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The Use of Pharmacogenomic Method for the Prediction of
Antidepressant Responsiveness”
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| ABSTRACT I

erotonin transporter(5—HTT) is one of the major action site of antidepressants in neuronal cells. Accor-
S ding to the recent studies, it is known that the functional polymorphism in the promoter region of the 5—

HTT gene(5—HTT linked polymorphism repetitive element in promoter region, 5—HTTLPR) is associated
with antidepressant responsiveness, and the distributions of 5—HTTLPR is various among the different
populations. Our preliminary study suggested that it is possible to measure the endophenotype of 5—HTTLPR
genotype by examining the pharmacodynamic research of the 5—HTT in platelet membranes. However, there
are limitations to predicting the antidepressant responsiveness only from the endophenotypic characteristics
of 5—HTT gene promoter polymorphism, and therefore we propose to use the pharmacogenomic methods
for overcoming these limitations. We found that the significant correlations existed among the genetic poly-
morphisms of biogenic amine transporters whose structure and characteristics are similar to the 5—HTT, and
the predictable odds ratio of antidepressant responsiveness are increased significantly by combining the
effect with other associated polymorphisms, compared to the effect of 5—HTT promoter polymorphism only.
These results support the hypothesis that antidepressant treatment has to be individualized according to the
genetic and ethnic background of depressed patients. It would be possible to develope the evaluation tools
to predict the antidepressant responsiveness and its side effect profile, if scientists reveal the genes related
to the action mechanism as well as the metabolism of antidepressants so as to discover the interaction of
those genes and contribution of endogenotypes toward antidepressant responsiveness.
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Table 1. Allelic distribution of serotonin transporter
gene polymorphism in promoter region

Polymorphism in promoter

Group Number o/s o m
Nf;rr:‘;cl)l 252(100%) 137(54.4%) 103(40.9%) 12( 4.8%)
Né)ij?)rression 207(100%) 121(58.5%) 69(33.3%) 17( 8.2%)
Dé:fpomivewo(m%)100(66.7%) 41(27.3%) 9( 6.0%)
2’:3%222;6 57(100%) 21(36.8%) 28(49.1%) 8(14.0%)

sO short variant of polymorphism in promoter region
10 long variant of polymorphism in promoter region
p<0.01, Fisher's exact test
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g. 1. Comparism of % decrease of HAM-D score
after antidepressant treatment during 6 weeks
according to promoter polymorphism on se-
rotonin transporter gene. Each box displays the
median, 75th percentile and 25th percentile
values. Horizontal bars indicate the highest and
lowest observed values.
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Fig. 2. Vmax value of 5-HT uptake in platelets from Korean population. A represents Vmax value in 41 patients
with major depression. B represents Vmax value in 35 normal volunteers.
p<0.05(Jonckheere-Terpstra testO Il <Is <ss), Vmax valued pmole/min/10" platelets
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Fig. 3. ROC curve for prediction of antidepressant
response by Vmax value of 5-HT uptake. Op-
fimal Vmax valued 3.044(pmole/min/10"" pla-
telets), Sensitivity=0.3929, Specificity=0.8462
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Log-linear model analysis
( )indicates corresponding allele of polymorphism



Table 3. Biogenic amine fransporter gene polymor-
phism and SSRI responsiveness

Gene Polymorphism Odds Ratio p value
Promoter of SERT s/s vs.(s/l or I/I) 5.09 <0.001
Promoter of SERT s/s vs.(s/l or I/1)

+ 11 vs.(s/] of s/ 8.51 <0.001
Intron2 of SERT ( )
Promoki' of SERT s/s vs.(s/l or 1/l
infron2 of SerT TVSGHOTSI) 918 90001

+
NET-8 GG vs. others

giond 0000 5—-HTT OOOO intom 20 OO VN-
TR OOO0O OO0O0OO0 O ORO 8510 OOOOO
(p<0.001), 000 NET-8 000D O DOODD D
00 0O ORO 9.180 00O (p<0.0001). O, 000D
0000 0oooo 0o boo O oooodg oo oo
00 0000 odds ratioll OOOO O OOO OOO
ao.

go0do 00D 00O 0oboboOo 000 gooog
0 00 000 OO0o0O0ob0O obo oooo goog o
00 00O oo.00 00 oo boooo oooo o
Joobdob 0o0ob 00 bood bo boboo
00 0oob Ooo 0 bobo ogobo o ooo oo
dgob. 000 bobob oboob 0o ooooo o
000 ooboo boob oob oo oo ooo o
00 0 0000 0b0o 0o oooo obo boo
0 0b0od 0odb ouboo 0o bbo b0 ooo
000 000 000 oo ooo ooo o oo o
U ooopbobDbooooo.

