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Neurobiological systems involved in alcohol addiction:
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Effect of ethanol on glutamatergic neurotransmission:
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Anti-craving drugs:
Effect of acamprosate on NMDA receptor activity and withdrawal

acute and chronic alcohol intake withdrawal
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o Acamprosate treatment

acute and chronic alcohol intake withdrawal
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Glutamatergic neurotransmission

(candidate genes selected for analysis are indicated by a bold frame)

Animal models:
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Schematic representation of the genomic organization of NR2A and mGIuR5

34187 11642764
AT
0.078

2456727 rsB049651 rs2072450
GG - W GiA - LL S GIT
VL 0324 0123

olnale / ,
“I_//-T“" otz u |

a
Z42380* reB207540 2806806
- AG G- R
0.047 0.50 0.403

B Untransiated region
Coding region
SNP

485533
ANG-YIT

mGIuR5 0.016

443806" G63075" rsd7 53485
GG GrA
0.433

rs 10741300 455324" rs3824927
CiA H HJ e iR
(Lik , , 050

2

:

203598° rs2 306153 2292102 528025*
GT AG LLLe GA

LG 0.018 0.016 0.mG

I 1 | L
rE2306154 re3a62
G GiA
0018 X 0438

B unitransiated region
Coding region
SNP

Schumann, G. et al




Alcohol-Dependent Adult Patients and Controls and Adolescent Trio Sample

Table 1. Alcohol-Dependent Adult Patients and Controls
and Adolescent Trio Sample

__________________________________________________________________________|
Age,
No. of Mean (SD),
Participant Participants y

Study 1 Sample
Patients 044 42.62 (9.54)
Controls 553 4468 (13.96) 51.2 48.8

Study 2 Sample
Patients 793 43.58 {9.93) 77.8 22.2
Controls 1002 47.96 (15.53) 59.6 40.4

Adolescent Trio Sample?
Adolescents 144 14.99 {0.37) 53.1 46.9

3 Adolescent sample consisted of 142 complete trios and 2 incomplete
rios {only offspring and mother),

Schumann, G. et al. Arch Gen Psychiatry 2008;65:826-838.




Comparison of Severity of Alcohol Dependence in Study 1 vs Study 2

Table 6. Comparison of Severity of Alcohol Dependence
in Study 1 vs Study 2°

No. of Patients (%)

|
No. of DSM-1IV Sample 1 Sample 2

Symptoms (N=345] (N=?Q3)

3 27 (7.83) 36 (4.5)
43 (12.46) 58 (11.9)

66 (19.13) 129 (16.3)
60 (
\

18.84) 155 (19.5)
144 (41.74) 415 (52.3)

3Mean number of symptoms was 5.742 in study 1 and 6.078 in study 2
(P<<.0071, analysis of variance).
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Statistical modeling overview

' Elimination of highly
correlating markers

] Reduction of 21 to 17 markers

v

Genewise aggregation of markers

L

Logistic regression analysis of

alcohol dependence > See Tables 2, 3, and 7
(identification of parameters)

hd

Identification of parameters , See parameter estimates

of logistic regression (Table 3)

A

Building protective and risk groups —— Maximl deviations from

reference group in both directions
(Tables 3 and 8)

L

Calculation of odds ratios between

extreme groups — See Table 8
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Gene-wise multiple logistic regression analysis

Reduction of 21 Table 2. Genewise Mul!‘iple Logistic Hegression
to 17 SNPs (r>0.7) of Alcohol Dependence

Gene Wald P Value®

.08
.08
14
18
27
42
81
.84
a1
92

MGLURS 9.9908

Genewise assessment NR2A 9.7770
of SNPs PIK3R1 9.5969

CAMK4 10.1689
PRKGZ 2.6170
GLAST 4.9746
NOST 1.0049
CREBT 0.3591
NR1 0.1980
NR2B 0.1593

Logistic analysis with
multi-SNP related
dummy covariables

T i o T i Y Y o T Y s 2 T o O 0 i |

4 Genotypes of all markers were within Hardy-Weinberg equilibrium.
bResults from testing the null hypothesis (ie, none of the multilocus

genotypic groups within a gene differ from reference group).
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|dentification and Analysis of Extreme
Genotypes for Alcohol Dependence in
Logistic regression Study 1 and Study 2

analysis

Table 8. Identification and Analysis of Extreme Genotypes for Aleohol Dependence in Study 1 and Study 2

