! Bind, 208,
SETE-chiviye
ES Ty
T B
18X« Ag,
bryo libracy
WL Cionag
- Carmdiun g
of the am!
5 JrEpared
and V.G,
om Zlones
sy anc from

S wWeSe ugad
5 USIng the
T W, Milier,
L2185, 400
1 homology
hia 84 rogt
o virdl ar
Zify doirain
roteins be-
CWES most
21 tolcwed
| Sequence
ttha GCE
Mivarsity of
xad, HoA
336 (1995),
<&to, Proz,

. 3.ZM, 5.

wrst, R M. '

Mav. B, 168 .
jceld, A, M.
13 (1894},
5 R
T
; cor
> 151}, and.
Shion werng
s firetro-
155585, 4
o with 2 i
e rasin or
e riceel
3red saling
Afler thrae
erE feLited
biected ta

jwith 1 ng.
g 4] in a
b, 5C mM
yeeroh, 10
BSA, and
30 min at
roEnts. in-
81/82 i)
fing reac-
cibesd O &
wcerol and

107 ner G-,
-pgal. 2
e, Madm-
of the 3.
rit of pRcE
v

s act

. Currant.
law Yorkk.
| and nod;
The datax

Plaifle, Chromasoma 98, 31 (984)], hOKYgENIN-
iabeled probes were chianed oy rancom-prnar la-
baling of 20NA iragmemis comprsing he amax
ORF. and nuciectides 1 '» 2083 for amye, respec-
vty

: . Modoigh W. Benoer, M. Meseison, oo Mad,

Acad. Soi. U.S.A. 80. 1678 i1983),
0L dnagley and 5. 3. Zmm, The Gensme of
Crasophia MAANOgAster (Academic Trass. Mew
fork, 1982).

24, 3L Marlor, S, M. Parkhurst, ¥. G. Carcas. ifer Calt
Sioi, 8. 1128 (1586).

23, Genatypes of fles usad in this study: wild-tyoa redarg
i2 our sogenc Oregon R stock; SNA arkd Jenonic
ONA were izplated from DR IBoa-kz/FME, inflsc®
vl dmt B and Toy3: N80 81 i 1 gy fligs; tha
fatter ling was also usea for ANA in gy hybradization.
10 ovanes. Both o -containing ines were abtainad
froem the Bloamngton siock centsr.

30 0L B Moens, A 3, Auernach, B, A Conlon, A L
Joyner, .. Rossant, Genes Dav. 6. 541 {199Z),

". K. Nakayamaet a!.. Ce# 85, 707 (1396); H, KiyoKEWE,

oo, . 0 721 M. L Tero et ar, i, p, 733,

28. B.Mozer, 3. Marior. S. M. Parkhurst, . Zarcas, Mai,
Ced. Biot 5, BBS (19a85),

29. We thank N, H, Srowr. F. Daws, J. C. 4, Zokan, 5.
Elledge. J. Kiger, C. C. Laharty, A. P, Marowakd, M.
Meyer, G. Soortinga. J. W. Tamkun, C. Thurmmed, =,
2, Tolias, M. Watarabe, and the Bloomirgten Stork
Center for raagents: . Gottschnng, 5. Hankoft, T,
Neufald, and J. Fotarts for critical readings of i
ENUSCrat: P. Goodwin for help with nags anamysis,
J. Targerson for assistance with the manusaripe; and
members of the Parkburst, Eisanman, and Srigar
‘aboratones for advice and suoport. Funoad Dy Ma-
annd Institutes of Mealth-MNationat Cancer institute
INC) grants BCICAS7138 o RNE), and
ROIGM47R52 (o SM.P), a Postooctoral Faflow-
S0 from ahe Fonds Nationa Suisse fto P.Gjandan
NGl Japanese Foundawon for Zancer Ressarch
Training Program in the 1J.5.-Jacan Ceoperarive
Canoer Comritea 1o Y3,

23 Sopternber " 996, acceptad 1 Novemoer 1996

Association of Anxiety-Related Traits with a
Polymorphism in the Serotonin Transporter
Gene Regulatory Region

Klaus-Peter Lesch,” Dietmar Bengel, Armin Heils, Sue Z. Saboal,

Benjamin D. Greenberg,

Susanne Petri, Jonathan Benjamin,

Clemens R. Muiller, Dean H. Hamer, Dennis L. Murphy

Transporter-facilitated uptake of sarowenin (S-hydroxytryptamine or 5-HT) has heen
implicated in anxiety in humans and animal models and is tha site of action of widely used
uptake-inhibiting antidepressant and antianxiety drugs. Human 5-HT transporter (5-

