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Rapid Communication

Allelic Variation of Human Serotonin Transporter
Gene Expression

Armin Heils, Andreas Teufel, Susanne Petri, Gerald Stober, Peter Riederer,
*Dietmar Bengel, and K. Peter Lesch
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Role of Serotonin in the Pathophysiology of Depression: Focus on the
Serotonin Transporter

Michael J. Owens! and Charles B. Nemeroff
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Fig. 3. Scatterplot of individual B, values for [PH]imipramine in
platelets from depressed and normal subjects; bars alongside show
mean + SEM.

There are no significant differences between males (@, A) and females (O, A);

however, results for depressed subjects in both age groups are significantly
lower than those from normal controls (P < 0.01).

CLINICAL CHEMISTRY, Vol. 40, No. 2, 1994



The serotonin transporter in psychiatric disorders:

insights from PET imaging

Marie Spies, Gitte M Knudsen, Rupert Lanzenberqer, Siegfried Kasper

Selvarajetal 2011 ——&—
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Authors Year Midbrain5-HTT  Hedges' g (95% Cl)
Ichimiyaetal 2002 — @ -017(-1-03to0-69)
Meyer et al 2004 —.— -0-08 (-0-70 to 0-54)
Newbergetal 2005 -128 (-2-47 to-0-04)
Catafavetal 2006 — = -0-25(-113 to 0-63)
Herold et al 2006 — m— 043(-027to113)
Parsey et al 2006 — . -053(-118t0 0-12)
Cannonetal 2007 ——m—— 042(-016t01-00)
Joensuuetal 2007 —— -1-10 (-1-.72 to-0-47)
Ruheetal 2009 —— -0-05 (-0-45 to 0-36)
Reimoldetal 2011 —m -0-53 (-1-29to 0-25)

-169 (-2-48t0-0-88)

Newbergetal 2012 _—. -118 (-1-99 to-0-36)
Hoetal 2013 —a— -0-37 (-1-02t0 0-28)
Miller et al 2013 —— -0-52 (098 to-0-07)
Nye et al 203 ——»———— -136(-2-31t0-0-39)
e Summary effect size - -0-49 (-0-84 to-0-14)

P’=68.7% [ T 1

Serotonin transporter binding potential =25 =1 0 1

_ i ] 1 Mean difference (A5-HTT)

Low High

Figure 2: Reduced serotonin transporter binding potential in major depressive disorder in PET and SPECT studies

(A) Serotonin transporter non-displaceable binding potential throughout the brain is shown. Arrows indicate regions often investigated in major depressive disorder.
(B) Forest plot showing midbrain serotonin transporter binding in major depressive disorder in PET and SPECT studies. Position of black boxes denotes serotonin
transporter availability and size of black boxes denotes sample size of individual studies. 5-HTT=serotonin transporter. SPECT=single-photon emmission computed

tomography. Figure (B) reproduced from Gryglewski and colleagues, by permission from the Nature Publishing Group.

www.thelancet.com/psychiatry Vol 2 Auwgust 2015




Influence of Life Stress on
Depression: Moderation by a
Polymorphism in the 5-HTT Gene

Avshalom Caspi,"? Karen Sugden,’ Terrie E. Moffitt,-%*
Alan Taylor,” lan W. Craig,’ Honalee Harrington,?
Joseph McClay,? Jonathan Mill,’ Judy Martin,?
Antony Braithwaite,* Richie Poulton®

In a prospective-longitudinal study of a representative birth cohort, we tested
why stressful experiences lead to depression in some people but not in others.
A functional polymorphism in the promoter region of the serotonin transporter
(5-HTT) gene was found to moderate the influence of stressful life events on
depression. Individuals with one or two copies of the short allele of the 5-HTT
promoter polymorphism exhibited more depressive symptoms, diagnosable
depression, and suicidality in relation to stressful life events than individuals
homozygous for the long allele. This epidemiological study thus provides ev-
idence of a gene-by-environment interaction, in which an individual's response
to environmental insults is moderated by his or her genetic makeup.