Sludy 1 Study 2 Total

! Alfacied 3 AHected L I
Genotype Genotype Individuals, Controls, OoR £ Individoals, Comtrols, OR P OR £
1 2 Ho. Ho. (95% CI) Walue? He. Ha. (95% CI) Yalue? (95% L) Valuel

Gene

NR2A rs 2072450 152524016
Risk HH Del/Del 207 172 2350137403 002 &0 58 201{1.18-360) 02 2180148321 <« 00
Protective AC Delflnz 23 46 32 62

MGLURS rs 3462 rs3824 927
Hisk GG GC g3 &1 164 (1.06-26% .03 118 155 0.92 {(1.66-1.27) 62 113 (086147 28
Protective GA GA b b2 137 169

Abbrevialions: O, confidencs interval; OR, odds ratio,
3Fisher exact test.
b achran-Martal-Hagnszel fast.

Schumann, G. et al. 2008

Calculating Odds Ratios
between ,,extreme groups*




Association Analysis and Replication of NR2A With Genetically Enriched
Phenotypes of Alcohol Dependence

Table 9. Association Analysis and Replication of NR24 With Genetically Enriched Phenotypes of Alcohol Dependence

Study 1 Study 2 Total

' Affected "' Affected
Individuals, Controls, OR £ Individuals, Controls, DR F OR P
Measure No. Na. (95% Cly Valued : Mo, (95% CI) Value? {95% CI) Value?
Age at onset = 25y
Rizk a4 172 S E 58 267 (1.42-502) 002 383 (20-BE81) = .00
Protactive Ll 2 §2
Positive family history
Risk 172 384 (122103 .01 5 237 (1.29-438) 288 (1.58-454) < 001
Frotective bl
Maximum No. of drinks
Rick . 3.21(1.52-878) 2.70 {1.45-5.03) 00
Protactive ' ; ¥

Abbreviations: Cl, confidence interval; OR, odds ratio.

dFisher exact test,

®Caochran-Mantel-Haanszel test,

EGalculation of OR is not possible owing to empty call in contingency table.

Schumann, G. et al. 2008




Mannheim risk children study
Prospective study from birth to adolescence

(N=384; 185 boys, 199 girls)

Risk groups
0=none

1= moderate
2= high risk
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Analysis of the Role of NR2A in Initiation and Risky Drinking in
Adolescent Trios

Table 10. Analysis of the Role of MR2A in Initiation and Risky Drinking in Adolescent Trios

Not Randomly Transmitted
Measure Allele/Haplotype Total LRS

Lifetime pravalance drunkennass
. 4.296
24:20 0364
230 5.263
2919 2.099

Ahbraviations: LRS, likalihood ratio statistic: TU, trans mitted to untransmitted.

Schumann, G. et al. 2008




Conclusion:

Genetic variations in NR2A have the greatest
relevance for human alcohol dependence among the

glutamatergic genes selected for their known alteration
of alcohol effects in animal models.




Does phosphatidylinositol 3-kinase p85 (PIK3R).contribute to patterns of
risky alcohol drinking in adolescents ?

. (GLAST.
Alcohol/ MGIUR V

inhibits l

We investigated genetic o
variations in PIK3R in

145 family trios consisting of

15-16 year old adolescents Calmowin

and their parents.
PI3 - Adenylate
Kinase Cyclase

MAP-kinase
pathway




Genomic organization, SNPs and haplotypes of PIK3R
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Haplotype tagging SNPs are indicated in bold. (0) indicates the allele with majo
frequency, (1) the allele with minor frequency.

doi:10.1371/journal.pone.0001769.t003 Desr|V|eres, S. et al' 2008




Gender-specific association of PI3Kinase htSNPs with risky drinking behaviour in adolescents

Lifetime prevalence
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Conclusions:

Our findings highlight a previously unknown
relevance of PIK3R1 genotypes for alcohol use

disorders and might help discriminate
individuals at risk for alcoholism.




Are Genetic Variations of Protein Tyrosine Kinase fyn
associated with Alcohol Dependence ?

