mvx FUR Ly ¥ RGBS

Ondo et al{2002)? TAUH 20.8
Krishnan et a1(2003) ¥ 4 ¥ 7.9
Tan et al(2002)7 YUHAE—W 0
Nomura et al(2006)¥ ZE:N 12
Gomez-Esteban et al (2007)% AL v 21.9
Lee et al(2009)® W= 16.3
Calzetti et al (2009)# 407 12.7
%3 BAL2BEICEL3RLS DERE
Winkelman et al(1996) 0 TAUH 20
Takaki et al (2003) " B 20
Mucsi et al (2005) 2 NV — 14
Kawauchi et al (2006) ¥ ZS 23

L 7% FE ATE B ES) (periodic leg movements in
sleep : PLMS), WE@HEOKICHNE S ZFHL L
THRALLY.

CDEIE, FSI EEEEE L TIRLS
& PDCIZE MY D 525, HREMERLS &L PD &
PFRLS R 2o 2Mili% o T 3.

| Em=crs

RISOEFREIIOWT, BEBEARL, il
WENLEALBECBVTIE, BF14~23%
ETAHRENDB (R3O, FLABEZILRY
ERDbNTWN, TITUIRT AU AADFH
HALY RIS OHENDLhdhofzb v &
HHW, TOHRCELTRE, 625 KRELR
HELETH .

BUEEREENBEICBIT 2 RIS REBRFEIC
DWTIE, EMBHEARLS Z5iET 5B
HETORBEEIR LS, ENEAZOTERE
IZX Y RLSERPHEHEL, BALOFHEIKD
NTHUHBIL L oL, ENHFHOERR
M EHFOBAIILL Y RLS FERA U HET HEM
bHd L EPREINTVE, ENORKEE
KA RLS DREICHE T2 LNV T CEAERR
ENEITLTVRILE#RBLTEY, REEH
NDERMRLS DREICHETLEDEZ P RY
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THhH, HREZPHEMm, Bz, EEHRRNOER
LEEFEZOhLY,

EHI, BUEBREICELAFTREROME LZE
Baha, BICBESRLOBERE LTERBIRD
LT enb, BRFEES 2 —uNF— R RERE
Hma—onF—DaHELBHNEE. LIdoT,
IN6Doa—u/8F—HRLS DHEREICES L
TWAHHEBHDERTRETHS.

CDEHICHFEETE, B4 OEETRLS A
BIRISNTVWDHREXH L. ENMBECSH
WTH RLS%° PLMS 28 QOL % b X € 5 7209,
HENULETH S,

| U®TFERLS

RISBHWETHOMAL LTEREHFLSZ
EWHY, Vv FHEEBIZENRZNE LTER
TELENHE—F, Vo< FHEKRETORLS
DHRELHTHLINEET L,

REE5 ) 7 = F (rtheumaoid arthritis : RA) D B ¥
T, RISP25% L BHICALNR, FRET®
BRI Tit, BB ERE L B L HESS,
RISBETRIME 7 =) F P EMET, —=2—
UNF—HEHEICAONE LHEINTEY,

Gudbjornsson HiX, ¥y x— 7 L VIEEBETIX
24%IZ RLS AR b7 DIZH L, RA TirbhTh



F4 HFRIZHTDRLS DHRE

L BEEGERE | WES | AREO)
Goodran et al(1988) %% 4F1y R 19
Suzuki et al(2003) Bk 20
Manconi et al(2004)2 44%1)7 26

WK 2%IIlAONINDAETHo7EHEL TnHY,
RHMEEETLBREDN%E BERIZRIS AL
iz &g SR, WEAED22%H RLS & fBE
XhTwaR,

ZDXH KR, RLS DA VR AT
DHNLEITITEY, BHHBEIMEVITRENEA
bbH, LLLiIs, TR MEBLEESTY
R A L, RISOBMEILD, bk b
HPLETHS.

| m5e ALs

— MBI AR T H219~26% D RLS F iR D #Ht
HhDBH(EEL)2w, HERTORE THRLS X
20%THolcbHEINTWAED, F /iRl
0% T& » 7z RLS LR % I1C1323% L T LR
L7-#ELH P, fTike & DICRLS 2SR
HWN%EL, WEE T AKICIE6%E TERIRLA
WEDLDHLY, ZoOZELY, KETIZEEPIC
RLSZBIET AT LB % iz b, MEOME
IRCRIS % BELHERICV o LAERIEE
LT, %0 ET-CITERI R4 ICHE
L, BEATL2EALD LD, EENLETH
5.
ERTHRERZEE LR TVWREBICHDL &N
b, RLSNDOHEXRZOBEEFHEH LT 59,
ERTHELE 7= F Y HIETT 2300
RISEH L OMHENZLL, GLAMBERD
BT AERPORLS RAELBET 2 L OHE D
HH®, —FDRBIBLN TN,