HTT) gene transcription is modulated
requlatory region. The short variant of the

by a common polymormhism in its upstream

polymorphism reduces the transcriptional

sHficiency of the 5-HTT gene sromoter, resulting in decreased 5-HTT expression and
3-HT uptake in lymphoblasts. Association studies in two indspendent sampies totaling
305 individuals revealad thar*he 5-HT T polymorphism accaunts for 3 to 4 percent of totat

‘ariation and 7 to 9 percent of inheritad vari

individuals as well as sibships.

ance in anxiety-related personaiity traits in

Auxierv-related traces are rundamental, en-
during, and continuously distributed dimen-
slons of nprmal human personalicy (1—3).
Although twin studies have indicated thar
individug! variation in measures of anxiery-
wlated personaliry traics is 40 to 60% her-
‘uple (4), none of the relevanc uenes hus
‘et been identified. Variance {n personaliry
rraits, including chose refated ra anxiety, is
thought to be yenerared hy a complex in-
reracrion of environmental and experiential
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factors with 2 number of gene producis
invowving distinet brain systems such as the
midbrain raphe seroronin (5-HT) syscem
(4). Neurotransmission mediated by 3-HT
contributes ro many physiclogic functions
such as motor activiey, food inrake. sleep,
and reproductive activity, as well as ro cog-
nition und emotional seates including mood
and anxiety (3). By regulating the magni-
tude and duration of serotonergic responses,
the 3-HT transporeer (3-HTTY is cencral to
the fine-runing ot brain seroronergic neyro-
rransmission and of the peripheral acrions
of 5-HT. In the brain, 5-HTT expression is
particularly abundant in cortical and limbic
areas involved in emotional aspects of be-
havior (5). The human 3-HTT is encoded
by a single gene {(SLC6A4} on chromosome
17qL2 (6-8). Although 5-HTT has long
been suspected to plav a role in behavioral
and psychiatnic disorders, previcus studies
did not reveal any common, replicared
5-HTT gene sequence wvariation in either
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neuropsychuatric patients or aenlthy indi-
viduals (93,

Recently, we reporred a polymorphusim in
the cranseriptional conrrol region upstresm
ot the 3-HTT coding sequence (10). inirial
experiments demonstrated chac the long and
short vananes of chis 3-MTT gene—linked
polymorphic region (5-HTTLPR) had differ-
car rranscriptiona] efficiencies when fused o
a repacter gene and transtected into human
placeneal choriocarcinoma (JAR) cells 1150,
The 3-HTTLPR is Jocared — | kb upscream
of the >HTT vene rranscriprion iniciarion
site and 15 composed of 16 repear elemencs.
The polvmorphism consists or 3 4—byse pair
(hp} insertion or deletion mvolving repeat
elements 6 ro 8 {Fig 1AL [n the present
study, polymerase chain reacrion {PCR)-
hased genutype analysis of 305 subjects re-
vealed allele frequencres of 37% for the lung
({) and 43% for che shorr () allele (). The
5-HTTLPR yenotypes were distribured ac.
cording to  Mardy-Weinberg  equilibrivm:
32% L 49% Ufs. and 19% s/s.

Becnuse appropriate cell models for human
SETOTONErgIc newrons o nar exist and JAR
cells are monuzyeoric for the 5. HTTLER, we
studied 5-HTT gene expression in human
lyraphoblastoid cell {ines. Like 5-HT neurons
and JAR cells, lymphoblasts consticurive by ex-
press functional 3-HTT and exhibic adeno.
sine 3'.5"-monophosphare { cAMP)—depen-.
dent and protein kinase C (PXCj-dependent
5-HTT gene regulation, but thev do not ex-
press dopamine or norepmephnne transpor-
ers (12}, Cell tings with rhe compiete range of
ditferent 2-HTTLPR genotypes can readily e
obrauned (13),

