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ABSTRACT

Variations in 5HT-related genes contribute to the alterations of serotonergic neurotransmission, which is implicated
in the etiopathology of alcoholism. In this preliminary study we have tested polymorphisms of genes involved in 5HT
transport and turnover for their association with alcohol dependence. A case group of males with type 2 alcoholism
(N=59) and a control group of healthy males (N=282), both of Croatian origin, were analyzed for the frequency distribu-
tion of polymorphisms in 5HT transporter (SHTT-VNTR2, 5HTT-LPR), monoamine oxidase A (MAOA-uVNTR) and B
(MAOB-A/G) and tryptophan hydroxylase 1 (TPH1 A218C) and 2 (TPH2 G-703T) genes. An increase in the frequencies
of 10-repeat allele (p=0.010; OR=1.73; 95% CI=1.14-2.60) and 10/10 genotype (p=0.006; OR=2.57; 95% CI=1.32-5.00)
of the SHTT-VNTR2 polymorphism was found in alcoholic patients. No differences between case and control groups were
observed for the other tested polymorphisms. Present results support earlier studies implicating the role of SHTT gene in
alcoholism. The increase of sample size (in progress) is expected to enable search of more subtle differences, as well as
re-evaluation of these preliminary findings.
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Introduction

Alcohol dependence is a complex psychiatric disorder
with high heritability and high lifetime prevalence!.
Among other factors, individual vulnerability to alcohol-
ism has been related to inheritance of genes coding for
proteins involved in neurotransmitters pathways of the

els in the synaptic cleft, and consequently 5HT neuro-
transmission®. The relationship between hypoactivity of
5HT transmission and development of alcoholism has
been well documented*~".

brain reward system, including serotonergic (5HT) path-
way?. Serotonergic transmission is regulated by coordi-
nated actions of several 5HT-related proteins: 5HT auto-
receptors, enzymes that synthesize (tryptophan hydrox-
ylase, TPH) or degrade (monoamine oxidase, MAO) se-
rotonin and 5HT transporter (5HTT) that cleans synap-
tic cleft by uptaking released 5HT back into nerve termi-
nals. It was suggested that genetically driven variations
in function of these 5HT-related proteins affects 5HT lev-

Received for publication June 1, 2007.

Previous studies on the genetic risk factors for alcohol
dependence have mainly focused on the 5HTT gene®.
Only a limited number of studies have tested polymor-
phisms in other 5HT-related genes providing inconsis-
tent findings. This make further studies warranted, par-
ticularly on new, ethnically homogenous samples, as well
as on patients subtyped according severity of symptoms.

The aim of this study was to test the association be-
tween type 2 alcoholic outcome and polymorphisms in
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several candidate genes from the 5HT-ergic pathway, for
the first time in the Croatian population. The study en-
compassed six polymorphisms: variable number of tan-
dem repeats in the 5HTT (BHTT-VNTR2 and 5HTT-
-LPR) and MAO-A (MAOA-uVNTR) genes and single
nucleotide polymorphisms in the MAO-B (A/G dimor-
phism), TPH-1 (TPH1 A218C) and TPH-2 (TPH2 G-
-703T) genes.

Materials and Methods

Patients

The patient sample consisted of 59 male alcoholic in-
patients, aging 32+6 years, and the control sample in-
cluded 282 male blood donors, aging 42+12 years, with-
out personal and family history of alcohol dependence
and other psychiatric disorders. All subjects were of Cro-
atian origin. The diagnosis of alcohol dependence and
comorbidity was assessed by the structured clinical inter-
view based on DSM-IV criteria. Additionally, patients
were subtyped according to criteria for type 1 or type 2
alcoholism®. Only patients diagnosed with type 2 alcohol-
ism were included in study. Psychiatric comorbidity with-
in the sample included posttraumatic stress disorder
(N=5), personality disorder (N=7) and anxiety/depres-
sion (N=3). This study was approved by the Ethics Com-
mittee of the »Sisters of Mercy« University Hospital, and
written consent has been obtained from all participants.

