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the seven TCl dimensions was significantly associated with
cortisol reactivity; lower cooperativeness was related to more
suppression of cortisol. In the multivariate analysis, however, the
combination of cooperativeness and reward dependence emerged
as the most powerful predictor of coritsol reactivity. The latter
finding indicates that the combination of reward dependence and
cooperativeness, compared to any single personality dimension,
better defines a subtype of depression closely linked to altered
HPA axis function. This finding also suggests that MDD as defined
in the DSM-IV consists of a wide diversity of subtypes and thus
the heterogeneity of depression represents a rather complex
issue, as has been widely debated (e.g., Ostergaard et al., 2011).

The association between the unique personality profile and
blunted cortisol reactivity observed here would be of interest in
light of a number of previous studies relating a variety of
psychopathologies to hypocortisolism. For example, Tops et al.
(2008) found that higher rejection sensitivity was related to
salivary lower cortisol awakening response. Depressed patients
with long-term sick-leave are shown to display blunted cortisol
responses to the DEX/CRH test (Rydmark et al., 2006; Wahlberg
et al., 2009). This finding mirrors the observation of Wirtz et al.
(2010) that higher overcommitment to work was associated with
higher cortisol responses to the DEX/CRH test. Furthermore,
O’Leary et al. (2010) reported that non-clinical students charac-
terized by high psychopathic personality traits lacked psychoso-
cial stress-induced cortisol increases. Concordant with this
finding, several studies have found non-clinical schizotypal traits
to be associated with enhanced cortisol suppression to pharma-
cological challenge paradigms (Schweitzer et al., 2001; Hori et al.,
2011a). Concerning the natural course and meaning of hypocorti-
solism, however, there remains much to be elucidated. This
extremely low cortisol (re)activity can represent the result of
prolonged stress exposure (Heim et al., 2000; Fries et al., 2005)
while it is also possible that this state could be a preexisting
vulnerability to stress-related disorders (Delahanty et al., 2000;
Yehuda et al., 2000; Wahlberg et al., 2009); these two possibilities
are not mutually exclusive.

With regard to the different cortisol indices in the DEX/CRH test,
significant relationships were observed between personality dimen-
sions and reactive cortisol indices to the CRH challenge following
the DEX administration (i.e., DEX/CRH-Cort and suppression pat-
tern), but not the cortisol level after the DEX administration (i.e.,
DST-Cort). In line with the present results, previous studies have
consistently found that cortisol levels after the combined DEX/CRH
challenge, but not those after the administration of DEX alone, are
associated with altered personality profiles (Rinne et al., 2002; Tyrka
et al, 2006, 2008; Hori et al, 2011a). Although we can only
speculate on the underlying mechanism, these findings suggest that
the HPA axis alteration in relation to unique personality makeup
would be accounted for, at least in part, by the altered regulation of
HPA axis function by hypothalamic CRH (and possibly arginine
vasopressin) system rather than by the glucocorticoid receptor-
mediated negative feedback inhibition as measured by the DST.

The present findings may be somehow related to the following
fact. In Japan, the past decade has seen a dramatic increase in a
new type of depression, called modern type of depression. A shift
in lifestyle caused by the rapid sociceconomic change is consid-
ered responsible for this. Corresponding to this, a survey shows
that the number of depressed patients presented to psychiatric
clinics/hospitals has nearly doubled during the same time period
(Ministry of Health, Labour and Welfare, 2012). A recent interna-
tional survey shows that this phenomenon is seen in other
countries as well, particularly in urban areas (Kato et al., 2011).
Although the underlying biological causes and mechanisms,
including their neuroendocrine status, have not been well docu-
mented, the modern type of depression is usually characterized

by their personality traits (Tarumi and Kanba, 2005). Indeed,
conceptualization of modern type of depression includes a unique
set of personality makeup characterized by attachment to oneself,
less loyalty to rules and norms imposed by society with negative
feelings toward them, and vague sense of omnipotence (Tarumi
and Kanba, 2005; Kato et al., 2011). It is generally acknowledged
that the modern type of depression has some phenomenological
overlap with atypical depression and dysthymic disorder (Tarumi
and Kanba, 2005; Kato et al., 2011). In the present study blunted
cortisol reactivity was associated with lower cooperativeness,
especially lower social acceptance and compassion. Since this
type of personality trait corresponds to the one seen in modern
type of depression, our finding points to the possibility that
modern type of depression is associated with hypocortisolism,
as is the case with atypical depression (Gold and Chrousos, 2002).
In contrast, personality in melancholic depression has been
traditionally characterized as diligent and hardworking, being
loyal to the rules and orders imposed by society and community
with positive feelings toward them (Shimoda, 1957; Tellenbach,
1961). Such a personality trait corresponds well to the present
combination of higher cooperativeness and lower reward depen-
dence, which in turn was associated with hypercortisolism. Since
optimal treatment strategies are likely to be different between
melancholic depression and modern type of depression (Tarumi
and Kanba, 2005), the present findings could be of clinical
importance. Future studies are warranted to define modern type
of depression in terms of its underlying biology, including HPA
axis function, as well as phenomenology.

The current findings should be considered in the context of a
number of limitations. First, since the DEX/CRH test used here
was based on a simple test protocol (i.e., measuring the cortisol
level only twice), it may have provided less information on HPA
axis function (e.g., lack of the ACTH data). Moreover, we did not
measure baseline cortisol levels, i.e., the cortisol level before the
DEX administration, which prevented us from delineating the
extent to which each participant suppressed his/her cortisol in
response to the 1.5 mg of DEX. Second, this cross-sectional study
does not provide information as to the causality between person-
ality traits and alteration in HPA axis function. Third, we did not
collect data on the menstrual cycle or menopausal status in our
female participants. While these factors may have influenced
their HPA axis function, it is unlikely that the menstrual cycle
had any impact on the TCI results. Finally, since most of our
patients were receiving psychotropics, such medication may have
influenced HPA axis function. We would like to note, however,
that the two suppressor groups did not significantly differ in any
classes of psychotropic medications (Table 1).

In conclusion, the present findings indicate that there could be
a significant variation in cortisol reactivity within depression and
thus might point to the importance of taking account of hypo-
cortisolism as well as hypercortisolism. Our findings might also
suggest the possibility of differentiating personality-related sub-
types of depression based on the different pattern of cortisol
reactivity. As this is the first study to examine the relationship of
temperament and character with cortisol reactivity to the DEX/
CRH test in depressed patients, further studies, ideally in various
ethnic groups, are required to replicate these findings.
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CHE SR YT TN R R L e
N SRR T R (G
T3 a2 F a4 FEEIRIE BDNF 031”}‘
Ty G ER
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Teall D JREBA*

B KH
TR TS =

alll !

e dh

1 3:5/?: BRI TR VFE.Z{/Y“H{‘ B
RT3 EE R

FEhic DE}x/CRH FAMEROWT, 9ok E’@HPA
4f¥é§4ﬁ<ﬂif*-ﬁ ELTHMTSAZ L2 WME L. dHhbB,
RIS & o“CE"ﬁ]’(“”"Za & HPA Z& I ICEO< &

o @R v aovF aq FofilREEERIC VLT, Mg

10)‘;»;55‘«_. BRIV aNFaAL FTHS
PrFTARREMNET AL, K
Z AR TkB SMEER L TBY, 7
ZHET LA L DEoEHRE

7wﬂﬂw%n4kwﬁvUMWWEfﬂxh~za>tcgﬁéné MRI %o 7 o OME TR

DEX/CRH 7 % |
@%&T//w@%cébﬂémﬁx/iv
I o E OWES

FRA R O IC o »
t/?hﬂ oSS e LA S A T EAY
RS AIBOTEBETH ST EEFIEL, 4
F——
i (MRD

t

TR T~ T R M&-FE % (hypothalamic-pituitary-adrenal
axis: HPA 32) R EHEEMREOHRERE S HITA b L AR
BB THROIEREE R LTV A, SoEA L2
L& - THFE SN B NEMTFHMEETH D, HPA R L
IO EOBREE S oML ELTwS, Lk L
50Ww@£@&ﬁ@éu_m@,7o%ﬁmm%®ﬁ
D7 4= FNy JOETFICL - THEL S &0 R Ad

LHEBTHESTOIENHESHITH TS, i, 3
7 o TH HPARD = 2 — 0 Y ~NOEEIC B4 B AR

~ 7 nThiz HPA ZORMEENOEEICHT 5
antsTwa

FHESS 10ED Echiy, SoIcEir % HPA %
DOEENCOVWTIRE L T&E . 27T, BELobitsd
iz, I 92fER b 2FvEey (FvaavFad
F) LOBIFR—DEX/CRH 7 X F& iz, I, 3207
DN ANF 34 FOEE—BDNF BiE~ 0
LT, . =2 0TO7aaivdad FoOiE-—MRI
WFgE, IV. AP L ARILVEVARBEIDHRANT b T 4,

MR S%E

T NDTIVF T4 FOBBERYTE (BELE |
7 OE A siie, Ll
T, HPA ROBREA A SN0 E W HRENE
HPA Zo @B 72w L a v/ — KT (hypocortisolism) % 759 %

pRel A P e v S U R (BDNP), BURTR- TSR, s vs /= KT,

= AR SO ES A1 B AR gy (2011410 H,
B AyRYY "uig{ﬁ‘bnbf&' TH b,

* T 187-8502 NETTANITHINT 4-1-1
E-mail © hkunugi@ncnp.go.jp

CRURESSREE + 201 #D

P 5y

3, o ORI TN ’f\?ﬂ@rfﬁd‘
, AR, A*f@%&vo%@“ﬁ
LTWA, HELIE, —RADOR 1EN

(EET A& /LUL O AR E ki

TRHLEECS, FarbL2 (X b LRI AT &, JREIGNTE D —
~£,;&7-ﬁu§_; é: ;C::ﬁ_‘uy‘j Lf:.