CNDIHI, BWIRIERLSOVAZRFELT
HiToh s,

| sz rs

BMmPZHKRZL RS LOBBIELL A LED
T3, ERZENERBECIBITARISE
ENBEELRFSHETC, ¥ 7)) Xy MIEVE
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KBRS 2 REARBE S LTS5, RLSD
RRBIC BT 20/ OWTIE, PRAEIZE
FABOBEXES L TwALEZLRTVA.
BER MRIIZ CTMRAERR RE O IRk R A DO # &
2 RLS BECTOMBRETO7 2 ) F ViRE
DETOWENDH B2, it F/83 Y EROERIC
BULHARBETHLIF O Y KB{LEZOHE
FELTHLETHLELDBIC, B FNNI VD,
Ve Ty —OMBREZRTHLHILRELHD, &
BOGRZNE NI VROBEZFIESEI LT
LHUREHAEZ DA,
ZhODOHBTE, MF7 =Y F ¥A%50ug/L
UTnL 2 #ok5CBIRTLH52 {, RLS
BECEHBEILETHS.

[ srois—cnaLs

STuNRF—|ZXBRLS ELTH, SEICE
5, FHZRE, REMKRE, EEHER
Bhizks—8H, »i0kEENOERER
OH|EHDH B, RISOBF L LT, HRICAN
LTWw2 AN PRI Y HEOBSFE ST
57:0(R 1), I Tu/F—"TORLS HBEIXE
FETRETHY, RISOELRERE ICH b o
TVAHIRERSH 155,

I =a—D0/$F—& RLS

Za—unF—LRLSOEFEICOWTS, —
TORBIBFOR TRV, ERKETI7.7~27%
X RLS DML HH Y2D, F 22—/ F =2
HEHEFLLTETORTWEY,

WEOENARE 2 H AL, BRAEBEMWET
WArERATHY, —a—oXF—ORECREL
FHNCIERT 2 ENEETH .

I SCA & RLS
BIEMEH B /NKZE M SE (SCA) D CAG Y ¥ — b
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&1

x5 HH/EEMEE(SCA)

Stellate
Ganglion

BEICHEIT 3 RLS NERE

Al

Dopamine cell + Prefrontal

Cortex
+ Amygdala

ANTRINI ot —Fy p30

Schols et al(1998)*

0
Abele et al(2001)* 23
Iranzo et al(2003) %" NA
Boesch et al(2006)%® NA
Boesch et al(2006)® NA

Reimold et al (2006) 25

SCA 6,(%)
18 45 5
27 30 NA
NA 50.5 NA
NA NA 40
0 NA NA
25 100 NA

SCA : spinocerebellar ataxia, NA | ¥— % & L

BRADOEEA T 7F v 2 VEREBREE ISR H
L5, FOHRLS L DRED RE S h 558,
SCATOREDNMBEL O L%, £0OdF
TSCA3INROBEETH D, 30~100% & e
SNTWVA(FS5)510, SCA Tk RLS fER I BB
ThY, L-F—26H8~D Kt b BEF T, PLMS
PEEEHRTAIZ EEMTHS, LrL,
CAG ) E— X REFEM, EXLEBRETOD
REEIMAEN LN o7:. SCATHORLS HED
RBEIHS» TV, PRE NI VRERSE
bR B,

| ZOMOMESHE & RLS

% %5 ¥ W 1L % (multiple sclerosis : MS) T i,
19%4= RLS &8 DOHEzH 5. B, BV MS
DWRIE, BREUETHES A 7, SEmRMER &5
fEREFE L TETOND N, HEORERE
NEEELEZONBE?, XNV F P UHEDL
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Iranzo et al, 2007'"

RATORLS DEEHNDH VY, HF RLS FERD
LEEBIINYF Vb VR LB L ERI OB A
HEYW, LPHOBETHHI, NYF VRO
BHFERE LTEETLILEND200L Lk
WV, & b, BEHE YR D20.5% T RLS
DHESLHZY. ZOLHC, WEERBIIBVT
b RLSDAEIIIE {, SHRMRBTORENT
b 2.