Genotyping

Genomic DNA was prepared from blood samples us-
ing standard phenol chloroform extraction. Information
on primers sequences and cycling conditions for PCR re-
actions (except for TPH-2 polymorphism) were reported
previously® 1.,

For genotyping of TPH2 G-703T polymorphic site cy-
cling conditions were: initial denaturation (96 °C for 90
s), 45 cycles of amplification (95 °C for 30 s, 55 °C for 30 s,

72 °C for 30 s) and final extension at 72 °C for 5 min. To-
tal volume of 15 pL reaction mixture contained 100 ng of
DNA, 1.5 mM MgCl,, 50 uM dNTP 0.5 U of Amply Taq
DNA polymerase and 0.5 pM primers (5-TTTCCAT-
GATTTCCAGTAGAGAG-3’ and 5’-AAGCTTTTTCTGA-
CTTGACAAAT-3’). 5-uL aliquots of PCR products were
digested overnight with 5U of Xapl (Fermentas) in a total
volume of 20 uLL, and then separated by electrophoresis
on 3% agarose gel stained with ethidium bromide. A 309
bp band represented G allele, while T allele was cut into
two fragments of 285 bp and 24 bp.

Statistics

Hardy-Weinberg equilibrium and differences between
groups genotype distribution were tested by two sided y2
test for independence. Comparisons of allele frequencies
and genotype per genotype analyses were performed by
two-tailed Fisher’s exact test. Odd's ratio (OR) with 95%
confidence interval (95% CI) was calculated using the ap-
proximation of Woolf’s method. GraphPad InStat (ver-
sion 3.01) was used for performing all statistical analy-
ses. The level of significance was set at 0.05.

Results

Genotype and allele frequencies of six examined poly-
morphisms are presented in Tables 1-3. Genotype fre-
quencies of all tested polymorphisms accorded with Har-
dy-Weinberg expectations in both, control and patient
samples.

The frequency of the 10-repeat allele in 5SHTT-VNTR2
polymorphism was significantly higher in patients than
in the control group (p=0.010; OR=1.73; 95% CI= 1.14-
2.60). The observed difference in genotype distribution
(¥?=8.35, df=2; p=0.015) is apparently due to increase of
homozygote 10/10 genotype in the alcoholic sample (p=
0.006; OR=2.57; 95% CI=1.32-5.00) in comparison to
genotypes 10/12 and 12/12. Because of the small fre-

TABLE 1
GENOTYPE AND ALLELE FREQUENCIES OF 5HTT-VNTR2 AND 5HTT-LPR POLYMORPHISMS OF 5HTT GENE IN
TYPE 2 ALCOHOLICS AND MATCHED CONTROLS (PROPORTION OF TOTAL NUMBER OF INDIVIDUALS)

S5HTT-VNTR2

Genotype frequency

Allele frequency

N 12/12 10/12 10/10 9/12 9/10 12 10 9
Controls 282 041 0.41 0.14 0.03 0.02 0.64 0.34 0.02
Alcoholics 59 0.31 0.36 0.29 0.05 - 0.51 0.47 0.03

5HTT-LPR
Genotype frequency Allele frequency

N L/L L/s S/S L S
Controls 281 0.36 0.49 0.15 0.61 0.39
Alcoholics 58 0.45 0.45 0.10 0.67 0.33

9,10,12 — number of repeats in particular allele, L — long allele, S — short allele
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TABLE 2
ALLELE FREQUENCIES OF MAOA-uVNTR IN MAO-A GENE AND OF A/G DIMORPHISM IN MAO-B GENE IN TYPE 2
ALCOHOLICS AND MATCHED CONTROLS (PROPORTION OF TOTAL NUMBER OF INDIVIDUALS)

MAOA-uVNTR MAOB A/G
Allele frequency Allele frequency
N N
2R 3R 3.5R 4R 4.5R A G
Controls 141 0.01 0.36 0.01 0.62 0.01 141 0.50 0.50
Alcoholics 59 - 0.31 0.05 0.61 0.03 58 0.59 0.41
3R, 3.5R, 4R, 4.56R = number of repeats in particular allele
TABLE 3
GENOTYPE AND ALLELE FREQUENCIES OF SINGLE NUCLEOTIDE POLYMORPHISMS IN TPH-1 AND TPH-2 GENES IN
TYPE 2 ALCOHOLICS AND MATCHED CONTROLS (PROPORTION OF TOTAL NUMBER OF INDIVIDUALS)
TPH1 A218C
Genotype frequency Allele frequency
N A/A A/C C/C A C
Controls 281 0.16 0.50 0.34 0.41 0.59
Alcoholics 58 0.16 0.52 0.33 0.41 0.59
TPH2 G-703T
Genotype frequency Allele frequency
N G/G G/T T/T G T
Controls 91 0.73 0.23 0.04 0.84 0.16
Alcoholics 59 0.69 0.25 0.05 0.82 0.18

quency of 9-repeat allele, this allele and genotype con-
taining it were not included in statistical analysis. The
allele (p=0.208) and genotype frequencies (y*=1.80, df=
2; p=0.407) of SHTT-LPR polymorphism did not differ
significantly between case and control samples (Table 1).