Lok, HPA HOBEIH S 5 > 2
HEMTTOLS BENH B EEZ SN,

21

i)

DWW T ORI ERENT 5.

L 3OBEXRPLRARILEY (U3 FI4R)
—DEX/CRH 5 X k&l (c—

WIS A 5 v 3 ) = BIDK S D OB LA R 72 3
FiTld, HPA ROBGEITEEARTEN LV L IFHL »
SIEfE N TV S, I F V= L OBRISGMERT IR &
U ChRbEEE 2 v 7 — o L5, i i v ~
WD LR, aNF - ARWHER ) X A0FE (ARZT)
DIRIEOIET), 7+ x4+ HEE: (DST) !
LanF VORI L > TS5 HPA RODOR
DT ¢ — FoNy Z RO, MBSO CRH i,
Vo NBRD v a avF oA FEZEERBORAD, CRHE
W7 A T ACTH RUBHMET, BREL®EKTO CRH %
BHREAEORD, RIBIAP TEREINAL EpHEsh
T%@,§<®@@é%¢H%me7

PEoE2HELAOEEDS S, HEEETOBICIE
AR s - old, DST IR+ m?%g%?%7
SOBEELWEELEZDSTO 7 o b 3 —VidiEx Dk

MdHHS, WEIE, BB F+FY A4/ v 05mg 73
WL 1mg ZROFSE L, BEYNA I~3ERANEEA T
BTy Ord BT > Ba, 16 I 1 BRI,
o F S~ WEMET S (TENE ACTH HI7E). f
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204 LTI - B

WEHTH, FEY ATV VIS o TaNF S~ ACTH
DLYIAMEH 24 BERINEI S 528, FHO 3 VF = Vil
D5 ug/dl AR L& R EE S BET 5. DST |
My, WK S o OB E R T d B AlgEE A IR E
(Carroll, 1982), 1980 HE (LA thlici HaiTiET & e,
L L, REHSHESESIT L 3K 2T lokitic s
UL, FFEFA S Img FHOTHEL B GO
HA (Hzodie DST MIE &£ 73 5 4‘3’03‘5“ 1) EhB Lt
40~50%TH A E S, BEEKC LR (JrREFo
th e DST Al & 281E) BB L2 0% TH 7o &F;
L TW3% (American Psychiatric Association, 1987), [
RTOBHGEZHE D, CROBEENELVLEV DR
SRS T,
Lm@iokmﬁmﬁAiﬁwt B DT &,
9 ’Dﬁ}“ld AofoRFHERIC S T LIRS DL
bHb, f)]’ﬁi@fﬁ“‘{} n/B:Tr KHWS &g i
mHbH &K\M’uuﬂ LE-TWwa, LrL, DSTIKBWT
JRIMBR T H » 0B SIRBIC L - TR L 72 BRI
DST 2 fiif79 2 LMz U5 &0, HRTHECLH
BATH O FIIAF & 72 2 alherka & biahian, Duads
b BE CIHIATERROISE S L TR H R TH
BUEMES B O, WL R TORENER VLTV 5,
FOB, FAYOTy 2 A7 35 7RO Holsboer
SO -7, DST & CRH Bifif7 2 b &{lSGhER
DEX/CRH 7 2 M (1 B3 L (Heuser et al, 1994),
Btk o DST U:’\’C'flks‘“ BEbwl saHELTLS
(~80%). HH 51 HAADKS 2 (ABEHRE) &
M%%cﬂ&mce,DMMRH&%%W%S»%V»»
#5855 ug/dl Bl A R Lo B @ k7 T0% i L, kg
SELW I E s (Kunug1 et al, 2004). = 0%,
HEEHSSEM bﬂﬂzﬁ@ybiﬂf& Ik B ABRBED 7 —
2T, ABEEHC DEX/CRH 5 A b T3 W F /= L ISEE
iR L, ‘{mﬁ?&u £ o THIDHHET 5 E HPA BA0EH
mﬁd<zaﬁwbwmﬁot(wﬂ iz, o o3k
K B YEREICINA CREEEET - BT, KEN
(BRI e oni, £/, ABRERcBRit
SEAWE XN T Wb ENrE, HPA RO & 35
;@fgxi;uw o Plhbm o, DEX/CRH F A MIT L - THRH
SN 5 HPA RORHE L, §i5oFic £ 2 EBENEEIC X
5%@Tdﬁ<,?O%@U&K&ﬁiﬂmﬂ?é%@m

Wﬁ

FEWIHERE (state-dependent marker) OF#AE & o &b
Rk,

IEM@M%X MEPERE D DST & Lhid 5 ¢
, L8, DST L ENEV T &b,
X io é’f?‘ﬁc@ HIflDE = 5 —ITHRITH B gtk & 5

HE SR, EEO DEX/CRH 7 A FREHLE Bzi{,f«o{sw
OISHER » RS E E oS E RS L TVw R, 20
#5495t DEX/CRH 7 A b TIFIIH % 5 L HPA SR8 yiik L

B1EEB
BodEd i E B HERERE

[e3m=F5d AUV 1 5mg BOBE

B2HE j’

[amg e BaERr o BRREEL, TREE

[isBizE @Rl BRICohCRE DU s 58

1

115:20.15:45, 16:00. 15: 15/- 26 ~EslEEn

lmEy T nERenibL, MEE-20CTEA

B1~sEOnELFT— LI, ACTH LUV EEE

sRuE -
B ERAEOBT L ~SEETOREOTOREREDT 550

1 DEX/CRH 72 7o b a—i, $EROFEEASEE

Ly ﬁf :’L‘.imnésr!m@ Cr’} HE f)ffﬁ")%?ﬁ‘ g0, 81 [HW) a
5 gl I, 5 Lo o vr / -
?’Ji aygU Fed b DS
A SEEDSIEE R (Qug) /f\!iiﬁ]
ThHhiE 1}%1]3{{ §L, fii B‘Em il 217 > T A, IR &
fHm & AR E LT s alia bbb, TIE $EHC
&, EfEE LT, H2O0HORME BE 16 o 2 [
v, ACTH OlEETTh s avs ~;w>u’>v"?fﬂi]ﬁ_
BHEEAHNTHE,

i
D

.

El

= A EYpRdnd W= 2y B SRR
g {N=12}
%ea q 20 ! I
ot A b
b ]
g 8 % g
) N A =
2 e 2
i - B
L A
2 5 ¥ 22
v 0 o il 3;3 8%
miz
2