Lvmphabiast cell lines with Jifferens ve-
notvpes were frst rranstected with con-
structs in which a luciferase ceporrer gene
was fused to ~1.4 kb of rthe 3".flanking
promoter seauence containing the | or s
form of the 3-HTTLPR ({1, 13, 14). The
basal activiey of the | varianc was more than
twice rhac of the 5 form of the 5-HTT gene
promoter (Fiy. 1B). Stimuiation of PKC by
chorbol 12-myristate |3-acerace {(PMA) or
activatton of adenylyi cyelase with forsko.
linwinduced cransenptional activiey was uih-
served in boch the {and 5 promater variants,
bur the duse-dependent increases remained -
praportionully smaller in che s variane (Fie.
!B},

Although transfection experiments with
reporrer gene constructs are useful in assay-
ing the transcripcional competence of a pro-
moter sequencs, they could conceivably
give spurtous resuit: because of the absence
of distant conrral elemenrs or chromarin
effects. Therefore, we nexc studied the ex.
pression of rhe native 3-HTT gene in lvm-
phoblasc cell lines cultured. from subjects
with different 3-HTTLER genotypes (15).
Cells homozygous for rhe | form of the

1527




5-HTTLPR produced steady-state concen-
tratons of 3-HTT mRNA that were 1.4 to
1.7 times those in cells containing one or
two copies of the s variant (Fig. 2C) (15).

The influence of the SSHTTLPR on
5-HTT expression at the protein level was
assayed by ['**IJRT1-55 binding and [*HJ5-
HT uptake experimenrs {16} Membrane
preparations ftom Il lymphaoblasts bound 30
10 40% more ['2]JRTI-535 than did mem-
branes from Ifs or /s cells (Fig. 2B). Mare-
over, [PHJ5-HT uprake in celis homozygous
for the I form of the S-HTTLPR was 1.9 t¢
2.2 nimes that in cells carrving onc or two
endogenous coples of the s varian: (Fig.
2A} The genotype-dependent differences
in. mRNA  concertrations, [F#*HRTI-55

A . N
44-bp deletion or ingertion B

1500
10004

500

2.0

Besal 05 1C 15
PMA (s

Luciferase actlvity (cpmfig pratein)

50
Forgholin {uM)

Basal 106 150 20¢

Fig. 1. {A! Map of the human 5-H1 transporter
gene promotar (5-HT TP) (EMBL-GenBank acces-
sion number X76763). The 5-HT TLPR comprises
2 repeiilive sequence with an insaertion-clalation
vanaton indicated by a black boyx. (B} Basal and
PKC- or cAMP-induced transcriptional activity o
the long 1) and short [515-HT TF vawiants in human
tymphobiast cel ines with different 5-HT TLPR ge-
natypes [ versus 5 "TF < 0,001, one-way ANOVA
foliowed by Fisher's protected least significant it
terenca L SD) test). Resulis are means = 8D for
tnphcale delerminations and are reprasentativa of
several cell lines with differert 5-HTTLFR geng-
types. Tne ! varianl (base paws 1440 10 +22 with
respact 10 1ha transcnption intiaton site} and s vari-
ant {base pars - 1396 1o +22) of the 5-H TF wera
ligated nto a promoteness luciferase expression
vector (-], Human ivmphoblasts were trans-
fectad with 5§ pg of the | and s 5-HT TPwe+ con-
StRJCts and then trealed with PMA or forskoir.
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binding, and PH]5-HT uprake persisted
properuonally when 5-HT7T gene transcrip-
tion was induced with forskolin or PMA
(Fig. 2, A o C). In all of these studies, the
data associated with the sfs and Ifs genotype
were similar, whereas bath differed from the
I/l genotype, suggesting that the polvmor-
phism has more of a dominant-recessive
than a codominant-additive effect.

We next evaluared the role of the 5.
HTTLPR in personality traits by a com-
bined popukation and family genetic study
of two independently collected groups (505
rotal subjecrts} consisting predominantly of
male siblings, other family members. and
valunieers from rwo NIH provocels previ-
ously described (17, 18). Personality trains
were assessed with three different methods.
The NEQ personality invenrory {NEC-PI-
R), a selfrepor: inventory based on the
five-faclur model of personalicy, was used as

Vipay FHIS-HT 2=
{pmalf107 cetis}

my
1 [B¥s
Des

B o ' NATLEE OO
{Imolimg protein)
- i
el

]

5-HTT mitNA
(% of conlral)