In the promoter region of MAO-A gene we have iden-
tified five different alleles with 2, 3, 3.5, 4 and 4.5 repeats
(Table 2), with genotype/alleles with 3 or 4 repeats being
the most common, as expected. The frequencies of MA-
OA-uVNTR (p=0.739) as well as MAOB A/G (p=0.277)
genotype/alleles were not significantly different between
alcoholics and controls (Table 2). No differences were ob-
tained also in allele (TPH-1: p=1.00; TPH-2: p=0.751) or
genotype frequencies (TPH-1: ¥2=0.058, df=2; p=0.971;
TPH-2: ¥°=0.165, df=2; p=0.921) of tryptophan hydrox-
ylase genes (Table 3).

Discussion

In this study we have examined the possible contribu-
tion of structural variations in 5HT-related genes to the
etiology of alcohol dependence. Results of the association
study for type 2 alcoholics were significant for intron 2
VNTR polymorphism of 5SHTT gene, while none of the
other results reached the significance level. The main

drawback of the present study is a relatively small num-
ber of patients for this type of analysis, and, in this sense,
our results should be regarded only as preliminary. Ad-
vantages of our study are: 1) Highly homogenous pa- ti-
ents group regarding diagnosis — only type 2 alcoholics
(thought to have more extensively impaired brain 5HT
system than type 1 patients*%12) were included, 2) Sev-
eral 5HT-related gene polymorphisms were genotyped in
the same individual what will enable us to study 5HT-
-genes interactions as we increase the number of sub-
jects, 3) To our knowledge this is the first study on the re-
lationship between variants in 5HT-related genes and
alcoholism in Croatian (Slavic) population. In genetic
studies ethnicity represents an important factor, which
may, in addition to other factors, contribute to unequivo-
cal results, so replication studies in different ethnic gro-
ups are desirable!s.

We have identified an increased frequency of the
10-repeat allele in type 2 alcoholic patients, as well as
higher presence of homozygote 10/10 genotype of the
intron 2 VNTR polymorphism of 5HTT gene. The allele
and genotype frequencies of all other examined genes did
not differ significantly between alcoholics and controls.

In the literature, we have found only one study on the
relationship of 5SHTT intron VNTR polymorphism to al-
cohol abuse, showing no association between them!4. In
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contrast to our sample, patients in that study were not
subtyped, so the excess of low-expressing 10-repeat allele
in our patient group may be related to the severity of al-
coholism. These findings are in agreement with reports
on prevalence of alleles with lower number of copies in
depression'®, which is highly comorbid to alcoholism, as
well as with later onset of mood disorders in patients car-
rying longer allele'®. The other examined 5HTT gene
polymorphism, 5SHTT-LPR, did not show significant as-
sociation with alcoholism in our sample. Its lower activ-
ity, short variant has been repeatedly associated with
alcoholism!13:17 although there are also studies showing
dissimilar results'8. Enlargement of our patient group,
providing higher statistical power, is needed to draw a fi-
nal conclusion on our sample.

Regarding MAO, the most investigated polymorphism
in alcoholism is MAOA-uVNTR (which affects transcrip-
tional activity'?), but with contradictory results. Thus, an
association between low-activity 3-repeat allele and alco-
holism was described??! but a lack of association??23 or
association related only to females?*, was also found. No
differences between type 1 and type 2 alcoholics were
shown??, but also a higher presence of 3-repeat allele was
reported in earlier onset of alcoholism?!.