' %Hém@mﬁc@Dmmm}TXIM
Ro#{, A oF O @c?é B %;m‘pi&f SR
fFR. I?m/\~ i&»‘ i

A

TOVEHEER, vy — ZEREFZE M L 2o 5s, I
WOEAET LTV EHBE LM -7 (Hor et al,

2011h), 7, @HHE T DEX/CRH 7 2 h T HPA %08
TN AE RS, A O P L AR ARG o —
vy, REV A FEALERRT I ERIHO IS -

D, TR DOWTIRIVTEEL CiR3,

. 370TC@yivaa }b?: A FDORE

FATIE, AMVARR@ERES S VaanFaL REHo
Wi TEA D =R LB EDEIBLEDTHEA I, %
D1 o&E LT, Bl R ® A F (brain-derived
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neurotrophic factor: BDNF) % 4¢ L 72 FGERasEHE T w
% (Duman and Monteggia, 2006). ffi4 OB ERIZ X -
T, AL (A, THARE ERve v, daW
sz, weayidl, RFaaiad) osvaanvFagy
HEMEETO BDNF S#EH AR T &85 2 &pffidian
TWw3,. BDNF &, #EORE « otk - HEE T 5 C
Ehh, BHOETICL - THEARE SN, HPA RO
e = 2 — o YRR EDI NI B B alREEN B 5.
FE SR, ST anFaf FO=a—o OB
FERE~N DRI D W TR SRR L e
1. ZiaalFaA PFEEBE-2—DOvLEBITS
BDNF OEBWG >+ 7 XERIEREEET S
FEHOE, EBR1IBEBOS v b L0 AREERLRES 2 —
OV IEBWT, FEFAGY YT TE S, 2 HE
% & 1/ BDNF I & 2 il O R IEER) e v 7
ZIERGH A BHE LB & & 2 Lz (Kumamaru et al,
2008). BBRZEWC Lz, BHIC TRy AV LR
HEI6HEBED=a—ovIcBU S Y+ 72K MEN
TV &b, MBI AFEy 2y vik50H
Wi, WO =2 -0 Vi 7~ SROBRET A
Lz SdaffEEs Rt S e, C OMIEBRE B¢ A4
JaW & 7+ & L Tid, mitogen-activated protein kinase
(MAPK) #IEWEYTH L I EE RV L,
2. N0 FaA RERBEE-=2—OVIIBIT3
BDNF OEBH L HRIEEMEMLERGEET 2
BDNF (T4, 1. &5 B F/EAEOABENT 5
LEZ SN BEMNSEIRCMAT, MERTHREENSS
WIER I T OBREL B 5. BT, MRy
O EFLET 2HIECEETH L. FH oI INETEI
BDNF AR = 2 — o v & Gy B M st 2y
HThzrny s vBolies s THRERWLZL,
Z 111 Phospholipase C y (PLC-y) #EE&THE & 1 51
N Ca" A F T o0 Ca P ERTHE LM%
#Wid LCs /4 (Matsumoto et al, 2006). T I T, T®
BDNF OERNCHd 5 7 vz avF a4 FORBEEI
T L72E A, W &I TikB &/ vaaivsF oA
FEZEE (GR) PHEMEMNT 2 E2RAL, CoMA
fER A8 PLCy/Ca™ v 7'+ Wil 2 C 2 S nic L
7z (Numakawa et al, 2009).
KIMEEE = 2 — 0 /I 48 MO 7% 2 4 v v %
TV, BDNF #5 1 3 ER0MIEINEEH 5 &, F+v 44
S UNEER TR vy L AP L, BDNFIc L %

AP Ca¥ BEIMEINEI L 7o, dEFHE R& &, FE A
A P, GR ORBUE N PR s, /2GR

& BDNF OFRFASZ A TrkB & OMHEER & # hicii b
THvD Ui, 39 49 v lBlES Ui s o K

BERETE-TEF-EIBRESDF 205

WO A AREETH GREF L D TrkB & OWEEM
DETFHA NI T LD, ZOMESERBEINGE T
THERBELERZR LT B aREERE S N, 2,
SIRNA Ik » T GR BB ZMHI L /e =2 — v v TH,
BDNF 2k B 70 % 3 VAT 2 C 288355 1
R Uk, e, GROmEHIFEEETS &, 7y v
EichimL 7z, IO oRE, GRORREO LD
HEETHY, EERT L L TOMEREES L ualhek
HORMET A, XSz, FERHAF S ICL-T, TkB T
iy 79 L QTR PLCo/Ca BES MII E T v ke

LS, TORBANOEEAEN LTI VY L VB
[N S 2 EAURIEE N, B8, JOFEMRETEF+
AV BRRIC X B INFEYED BDNF % TrkB O FIRZL
BB X NI - fo,

Plbins, INnETE L oMRESEGRT & LT

LT GRS, BEHTH S TrkB & OMEEHEML
TBDNF 0@ & 2RI LTn5, &5 GROHFL W
BESU S ICE oo, CORERP S, AL AFLE YA
O 75 RYE I K 5 BDNF BB T ic» W3 D & 5
BAF—wNELOND,

., w7a0TOIhaa3bFa4 FOSFE—MRI FE—

FNTE, ok oi 2 o ki MR 7
Eow s oOWETELALTENTEEZRAEID? T
nETIE, MEEavs - 4 HHRR 7 ) —a s
V= WA MRL THITE U 7o B IR & 0B 4 5 & v D
#id5 > (Lupien et al, 1998; Wolf et al, 2002), DEX/CRH
7 Z b T HPA RO BERETTEA R L 7o B TATE A B L
TOAHREINS B EVHIRELENS BH (Gold et al,
2005), PALHHIEE (region of interest: ROI) 4 2% 7E #4711
WEd L2 Wfgee, JEfF v VRO REIRIE & A
EiL, SumanFas Rk M0~ oI
DVT ORI TH - 1.

FH O, BEELE N=34 %238 & LT, DEX/
CRH 7 A b HrhL & MRI iR ic X 2 kb4, 17
v VG & O B IS W T B ORI R 3 E L WETE
I 21T - 7o, Z OGS, ISR Tl MEEEe
REASEO—RIC B AR ORI D 23R, IRET v v Vil
TE, WO I B ORISR # . (mean
diffusivity) DK FAEH SN, WER Y My -7 OERT
WD EMP ST - (Ota &, FFER). oM
Aoy b7 -7 T, FRiC, BTREBHIRE]L HREERUE,
(UBARE, R HNIT B O TR - 72,

Plbodk 5, DEXCRHF AP TELABILDTE
HA MV RAFEyOMEEIE, BEEGZCBLW T 700
LRVTELADLIEDTE DMORELHIREEHER v »
T -7 BEELEA TV,
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‘@%}@9»:3;%:4 K
GR-TrkB & ENES memmmeny GR-TrkB #E A RIS

® YAIDALFIAR

& JILIILFDACRESEE (GR)
& BONF

£

E BONF 54 (TrkB)

es  TILHEVER

LY
§ 8 GR-TrBEAH

RREVERE OB

B3 7naanyad FRERICE % BDNF QBRI ZEm i bseomsD GaNl, 2000 £ o)

D7 waangFad FEEE (GR-TrkB Ea&EMEETHY, BDNFITL B PLCHEML (Fvgy 3 vlBHIC BB~ 7 vy
T ATy 3 vikb S R, (\9 N3 aNF a4 FRETGRMED L, GR-TKB #HAEKOHIEMET. @GR-Trkb #
BHEEOETIC LD, PLCIEHAALAAY Ty v vt ud,

IV. RPLVRBRIVEVREEDSDB/ART S 4L
Br [i) Hypercortisolism
DEX/CRH 7 % F % DST Zfl\ 7z, X0 EEOW%IE g patients (FFIPH.~ R )
BOTHE, S2MICBLTY, P 2L HPAROTLE = |
EZRBHBVEVIRELLIND LI ICHY, So0EYE £ 4 L I [> Normal
DaNF - MERREEEED LTV E VS BES | e (B
PRt Controls
(Carpenter et al, 2009; Gervasoni et al, 2004; Watson et al, = [> *"iypocortisolism
2002) cLasanvs /- }L’{RT (ll}ﬂ)OCOl'tiSOlism) TH ! 15100 1515 1530 15:45 16:00 16115 (1@§Mm?ﬁu)
VS Es AN EaN TS (Levitan et al, 2002: 4 DEX/CRH test i & 2 #FHIHH MR, #EE0B
mmmmam2m@.%9Lt99%%%®ﬁwatt L7 10% 23w F S — VEEAIER IS (CRH B 11

— i
SRE, WIS, BRI 0B, s R R At

BREPETONTVS, F7, BHOKEELEBT 8

DEVBEBTH 2 04GR b v AEE (PTSD) T,  BOREIITH SN TV EEPFET 2RV LE
DST izt LT L ABENGI £ R4 C &% (Yehuda et al, (K4). $74bHbH, DEXCRH ¥ A M IcHB T CRH i
1993), #MEE A A Ny FREBOUMAECK2ic> O 1B 7 va 2T a4 FRRERE (1ugd)
NTBREIIHA S SEBHFCRLEPMOoNT LS KflehTtwalchd s, 22T, TOLH 7B
(Yehuda et al, 2004). 18HEIERERE (Gaab. et al, 2002) MR AT TSSO 0 2 F L A2 (distress) © 3 — v
PLHHERTRESE (Wingenfeld et al, 2007) Th avF V= 7, = F U F B Sl WTHRE AT - 12,
MEoEEIicd 5. oiz, 7YV Vi (BRI EEEE FaAPLAER, AMLREIEMETELVWE
THE) 2 ACTH HUM/RIBIED X S a v F V= vPET KX > THELZLE0RNHOZETh Y, DLMENER]
LTOLARHRKTH, @888, AL, &R, M SE&Eanhs a-vv iy, 220005 R0
mﬁ,ﬁﬁat@oom&$<MtﬁMLm BT EELE T A AvA, BELTVLITEOCEThHS
CHiIbhTws, InbhTdws s, FMHOALLE,  F4 R PLAPIT—E YL HPA REIEE OBH % R
WTINE S 5 DFFEIRE = 709 HPA BHEBRERE &LT@ Liigeid v 22icbimu,

BEeHbrEELONDE, LEM-T, 92HicBd 3 %% 514, Hopkins Symptom Checkhst (HSCL) ZHW,
IWAmﬁﬁmﬂmﬁwﬁermm%;e,5cﬁ@ﬂ 7 AN LERBO T ¢ 2 b A (RN L ZBEHTR) off
T (A, A3 va) 81520 vs. JEERL S D) FE &P -~7. HSCL 3 54 THE 2 & 75 2 Bt VERE T H