18 JULY 2003 VOL 301 SCIENCE www.sciencemag.org

"Medical Research Council Social, Genetic, and Develop-
mental Psychiatry Research Centre, Institute of Psychi-
atry, King's College London, POB0 De Crespigny Park,
London, SES 8AF, UK. “Department of Psychology, Uni-
versity of Wisconsin, Madison, WI 53706, USA. *Dun-
edin School of Medicine, *Department of Pathology,
University of Otago, Dunedin, New Zealand.
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H YpuxoAoyikn avOektikotnta dtapecoAaPel
NV enidpocn Evoc mMoAvpopdpLlopou
TOU Yovidiov Tou petadopEa TG GEPOTOVIVNG
OTNn oXEon METOEL XpOviac vOoou Kot KataBAwnc,

oTNV EMOXN TNG KPLlong



H KataBAwpn otn Xpovia Nooco

AvénuEvn cuxvotnta KataBAupng otn xpovia voco,
apBpitda, XA, dtaPfAtng, veupoeKPUALOTIKEC vVOGOL

EMSELVWVEL T CUMTTTWHATA TNG VOGOU

Mewwvel Tn cuppopdpwon otnv aywyn

2xetiletal pe cupneplpopec mou dev weeAoUv TNV LVYELQ,
OMWC KAV, AAKOOA, Kakn dtatpodn

Mewwvel tnv mowotnta {wng tov acBevouc

2xetiletal pe avénuévn Bvnolpotnta



H yuxoloyikni avOektikotntao StapecoAaPel
TNV enidpaon evoc moAvpopPlopou
TOU Yovidiou Tou petadopEa TG GEPOTOVIVNG
oTn oxeEon HETaéL Xpoviac vooou Kot KataBAwnc,

oTNV EMOXN TN KPLoNG



WuyxoAoyikny AvOektikoTnTOL

AvtioTtoon 0To OTPEC: N Lkavotnta dtatpnong OETKAC
artoPnc ywa tn {wn napa tnv vmapén SuocapecTwyv
Blwpadtwyv

Avakapyn oo To OTPEC: N LKAVOTNTA avakapuyne omo
TO OTPECCOYOVEC KATOOTAOELC

EMTPEMEL TNV OVTLHETWTTLON, TN SLaXEiIPLON KoL TOV
HETOOXNMOTIONO OTPECOOYOVWV KOTOLOTAGEWYV TNEG {WNAC

2TPEC: XPOVLO ATILO ] EVTIOVO XPOVLKA EVIOTILOUEVO



Epwtnpa

H katdOAwpn otn xpovia voco, KaTta TV TpEXovoal
OLKOVOMLKN KOl KOWWVLKN Kpion, emnpealetal ano tov
noAupopdpLopd 5-HTTLPR oto yovidéio tou petadopea Tne
ogpoOTOViVNG;

Mowog o poAoc tnG PuxoAoyilkng avOeEKTIKOTNTAC OTN OXEON
«KataOAwPn-xpovia vococ-noAvpopdpiopog 5-HTTLPR”;



MeEBodolL

434 avOpwrnot: 128 pe kapia ypovia vooo (long term condition, LTC),
266 pe pia LTC, 40 pe 6Vo0 LTC

AQPn Kowwvikodnuoypadikwv tAnpodoplwv
(bUAO, nAkia, ekmaidsvon, cuvipodikni {wn)

Ektipnon Baputntag KOTOOALITIKWY OUUITTWATWY KE TNV KALLOKOL
Patient Health Questionnaire-9, PHQ-9

EKTILUNON TNC EMUMTWONG TNG KPLONG OTN KOWVWVLKA KOL OLKOVOMLKN
kataotaon, 1-9 Likert scale (ka®@oAou-mtoAv)

Wuyxikn avOektikotnta, Resilience Scale, RS-14

AlpoAnyia yia e€aywyn DNA kat tavtonoinon moAvpopdiLopov 5-
HTTLPR: L (long) kau S (short) aAAnAlo

lepapxikn, StwvuKA AoyloTtikn aAwvépounon



AnoteAéopota

 Kappia dtadopa otn cuxvotnta epdavionc mOavng
kotdOAWPnc (PHQ9210) petav twv L/L, L/S kat S/S

* MeyaAUtepn cuxvotnta mibaving kataAwpnc oe
avOpwmnoug pe dUo N pia XpOoviol VOOO, GUYKPLTLKA ME
ovOpwnoug xwpic xpovia voco

MBavi kataBAwpn (PHQ9210)
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AnoteAEopata

* JTOTLOTIKA ONUOVTLKN ocuoXETion Hetaél PHQ-9 kat nAwkiog,
$dUAov, ekmaideuonc, OLKOYEVELOKAC KATAOTOONC, LOTOPLKOU
KataOALPnc, BLWHATOC OLKOVOMLKAC KPLONC

e JTOTLOTIKA ONUOVTLKN ocuoXETtion petaév RS-14, PHQ-9, kot
Tou aplOpou twv LTCs.

