review Board. Subjects signed an informed consent for the study.

Diagnoses and Measurements

Diagnoses: The SUD section of the computerized structured Composite International 

Diagnostic Interview (CIDI Auto 2.0) was used to derive DSM-IV SUD diagnoses [21]. In 

this study, we focused on opioid dependence (OD) diagnoses.

Measurements: KMSK scales for maximal exposure to specific drugs (measuring alcohol, 

tobacco, cocaine, and heroin) [23, 24]. The KMSK scales characterize the period in a 

volunteer’s life when use of a substance is the 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, and heroin, and 16 for cocaine). KMSK 

scales have also been used as a dimensional phenotype in genetic association studies [12, 

25]. A recent study re-validated KMSK scales for alcohol, cocaine and heroin with the 

respective DSM-IV dependence diagnosis [24], including determination of new optimal 

“cut-point” KMSK scores. The KMSK questionnaires for each substance also collected the 

age of first use and the age of onset of heaviest use (in whole years) examined here.
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Assessment of Percentage of European Ancestry

Ethnicity was initially assigned based on self-reported family origin data, with 628 self-

identified Caucasian volunteers [19]. Based on 155 ancestry informative markers (AIMs), 

the fraction of genetic affiliation of the individual was calculated using Structure v2.2 [26]. 

Each volunteer was “anchored” against 1051 samples from 51 worldwide populations in the 

Human Genome Diversity Cell Line Panel [27]. For the current study, the inclusion criteria 

was set at ≥70% European ancestry contribution estimate, to minimize population 

stratification, as described previously [19].

Genotyping of the 68-bp tandem repeat region in study subjects

Genomic DNA was extracted from blood cells using a salt-precipitation method. Genotyping 

of the 68-bp tandem repeat region was performed as described previously [11, 12]. In brief, 

100 ng of genomic DNA was amplified by PCR using forward (5’- CTG TGT ATG GAG 

AGG CTG AGT −3’) and reverse (5’- AGG CGG TTA GGT AGA GTT GTC −3’) primers. 

PCR products were electrophoresed on a 2.0% agarose gel. PDYN genotypes were 

determined according to the size and number of PCR DNA fragments. Genotypes were then 

grouped as short/short “SS” (1,1; 1,2; 2,2 copies), short/long “SL” (1,3; 1,4; 2,3; 2,4 copies), 

and long/long “LL” (3,3; 3,4; 4,4 copies) repeat alleles.

Statistical analyses

Analyses were carried out with Graphpad Prism (V.7) and Plink v1.9 [28]. Demographic 

variables and KMSK scores were analyzed with t-test or Mann-Whitney tests, or with 

Fisher’s test, as appropriate. Contingency analysis for OD diagnoses and PDYN genotype 

were carried out with Fisher’s exact test. Age trajectory variables in OD volunteers (in 

whole years) were analyzed separately with Kaplan-Meier survival curves, using the Gehan-

Breslow-Wilcoxon test, as we did not have an a priori hypothesis on whether curves would 

differ across early and late time points. In a follow-up examination in OD volunteers, the 

genotypic number of PDYN repeats (i.e., ranging from 2 to 8 repeats in this cohort) was 

examined for its Spearman correlation to age of first heroin use. For example, a volunteer 

with the homozygous 1/1 repeats would be counted as 2, and a volunteer with 4/4 repeats 

would be counted as 8 repeats. The alpha level of significance for the results was p≤0.05.

Missing data: If a measure was missing from a comparison, the data set for the volunteer 

was eliminated from analysis.

Results

Sample characteristics and demographics

There were 795 volunteers initially. After exclusion of those with >70% of Caucasian AIMS 

markers or poor DNA quality, 554 volunteers (382 males and 172 females) were included 

for analysis (Table 1). The mean age at ascertainment of the non-dependent controls (i.e., 

HC+NOD; see below) and the OD group at the time of ascertainment were significantly 

different: 39.5 ± 9.7 and 43.4 ± 10.4 years, respectively (Kruskal-Wallis test, p<0.001).
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KMSK scores are summarized in Table 2. It may be noted that 57% of the healthy control 

subjects (HC) reported considerable alcohol exposure, but very low exposure to heroin or 

cocaine. Also, a substantial proportion of non-dependent opioid users (NOD) reported 

considerable cocaine exposure (i.e., 48%). The KMSK scores also indicated that 89% of the 

OD volunteers had high exposure to cocaine, and 79% also had high exposure to alcohol.