P HPA SR @ IG5 & 5 ARt A E . D, 5 DOIEIRREE COEAER, HhBiEik, S AR R
FEOE, ThETIVEY bz B &% 500 ?Zx TEIR, AZHEIR, 105 2IER) oW EEHliT 5. o - &

WERE I LC, DEX/CRH 7 % F&fETT L, &— %% v 780, Ways of Coping Checklist (WCCL) EHWT
L&k, zoe, ADoBkz LEEEC, HPA  FHliL7. WCCL 47 HHE» 574 2 BasVEIKTH v,
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RETEH-TEK-BBRES DR 207

6 I 3 — v 7 (RIS, xﬂum; AL, v~ BT A EAURMEE . JEIENE S o o0 & B
V%Wﬁf—k,ﬁﬂ,% AR, [ERD wwowvwTxa LA - EITIETY, :W%V~Wﬁme%*
T s A, R & R }:ﬂx\ﬂL I TREEESI ] W9 20BlECZE o -y 7 &M 5 2 &G X
&N, veve b E—- P EESICEENT -V S a"LTL\ (Tops et al, 2008), 7 7ZL, aiLF —/lzr-éqf[g
BRalE &, EE-OMEEN, MR NMEssam) & ST ZHM BT A LW ARG S H D, MARNKG

BEEAL, —BHCANEIGI TR b L ROBIIC T DIc w T — Le~é§bfb@b\
EYIHRTHB. BT, FH O 141 ZO@E KA DEX/CRH 7 A b

74 A b L A& DEX/CRH 7 Z M <y — voRfic Z#HifT L, HPA RBREL ~—v 4 U 5 4 LOBHIZ> L
DWTOFREER S IR L7 (Hori et al, 2010). ®FH  THEZT-7 (Horietal, 2011a). 7 o—=v Y% —D
HIBECE, fho 2B GESIHEE S JEMED 1, Wl Temperament and Character Inventory (TCD T#E{ L 7
R, S ABIGRBEEEIR, AIERAEEICE»P -7, 9~ KHE - M ki inm A, Schizotypal Personality
v/ & DEX/CRH 5 2 Il e 4 — v ORBEIC>WT O Questionnaire (SPQ) TlE L7z A gyl x—v + U 7 4
FRAR G R L, SEIEE T, o 2BHcbNT P&, DEX/CRH 7 2 bickfd 2o m}l/@f“fb‘fﬁﬁ
ELO 0 — v 72RO HEHASHECHEOC EAUREN LOBIEET /. TCL 3 240 SHE A 5 75 5 AR E L
o, BEZERAONG oL bO0, MR TR, B THO, 42058 GHEihEsk, %&iﬁﬂm&?ﬁ/ FRE
B WHENENE O o o fhofFBIEET o~ © v Sl FE T & 3 ootkdon (B CERL T E o
BESENM- . ) o WTEHET A, SPQ I T4 T H S 7 A Hadsk

IS OFFHE P S, HPA Zo@FEIGHIEMEo Al Bt dh, 90 THRE GG/ R,
iy, REGEDF 4 2 bV ZARFHESR o -y /8B EEEE RS SRGES /SR E -3/ R

l

& RN (n=55) OEEHNF (n=54) BRI (=12

L

DEER  REER  MANEBEE FRER  05omK
%

K5 542 b LAEDEX/CRH 57X Mlifilo¥ 4 — . (Hori et al, 2010 2202 *p<0.05; #p<0.01 GESEAHIC LB, Al EE
ERA e U o E R s B Wi R DL ok, 2T W T Bonferroni 10k AHIIE AT 0 72). T 5 — /¥ — (3 EHEN
Z‘S%’T\?‘

aIEHH] (n=49)

25 OIS (v=43) *
SBENH (n=10) sk
2.0 P
15 - =
o

PSR REMBMR v—SeLd BR  BZMEN 00 6O
n At

B6 o—t v 7¥d DEX/CRH 7 2 M % — v (Hori et al, 2010 Z2ZE) #p<0.05; *#p<0.01 GLaHMTc s 3, s
SR Ao L 2o E P I B S O e R 7 T E O, £ T IENC 0 T Bonferroni 1IZ & AHIIEET - A). =5 —oN— 3 EHE
F‘:ﬂ&éﬁ:d\?ﬂ
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5 & JEHIH] (n=60)

K7 #ekix—v > )5+ & DEX/CRH 7 A

75— lig‘féﬁw\gﬁ’&j\?.
ST VISR B L O RAR OO B A
T+ LR SR /R - TR & €

nNoOAEHENETH .

SPQ @ F7IHE & DEX/CRH 7 A bl & OB B 7
IRT. Fhick B, BIRSUECRE - BB L v
D A S IE O I EER I I3 B I H & HPA 20 i@
ARIASEEIEREL TWhie, —7, TCI O TXILIEDWT
&, Wb DEX/CRH 7 2 MMER & G HELMIEERD
(A0 R

LEOEE S ORI, D UF S — VKM (H 5 0
FHED & PGEd 5 C EDHISN TV BIEETL S SO
Wo 1> EEECEETH 5, L0 FHECEET
%, F£1z, MO -y oo A R E OB S,
WGBTS oW UEHD vV A R0 (E) wEEd
Bl 5mb LAy, UL, Thi>2WTizgdndl
A7 =5 h1L, Ak WETAMEND 5.

V. BhULC

MR TH-THRE-EE R E S D& OEIc>wT,
H O ORGR OB % iz~ o, HPA 4R % 1
THEHEE O BV DEX/CRH 7 A MMBIREEKFME~ — 5 —
OFES B, JFIRERTHFICOLTIEEBROIEES L
THHATH 2ahesEman, L L, HlL HPA %o
BD7 4 —Fy s DIKT (T 5 HPA RO %
R EEE, ABiREO X 5 SHEBNE A 5 03y Bl
MTH-T, ARUETHLNBEELD 52 1ITHT
BELBVWTLEMSMNTH S, FEEOHER S OB
T, HPA ZHTUEL TOAED SBECfis ATy

5 ﬁf({{+ L, FNFNRRE - IHEE S -TWAHT

RetE2sds 2. HEE S 1E, HPA R OMBHNEI%Rd —do
DOﬁZ«&I7AMﬁﬁ¥5& ZATOA (). B
3 035 0t T I 2 7 S I & BRI A R & ORER

DB B (n=61)
= BEHDEH (n=11)

M s =
LB, WA FH L AR RPN D Wi R DL o

(Hori et al, 2011a 284Z5) *p<0.05; **p<0.01 GirEeoric
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Abstract: Hiroshi KUNUGI, Hiroaki HORI, Tadahiro NUMAKAWA and Miho OTA (Department of Mental Disorder Research, National
Institute of Neuroscience, National Center of Neurology and Psychiatry, 4~1-1, Ogawahigashi, Kodaira, Tokyo, 1878502 Japan) The hypotha-
lamic-pituitary-adrenal axis and depressive disorder: Recent progress. Jpn. J. Neuropsychopharmacol., 32: 203209 (2012).

Depression is a stress-induced disorder and there is compelling evidence for the involvement of hypothalamic-pituitary-adrenal (HPA) axis ab-
normalities in the disease. Chronic hyperactivity of the HPA axis and resultant excessive glucocorticoid (hypercortisolism) may be causal to de-
pression. We demonstrated that the dexamethasone (DEX)/CRH test is a sensitive state-dependent marker to monitor HPA axis abnormalities.
Restoration from HPA axis abnormalities occurs with clinical responses to treatment. Brain-derived neurotrophic factor (BDNF) has also been
implicated in depression. We found that glucocorticoid (DEX) suppresses BDNF-induced dendrite outgrowth and synaptic formation via blocking
the MAPK pathway in early-developing cultured hippocampal neurons. Furthermore, we demonstrated that glucocorticoid receptor (GR) and
TrkB (a specific receptor of BDNF) interact and that DEX acutely suppresses BDNF-induced glutamate release by affecting the PLC-y pathway
in cultured cortical neurons, indicating a mechanism underlying the effect of excessive glucocorticoid on BDNF function and resultant damage
in cortical neurons. In a macroscopic view using magnetic resonance imaging (MRI), we found that individuals with hypercortisolism detected
by the DEX/CRH test demonstrated volume loss in gray matter and reduced neural network assessed with diffusion tensor imaging in several
brain regions. Finally, we observed that individuals with hypocortisolism detected by the DEX/CRH test tend to present more distress symp-
toms, maladaptive coping styles, and schizotypal personality traits than their counterparts, which points to the important role of hypocortisolism
as well as hypercortisolism in depression spectrum disorders.

Key words: Depression, Brain-derived neurotrophic factor (BDNF), Hypothalamic-pituitary-adrenal axis (HPA axis), Hypocoltisolism,
Magnetic resonance imaging (MRI)
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Background: Accumulating evidence indicates that oxytocin plays an important role in social interactions.
Previous studies also suggest altered oxytocin function in patients with schizophrenia and depression. How-
ever, few studies have examined the central oxytocin levels in these disorders.