* Mpoxwpnoape o LEpaPXLKA SLWVUMLKA AOYLOTIKA
naAwvépounon



O aplOpOC TWV XPOVIWV VOOWV SV MPOPAETEL
tnv ribavn KatabAwpn otouc L/L opoluywtec

OR 95%Ci 95% Ci 95% Ci 95% Ci 95% ClI

L/L Homozygous (N=148)

Number of LTCs (Ref: no LTCs) .280 .647 .830 .827 .993
One 22 .80-5.7 .128 1.8 .47-7.2 .378 1.2 .30-48 .792 12 .30-48 .792 1.1 .25-4.8 .908
Two co-occurring LTCs 12 .21-6.8 .828 14 .16-11.8 .764 0.7 .08-6.7 .78 0.7 .08-6.8 .778 1.1 .10-11.4 .943

Age - - - 1.0 .93-1.0 .106 10 193-10 .146 10 .93-10 .146 1.0 .92-10 .151

Sex - - - 20 .77-5.0 .155 06 .21-15 .255 0.6 .21-15 .259 05 .19-14 219

Divorced/widowed/separated - - - 3.6 1.0-12.6 .049 3.3 .88-120 .076 3.3 .87-124 .078 3.8 .99-14.7 .052

Education - - - 04 .19-.92 .031 04 .20-.93 .032 04 .20-.93 .033 0.4 .19 -.99 .046

History of Depression - - - - - - 41 1.2-13.6 .023 4.1 1.2-13.7 .023 3.1 .89-10.7 .076

Perceived impact of crisis - - - - - - - - = 1.0 .80-12 .931 1.0 .78-1.2 .906

Resilience (RS-14 score) - - - - - - - - - - - - 09 91-.99 .018

Interaction RS-14 x Nb of LTCs - - - - - - - = = = = = 09 .52-1.6 .590

Nagelkerke R square 0.03 0.176 0.214 0.214 0.266




2toug ¢opeic Tou S- aAAnAiov, n mBavn KatdBAwn
NPOPBAERETOL MO TOV APLOLO TWV XPOVLWV VOOWV
H oxéon mBavng katad®Awdng ko mTAROouC xpoviwv VOowvV
SiapecoAafeital ano tnv PuxoAoykni avOeKTIKOTNTA

S-carriers (n=298) OR 95%CI p OR 95% CI p OR 95%CI p OR 95%CI p OR 95% Cl p

Number of LTCs (Ref: no LTCs) .001 .022 .040 .049 .156

One 3.7 16-86 .002 28 1.0-7.8 .041 28 10-83 .049 238 1.0-8.2 044 2.7 92-83 .071

Two co-occurring LTCs 7.9 26-235 .001 69 17-271 .006 6.6 1.5-283 .011 6.3 1.4-27.6 .014 42 .82-21.3 .085
Age - - - 09 94-99 .024 10 .95-10 .065 1.0 94-1.0 .050 09 .94 -.99 .025
Sex - - - 11 .58-21 792 0.7 .57-22 706 1.2 .58-2.3 .663 1.1 54-23 .740
Divorced/widowed/separated - - - 19 80-4.7 .141 18 .70-45 .227 1.8 71-4.7 208 2.1 .78-5.7 141
Education - - - 05 .29-.76 .002 05 .32-.88 .014 05 .32-.89 .016 05 .31-.92 .024
History of Depression - - - - - - 6.6 2.6-16.9 .001 6.5 2.5-17.0 .001 5.7 21-15.8 .001
Perceived impact of crisis - - - - - - - - - 1.2 1.0-14 012 13 1.1-15 .008
Resilience (RS-14 score) - - - - - - - - - - - - 09 .91-.97 .001
Interaction RS-14 x Nb of LTCs - - - - - - - - - - - - 0.7 .45-.93 .025

Nagelkerke R square 0.089 0.152 0.219 0.251 0.341




JUMEPACHOTO

2touc ¢opeic tou S aAAnAiov tou 5-HTTLPR, n oxéon petau
TOU aplOpoU Twv XPOVIWV Voo HATWYV Kat ttdavic katadbAwpnc
Sitapecolaeital ano tnv WuxoAoyikn AvOsktikotnta

Xpovia p=0.01 N MOéavn
Nocog KataOAwpn



JUMEPACHOTO

2touc ¢opeic tou S aAAnAiov tou 5-HTTLPR, n oxéon petau
TOU aplOpoU Twv XPOVIWV Voo HATWYV Kat ttdavic katadbAwpnc
Sitapecolaeital ano tnv WuxoAoyikn AvOsktikotnta

WuxoAoylkn
AvOeKTIKOTNTA




ZUMITEPACLATOL

Wuxo0epameuTikeC MOPEUBACELS LE OTOXO TNV
gvioxuon tnN¢ WYUXOAOYIKAC OVOEKTLKOTNTOC
evOEXOMEVWEC va  €lvol  XPNOLUEC  OE€
VEVETIKA EUAAWTOUGC XPOVIOUGC O OoOEeVELC
NPOKELUEVOU va MpoAndOei n katadOAwn
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