| zotormzze ALs

MBERB LRI, WOPOAREKETO
RLS B0 #ENH 5. 70—/ HD42. 7%,
BUIFRBD62%Y, 181k EHMR BD29. 1%,
a4 F—Y AD52%IC RIS 2 BH - LD
HbLH DY, EHICFEEHER PIRBARRTESE T
DIEFIHRE L H D, RLS DRRMBENLE LD
WKEDMDOER COHE DM WM D 5.
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% REEEMHE (multiple system atrophy : MSA)
B8—F v o XA, HBWHEESE, DRER
MARBREERSOBEFRERERL, LR F/SORE
WAz L, (BEREE V-7 B
BHER) SomEdomk ST —-U A,
IESRIE ML AR ORBEL 28 L4 2 MEN
OHUBERERRTHD, AfaL ~nofEEOEY
{2 & b B {E MSA iX Parkinson# (PD) X Lewy
AMERIEME & FRIC Y X 7 LA /3 F— 58
ERTWwa", MSATILIZLITHEREEDSH
NALNE. PDOB1I%HAHERES 2R 5 DI
LU TMSATIZT0% D EREEZHFL T 5
IREESBF O X DRSS L, 53%DBENIERY
Wiz Thh, PEHEE (33%). A (20%)
EFECY. RIS A E B R B
(polysomnography : PSG) " M Hit b i 0 34,
BERPZEOET, L AERSCHEE RO E L
THREBIR TV, {EAL L TidLvodopa®
HBRUSIC & AUeEAEIR, Hm, BRIBER, R
MRS A BRIR D5 W A 5| & L, PSGTOR
HWELTRASNES, MSA KB 2 IFEIRE
FE LT, MIRMEFER RS & L ARIRTT B R
% (REM sleep behavior disorder : RBD) #'%
. ThHEHELH S, MSAO—FHIREER

LRTWS?Y,
1. EREEFRKE

e R G S DR g B8 1 MSALIC BEEAS B <, BREK
B G ERLMEL 25 IRIRRRR R E
BREPLKETELTEY, AERMTRREE
AR PR, TSI L AR ) X ARE,
PR AR B R o M B RIR S, RBENEICBITS
(E2SZEEOBE? DD, BRRERE
DB EHEIC L B EFIERE (Gerhardt
FEERE), B & SRR R ARSI 30 (IR
BLETHh, hbdLIEFLERREORREIICD
Bh, EHFRICLPPHLIBELBETHS.
T M) 7> Wi 1B e PR 2644 JEUT UK. (objective sleep ap-
nea : OSA) IXELLHEDIERTHH Y, FHEN
BhoTWTHLIFLEABICEI 2T Y,
BRBRESL A —F A ATy — 1 ZDOPSG Thy
BIEMEICHATE, V-t )EFOVT
EDIEHD, E—bk—LWIFHFT "TRADVERE
& LEFESNLY. EHERE CHEB O
TR 5N, BREORETIIRENEL
KEREOH 2 BEOEFEHIERTHo 2L
BEEXRTVAESY FOkdH, EEKEZEDL
PRGSO BB 2 A LETH L. B
NIEMEOEREE OB L CHEF O RE

* Sleep Disturbances in Multiple System Atrophy Including REM Sleep Behavior Disorder.
*ANAFEZRESABRAOEER 2GR ENEESH  Takashi Nomura, Kenji Nakaswma @ Division of Neurology, Depart-

ment of Brain and Neurosciences, Faculty of Medicine, Tottori University

SREEBEOERKE 25



Table 1 Stage and therapy on abductor dysfunction of cord in multiple system atrophy

Stage of ahductor Movement of cord Severity of
. , Therapy
paralysis of cord Awake Sleep paralysis
0 normal No change normal abserve
Paradoxi
1 normal aradoxical mild Nasal CPAP
movement
Tracheotomy
2 Limit of Paradoxical moderate Tracheotomy
abductor movement
Persistent Persistent
3 s severe Tracheotom
of midline of midline y