Methods: Cerebrospinal fluid (CSF) oxytocin levels were measured by ELISA in male participants consisting of
27 patients with schizophrenia, 17 with major depressive disorder (MDD), and 21 healthy controls.

Results: CSF oxytocin levels of patients with schizophrenia or MDD did not differ significantly with healthy

Is(gl};;;g;ff enia controls. The antidepressant dose or the Hamilton depression rating scale score did not significantly correlate
Depression with the oxytocin levels in MDD patients. CSF oxytocin levels in schizophrenic patients significantly negative-
Oxytocin ly correlated with second generation antipsychotic dose (r= —0.49, P=0.010) but not with first generation
Cerebrospinal fluid antipsychotic dose (r= —0.13, P=0.50). A significant correlation was observed between oxytocin levels and
Antipsychotics negative subscale of PANSS (r= —0.38, P=10.050). This correlation remained significant even after control-
ling for second generation antipsychotic dose (r=—0.47, P=0.016).
Conclusions: We obtained no evidence of altered CSF oxytocin levels in patients with schizophrenia or those
with MDD. However, lower oxytocin levels may be related to higher second generation antipsychotic dose
and more severe negative symptoms in schizophrenia.
© 2012 Elsevier B.V. All rights reserved.
1. Introduction oxytocin function in patients with schizophrenia (Linkowski et al.,

1984; Beckmann et al,, 1985; Mai et al., 1993). Higher plasma oxyto-
cin levels in schizophrenic patients were associated with lower
symptom severity (Rubin et al., 2010). A clinical study showed that

Oxytocin is produced in the supraoptic and paraventricular nuclei
of hypothalamus and is secreted into the blood stream from the poste-

rior pituitary. Its release is induced by a variety of stressful stimuli,
including noxious stimuli, conditioned fear, and exposure to novel en-
vironments (Onaka, 2004). Accumulating evidence indicates that oxy-
tocin plays an important role in social interactions (Lim and Young,
2006; Bartz et al., 2010). Deficits in social functioning observed in
psychiatric disorders including schizophrenia (Couture et al., 2006;
Sparks et al,, 2010) and mood disorders (Inoue et al., 2004; Montag
et al,, 2010; Wolkenstein et al., 2011) imply the possible involvement
of oxytocin in the pathophysiology of these disorders.

Many studies have investigated the possible link between oxyto-
cin and psychiatric disorders. Some previous studies reported altered

* Corresponding author at: Department of Mental Disorder Research, National Institute
of Neuroscience, National Center of Neurology and Psychiatry, 4-1-1, Ogawahigashi,
Kodaira, Tokyo, 187-8502, Japan. Tel.: -+ 81 42 341 2712x5132; fax: 481 42 346 1744,
E-mail address: sasayama@shinshu-u.ac.jp (D. Sasayama).

0920-9964/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.schres.2012.06.016

administration of this hormone ameliorated symptoms of schizophre-
nia (Feifel et al., 2010). In a preclinical study, systemically adminis-
tered oxytocin reversed prepulse inhibition deficits induced by
amphetamine and the phencyclidine analog in rats (Feifel and Reza,
1999). Oxytocin dysfunction has been implicated in the pathophysiol-
ogy of depression as well. Two studies have shown that peripheral
oxytocin levels and depressive symptoms were significantly correlat-
ed in patients with major depressive disorder (MDD) (Scantamburlo
et al,, 2007; Cyranowski et al., 2008). Moreover, oxytocin knock-out
mice have shown dysregulated stress responses to psychological
stimuli (Mantella et al, 2005) and enhanced anxiety behaviors
(Mantella et al.,, 2003).

Oxytocin secreted from the pituitary gland generally does not
re-enter the brain through the blood-brain barrier (Ermisch et al,
1985). Therefore, the behavioral effects of oxytocin are likely to be
due to the release from centrally projecting oxytocin neurons. Since
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oxytocin in the nervous system can be transported to blood (Durham
et al., 1991), peripheral oxytocin levels may reflect brain levels to
some extent. However, central and peripheral oxytocin is regulated
independently, and the half-life of oxytocin is less than 5 minutes in
the blood (Ryden and Sjoholm, 1969) while that in the brain is 19.1 -
minutes (Durham et al., 1991). Therefore, measurement in the CSF is
necessary for the direct assessment of central oxytocin levels.

To our knowledge, two studies have previously examined the ce-
rebrospinal fluid (CSF) levels of oxytocin in patients with schizophre-
nia. One reported elevated oxytocin levels in schizophrenia compared
with controls (Beckmann et al.,, 1985), while the other did not obtain
such a finding (Glovinsky et al,, 1994). Only one study has examined
the CSF levels of oxytocin in patients with depression, in which no dif-
ference was found compared with controls (Pitts et al., 1995). No
study to date has examined the association of CSF oxytocin levels
with symptom severity of these disorders. Since symptom severity
forms a continuous spectrum ranging from mild to severe state, an as-
sociation with the severity of the disease would suggest that oxytocin
levels reflect the state of the disease.

In the present study, the oxytocin levels in the CSF of patients with
schizophrenia and those with depression were measured and com-
pared to that of healthy controls. Furthermore, we investigated the
correlation between CSF oxytocin levels and symptom severity of
these disorders. From the findings of previous studies exarnining
peripheral oxytocin levels (Scantamburlo et al., 2007; Rubin et al,
2010), we hypothesized that CSF oxytocin levels would be lower in
patient groups compared to healthy controls and that symptom
severity would be negatively correlated with the oxytocin levels.

2. Materials and methods
2.1. Subjects

Participants were 27 patients with schizophrenia (mean age (stan-
dard deviation): 42.6 (8.5) years), 17 patients with major depressive
disorder (MDD) (age: 39.5 (8.0) years), and 21 healthy controls
(age: 38.3 (15.3) years). Demographic and clinical characteristics of
the subjects are summarized in Table 1. All subjects were males to

D. Sasayama et al. / Schizophrenia Research 139 (2012) 201-206

avoid gender effects and were biologically unrelated Japanese rec-
ruited from the outpatient clinic of the National Center of Neurology
and Psychiatry Hospital, Tokyo, Japan or through advertisements in
free local information magazines and by our website announcement.
None of the healthy controls were on psychotropic medication,
while 70.6% of the patients with MDD were treated with antidepres-
sant medication at the time of the study. Most of the schizophrenic pa-
tients were prescribed antipsychotic medication, and all of those
prescribed antipsychotics were on the medication for more than
3 years. Consensus diagnosis by at least 2 psychiatrists was made
for each patient according to the Diagnostic and Statistical Manual
of Mental Disorders, 4th edition criteria (American Psychiatric
Association, 1994), on the basis of unstructured interviews and infor-
mation from medical records. The controls were healthy volunteers
with no current or past history of psychiatric treatment and were
screened using the Japanese version of the Mini International Neuro-
psychiatric Interview (Sheehan et al., 1998; Otsubo et al,, 2005) by a
research psychiatrist to eliminate the possibility of any axis I psychiat-
ric disorders. Participants were excluded if they had prior medical his-
tories of central nervous system diseases or severe head injury or if
they met the criteria for substance abuse or dependence or mental re-
tardation. The study protocol was approved by the ethics committee at
the National Center of Neurology and Psychiatry, Japan. After describ-
ing the study, written informed consent was obtained from every
subject.

2.2, Clinical measures

Schizophrenic symptoms and depressive symptoms were assessed
immediately after the lumbar puncture by an experienced research
psychiatrist using the Japanese version of the Positive and Negative
Syndrome Scale (PANSS) (Kay et al., 1987; Yamada et al,, 1991) and
the Japanese version of the GRID Hamilton Depression Rating Scale,
17-item version (HAMD-17) (Hamilton, 1967), which have both
been demonstrated to show good inter-rater reliability (Igarashi et
al., 1998; Tabuse et al., 2007 ). Medication status at the time of lumbar
puncture was recorded. Daily doses of antipsychotics in patients with
schizophrenia and antidepressants in patients with MDD were

Table 1
Demographic and clinical characteristics.
Controls Schizophrenia Depression Analysis
(N=21) (N=27) (N=17)
Age (years) 38.3 (15.3) 42.6 (8.5) 39.5 (8.0) ANOVA: F=0.97, ns.
BMI 239 (4.1) 26.0 (6.2) 23.9 (4.5) ANOVA: F=1.06, n.s.
Duration of illness (years) 16.3 (9.8) 7.7 (7.3) t-test: t==2.8, P<0.01
Treatment duration (years) 15.5 (9.1) 5.8 (6.9) t-test: t=3.4, P<0.01
Medication status
on antipsychotic medication
first generation (%) 0 59.3 11.8
second generation (%) 0 66.7 235
first and/or second generation (%) 0 96.3 353
on antidepressant medication (%) 0 259 70.6
on benzodiazepine medication (%) 0 81.5 76.5
on mood stabilizer medication (%) 0 14.8 59

CP equivalent dose
first generation (mg/day)
second generation (mg/day)
total (mg/day)

IMI equivalent dose (mg/day)

PANSS
Positive symptoms score
Negative symptom score
General symptom score
Total score

HAMD-17 score

361.8 (445.0)
402.4 (498.3)
7642 (591.6)
1672 (141.5)

12,5 (3.8)
16.0 (5.8)
6.8 (1.3)
55.6 (12.6)
13.4 (9.6)

Values are shown as mean (standard deviation).
BMI: body mass index; CP: chlorpromazine; IMI: imipramine.