-
2 E

00000 00 00000 0000 000 (seroto-
nin transporter, 5—HTT) OO OO promoter 00O
0000 O0O00@G-HTT linked polymorphism repe-
titive element in promoter region, 5—HTTLPR)O
00000 OO0 00O 0000 OO0 00 ooo o
00 00O, 5-HTTLPR 0000 OO 0O0OO OO
0 000 000 00 000 0ooOo oo.ooooo
000 000 000 5-HTTLPR 0OOO0O endo-
phenotypell OO0 OO O0O0O0O 5-HTTO 0OO0O
0 0000 000 0O 000 0ooooo.oooo o

00 5-HTTLPR O0O0OO OO0 OO0OOO OO O
000 00000, O endophenotyped OOO0O0O 5-
HTTO O0O0OO0 00 00 00 0000 0000 O
0O00. 000 O endophenotypell OOOO0O OOO
00 00000 0000 00 0000 0ooo ooag,
00 OO0 000 0000 00 00 O ooooo
0 000 000 0 000 00 ooo.

00000 OO0 OO0 OO0 Uoooo oo
0 0000 000 000 000 oooo ooooo
000 0000 00 000 00000 00O oog
000, 00 000 00000 oo ooooo oo
000000 0000 00000 oooooo oo
000 OO0 00 0000 odds ratio O0OO0O OO
00 ooooo.

000 00 D000 0000 ooobo 0o o o
0 0000 000 000 00bbo ooo ooo o
00 000 000 000 000O00. 000 oooo
0 00000 0 00000 00bo ooooo oo
00 0D00000 00 000 000 O oooo o
00 OO0 0000 000 0000 oooo oooo
00000 OO0 000 O 0000 00 ooo o o
0 00 000 000 000 00000 oooao
00 ood.

(o] o] 3
1 =

go0d bopodbD oooob obob oboobo
U0 00 00 b 00 oobb oo bo oo oo
0 0000 0OoO 0o oob ooo O 4-60 OO
0 0od0o 00 00 Ub OO0 obobob oo
4~60]0 0000 OO0 000 OO0 o000 30~40%
o0 b0 0obo.bo 0ob bobo oboob o
000 00 0000 ooboo oo ooog oa o
000 OO0 oooo. 0 booob oooog oo
Jodb 00 000 bobo ooob oo boo
00 OO0 00 ooob boboo oooooog o
U0 000 ooobod bobo bo ooo oo o
0 0000 0000 oobooo od.

0000 OoOo(serotonin transporter, 5—HTT)O
Joodbd goood bobo 0ob booo o o
gob. 000 Oodo ogO 5-HTT OO0 pro-



moter OO0 O0O0O0O OO0O(B—HTT linked poly-
morphism repetitive element in promoter region,
5-HTTLPR)O 00O0O0O0 OO OO O0O0OO OO0
00 000 000 000, 5-HTTLPR 0000 OO0
000 000 000 000 00 0Doo ooo oo.
00000 000 000 000 5-HTTLPR OO0
00 endophenotyped OO0 OO OOOO 5-HTT
0 0000 0000 ooo 0 o0b ooooo.o
000 000 5-HTTLPR OO0OO OOO O0OOO
0 00 0000 00004, O endophenotypeld O
0000 5-HTTO 0000 00 00 00 oooao
0000 0000. 000 O endophenotypell 00O
000 00000 00000 oobo oo oooa
000 000,00 000 000 o000 0o oo
0 000000 o000 OO0 O o0oo ooooo.
00000 000 000 000 ooooo oooa
0000 OO0 000 000 0ooo ooooo g
00 0000 00 000 oo0oo ooo oooa
00,00 OO0 00000 00O ooooo oog
0 000 O 0000 o000 ooooo ooooa
0 00000 OO0 00 0000 odds ratiod OO0
0 0000 ooooo.

000 OO0 0000 0000 coooo oo o o
0 0000 000 000 0000 000 oooo o
000 000 00000 000 000 ooooo. o
00 00000 O0000 0 0oooboo oooo o
0000 0000 000 00 00O ooo ooo o
0000 OO0 OO0 o000 000 oooo ooa
0 0000 00000 00 000 0 oooo oo
000 0O 00 00 000 000 0 o0 oo oog
00 00 000ooo.

ZA 0O 0000 OOD- 0000 DOOO- OO0
00- 00o0O0o- 0000.

o

429

1. Kaplan HI, Sadock BJ(1994) : Kaplan and Sadock’s Sy-
nopsis of psychiatry, 7th ed, Williams & Wilkins, 516-572

2 )R- 2% - o] 3 - 744 BB - FH2LS
o35 (1985) : A AN A 2A} A :
ERIEEREEE PR ER P RLEER

10.

11.

12.

13.

14.