RGOS HEHTH S, BELHRLLE
WEetE LT (Table 1) ®. %7, Z ORER
PO EREOMEOFMCE, EEREOE=S

Vo 7aRbELTVWE Y,

MSABE DK, OSA DA% B IZHEIC
ENIELDENDE. ZBAOKRE THIWMB X
MSA D 13~69%>™, OSAZ15~37%"" & #f
Ha8hTwb. MSA-P X Y MSA-CIZKi B ) #
EXBWEORET PHIH, Kdo@Edd
%% B2 AT o -MiEt T4 Y Y ¥ 2 —T19%
KERONBEHD?, PSGTIIAICBHTY
72¥. MSA O EHBE D OSAIZEMNRIC L 2 IRIR
SEcREL WY, BMEEEROBRELE % ZK
LTHEHEDOMSAN AL TE S Z L A5ElED ap-
nea hypopnea index (AHI) ICHELTWwWaEE
Abhd OSABREORMOMEANY FEM
BABZIZT A S L CRET L HHESATVRAE™,
MSADIEIRIFFIFREEZOHFE S L CTMSATIRAR
DHEATE & S AaDO2BAA & £ 9 BB R e A%
ILBLREST B LI, FFOALLTSTFLE
LEMICREHENSELTWEZ &, EFROIE
e LTHA SN, AHUI BRI & HE 3
BEEOREL L TLTLOEN TV LA
RERTWE,

MSA OREMR B EFFREEOKE L LTLPD &
AR EREHORHMOMBIERTH S WHENED
HoHr" 36, ERNEHOEHLHRELT &
BITRENEHIIMSAOBRAERB £
EEZONRBY. Lil, BREOKRMMETL
NHEOFREIMETE TRV, T LEF
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O EXBE (electromyogram : EMG) T3,
VR b7 & BRI IR AR O RN O RS
LHERETL, BEOMEE, WEEOHRE]
ERILTWAI LARBEINRLT™. L,
REBDEMG CRIRE LD, VAI=TRD
PRESPIIR o TR, T, WRBOFEER
CHRLPREXD ), BEOABOKEREFET
ELRAEODIRA T HHiIFohTWS™. MSA
T, BMEEICNT IR E ORE P PR
OREEREL T 220 =20 VRN
R SRR OSERET LRI L, FHRER
AHREL, WBPLEPEOMEEB I LTn5HI
W AMD 5 iF KW #EEFHE (pedunclopontine
nucleus : PPN) R4 FRAEHEH» 02 ) Y H
BEOERFHEOD) PHBORZERIL
MSATHEELOSAL L o TWAEW)FED
H2% BHPMEBROEROK R L PPN OIS
¥ — vy ORBIEHIA TS LaL, HiE
PR RLL Ty 2w

Wl T A AL LTk, AEWHLHMME
AWOL ) L RBNLARIRETH S, PEH
KRAY ) ZAFREIAYDTH o L EWESNT
VAN, HERRREZIEE> Ty, Bl
RS <> SERTR AT L T o FFRBRI LM E LT
i&, continuous positive airway pressure (CPAP)
PEFDESLEMTH LY. LrL, [EWHEE
% CPAP T R L LI EMT, EXEM
HUNDO A H = A LATHRREVEL B I EAR
XNTWBE?® 5252, MSATRBERAICHE
MR RBREAEL, ToSREEKDAE



5 BRI FAE, Wb 5T
AR H A EDEZLNRTVAE™, TOLIII,
LB R 00 T/ AE S AR TE @ CPAP HHR O HIR
TLhoTWBONFRAKXTH A" Larl,
CPAPRILEZT ) Xh D EBROHRE T H
BLIDEREOTFHO/-HICL, CPAPR RS
OIREEREFE I VT FTAT ¥ AORIU 50 %
EESVETH D™

II. L LBERTHESE

V&R 17 85 B £ (REM sleep behavior
disorder : RBD) X L AfEIRBEIEFEERTH D,
MSATZCHED LN 2EIRWEREIRTD 5.
2005 47 IR S L7 MEIRKE & BB B I 08 (in-
ternational classification of sleep disorders :
ICSD) #£IROBHWEL™ (T T, FHFD
TR Y ERE LAY, BERELTEBML
WX S RERPDOITELOMELDH S A,
PSG # P i REM BRI RE 2781 L1 H 5
PO HELEDELLPOERNH D &I,
PSG L REM sleep without atonia (RWA) ®FF
VMR END Z LW RBDBIOLARA L %
2 Twh, RBDO#H60% IXFFIHEETH % 2%
RBDE ¥ X2 LA 2 28F =2 LI LITEERD