PANSS: Positive and Negative Syndrome Scale; HAMD-17: 17 item Hamilton Rating Scale for Depression.

ANOVA: analysis of variance; n.s.: not significant.
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converted to chlorpromazine and imipramine equivalent doses, re-
spectively, using published guidelines (Inagaki et al., 1999).

2.3. Lumbar puncture and oxytocin assay

Lumbar puncture was performed with the subject in the left
decubitus position. CSF was withdrawn from the L3-14 or L4-L5 inter-
space. After the removal of 2 ml of CSF, a further 6 ml of CSF was collect-
ed and immediately transferred on ice to be centrifuged at 4 °C and
aliquoted for storage at — 80 °C until assay. CSF oxytocin levels were an-
alyzed using a commercial ELISA kit (Enzo Life Sciences, INC., NY). Using
the results from two separate runs of standard concentrations, the
inter-assay coefficient of variation (CV) was less than 10%.

2.4. Statistical analysis

Statistical differences between groups were calculated using
Student's t-test, Welch's t-test, or one-way analysis of variance
(ANOVA). Correlations were assessed using Pearson's correlation co-
efficient. Since the CSF oxytocin levels were not normally distributed,
log transformation was applied prior to statistical analyses to achieve
normal distribution. Because previous studies suggest that some anti-
psychotic and antidepressant medications increase oxytocin secretion
(Uvnas-Moberg et al.,, 1992, 1999), chlorpromazine and imipramine
equivalent doses were examined as possible confounders. Statistical
analyses were performed using the Statistical Package for the Social
Sciences version 11.0 (SPSS Japan, Tokyo, Japan). All statistical tests
were two-tailed, and P<0.05 indicated statistical significance.

3. Results

Fig. 1 shows the CSF oxytocin levels in each diagnostic group. A one-
way ANOVA using the transformed oxytocin levels as the dependent
variable indicated no significant difference between diagnostic groups
(F=1.08, P=0.35). The transformed oxytocin levels showed no signif-
icant correlation with age or body weight. Figs. 2 and 3 show the

CSF Oxytocin levels as a function of group
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Fig. 1. Cerebrospinal fluid oxytocin levels as a function of group. The cerebrospinal fluid
oxytocin levels in healthy controls and patients with schizophrenia and major depres-
sive disorder are shown. Solid bars indicate median values and the dotted lines indicate
interquartile range. No significant difference was observed between the diagnostic
groups.

relation of CSF oxytocin levels with symptom severity and psychotropic
dose, respectively. The antidepressant dose or the HAMD-17 score did
not significantly correlate with the transformed oxytocin levels in pa-
tients with MDD (antidepressant dose: r=—0.15, P=0.57; HAMD-
17: r=—0.19, P=0.46). The transformed oxytocin levels were signifi-
cantly negatively correlated with negative subscale of PANSS (r=
—0.38, P=0.050). Correlations between transformed oxytocin levels
and other subscales of PANSS were not statistically significant. The
transformed oxytocin levels in schizophrenic patients were significant-
ly negatively correlated with chlorpromazine equivalents of total anti-
psychotic dose (r=-—0.51, P=0.0064) and second generation
antipsychotic (SGA) dose (r=—0.49, P=0.010) but not with chlor-
promazine equivalents of first generation antipsychotic (FGA) dose
(r=—0.13, P=0.50). Those prescribed SGA had significantly lower
CSF oxytocin levels compared to those not prescribed SGA (Welch's ¢
test: t=2.6, df=10.4, P=0.024). Comparison between patients pre-
scribed and not prescribed FGA did not yield significant difference
(Student's t test: t=1.1, df=25, P=0.27). Although none of the sub-
scales of PANSS were correlated with FGA, SGA, or total chlorpromazine
equivalent dose in the present study (all P> 0.1), a previous study (Sim
et al,, 2009) reported an association between antipsychotic dose and
the severity of positive as well as negative symptoms of schizophrenia.
Therefore, we considered antipsychotic dose as a confounding factor for
the association between oxytocin levels and symptom severity. Thus,
we also examined the correlation between the oxytocin levels and
PANSS scores controlling for prescribed antipsychotic dose. Partial cor-
relation between transformed oxytocin levels and negative subscale of
PANSS, removing the linear effects of total antipsychotic dose, was sta-
tistically significant (r= —0.39, P=0.047). Removing the linear effects
of SGA dose instead of total antipsychotic dose also resulted in signifi-
cant correlation of transformed CSF oxytocin levels with negative sub-
scale (r=—047, P=0.016) as well as with total PANSS score (r=
—0.47, P=0.016). SGA dose-controlled partial correlations between
transformed oxytocin levels and other subscales of PANSS were not sta-
tistically significant (positive subscale: r= —0.24, P=0.23; general
subscale: r=—0.33, P=0.099).

4. Discussion

Consistent with some previous studies (Glovinsky et al., 1994;
Pitts et al., 1995), CSF oxytocin levels did not significantly differ be-
tween healthy controls and patients with schizophrenia and MDD.
However, the present results showed that higher levels of CSF oxyto-
cin may be associated with less severe symptoms of schizophrenia.

The observed negative correlation between antipsychotic dose and
CSF oxytocin levels points to the possibility that antipsychotic medica-
tion lowers oxytocin levels. A recent study suggests that an inhibitory
feedback loop may exist between prolactin-secreting lactrophs
and oxytocinergic paraventricular neurons (Sirzen-Zelenskaya et al.,
2011). Therefore, the disinhibition of prolactin secretion due to the D,
receptor blockade by antipsychotics may have resulted in the suppres-
sion of oxytocin secretion. This, however, does not explain the stronger
correlation of SGA dose compared to FGA dose. Kiss et al (2010) showed
that SGAs have a more potent influence than haloperidol on the activity
of oxytocin magnocellular neurons. This also seems contradictory to the
present finding that SGA is negatively correlated with oxytocin levels.
An alternative explanation for this negative correlation is that patients
with low oxytocin levels may respond poorly to antipsychotic medica-
tion, and thus, higher dose was prescribed to such patients. Neverthe-
less, despite the relatively strong correlation with the antipsychotic
dose, the cross-sectional design of the present study hinders any causal
inferences. One previous study (Glovinsky et al,, 1994) demonstrated
that CSF oxytocin levels were unchanged by antipsychotic medication.
Thus, further investigation is necessary to elucidate the effects of anti-
psychotic medication on oxytocin levels.

- 132 -



204 D. Sasayama et al. / Schizophrenia Research 139 (2012) 201-206

Relationship between CSF oxytocin levels and symptom severity
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Fig. 2. Relationship between cerebrospinal fluid oxytocin levels and symptom severity. The association between cerebrospinal oxytocin levels and symptom severity is shown.
Oxytocin levels are shown in logarithmic scale. Solid lines indicate fitted regression lines, unevenly dashed lines indicate 95% confidence intervals, and evenly dashed lines indicate
95% prediction intervals. (1): Correlation at significance level of P<0.05. PANSS: Positive and Negative Syndrome Scale, HAMD-17: Hamilton Depression Rating Scale, 17-item

version, 95%Cl: 95% confidence interval, 95%PI: 95% prediction interval.

The present results showed that the negative symptoms of schizo-
phrenia were negatively correlated with CSF oxytocin levels. The cor-
relation coefficient between CSF oxytocin levels and total PANSS score
was also significant, controlling for SGA dose. Rubin et al. (2010)
reported that higher peripheral oxytocin levels were associated with
more prosocial behaviors in female patients with schizophrenia. Fur-
thermore, previous studies have demonstrated improvement of social
behaviors with administration of intranasal oxytocin (Macdonald and
Macdonald, 2010; Pedersen et al., 2011). Since strong relationships
between negative symptoms and social difficulties have been demon-
strated in schizophrenia (Weinberg et al,, 2009), the present finding
associating higher CSF oxytocin levels with lower negative subscale
is in accord with what has previously been described for peripheral
oxytocin. Whether the peripheral oxytocin levels reflect the CSF oxy-
tocin levels, or whether a different mechanisms of action in the brain
and the peripheral result in a similar effect, remains to be explored.

Previous studies examining CSF oxytocin levels in patients with
schizophrenia (Beckmann et al,, 1985; Glovinsky et al,, 1994) and de-
pression (Pitts et al,, 1995) showed mean oxytocin levels of less than
10 pg/ml, which is lower than that in the present study (>20 pg/ml).
Such outcome may have resulted from some of the methodological dif-
ferences between previous studies and the present one. Previous three
studies measured oxytocin levels using radioimmunoassay (RIA), while

the present study used a commercially available ELISA kit. A recent
study that used the same ELISA kit to measure CSF oxytocin levels
(Heim et al., 2009) also demonstrated higher levels of oxytocin (mean
oxytocin levels of 17 pg/ml in women without a history of emotional
abuse) compared to the previous studies using RIA. Thus, the different
measurement techniques may have influenced the values.