Basal

PMA  Forshofin

(M} (900 uMj

Fig. 2. [PH)5-HT uptake (A}, ['25RTI-556 binding
{Bi, and 5-HTT mRNA concentrations (C) in hu-
man tymphoblast cell lines witn the genotypes
in =4} ¥s{n = 3), and s/s {p = 3) derermined
before and after raatment witn PMA or forskolin
Y versus s/s: TP < D05, ™R < 001 TP <
0.001: # varsus ifs; P < .05 TP < 0.01,
tH31P < 0.007; one-way ANOVA foliowed by Fish-
er's P_SD test). Rasuits represent means = S0
tor tripiicate determinations. Kinetic analysis of
[*H)5-HT uptaxe in calt lines with different &-
HTTLPR genotypes yieided & Michaeks consiant
(K. range of 158 to 187 nk'; the mmipramine-
ineansitive uptake was 9.8 1o 12.1%. The dissoci-
alion congtants {K,) for "*SIRTI-55 ninding 1o
rmarmbranes of iymohoblasts were smiler {027 to
0.34 nM;. Nonspecific. paroxetine-nsensitive
bingting was 8.7 10 1C.1%.
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the primary psychomerric instrument be.
cause it has high retesr rebiabibicy, iem vy.
lidizy. longirudinal stability - consistent co:.
relations between self and observer raine..
andd a robust factor soructure that has beer,
validated in a variety of populations and
cultures (19, 20). We predicted that the
5-HTTLPR genotype would be associated
with the NEO-PI-R facror of Neuroticism,
which is principaliy composed of unxiery-
and depression-related subfactors, on the
basis of several lines of evidence: 5-HT
uptake inhibitors (aisa calied serctonin re-
uptake inhihirors or SR1s) are an efivcnive
treatment for anxiery and depressive spec.
vrum disorders; changes in 5-HT funciion
are assaciared with these disorders; and ma-
rupulation of 5-HT alters anxiery-ralaced
behaviors in experimental animals (2j-23).
In addition. an anxiery-related personality
rait, Harm Avoidance, was onginaliy he
pothesized 10 be mediated by serotonergic
funcrion (1-3).

in both groups of subtects (18). there
was 8 swnificant association berwee, Be—
HTTLPR genotype and the Neurotican.
factor (Tabie 1). Individuals witr either
aone or two copies of the s form of the
3-HTTLFR {iogether referred ro as group
S} had higher Neuraricism scores than dic
individuais homozygous for the | vanant of
the 5-HTTLPR {group L)}. The scores for
the Us and sfs genotypes were not sipnifi-
cantly different, which indicared. as in the
biological measures of expressian an:! fun:-
ton of 3>-HTT described above, chi o
polymorphism  has & dominant-recessive
rype of association with Neuroricism (Table
1}. In the combined sample of 505 indyvid-
uals, the distributions of Neuroticism scores
inn the 5 and L groups were overlapping but
their means werc separated by 3.4 T-score
unirs, a difference of 0.29 SD units {Tahle 1
and Fig. 3}.

The eftect of the 5-HTTLPR genoare
on personality was spectfic for Neuror:.i-r
Scores on three of the other four nui.
NEO personality factors  (Extraversion.
Qpenness. and Conscientiousness) were not
significantly associated with the genetic

(e ]

Parcant of subjects

72 7B

&4 BC
T acore
Fig. 3. Distribution o' NZO-PI-R Neuroticis[ﬁ
S0Cres (separated iNto aignt grouns with the mak
caed median T scores} and parcentages of sut-
jecis from the L in = 163) and S 11 = 342; groups
In each of the eight T-scare groups.
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variant in either the separate or comhined
study groups. There was a negative assucia-
sion between the Agreeableness factor and
>-HTTLPR genotype in che combined sam-
ple, but this was not statisticaily significanc
in either of the separate groups {Table 1).
The NEO-PI-R is based on a hierarchical
nodel in which each of the five major
personality factors comprses several relaced
racets (24). An analvsis of the six facers of
the Neuroticism personality factor in the
combined study population of 505 subjects
(using the S varsus L groups) revealed sig-
aificant associations herween 5.HTTLPR
genorype and the facets uf Anxiety (P =
Q.027), Angry Hostilicy (P = 0.002), De-
pression (P = C.C07), and [mpulsiveness (P
= 0.008), but nov Self-consciousness or
Yulnerability (24).