5™ MSA T IiE90~ 100% »*PSGHE &€ ® RBD
T & A4 I ZEHRBDD38% ¥ T A

Parkinson B RBICHEB LTV 2™, 2D LD
{2, RBDRNSN—F v v = LA CBERTT L5
FHEDHBH, FRWRIC, RBDIEY X7 L4 /1
F—SOMBEEREKBOEMER L EZ bR T
A, F4 DOMSAL6 AOWGETTIE, 116 (68.8%)
KRWAZRD, 7TAPREWICRBDAEREL RO
TBY, BEBIZERWAOHIBRBIIMZ 5012
U TRBDIERIZHE L T T o8E IR
Tachibana HiZ & h —EMOMSATHE ST
WHY ZORRBEHEEMBERILIELDL
Friohns,
REICBVWTLRBDORBAIIH S TR
¥y, Boeve b it REM AR 2 23 % REM on (T
ST, WTERCZ) & REMBEER #0803 2
REM off (FPlKERBEANKEE, SUEE
w) PSS ¥ L CREMEERE o #)18 % 7,
REM IBIREHIT T MU L 0 B3, B (T
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L 3 X o D B SN < e | et < e
2 TVaH, TIMIENEOREIZL D HE%,
HOWMH~OBFIAFEL 2 ), RWADOHIH, &
REOITEEA R B LIRHEITTV 5 (Fig.
1), MSATII & D 2 1) » REM onfifg @
WMo FEE/ L7 FLFY) CHBOEEL &K
Bt o b= Mo GRS REM BEHR ) #H1 8 o
BEAREMEFE#RILTVWE™. o3y
DFBERWRESRBD TCOTHEFNIY VAT
F—EHEFEDdonepezil OFIETHEZ O
A% Ff:, RBDAF/S3 VRZEBO—HE
EZH5WAEEZE LS. MBS TIISREERBD
TEREMEERO F I VY RFOBPEZRLTY
5% MSAMHETLRBDOEER & HikD
EBT I VABOWKLHMEL TWIC®. F8
I OISR YERBD DA CHRE, T
HOoMEMRFEATOIRAGN LY. 361, PD
TH RBD i levodopa D HEWLICHE LA L O
FbH5Y. BEREFEEMIEIPPNAOTH &
RIC Lo TRBD &L, REMil#I-EE LK
FZR T2 MSATHREEMEOEEREES PPN
HUEDKENE, PDELFEBOMBTH L AKX
AT AhoRBEERENH Y, RBDOK
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Proposed pathophysiology of REM sleep behavior disorder
in multiple system atrophy

Lesions in sublaterodorsal nucleus -+ sufficient locomotor drive=REM sleep behavior disorder

REM off vIPAG

)
LPT
Tegmentum
pontis Loco-
motor
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Fig.1 pathophysiology of REM sleep behaviour disorder in multiple system atrophy.

Excitatory projections represented by black lines, inhibitory projections represented by broken lines. A cross sign re-
flects ablation of a nucleus in multiple system atrophy. The REM-off region is represented by the vIPAG and LPT in
grey, and the REM-on region is represented by the PC and SLD in black. The directly input from SLD {o spinal in-
terneurons and the indirect input from SLD through the MCRF to the spinal interneurons, may also contribute to

EMG atonia.

EMG = electromyographic, eVLPQ = extended part of the ventrolateral preoptic nucleus, LC = locus coeruleus, LDTN
= laterodorsal tegmental nucleus, LPT = lateral pontine tegmentum, MCRF = magnocellular reticular formation, PC
= pre-coeruleus, PPN = pedunculopontine nucleus, RN = raphe nucleus, SLD = sublaterodorsal nucleus, vIPAG = ven-

trolateral part of the periaqueductal grey matter.
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Sleep Disturbances in Multiple System Atrophy Including REM Sleep
Behavior Disorder

Takashi NoMURA, Kenji NAKASHIMA

Division of Neurology, Department of Brain and Neurosciences, Faculty of Medicine,

Tottori University

In multiple system atrophy (MSA), sleep dis-
turbances and daytime sleepiness are common
complaints. Neurodegeneration of areas that
regulate sleep-wake control and respiratory
function in MSA may lead to sleep-related respi-
ratory dysfunction and REM sleep behavior dis-
orders (RBD). Sleep-related respiratory dysfunc-
tion includes stridor and sleep apnea syndrome,
Stridor is an inspiration—associated sound that
generates a high—pitched frequency as a result of
vocal cord dysfunction. Laryngoscopy can detect
and diagnose stridor symptoms. The severity of
vocal cord dysfunction is categorized in stages,
and therapy is based on the extent of abnormal
vocal cord abduction/adduction. Nasal continu-
ous positive airway pressure (CPAP) and trache-
otomy are often used as therapy for these symp-
toms. In comparison, sleep apnea syndrome
correlates with morbidity in patients with MSA,

70

and this syndrome is usually cured by nasal
CPAP.