A number of other methodological differences exist between the
present study and previous ones examining CSF oxytocin levels
(Beckmann et al,, 1985; Glovinsky et al., 1994; Pitts et al,, 1995). One
of the major differences was that the present study did not require
fasting prior to lumbar puncture, while Beckmann et al (Beckmann et
al,, 1985) collected CSF in patients with schizophrenia after 12 hours
fasting. Although a previous study (Challinor et al, 1994) reported
that peripheral oxytocin levels were not affected by 20 hours of fasting,
the influence of fasting on CSF levels is unknown. Furthermore,
Beckmann et al used Research Diagnostic Criteria to select a patient
group consisting entirely of paranoid schizophrenia. Such difference in
composition of participants may have affected the outcome of the
study by Beckmann et al (1985), which showed significantly higher
CSF oxytocin levels in schizophrenic patients compared to healthy con-
trols. The findings by Glovinsky et al (1994) and Pitts et al (1995) were
consistent with the present study in that no significant difference in CSF
oxytocin levels was found between patients and controls. However,
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Fig. 3. Relationship between cerebrospinal fluid oxytocin levels and dose of psychotropics. The association between cerebrospinal oxytocin levels and dose of psychotropics is shown.
Oxytocin levels are shown in logarithmic scale. Solid lines indicate fitted regression lines, unevenly dashed lines indicate 95% confidence intervals, and evenly dashed lines indicate
95% prediction intervals. (f): Correlation at significance level of P<0.01. CP equivalent: chlorpromazine equivalent, 95%Cl: 95% confidence interval, 95%PI: 95% prediction interval.

participants in these studies also differed from that of the present study
in that both genders were included. Furthermore, MDD patients in the
study by Pitts et al (1995) all scored 18 or above on the HAMD-17,
while the MDD patients in the present study included those in a remit-
ted state. These differences in composition of study samples should be
carefully considered when comparing findings across studies.

Some limitations must be considered when interpreting the re-
sults of this study. First, the effects of medication could not be fully
controlled due to the variability in types and doses. Future studies
should examine oxytocin levels in untreated patients to elucidate
the role of oxytocin in the pathophysiology of schizophrenia and de-
pression. Treatment duration may also affect oxytocin levels. Howev-
er, since all of the schizophrenic patients that were prescribed
antipsychotics were on chronic treatment with the medication, treat-
ment duration is unlikely to have confounded the main findings of the
present study. Secondly, as mentioned above, the cross-sectional de-
sign did not allow for any definitive conclusions regarding the causal
relationship between the CSF oxytocin levels, psychotropic medica-
tion, and symptom severity. Thirdly, only male participants were in-
cluded in the present study. Previous studies suggest that effects of
peripheral and intranasal oxytocin may differ between men and
women (Domes et al,, 2010; Rubin et al., 2010, 2011). Therefore, the
present findings cannot be generalized to women. Finally, the risk of

type Il error was high due to the small sample size. The sample size
in the present study was comparable to those of the previous studies
that examined CSF oxytocin levels in patients with schizophrenia and
depression (Beckmann et al.,, 1985; Glovinsky et al.,, 1994; Pitts et al.,
1995). However, the power to detect a moderate difference (effect
size of 0.50) in CSF oxytocin levels between patients and controls
was relatively low (schizophrenia: 39%; MDD: 32%; calculated by
G*Power 3.1.3 (Faul et al., 2007)). A larger sample may be necessary
to detect small to moderate change in CSF oxytocin levels in psychiat-
ric disorders.

In conclusion, we obtained no evidence of altered CSF oxytocin
levels in patients with schizophrenia or those with MDD. However,
lower CSF oxytocin levels may be related to higher SGA dose and
more severe negative symptoms in schizophrenia, which is in line
with the possibility that central oxytocin may ameliorate the severity
of some symptoms of schizophrenia by improving social functioning.
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Abstract

Bipolar disorder is a severe mental illness characterized by recurrent manic and depressive episodes. In bipolar disorder,
family and twin studies suggest contributions from genetic and environmental factors; however, the detailed molecular

‘ pathogenesis is yet unknown. Thus, identification of biomarkers may contribute to the clinical diagnosis of bipolar disorder.
Monozygotic twins discordant for bipolar disorder are relatively rare but have been reported. Here we performed a
comparative proteomic analysis of whole cell lysate derived from lymphoblastoid cells of monozygotic twins discordant for
bipolar disorder by using two-dimensional differential in-gel electrophoresis (2D-DIGE). We. found approximately 200
protein spots to be significantly differentially expressed between the patient and the co-twin (t test, p<<0.05). Some of the
proteins were subsequently identified by liquid chromatography tandem mass spectrometry and included proteins involved
in cell death and glycolysis. To examine whether these proteins could serve as biomarkers of bipolar disorder, we performed :
Western blot analysis using case—control samples. Expression of phosphoglycerate mutase 1 (PGAM1), which is involved in
glycolysis, was significantly up-regulated in patients with bipolar disorder (t test, p<<0.05). Although PGAM1 cannot be
regarded as a qualified biomarker of bipolar disorder from this preliminary finding, it could be one of the cand|dates for
further study to ldentlfy biomarkers of bipolar disorder.
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Introduction identified from postmortem brains, these studies are undermined
. . ) . . by many confounding factors, including cause of death, postmor-
Bipolar disorder is a severe mental illness characterized by tem interval, and brain pH [11]. Postmortem interval affects

recurrent manic and depressive episodes. It affects approximately degradation of mRNAs and protein levels [12,13,14,15] and
1% of the general population. In bipolar disorder, contributions of

genetic and environmental factors have been indicated by family
and twin studies [1]. Patients with this disease have a high relapse
rate, and lifelong treatment with mood stabilizers such as lithium is
often needed [2]. Past studies of bipolar disorder have focused on
monoamines and intracellular signal transduction pathways as
related to the effects of psychotropic drugs [3,4], but recent studies
focus more on neuroplasticity or resilience based on reports of
neuroprotective effects of mood stabilizers [5]. Recent genome-
wide association studies identified new candidate genes, such as
CACNAIC [6,7], but the effects are relatively small.

Bipolar disorder is often misdiagnosed as depression or
schizophrenia, and delayed diagnosis and treatment worsen the
course of illness [8]. Thus, carly diagnosis is important to prevent
deterioration; however, no biomarkers for bipolar disorder are
available yet. Identification of biomarkers would be indispensable
for early diagnosis.

Much research on biomarkers in psychiatric diseases has been
published [9,10]. Though several candidate biomarkers were

significantly influences phosphorylation of signaling proteins [16].
In particular, the influence of medication cannot be ignored
because a number of proteins are affected by mood stabilizers,
antipsychotics, or antidepressant medication [17,18,19]. Addition-
ally, large interindividual variations hamper the identification of
biomarkers.

Biomarker research in other tissues such as serum, plasma,
cerebrospinal fluids, saliva, and urine have also been performed
[20,21] but has not led to a diagnostic test.

The concordance rate of bipolar disorder between monozygotic
twins is approximately 70% [22,23]. By comparing monozygotic
twins discordant for bipolar disorder, biochemical differences
associated with bipolar disorder might be detected without
interference from interindividual genetic variation [24].

Although several genome, transcriptome, and epigenome
analyses in monozygotic twins discordant for bipolar disorder
and other diseases have been reported [24—29], proteomic analysis
has not been applied to identifying the difference between

PLOS ONE | www.plosone.org 1 February 2013 | Volume 8 | issue 2 | e53855
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monozygotic twins discordant for bipolar disorder, possibly due to
technical difficulties. Because transcript levels do not completely
correlate with protein expression levels [30,31] and aberrant post-
translational modifications can cause disease, proteomic analysis is
needed to supplement transcriptome and epigenome analyses.

In the present study, we performed proteomic analysis of
lymphoblastoid cells derived from monozygotic twins discordant
for bipolar disorder.

Materials and Methods

Subjects

For 2D-DIGE, we used lymphoblastoid cells derived from a pair
of 42-year-old male monozygotic twins discordant for bipolar
disorder. We initially examined their monozygosity by genotyping
microsatellite repeat markers [25] and later confirmed it by single
nucleotide polymorphism array [29].

For a case—control study of differentially expressed proteins
using Western blot analyses, we used lymphoblastoid cells derived
from eight unrelated patients with bipolar I disorder (BPI) (four
men and four women, 35.6%9.0 years old [mean = SD],
Japanese) and eight unrelated control subjects (six men and two
women, 36.9%10.0 years old [mean = SD], Japanese). Table 1
gives detailed information for each subject used in Western blot
analysis. Patients and controls with a history of alcohol or illicit
drug abuse were excluded from the study. The patients were
treated with various medications. Diagnoses were made by the
consensus of two senior psychiatrists using the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV)
criteria. Controls were selected from among students, nurses, office
workers, and doctors in participating institutes, their friends, and
other volunteers. A senior psychiatrist interviewed control subjects
and found that they did not have major mental disorders. Written
informed consent was obtained from all subjects. The ethics
committees of RIKEN approved the study.