REFERENCES

1. GOLDMAN D, OROSZI G, DUCCI F, Nat Rev Genet, 6 (2005) 521.
— 2. WORST TJ, VRANA KE, Alcohol Alcohol, 40 (2005) 63. — 3. LESCH
KB, Eur J Pharmacol, 526 (2005) 113. — 4. VIRKKUNEN M, LINNOILA
M,, 11 (1993) 163. — 5. HIGLEY JD, BENNETT AJ, Alcohol Alcohol, 34
(1999) 402. — 6. LE MARQUAND D, PIHL RO, BENKELFAT C, Biol
Psychiatry, 36 (1994) 395. — 7. LE MARQUAND D, PITHL RO, BENKEL-
FAT C, Biol Psychiatry, 36 (1994) 326. — 8. CLONINGER CR, SIGVARD-
SSON S, BOHMAN M, Alcohol Health Res World, 20 (1996) 18. — 9.
HRANILOVIC D, STEFULJ J, FURAC T, KUBAT M, BALIJA M, JER-
NEJ B, Biol Psychiatr, 54 (2003) 884. — 10. FILIC V, VLADIC A, STE-
FULJ J, CICIN-SAIN L, BALIJA M, SUCIC Z, JERNEJ B, J Neurol Sci,
228 (2005) 149. — 11. STEFULJ J, KUBAT M, BALIJA M, SKAVIC J,
JERNEJ B, Psychiatry Res, 134 (2005) 67. — 12. BALLDIN J, BERGG-
REN U, ENGEL J, ERIKSSON M, Alcohol Clin Exp Res, 18 (1994) 822.
— 13. FEINN R, NELLISSERY M, KRANZLER HR, Am J Med Genet B
Neuropsychiatr Genet, 133 (2005) 79. — 14. THOMPSON MD, GONZA-
LES N, NGUYEN T, COMINGS DE, GEORGE SR, O'DOWD BE. Alco-
hol, 22 (2000) 61. — 15. OGLIVIE, AD, BATTERSBY S, BUBB VJ, FINK
G, HARMAR AJ, GOODWIM GM, SMITH CA, Lancet, 347 (1996) 731. —
16. BELLIVIER F, LEROUX M, HENRY C, RAYAH FE. ROUILLON F. LA-
PLANCHE JL, LEBOYER M, Neurosci Lett, 334 (2002) 17. — 17. SE-
RRETTI A, CALATI R, MANDELLI L, DE RONCHI D, Curr Drug Tar-
gets, 7 (2006) 1659. — 18. TWITCHELL G.R, HANNA GL, COOK EH,

L. Ci¢in-Sain

As to the role of TPH genes in genetic predisposition
to alcoholism, there are only few studies suggesting no
relation between alcohol dependence and either TPH-1
or TPH-2 gene variations?%-?% and our results are in line
with their findings.

In conclusion, our preliminary results support previ-
ous studies implicating the role of the 5SHTT gene in de-
velopment of alcoholism, while other examined 5HT
gene variants did not seem to be related to alcohol abuse.
Future increase of sample size is expected to enable anal-
yses of more subtle differences, as well as a reevaluation
of the above-mentioned findings, and these investiga-
tions are in course in our laboratory.
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OVISNOST O ALKOHOLU I POLIMORFIZMI GENA SEROTONINSKOG SUSTAVA:
ASOCIJACIJSKA STUDIJA

SAZETAK

Etiopatologija alkoholizma povezuje se sa varijacijama u genima koji kodiraju 5HT-vezane sinapticke proteine —
transporter, receptore, enzime — koji sudjeluju u regulaciji serotonergi¢ne transmisije. U ovom radu istrazili smo pove-
zanost alkoholizma i varijacija u genima koji su odgovorni za prijenos i metabolizam serotonina. Usporedena je distri-
bucija ucestalosti polimorfizama gena za 5HT prijenosnik (6HTT-VNTR2, 5SHTT-LPR), monoaminoksidazu A (MA-
OA-uVNTR) i B (MAOB-A/G) te triptofan hidroksilazu 1 (TPH1 A218C) i 2 (TPH2 G-703T) kod pacijenata sa tipom 2
alkoholizma (N=59) i kontrolnih ispitanika (N=282). Kod pacijenata je opazena povecana ucestalost alela s 10 ponav-
ljanja (p=0.010; OR=1.73; 95% CI=1.14-2.60) i 10/10 genotipa (p=0.006; OR=2.57; 95% CI=1.32-5.00) SHTT-VNTR2
polimorfizma. Ucestalost ostalih polimorfizama nije se razlikovala izmedu pacijenata i kontrolne skupine. Nasi rezul-
tati, dobiveni na hrvatskoj populaciji, u skladu su sa literaturnim podacima koji upucuju na ulogu serotoninskog prije-
nosnika u nastanaku alkoholizma.
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