RBD is characterized as a dysfunction of REM
sleep-associated muscle atonia and was recog-
nized in most MSA patients. Patients with MSA
might exhibit a dysfunction of the pedunculopon-
tine nucleus, pre-coeruleus, locus coeruleus, and/
or sublaterodorsal nucleus, all of which regulate
REM sleep. Although clonazepam, dopamine ago-
nists, and acetylcholine esterase inhibitors are
used to treat idiopathic RBD, the efficacy of these
agents for RBD therapy in MSA patients is not
confirmed.

Neither disorder is commonly asscciated with
MSA pathophysiclogy. We recommend treating
patients with MSA similar to patients with sleep
disturbances after diagnosing specific sleep
problems in patients with MSA.,
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SHORT COMMUNICATION

A Japanese case of ichthyosis follicularis with
atrichia and photophobia syndrome with an
MBTPSZ2 mutation

Junko Nakayama!, Nobuaki Iwasaki!, Kenji Shin!, Hideo Sato!, Mariko Kamo?, Manabu Ohyama?,
Emiko Noguchi® and Tadao Arinami?

Ichthyosis follicularis with atrichia and photophobia (IFAP) syndrome is a rare genetic disorder characterized by the triad of
ichthyosis follicularis, alopecia and photophobia. Previous studies have identified five missense mutations in the membrane-
bound transcription factor protease, site 2 (MBTPS2) gene in European patients with this syndrome. In this study, we detected
the 1286G > A (Argd429His) mutation in MBTPSZ2 in a Japanese patient with IFAP syndrome. This mutation has previously been
detected in a German family with this syndrome. Functional analysis revealed that this mutation was the most severe mutation

identified to date for this syndrome. None of the male German patients had been tested for the mutation because they had
several visceral and bone anomalies, and had died as neonates or infants. The clinical features of our 5-year-old patient are
less severe than those of the German patients. Although he has neurological abnormalities, such as retarded psychomaotor
development and seizures, he does not have bone or visceral anomalies, except cryptorchidism. This case indicates the
existence of other factor(s) that influence the clinical features of this syndrome. Further clinical and genetic studies are
required to clarify the relationship between phenotypes and genotypes and to identify such modifying factors.

Journal of Human Genetics (2011) 56, 250-252; doi:10.1038/jhg.2010.163; published online 23 December 2010

Keywords: genotype—phenotype correlation; IFAP syndrome; Japanese; MBTPSZ; mutation

INTRODUCTION

Ichthyosis follicularis with atrichia and photophobia (IFAP) syndrome
(MIM 308205) is a rare congenital disorder characterized by general-
ized ichthyotic skin changes with follicular hyperkeratosis, congenital
hairlessness and photophobia, as well as additional clinical findings.!
X-linked recessive transmission has been suggested for this syndrome
because most patients are male,? and the full phenotype is found only
in males.>* Oeffner et al> performed a linkage analysis using two
families of European descent, in which IFAP segregated according to
an X-linked pattern of transmission. They identified five missense
mutations in the membrane-bound transcription factor protease, site
2 gene (MBTPS2; MIM 300294) encoding a membrane-embedded
zinc metalloprotease that activates signaling proteins involved in the
endoplasmic reticulum stress response and in the sterol control of
transcription.” In this study, we report the case of a Japanese patient
with the IFAP triad, short stature, mental retardation and seizures. The
MBTPS2 Arg429His mutation, which was previously identified
by Oeffner et al’® in male patients most severely affected by this
syndrome, was detected in this patient.