Contingency Analysis of PDYN 68-bp tandem repeat genotype with categorical diagnoses 
of opioid dependence:

Since the initial genetic association test (Fisher’s exact test) did not show significant 

differences between HC and NOD, neither allelic (p=0.41) nor genotypic (p=0.13), they 

were combined into a “non-dependent” control group, to increase statistical power. 

Frequencies for the minor allele S (1–2 repeats) in the combined non-dependent control 

group (n=293), and in the OD group (n=261), were similar (i.e., 33.3% and 33.7%, 

respectively; Table 3). Although there was significant deviation in distribution of PDYN 68-

bp genotypes from Hardy–Weinberg equilibrium (HWE) in the healthy control group alone 

(p=0.02, Pearson test), there was no significant deviation in distribution of the genotypes 

from HWE in the combined non-dependent control group (i.e., HC+NOD; p=0.21, Pearson 

test). The distribution frequencies of the PDYN 68-bp genotypes in MMT, HAT, and 

combined OD group (i.e., MMT+HAT) did not deviate from HWE (p-values 0.14, 0.91, and 

0.34, respectively).

Fisher’s exact test conducted for an L-recessive (i.e., LL versus SS+SL) or an L-dominant 

model (i.e., SS versus SL+LL) did not show significant association of the PDYN 68-bp 

repeat genotype with categorical OD dependence diagnosis (Table 3). A Fisher’s exact test 

for the frequency of male and female volunteers with OD across genotype (i.e., SS+SL 

versus LL) was not significant in recessive or dominant models (not shown).

A recent study in this cohort also found that several other PDYN SNPs, including rs1997794 

in the 5’-UTR, and rs2235749 in 3’-UTR, were not associated with categorical opioid 

dependence diagnoses [29]. Also, we found that the rs1997794 or rs2235749 SNPs were not 

associated with age of first use of heroin in these OD volunteers (not shown).

KMSK scores for heroin, cocaine, alcohol and tobacco across genotype, in OD volunteers

KMSK exposure scores were examined across genotype in the volunteers with OD (Table 4). 

When examined with Mann-Whitney tests, KMSK scores for heroin, cocaine, alcohol, and 

tobacco did not differ significantly by genotype (i.e., SS+SL versus LL).

Age of first use of heroin, in volunteers with OD, across genotype

Age of first use of heroin did not differ by gender, or whether a volunteer was in MMT or 

HAT (not shown). We examined the age of first heroin use with a survival analysis, across 

genotype (LL versus SS+SL), in volunteers with OD (i.e., MMT+HAT). This analysis 

indicated that OD volunteers with the LL genotype had a later age of heroin first use, 

compared with those with the SS+SL genotype (median 19 versus 18 years; Gehan-Breslow-

Wilcoxon test p<0.01) (Fig.1A).
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A Mann-Whitney test (U=6,407; p<0.01) detected a significantly later age of heroin first use 

in volunteers with OD with the LL genotype (mean=20.5 years; 95%CL: 19.5–21.6) 

compared to the SS+SL genotype (mean=18.9 years; 95%CL: 18.0–19.7) (Fig. 2). We also 

found that in the OD volunteers, the number of PDYN repeats (genotypic) was positively 

correlated with age of first use of heroin (Spearman r=0.16; p=0.01).

Age of onset of heaviest use of heroin, in volunteers with OD, across genotype.

We next examined the age of onset of heaviest use of heroin across genotypes. We again 

found that the volunteers with OD with the LL genotype had a later age of onset of heaviest 

use, compared to those with the SS+SL genotype (median 23 versus 20 years; Gehan-

Breslow-Wilcoxon test p<0.04) (Fig. 1B).

There were no gender differences in the age of onset of heaviest use of heroin (not shown). 

However, we found that the age of onset of heaviest use of heroin was earlier in volunteers 

in MMT than in HAT (median 20 versus 24 years; Gehan-Breslow-Wilcoxon test p=0.0002). 