Gluts

Alcohol/
inhibits

Increased tolerance to the

effects of alcohol was shown to

be associated with an increased

risk for alcoholism in humans

and was observed in protein

tyrosine kinase (PTK) fyn

knockout mice. / \ CalmodU\Im

We carried out an association PI3 - Adenylate
analysis of PTK fyn genotypes Kinase Cyclase
in sample 1 (Mainz and \

Muenchen). MAP-kinase

pathway




Protein Tyrosine Kinase “fyn”:

Comparison of Genotypes and Allele Frequencies of SNP T137346

Armitage-Trend Test (Two- y* Test (Two-Sided)
Sided) for Testing Genotype for Testing Differences
Thztryhitiam (E {"T /(1R n Allala Eramiansiaz

All 133 p=1020 1.33 1.05-1.67
e =t T 32 =it
Mainz |zl = 1.01 p=333 1.2 $4-179

SNP, smgle meleotide polymerplosm; OR. odds rate; (I, confidence mterval.

Genotype Frequencies of SNP T137346C in Selected Phenotypes

Genotypes of Patients n (%) Genotypes of Control Subjects n (%) :
: : Armitage-Test

1T TC CC  Total T TC CC  Total (One-Sided) Patients va.
231 (33.7) 169(393) 30 (7.00 430 228(62.5) 117(32.1) 20(5.53) 363 Control Subjects

High Number of Withdrawal Symptoms
All 97(33.6) TOQ8T)14(7T) 181 228(625) 117(311)
TTmch R AL B ) B SR G G I )]
' SLUSTS 27340 o T 10e gl el gn 31031 0

High Alcohol Intake (=300 g/day)
Mumch 27(415) 34(523) 4(62) 5y 167(63.0) 86(32.3)
High Maxmmum Number of Lnnks
(=600 z/24 hours)
Mumch 37(45.T) 39(48.2) 5(6.17) 167 (63.0) 86(32.3)

Schumann, G. et al. 2003



Conclusions:

Our results indicate a possible association
of alcohol dependence and alcohol
dependence phenotypes with a genotype of

the SNP T137346C of the PTK fyn.




Conclusions e

Glutgmate
We performed an identification and genetic analysis of GIUR V
variations of glutamatergic signal transduction in
alcohol dependent patients and adolescents. \

| —

PTK fyn

We have identified NR2A as the most
relevant gene for human alcohol

dependence among the glutamatergic PSD 95 Ca?* + Calmodulin
genes selected for their known alteration / \
of alcohol effects in animal models.

Additional genes which showed an Kinase Cyclase

association with relevant phenotypes and \
specific samples included mGIuRS5,

MAP-kinase
PIK3R and PTK fyn. pathway

The observation of partial but not complete overlap of
association patterns with status compared to specific
phenotypes underscores the genetic heterogeneity of
alcohol abuse and dependence.
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Genewise Identification of Risk vs Protective Multilocus Genotypes

Log. regression analysis
(categorical genotypes)

Identification of parameters

A 4

Building protective
and risk group

Calculating Odds Ratios
between ,,extreme groups*

Tahle 3. Genewise ldentification of Risk vs Pratective
Multilocus Genotypes®

Ddds Ratia
Genotype {99% Confidence Interval)

NR24 159924016-rs2072450
Dellns-CC 1 [Refaranca]
DelDal-oc" 1.234 IIJ uH -1.735)
DelDs l
Delin

1787 (0595

MGLURS rs3462-rs3824927
1 [F-lufl renca)

& Fr utw; tive gre uup

Schumann, G. et al. Arch Gen Psychiatry 2008;65:826-838.




Table 7. Haplotypes of GRINZA and GRME

Haplctye frequeney
Haplstype

CHNiG 552

[HG FAGETR

1511842764

15EE03E06
[EEU R 1]

el K]
CHiG 445206
132505154
CHIiG 4562

CNG 4BA55D
CHG G ERE52
154 ihdd b
CHG BMEIRE
rRERELST

Schumann, G. et al. 2008




Mortality attributable to tobacco and alcohol as a percentage
of total mortality in Germany (1997)

Tobacco
10,9 %

others ‘ Tobacco and alcohol
\ 6,3 %
Alcohol

2,3 %

John & Hanke (2001)