Carrell's 16PF personalicy inventory was
used as a secondary psychomerric instry-
ment. This self-ceport inventory is based on
a tactor analvtic mode! in which personality
s considered in terms of 16 core rraits thag
constitute five second-order factors (25).
We predicted thar che S-HTTLER Jeno-
tvpe would be ussociated with the second-
order factor of Anxiety, which is the closest
L6PF analog of Neuroticism and was Strong-
v correlated with NEQ-PI-R Neuroticism
{correlation coefficient r = 7, P o<

0.001). A significant and specific associa.
tion between 3-HTTLPR genotype and the
I6PF Anxiety facror was found (P =
C.023) this was primarily ateributable o
associations with che rwo anxiety-relared
lOPF primary factors of Tension (P =
2.001) and Suspiciousness (P = 0.002).
The third method of personality assess-
ment was based on Cloninger's biosocial
medel, which conceptualizes EeTnperamenr
a3 consisting of the four genetically and
biochemically distince  tmairs  of Harm
Avoudance, Reward Dependence, Novelry
Seeking, and Persistence {1-3). Although
aur subjecrs did not complete the Tridi-
mensional  Personality  Quesrionnaire
{TPQ}, weighted regression equations can
be used to obrain estimared TP scores
from the NEQ-PI-R dara (17, 20, 26). We
predicted thar rthe 5-HTTLER genotvpe
would be relared o Harm Avowdance,
which incorporates many aspects of anxiety
and was correlared with toth NEO-PLR
Neuroticism (r = 0.80, P < 0.001) and
16PF Anxiety (r = 0.63, P < 0.001 ). The
5-HTTLPR genorype was tound o be asso-
ciated with esrimated scores for Harm -
Avoidance (P = 0.023} but not the ocher
three TPQ traits. Analvsis of the subscales
for Harm Avoidance showed significant as--
sociations wich rthe scales for Worry and

Table 1. Population association hetween the 5-HT TLER and NEQ five-factor parsonality traits (17, 20,
26). NEO-PI-R iform S guastionnaire resuits are given as T scores, which are standardized 1o have a
m=an (x50} of 50 = 10in the nommative popUlanon. Fis tha # valug tar one-way ANOVA comparing §

and L genotype groups. Significance ievels aro renorted as direct probabifities becausa thers was g pHor
hypothesis ot association to Neurcticism. S - L1z the mean score for 3 genotypes (s/s and /s y minus the
Tean score for L genotypes ((: ns, not significant (° > 0.08).

NEO T score imesn = 3h)
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Pessimism (P = 2.011), Fear of Uncertainty
(P = 0.043), and Facigability (P = 0.009),
but not Shyness.

These results with three different pet-
sonality assessment scales show chac the
3-HTTLPR intluences a constellation of
rraits relared to anxiery. Across the three
personality meusures, the 3-HTT polymor-
phism contribures a modest but replicable
3 10 4% of the toral variance and 7 o 9%
ot the genetic variance, These percentages
are hased on esrimates from rwin studies,
using these and related measures, rhar
have consistently demonstrated thar ge-
netic factors contribuce 40 o 60% of the
varfance in Neuroticism, Harm Avord-
ance, and orher anxiery-related personali-
ty traws in large population samples (4).

Population associations herween a ze-
netic marker and 4 phenotvpic crair can
arise either from population stratification or
from genetic transmission. Because sibling
pairs are by definition echnically and racial-
ly homogeneous, any difference in rrai
scores between genetically discordant sib-
lings must reflect true genetic transmission.
Accordingly, our study was designed ro al-
low family-based as well as population-
based measuremencs of gene-trait associa-
rions. The combined scudy population in-
cluded 459 siblings from 210 independent
fammulies, of which 78 stb-oairs from 81 in-

Table 2. Samilal association between the 3-
HTTLPR and anxiety-related traits {27). Resuits
Tor the NEQ factor of Neursticism and the estimat-
ed TPQ faclor of Harm Avoidance are in 7 score
units (as in Table 1%; *hose ‘or *he 16PF factor of
Tensicn (Q4) are in Slen scare units {whickt have 5
miean of 5.5 and SO of 1 in the normative [sleleNT-H
don). For association across fedigrees, 3 - L is