We therefore carried out a stratification of the above PDYN genotype effect in MMT 

(n=129) versus HAT (n=74) volunteers. After MMT and HAT stratification, there was no 

statistical significance of PDYN genotype, possibly because of reduced statistical power due 

to the lower “n” (not shown)”.

Discussion

We found that a functional PDYN polymorphism in a Caucasian sample with OD diagnosis 

was associated with the age trajectory of the use of heroin, principally the age of first use. 

Intriguingly, this PDYN polymorphism was not significant in the contingency analysis for 

the categorical OD diagnosis. The latter result replicates some earlier studies [8, 17, 18], 

showing lack of association of the PDYN VNTR polymorphism with the diagnosis of OD in 

Caucasians. Also, heroin KMSK scores, which are dimensional measures of maximal 

exposure to the heroin, did not differ by PDYN genotype in these volunteers with OD.

Investigation of the genetic basis for the initiation of drug use, and also of the onset of 

heaviest use (or onset of a diagnosed SUD), has received recent attention [20, 30]. For 

example, some studies have identified genetic markers of early age of first use of alcohol 

and other drugs [31, 32]. To our knowledge, this is the first report of a functional 

polymorphism of the PDYN gene that is associated with the age trajectory of heroin use in 

persons diagnosed with OD. We have also recently reported that the PDYN 68-bp “LL” 

genotype is associated with later age of first use of cannabis in African-American males 

[12]. This suggests that this functional PDYN polymorphism may affect age trajectory for 

more than one type of drug of abuse.

Endogenous activation of KOR by dynorphins can result in aversion/dysphoria and 

anhedonia, and can also underlie relapse-like effects and escalation of drug self-exposure in 

animal models [33, 34]. Furthermore, the KOR / dynorphin system modulates basic 

behavioral functions, including impulsivity, in animal models, and this could affect specific 

age trajectory phenotypes in OD (e.g., age of first heroin use) [35, 36].
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Limitations and methodological considerations:

As is common in the SUD field, volunteers in the OD group also had considerable exposure 

to other substances, as characterized with KMSK scales. However, there were no significant 

differences in KMSK scores for other drugs (tobacco/nicotine, alcohol, or cocaine) in the 

OD volunteers, based on LL versus SL+SS genotypes. Therefore, it is unlikely that the 

PDYN genotype effect on age trajectory of heroin use was due primarily to different 

exposure levels to these other substances.

In the overall OD group (i.e., MMT+HAT), we also found that age of onset of heaviest use 

of heroin was later in the LL versus the SL+SS genotype. However, the age of onset of 

heaviest use of heroin differed in the MMT versus the HAT group. The underlying clinical 

study could not use a randomized assignment to MMT or HAT, for practical and ethical 

reasons [37]. Therefore it is not surprising that some endophenotypic differences of this kind 

were observed in MMT versus HAT. Follow-up studies with a larger number of volunteers 

would therefore be needed to confirm the association of PDYN VNTR genotype with age of 

onset of heaviest use of heroin.

There are a number of naturally-occurring haplotypes in the 3 kb cis-regulatory region of 

PDYN, including the 68 bp repeats, and they may have differential impact on gene 

expression across cell types and brain regions [10]. The interaction of genetic variants of 

PDYN could also differ across human populations. Further studies with greater statistical 

power are warranted to corroborate the results, and to assess the clinical significance of these 

findings.

Conclusions: This study reports the first genetic association of the functional repeat 

genotype in the promoter region of the PDYN gene with the age trajectory of heroin use in 

Caucasians with OD diagnoses. Our results suggest that this functional PDYN 
polymorphism may be associated with age trajectory of heroin use, and the SS+SL genotype 

may be a risk factor for relatively early-onset opioid use disorders.
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Abbreviations:

HAT heroin-assisted treatment, added to methadone maintenance

HC Healthy controls

KMSK Kreek-McHugh-Schluger-Kellogg scale of maximum exposure to 

specific drugs

L “Long” 68-base PDYN pair repeats: 3 or 4 copies

S “Short” 68-base PDYN pair repeats: 1 or 2 copies
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MMT methadone maintenance treatment

NOD Non-dependent opioid users

OD Opioid dependence diagnosis (by DSM-IV criteria)

SUD substance use disorders

PDYN Prodynorphin gene

VNTR variable number tandem repeats
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HIGHLIGHTS