28 1 1223-1244

. Nierenberg AA, Amsterdam JD(1990) : Treatment-res-

istant depression  Definition and Treatment approaches.
J Clin Psychiatry 51 : 39-47

. Amara SG, Kuhar M(1993) * Neurotransmitter transpor-

ter : Recent progress. Annu Rev Neurosci 16 © 73-93
Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg
BD, Petri S, Benjamin J, Muller CR, Hamer DH, Mu-
rphy DL(1996) : Association of anxeity-related traits
with a polymorphism in the serotonin transporter gene
regulatory region. Science 274 © 1527-1531

Ogilvie A, Battersby S, Bubb VJ, Fink G, Harmar AJ,
Goodwim GM, Smith CA(1996) : Polymorphism in se-
rotonin transporter gene associated with susceptibility
to major depression. Lancet 347 : 731-733

. Collier DA, Stober G, Li T, Heils A, Catalano M, Di

Bella D, Arranz MJ, Murray RM, Vallada HP, Bengel
D, Muller CR, Roberts GW, Smeraldi E, Kirov G,
Sham P, Lesch KP(1996) : A novel functional poly-
morphism within the promoter of the serotonin trans-
porter gene : Possible role in susceptibility to affective
disorders. Mol Psychiatr 1 : 453-460

Ramamoorthy S, Bauman AL, Moore KR, Han H, Yang-
Feng T, Chang AS, Ganapathy V, Blakely RD(1993) :
Antidepressant- and cocaine-sensitive human serotonin
transporter : molecular cloning, expression, and chro-
mosomal localization. Proc Natl Acad Sci USA 90 :
2542-2546

Heils A, Teufel A, Petri S, Stober G, Riederer P, Be-
ngel D, Lesch KP(1996) : Allelic variation of human se-
rotonin transporter gene expression. J Neurochem 66 :
2621-2624

Little KY, McLaughlin DP, Zhang L, Livermore CS,
Dalack GW, McFinton PR, DelProposto ZS, Hill E,
Cassin BJ, Watson SJ, Cook EH(1998) : Cocaine, et-
hanol, and genotype effects on human midbrain sero-
tonin transporter binding sites and mRNA levels. Am J
Psychiatry 155 : 207-213

Hanna GL, Himle JA, Curtis GC, Koram DQ, Ve-
enstra-VanderWeele J, Leventhal BL, Cook EH Jr
(1998) : Serotonin transporter and seasonal variation
in blood serotonin in _families with obsessive-compulsive
disorder. Neuropsychopharmacology 18 : 102-111

Kim DK, Lim SW, Lee S, Sohn SE, Kim S, Hahn CG,
Carroll BJ(2000) - Serotonin transporter gene polymo-
rphism and antidepressant response. Neuroreport 11 :
215-219

Endicott J, Cohen J, Nee J, Fleiss J, Sarantakos S
(1981) - Hamilton depression rating scale. Arch Gen Ps-
ychiatry 38 : 98-103

Kunugi H, Hattori M, Kato T, Tatsumi M, Sakai T,
Sasaki T, Hirose T, Nanko S(1997) : Serotonin trans-
porter gene polymorphisms : Ethnic differences and
possible association with bipolar affective disorder. Mol
Psychiatry 2 : 457-462



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gelernter J, Kranzler H, Cubells JF(1997) : Serotonin
transporter protein (SLC6A44) allele and haplotype fi-
equencies and linkage disequilibria in African- and
European-American and Japanese populaitons and in
alcohol-dependent subjects. Hum Genet 101 * 243-246
Smeraldi E, Zanardi R, Benedetti F, Di Bella D, Pe-
rez J, Catalano M(1998) : Polymorphism within the
promoter of the serotonin transporter gene and antidepr-
essant efficacy of fluvoxamine. Mol Psychiatr 3 © 508-511
Pollock BG, Ferrell RE, Mulsant BH, Mazumdar S,
Miller M, Sweet RA, Davis S, Kirshner MA, Houck PR,
Stack JA, Reynolds CF, Kupfer DJ(2000) : Allelic va-
riation in the serotonin transporter promoter affects
onset of paroxetine treatent response in late-life depre-
ssion. Neuropsychopharmacol 23 : 587-590

Zanardi R, Benedetti F, Di Bella D, Catalano M, Sme-
raldi EQ2000) : Efficacy of paroxetine in depression is
influenced by a functional polymorphism within the
promoter of the serotonin transporter gene. J Clin Psy-
chopharmacol 20 : 105-107

Rausch JL, Johnson ME, Fei YJ, Li JQ, Shendarkar
N, Hobby HM, Ganapathy V, Leibach FH(2002) : Ini-
tial conditions of serotonin transporter kinetics and
genotype : Influence on SSRI treatment trial outcome.
Biol Psychiatry 51 : 723-732