Genorype . , Agree- Conscien- e maximum ilkelincod estimate of ffscore for 5
7 Neurcticiem  Exraversion  Opennass ablensss tiousness ~ INdividuals) ~ fscore for L ‘nlividualsi] across af
families; —-2inL = — 2Nogtiikelibood of gata with-
MIMH (0 = 227) out 5-HT TLPR effect) — iogllikeifooa of data with
¢l tgroup L) 72 534-120 S25+105 572=128 254 + 113 435 =116 SHTTLPR affect); and 2 was calcuiated by tak-
108 578>13.2 532 +:122 561+123 426 - 118 405 =135 ng~2nL 15 bedisinbulad as a x? stalistic at ong
/8 43 6EX 112 5232104 558140 408 =117 am1 =124  Qegree of freedom. For association within podi-
VS R S/SMQrodp S) 149 574 126 509 = (1.7 561128 421 = 1.7 M 0=t32 gees S - L i tha mean of fjscore for 3 si) -
F 31 9.¢ 0.4 18 20 {score for L. sib)] within each nuclear family: s the
5-L 40 a8 ns ns ns £ score. consarvativery comactad for the noninds-
h=i 0.004 ns as s ns pendence of sib-pairs from a single tamity; and P
NCI [n = 284) was caicutated by a two-sided r test.
“igroup L) 9t S2BL 11 556105 B10+101 505 ~q7 47.8 £ 100
s 141 995110 535=104 S8B+10.1 488 + 102 486 - 10.8 Factor
] 92 861713 521 +111 593289 408+ 112 454 « 08 Giatistic
“s - sisfagoupS) 198 357 =110 531 +105 3597 ~ga 491 £ 108 477 & 107 Newrot- Tansicn Ham
F 4.2 2.6 1.1 1.1 g icism Avoidance
S-L 28 ns ns ns ns
2 0.042 ng ns ns ns Across-pechgraes test
Total fn = 505) (= 488 family members, 37 unvelatad inchvicsals)
it {groun L) 163 531 > 115 542x105 S04+ 116 482 = 107 459109 S-L 3.4 0.8 28
s 247 5851120 5383112 582=112 462114 451 2125 ~2int 8.7 na 6.3
5 % 563112 5222107 S7A:116 458102 43g=115 P D003t 0.0008 0.0t19
‘s ts/sigroupS) 342 564 = 118 53.0 « 11.1 3BI N3 461118 48123 Within-pedigrees test in = 78 sib-pairs)
F 3.2 14 1.3 4.0 1.G S-L 4.8 0.8 3.1
S~ 3.4 ns ns -2.2 ns & 2.2 2.4 3.0
P ' 0.002 ns ns 0.045 ns s 0.028 Q.022 0.004
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dependent families had discordant {that is,
1} versus /s or sfs) 5-HTTLPR genotypes. [t
was first necessary to analyze the associarion
berween 5-HTTLPR genorype and anxiery-
relared measures after correcring for the
statistical nonindependence of family mem-
bers resulting from factors unrelated ro
5.HTT. Elston and colleagues have de-
seribed a maximum likelihood method for
estiraating guantifative trait AssoCianons
thar takes into account polygenic inheri-
rance (27). An across-pediprees analysis of
the major 3-HTTLPR—assaciated traite of
Neurancism {(NEO-PL-R), Tension (16PF),
and Harm Avoidance {TFQ) (Table 2) re-
vealed thut there was a significant associa-
tion for each tait with 3-HTTLPR geno-
type. and thar the effect szes and signifi-
cance levels were comparable to those ob-
tained by population association anaiysis. In
the 75 sib-pairs thar were discordant for the
5-HTTLPR, the average difference in Neu-
roticism scores berween the L and S siblmgs
was 4.6 T-score urus {Table 2), which was
mdistingwshable from the 3.4 T-score dif-
ference seen in all L and & individuals.
Despite the reduction in sample size, the
difference between the L and 5 siblings was
statstically significant. even after conserva-
tively correcting fur the nonindependence
of sib-pairs from the same family (17, 20,
26}, Similar results were abrained for Ten-
sion and Hanu Avoidance; the scores of
group S probands were significantly higher
‘than those of their group L siblings. and the
effect sizes were similar to those obtatned by
population-based or across-pedigrees analy-
ses (Table 7). These within-pedigree: re-
sults demonstrate that the abserved associ-
ations herween 5-HTTLPR genorype and
personality are the result of penetic trans-
mission rather than population strarifica-
tion. Overall, however, the associations re-
ported here represenr only a small portion
of the genctic contribution to anxiery-relat.
ed traits ohserved in this nonrandom pap-
ulation sample.