• The functional PDYN 68-base pair polymorphism affects transcription levels 

of the gene

• We studied heroin use in Caucasians diagnosed with opioid dependence

• PDYN genotype “SS+SL” was associated with earlier age trajectory of heroin 

use
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Figure 1: 
A) Kaplan-Meier survival curves for age of first use of heroin, and B) for age of onset of 

heaviest use of heroin, in volunteers with OD diagnoses, comparing PDYN genotype. The 

curves in each panel compare volunteers with PDYN LL versus the SS+SL genotype. Ages 

were entered in whole years.
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Figure 2: 
Ages of first use of heroin in volunteers with OD diagnosis, depending on PDYN genotype. 

Data were analyzed with a Mann-Whitney test (U=6,407; p<0.01).
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Table 1

Demographics of the Netherland cohort included in the study

Characteristics Controls (HC) Controls (NOD) OD (MMT+HAT) Total P

Total 142 153 259 554

Male 86 (61%) 100 (65%) 196 (76%) 382 (69%)

Female 56 (39%) 53 (35%) 63 (24%) 172 (31%)

Age, years (±SD) 39.0±10.4 40.1±9.0 43.4±10.4 <0.001

Treatment groups

MMT

Male - 85 (64%) 132

Female - 47 (36%)

HAT

Male - 111 (87%) 127

Female - 16 (13%)

HC, healthy controls; NOD, non-dependent opioid users; OD-MMT, opioid dependent in methadone maintenance treatment; OD-HAT, opioid 
dependent in methadone maintenance with adjunctive heroin-assisted treatment
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Table 2.

KMSK Scores: maximal exposure to specific drugs

Treatment group KMSK scale

Alcohol Nicotine Cocaine Heroin

OD n= 261 total Range 1–13 0–13 0–16 0–13

(PDYN genotyped) Median (IQR) 12 (10–13) 10 (9–11) 12 (11–14) 9 (9–10)

Subjects over cut-point* n=206 (79%) N/A** n=234 (89%) n=254 (97%)

NOD n= 153 total Range 6–13 0–13 0–16 0–12

(PDYN genotyped) Median (IQR) 11 (10–13) 11 (9–13) 8 (6–11) 5 (4–6.5)

Subjects over cut-point n=122 (78%) N/A n=74 (48%) n=56 (37%)

HC n= 142 total Range 3–13 0–13 0–10 0–2

(PDYN genotyped) Median (IQR) 10 (9–11) 8 (0–10) 0 (0–0) 0 (0–0)

Subjects over cut-point n=81 (57%) N/A 0 0

*
Cutpoints for respective DSM-IV diagnosis, based on new determination (Butelman et al., 2018)

**
Cutpoint for nicotine not available
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Table 3.

Fisher’s exact test analyses of association of the PDYN 68-bp repeat grouped genotype with opioid 

dependence

PDYN VNTR Alelle1 Alelle2 Test Model OD HC+NOD Chi-square DF P-value

68 bp repeats S L Genotypic 33/110/118 37/121/135 0.0465 2 0.9770

68 bp rpt S L Allelic 176/346 195/391 0.024 1 0.8769

68 bp rpt S L Dominant SS+SLvsLL 143/118 158/135 0.0416 1 0.8385

68 bp rpt S L Recessive SS vs SL+LL 33/228 37/256 0.000031 1 0.9956
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Table 4:

KMSK scores for different substances in OD volunteers, by genotype

Genotype Alcohol KMSK
scale range: 0–13

Nicotine KMSK
scale range: 0–13

Cocaine KMSK
scale range: 0–16

Heroin KMSK
scale range: 0–13

LL n 117 118 118 118

score range 1–13 0–13 0–16 0*–13

Median (IQR) 12 (11–13) 10 (9–11) 13 (11–15) 10 (9–13)

SS+SL N 135 143 143 143

score range 1–13 0–13 0–16 0–13*

Median (IQR) 12 (10–13) 10 (9–11) 12 (10–14) 10 (9–13)

Mann-Whitney test significance (p) 0.096 0.22 0.099 0.65

*
A very small number of the OD volunteers (n=3) had heroin KMSK scores=0 because their opioid use was not of heroin, but of other opioid 

compounds; IQR – interquartile range.
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