Table 1. Characteristics of the subjects.

Proteomics of Discordant Monozygotic Twin for BP

Cell culture and extraction of proteins

Lymphocytes were separated from the peripheral blood and
transformed by Epstein-Barr virus using previously described
standard techniques [32]. These cells were cultured and kept
frozen until experiments. Lymphoblastoid cells were cultured in
RPMI 1640 medium (Sigma-Aldrich, St. Louis, MO, USA)
containing 10% fetal bovine serum (Sigma-Aldrich), 50 U/mL
penicillin, 50 pg/mL streptomycin (GIBCO, Invitrogen/Life
Technologies Corporation, Grand Island, NY), and 60 pg/mL
tylosin solution (Sigma-Aldrich). Cells were cultured at approxi-
mately 1x10® cells. Total proteins were extracted from the
lymphoblastoid cells using the Q-proteome mammalian protein
preparation kit (Qiagen, QIAGEN, Hilden, Germany). After the
supernatant was precipitated with acetone, the pellet was dissolved
using the lysis buffer (7 M urea, 2 M thiourea, 4% CHAPS,
10 mM Tris-HC1 [pH 8.5]) (GE Healthcare Bio-Sciences, San
Francisco, CA, USA).

Two-dimensional difference gel electrophoresis (2D-
DIGE) and imaging analyses

Protein concentration was determined by the Bradford method
using a protein assay kit (Bio-Rad, Hercules, CA, USA) and the
Pierce 660 nm protein assay (Pierce, Rockford, IL, USA). Proteins
were set to a final concentration of 5 mg/mL with the lysis buffer
and labeled separately with 400 pmol of CyDye (Cy3 or Cy5) (GE
Healthcare Bio-Sciences), vortexed, and incubated on ice in the
dark for 30 min. A mixed sample composed of equal amount of
proteins from the patient and the co-twin was labeled with Cy2
and used as an internal standard. After 30 min, the labeling
reaction was stopped with 10 mM lysine. To avoid the possible
effect of labeling efficiency, the dyes were swapped for each
experiment using three gels. Labeled proteins were subjected to
SDS-PAGE analysis, and the gels were scanned with the Typhoon
9400 scanner (GE Healthcare Bio-Sciences) at the wavelengths

1D Age Sex Diagnosis

Age at onset

Family history of bipolar
disorder within first

degree relatives Medication

No (three had major
depression)

F

doi:10.1371/journal.pone.0053855.t001

PLOS ONE | www.plosone.org

Li: lithium carbonate, VPA, sodium valproate, CBZ, carbamazepine, HP, haloperidol, CP, chlorpromazine, PAR, paroxetine, THY, levothyroxine, OLA, olanzapine.

February 2013 | Volume 8 | Issue 2 | 53855

- 137 -



Proteomics of Discordant Monozygotic Twin for BP

Table 2. Proteins differentially expressed in monozygotic twin discordant for BP identifed by LC-MS/MS.

Exp.1 Exp.2 Exp.3 Exp.4

Gene names Acc. No. Protein names (BP/CT) p-value (BP/CT) p-value (BP/CT) p-value (BP/CT) p - value

RPLPO P05388 60S acidic ribosomal protein PO 0.00031 . X X 0.0059

phate isom:

P09972 Fructose-bisphosphate aldolase C

ACADS P16219 Short-chain specific acyl-CoA —1.56 0.00014 -1.37 0.0006
dehydrogenase, mitochondrial

P04075 Fructose-bisphosphate aldolase A

Q8NCW5  Apolipoprotein A-l-binding protein

UPF0556

_aicyciin

CAPZB P47756 F-actin-capping protein subunit —1.56 0.00021 -1.36 7.10E-06
beta

P30085

QouBs4 Dnal homolog subfamily B
member 11

Q1301 Delta(3,5)-Delta(2,4)-dienoyl-CoA
isomerase, mitochondr

P06733 Alpha-enolase -1.62 0.049 —1.58 0.012

p38117 | p O

Q14376

HIST2H4B P62805 2.07 0.0038 1.95 0.0014

g¢ [
ribonucleoprotein !

78 kDa glucose-regulated protein

ho eta

QO9NR45

0.00074
0.00017

P06748
QIEFWT.
P07237

_ endoplasmic reticulum protein ,
PCBP1 Q15365 Poly(rC)-binding protein 1 —1.47 0.0024 -135 0.0013

PLOS ONE | www.plosone.org 3 February 2013 | Volume 8 | Issue 2 | e53855

- 138 -



Table 2. Cont.

Proteomics of Discordant Monozygotic Twin for BP

Gene names Acc. No.  Protein names (BP/CT)

p - value

(BP/CT) p - value

PDIAS  P30101 Protein disulfide

. 860E-06 2.

QIGZP4
w2 s

P32119
P20618

0.00042

P49591

074

Translocon-associated protein
subunit delta

P51571

0.00018

3.70E-05

Ubiquitin carboxyl-terminal hydrolase 2.5
isozyme L1

P09936

1.90E-05 2.16

0.00023

doi:10.1371/journal.pone.0053855.t002

corresponding to each CyDye, namely 480 nm (Cy2), 532 nm
(Cy3), and 633 nm (Cy5). A 50 pg portion of each Cy3-, Cy5-,
and Cy2-labeled sample was combined. Nonlinear IPG strips
(pH 3-10, 18 cm long; GE Healthcare Bio-Sciences) were
rehydrated for 12 h at 50 mA per strip with the sample solution
on an IPGphor isoelectric focusing unit (GE Healthcare Bio-
Sciences). Three mixed samples were separated by isoelectric
focusing on an IPGphor isoelectric focusing unit at 0.5 V-h,
0.8 V-h, 13.5 kV-h, and 21 kV‘h at 20°C and a maximum
current setting of 50 pA per strip. The second dimension was run
on 12.5% acrylamide gels in a SE600 (GE Healthcare Bio-
Sciences) at 45 mA per gel. To avoid artifacts, three gels of same
condition were simultaneously run for each experiment. Gels were
scanned directly between low-fluorescence glass plates with the
Typhoon 9400 (GE Healthcare Bio-Sciences) scanner at the three
wavelengths specific for the CyDyes. The resolution was approx-
imately 100 pm. Determination of protein spot abundance was
performed using the DeCyder 2D Ver. 6.0 software (GE
Healthcare Bio-Sciences). Spots were automatically detected. Spot
editing (separation of two spots) or deleting (artifacts) was
performed manually. The three CyDye-labeled forms of each
spot were co-detected within each gel. Ratios between sample and
internal standard abundances were calculated for each protein
spot with the Differential In-gel Analysis (DIA) module. Inter-gel
variability was corrected by matching and normalization of the
internal standard spot maps by the Biological Variance Analysis
(BVA) module of the DeCyder software and incorrectly matched
spots were manually eliminated or corrected if possible. During the
spot detection, the estimated number of spots was set at 4000.
Protein spots that showed a statistically significant intensity in

PLOS ONE | www.plosone.org

Student’s ¢ test were accepted as being differentially expressed
between the extracts under comparison among these. Protein spots
showing at least 1.25-fold changes (p<<0.05) in intensity were
selected for next steps.

Protein identification by mass spectrometry and
database search

The preparative gels were stained with a SYPRO® ruby
(Invitrogen/Life Technologies Corporation) and scanned with the
Typhoon 9400. Protein spots that showed differences in relative
fluorescence were excised from the gel using the automated spot
picker (GE Healthcare Bio-Sciences). The picked gel pieces were
destained with 50% CH3CN in a 50 mM NHHCO; solution.
After removal of the supernatant, cysteine residues were reduced
with dithiothreitol and carbamidomethylated with iodoacetamide.
In-gel trypsin digestion was performed at 37°C overnight, using
sequencing grade modified trypsin (Promega, Southampton, UK)
reconstituted in 100 mM NH,HCOj. The trypsinized gel was
rinsed three times in extraction buffer (5% trifluoroacetic acid in
50% CH3CN and 50% HyO). The trypsinized peptides solution
was dried by speed vacuum, suspended in 2% CH3CN with 0.1%
trifluoroacetic acid, and analyzed by LTQ (Fisher Scientific,
Waltham, MA) liquid chromatography/linear ion trap mass
spectrometry (LC-MS/MS) system. Their corresponding proteins
were searched using the program Mascot database-searching
software (Matrix Science, London, UK), which accesses protein
identification by matching mass spectroscopy data with the protein
databases NCBI (http://www.ncbinlm.nih.gov) and UniProt
(http://www.uniprot.org/uniprot). Identification criteria included
a Mascot score >45 (selected based on a corrected p-value <<0.05).
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