CASE REPORT

The patient was a 2-year-old male child who was born to healthy non-
consanguineous parents and was referred to our institution for
seizures and severe mental and growth retardation. Ultrasonography
performed at 21 weeks of gestation revealed fetal intrauterine growth
retardation, and delivery occurred at 37 weeks. The birth weight of
the patient was 2167gm and height was 51.5cm; he lacked scalp
hair, eyebrows and eyelashes, and exhibited generalized ichtyosis. At 3
months of age, his serum total immunoglobulin E level was
4945TUml™!, and his serum specific immunoglobulin E levels to
albumen and milk were elevated. The patient also had bilateral
cryptorchidism, which required surgery. Photophobia became appar-
ent during the first year of life. By 1 year of age, he experienced a brief
generalized tonic—clonic seizure with high fever. Later myoclonic
seizures appeared without fever.

On admission, his weight, height and head circumference were all
below the third percentile, and bone age was below chronologic age.
Physical examination revealed that there was no visceromegaly, and
cardiovascular examination yielded normal results. The patient did not
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Figure 1 Photograph of the patient, showing alopecia and absence of
eyebrows and eyelashes.

have scalp hair, eyebrows and eyelashes (Figure 1). He exhibited
generalized skin dryness, which led to severe itching; eczematous
changes in the arms and legs; and thickened nails. He had normal
teeth. Detailed pathological analysis of the skin biopsy has been
reported previously.® Ophthalmological evaluation revealed severe
photophobia and bilateral corneal vascularization. Neurological exam-
ination revealed that the patient was alert but mentally retarded.
The patient could smile and visually follow faces but could not talk.
He was able to sit unassisted but could not walk. His cranial nerves
were unaffected; although a slight decrease in muscle tone was
observed, the muscle stretch reflexes were normal. Normal plantar
responses and withdrawal to painful stimulation were observed.
The results for routine hematological screening tests; liver and
thyroid function profiles; plasma amino acid levels; urinalysis; visual-
and brainstem auditory-evoked potentials; electrocardiography; and
chest, skull and spine radiography were normal or negative. Magnetic
resonance imaging revealed enlargement of the cisterna magna and
irregular deficiency in the medial occipital lobe seems as schizencephaly,
and irregular distortion on the anterior horn of the lateral ventricle,
which expanded in the lateral superior direction. Electroencephalogra-
phy revealed multifocal localization spike on the right central, right
parietal and left occipital regions. Spikes were observed on the right
parietal region even after antiepileptic therapy. The parents and the
younger brother of the patient did not exhibit any of these clinical
features.

Currently (age, 5 years 4 months), his weight, height and head
circumference are 10.4kg (<third centile), 88.1 cm ( <third centile)
and 44.5cm (<third centile), respectively. He can walk using a
walk aid and speak a few words. The seizures were effectively
controlled using valproic acid, diazepam and zonisamide. He develops
urticaria on exposure to peanuts and tree nuts (that is, hazelnuts
and walnuts).

Molecular and cytogenetic studies

Blood samples were collected from the patient and his family after
having obtained written and informed consent from unaffected family
members according to a protocol reviewed and approved by the
ethical committee of the University of Tsukuba. Chromosomal ana-
lysis revealed that the patient had a normal karyotype, 46, XY.
Sequence analysis of MBTPS2 was performed according to a pre-
viously reported method.”> We identified a missense mutation,
¢.1286G> A, that caused a Arg429His substitution in the patient.
This mutation was found in the proband and his unaffected mother
but not in his unaffected brother (Figure 2).

A Japanese case of IFAP with an MBTPS2 mutation
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Figure 2 Family pedigree and mutation analysis. (a) Pedigree of the family
studied. The circle indicates female individuals, and squares indicate male
individuals. The filled symbol denotes the affected individual, and the dot
with symbol denotes a carrier individual. An arrow indicates the proband. (b)
Sequence analysis of MBTPS2. 1286G>A (Argd29His) mutation was
identified in the proband (P) and his mother (M) but not in his brother (B).