Yoshid K, Ito K, Sato K, Takahashi H, Kamata M,
Higuchi H, Shimizu T, Itoh K, Inoue K, Tezuka T,
Suzuki T, Ohkubo T, Sugawara K, Otani K(2002) :
Influence of the serotonin transporter gene-linked po-
lymorphic region on the antidepressant response to
fluvoxamine in Japanese depressed patients. Prog
Neuropsychopharmacol Biol Psychiatry 26 @ 383-386
Pletscher A(1987) : The 5-hydroxytryptamine system of
blood platelets : physiology and pathophysiology. Int J
Cardiol 14 : 177-188

Langer SZ, Schoemaker H(1988) : Effects of antidepr-
essants on monoamine transporters. Prog Neuro Psych-
opharmacol & Biol Psychiat 12 * 193-216

Nobile M, Begni B, Giorda R, Frigerio A, Marino C,
Molteni M, Ferrarese C, Battaglia M(1999) : Effects
of serotonin transporter promoter genotype on platelet
serotonin transporter functionality in depressed chil-
dren and adolescents. J Am Acad Child Adolesc Psy-
chiatry 38 © 1396-1402

Kaiser R, Muller-Oerlinghausen B, Filler D, Tremb-
lay PB, Berghofer A, Roots I, Brockmoller J(2002) :
Correlation between serotonin uptake in human blood
platelets with the 44-bp polymorphism and the 17bp
variable number of tandem repeat of the serotonin tr-
ansporter. Am J Med Genet 114 : 323-328

Greenberg BD, Tolliver TJ, Huang SJ, Li Q, Bengel
D, Murphy DL(1999) : Genetic variation in the seroto-
nin transporter promoter region affects serotonin uptake
in human blood platelet. Am J Med Genet 88 * 83-87

26.

27.

28.

29.

30.

32.

36.

Lesch KP, Wolozin BL, Estler HC, Murphy DL, Ried-
erer P(1993) : Isolation of a cDNA encoding the human
brain serotonin transporter. J Neural Transm Gen Sect
91 :67-72

Benkirane S, Arbilla S, Langer SZ(1985) - Supersensi-
tivity of alpha2-adrenoreceptors modulating [PH]-seroto-
nin release after noradrenergic denervation with DSP4
Eur J Pharmacol 119  131-133

Gallager DW, Aghajanian GK(1976) * Effect of antipsy-
chotic drugs on the firing of dorsal raphe cells. 1. Role
of adrenergic systems. Eur J Pharmacol 39 : 341-355
Agren H, Koulu M, Saavedra JM, Potter WZ, Linnoila
M(1986) : Circadian covarication of norephinephrine
and serotonin in the locus coeruleus and dorsal raphe
nucleus in the rat. Brain Res 397 : 353-358

Baraban JM, Aghajanian GK(1981) : Noradernergic
innervation of serotonergic neurons in the dorsal ra-
phe : demonstration by electron microscopic autoradio-
graphy. Brain Res 204 : 1-11

. Dray A, Gonye TJ, Oakley NR, Tanner T(1976) : Evi-

dence for the existence of a raphe projection to the
substantia nigra in rat. Brain Res 113 * 45-57

Herve D, Pickel VM, Joh TH, Beaudet A(1987) : Se-
rotonin axon terminals in the ventral tegmental area of
the rat : find structure and synaptic input to dopamin-
ergic neurons. Brain Res 435 © 71-83

. Blackburn TP, Cox B, Lee TF(1982) - Involvement of

a central dopaminergic system in 5-methoxy-N, N-dime-
thyltryptamine induced turning behavior in rats with
lesions of the dorsal raphe nuclei. Psychophaarmacology
78 :261-265

. Antelman SM, Caggiula AR(1977) : Norephinephrin-

edo-pamine interactions and behavior. Science 195 :
646-653

. Hsiao JK, Potter WZ, Agren H, Owen RR, Pickar D

(1993) : Clinical investigation of monoamine neurotrans-
mitter interactions. Psychophamacology 112 : §76-S84
Jonsson EG, Nothen MM, Gustavsson JP, Neidt H,
Bunzel R, Propping P, Sedvall GC(1998) : Polymor-
phism in the dopamine, serotonin, and norephinephrine
transporter genes and their relationships to monoamine
metabolite concentrations in CSF of healthy volunteers.
Psychiatry Res 79 : 1-9

. Stober G, Nothen MM, Porzgen P, Bruss M, Bonisch

H, Knapp M, Beckmann H, Propping P(1996) - Syste-
matic search for variation in the human norephineph-
rine transporter gene : identification of five naturally
occurring missense mutations and study of association
with major psychiatric disorders. Am J Med Genetics
67 :523-532

. Vandenbergh DJ, Persico AM, Hawkins AL, Griffin CA,

Li X, Jabs EW, Uhl GR(1992) : Human dopamine
transporter gene (DATI) maps to chromosome 5pl5.3
and display a VNTR. Genomics 14 : 1104-1106