Considerable evidence indicares that in-
creased  SETOIONETQIC NEUFOITANSMISS 0N
(which would be an evidens consequence of
the reduced 5-HT uptake capacity found in
individuals with the short alleie of the
5.HTT polymorphism} is anxiogenic in an-
imal models as well as in humans (2, 3, 22,
23, 28). At the clinical level, reduced 3-HT
uptake or reduced inhibitor binding 1o
5 HTT has been one of the most consistent
biclogical findings in individuals with de-
pression and several anxierv disorders (29).
Our findings that mdividuals with the short
5-HTTLPR allele and reduced 5-HTT
funcrion have greater anxietv-related per-
sonalite characteristics would ac firsr seem
o conflict with the face tha: SRIs such as
fluoxetine. which compeoovely  inhibic
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5.HT uptake, are therapeutic agents in anx-
jety and depressive disordess (21—-23). How-
ever, the therapeutic effects of the SRis
have primarily been demonstrared in neu-
rapsvchiarric patients. who may have some
primary 5-HT or other newrotransmitter
dvsfuncuion that is ameliorared by the SRls,
whereas our findings are in a sample of the
general population. The SRls also have oth-
er pharmacological properties that may
canribute o their therapeuric effects {30).
The lifelons duration of the genericaily
driven differences in 5.-HT upteke, inciud-
ing possible influences during catly brain
development (31}, may alsa lead to differ-
ent effects from those produced by SRI
administration fater 1n life.

The associations reported here represent
only a small porrion of the genetic contri-
bution w anxiery-related persenality traits.
¥ nther genes were hypathesized 1o conmib-
ute similar pene dosupe effects to anxiery,
approximarely 10 to 13 genes might be
predicted 1 be involved. Small, additive, or
interactive contributions of this size have
been found in stuches of other guantitative
maits in plants and vertebrares, mcluding
humans (17, 32}, As other anxiety-relared
genes are identified, including perhaps
some with effects that are larper than or
interact witn this polvmorphism, it mighs
become possible o use this information o
enhance  individualized  pharmucologic
trearmens of neuropsvchiatric disorders, just
as for other medical disorders {17, 32).
Whether this particular polymorphism con-
rribures to the general tendency far individ-
uals whe score higher on neuroticism or
anxiety factors in different personality iests
10 be ar higher risk for anxierv or personal-
ity disntders as well as depression will re-
guire further study (33). It likewise remains
to be seen whether therapeutic responses to
serotamergic agents are influenced by this
polymorphism.
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Discovering High-Affinity Ligands for Proteins:
SAR by NMR

Suzanne B. Shuker, Phifip J. Haiduk, Roberi P. Meadows,
Stephen W. Fesik*

A nuclear magneiic resonance (NMR}-based method is described in which small organic
melecuies that bind to proximal subsites of a pratein are identified, cptimized, and linked
together to produce high-affinity ligands. The approach is called “SAR by NMR™ bacause
structure-activity relationships (SAR) are obtained from NMR. With this technique, com-
pounds with nanomolar affinities tor the FKS0€ binding protein were rapidly discovered
by tethering two ligands with micromolar affinities. The method reduces the amount of
chemical synthesis and time required for the discovery of high-affinity ligands and
appears particularty useful in target-directas drug research.

Dmgs are typically discovered by idenrify-
ing actuve compounds from screening
chemical libraries or naturai products and
optimizing thewr properries through the syn-
thesis of structurally related analogs, This is
a costly and time-consumming process. Suit-
able compounds with the requisite potency.
compound avaitability, or desired chemical
and physical properties cannot alwavs be
found. Furthermore, even when such com-
pounds are found. optimization often re-
quires the synthesis of many anaiogs.

Fharmeceutizal Discovery Division, Abbati Laboratories.
Abbzt Park. IL 80084, USA.

" To whiem comespondence should be sbdrassed.

VOIL. 274«

29 NOVEMRER | 90¢

We now deseribe u method for idenrif-
ing high-affinity ligands that can aid in the
drug discovery process. The technigue.
which is calied "SAR by NMR," 15 a finked-
fragment appruach wherein: liyrands are con-
structed from building blocks thar huve
been opumized for binding to individual
protewn subsites (Fig. 1), In the firs, step of
this process, a library of low molecular
weight compounds {1) is screened to iden-
tifv molecules that bind w the procein,
Binding is determined by the observation of
PN- or 'H-amide chemical shift changes in
two-dimensional *N-hereronuclear single-
guantum cortelation ("*N-HSQC) spectra
(2) (Fig. 2} upon the addicion of a ligand o
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