DISCUSSION
We detected a Arg429His mutation in MBTPS2 in a Japanese patient
with IFAP syndrome. This is the first case, in which an MBTPS2
mutation has been identified in a Japanese patient with this syndrome.
The IFAP syndrome was first identified by MacLeod et al.! in three
brothers in 1909. It is a rare X-linked genetic disorder, and <30 cases
have been reported. Such patients have a unique appearance because of
the alopecia, photophobia and generalized follicular hyperkeratosis.
Inconsistent findings include neurological abnormalities, such as
retarded psychomotor development, cerebral atrophy, temporal lobe
malformation, hypoplasia of the corpus callosum and seizures; failure to
thrive; nail dystrophy; atopic manifestations; inguinal hernia; aganglio-
nic megacolon; as well as renal, vertebral and testicular anomalies.”!?
Oeffner et al.> reported that IFAP syndrome is caused by functional
deficiency of membrane-bound transcription factor protease, site 2, an
intramembrane zinc metalloprotease that is essential for cholesterol
homeostasis and the ER stress response.'>~!> They performed a linkage
analysis involving two families of European descent, in which IFAP
segregated according to an X-linked pattern of transmission, and
assigned the IFAP locus to the 5.4-Mb region between DXS989 and
DXS8019 on Xp22.11-p22.13. They identified five missense mutations
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Table 1 Comparison of the main findings of the literature ichthyosis
follicularis with atrichia and photophobia cases with Arg429His
mutation in MBTPS2 and the present case

Oeffner et al.®

3-111:3 3-111:4 Present case

Ichthyosis
Alopecia
Photophobia
Short statue -
Microcephaly
Mental and/or motor retardation
Atopic manifestations
Recurrent respiratory infections -
Seizures -
Brain abnormalities -
Vertebral anomalies
Limb anomalies
Heart malformation
Renal anomalies
Hirschsprung disease
Inguinal hernia
Cryptorchidism —
Death in infantile period + + -
Other malformations Cleft palate; Hydromyelia; -
omphalocele  choanal stenosis

+ + o+

+ + + o+ o+ + o+
+ o+ o+ A+ F o+ ]+ 4+ o+ o+ 4+
I + + o+ o+ o+ o+ o+ o+

|
+

exchanging highly conserved amino acids in MBTPS2 at Xp22.11 in
five unrelated patients of European descent.

Our patient has a missense mutation, 1286G> A, leading to an
Arg429His substitution in MBTPS2. The same mutation has pre-
viously been reported in a German family with IFAP syndrome.” The
manifestations of two male patients from this family have been
compared with those of our patient in Table 1. In this family, three
female patients with skin manifestations (that is, dry skin, and
atrophoderma with linear lesions) and two unaffected female patients
carried this mutation heterozygously. This family included four male
patients; however, they had not been tested because they had several
visceral and bone anomalies and had died within 2 years after birth.
One male patient was a collodion baby who also had motor retarda-
tion, a cleft palate, unilateral cleft hand, two butterfly vertebrae,
bilateral inguinal hernia, omphalocele, stenosis of the small intestine
and Hirschsprung disease; he lacked one kidney. Another male patient
had microcephaly, an arachnoid cyst, Arnold—Chiari malformation
type I, thoracolumbar hydromyelia, seizures, psychomotor retarda-
tion, retrognathia, deficient growth, cleft hands, a butterfly vertebra, a
wedge-shaped vertebra, an atrial septal defect, arterial hypertension,
recurrent infection of the upper airways, hypospadias, choanal steno-
sis, inguinal hernia and Hirschsprung disease; he lacked one kidney.

Oeffner et al.® suggested that missense mutations in MBTPS2 are
responsible for the IFAP phenotype and that the degree of clinical
severity correlates with the reduction in activity. They tested the effect
of the five MBTPS2 missense mutations detected in [FAP syndrome
patients on the potential to complement S2P deficiency in Chinese
hamster CHO-K1-M19 cells and on the stimulation of sterol-respon-
sive elements luciferase reporter. M19 cells in which the orthologous
Mbips2 is deleted cannot grow in cholesterol and lipid-deficient
culture media.!> Wild-type MBTPS?2 stably transfected into the M19
cells complemented this defect and restored their wild-type growth
characteristics. None of the five mutants detected in IFAP patients
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retained this property to the same extent as did the wild-type gene;
however, great variation was observed in residual activity. [n mutant
Arg429His, almost no survival was detected.”> A luciferase reporter
gene under transcriptional control of sterol-responsive elements was
active in cells grown in sterol-deficient media on cotransfection with
wild-type MBTPS2. However, sterol responsiveness of the cells trans-
fected with the mutants was restored to a lesser extent than that in
cells transfected with wild-type MBTPS2 and also differed considerably
among the mutants. The Arg429His mutation had the lowest residual
activity.> Thus, the Arg429His mutation is considered as the most
severe MBTPS2 mutation till date. Our patient is now 5 years old, and
his clinical features are much less severe than those of the German
patients reported by Oeffner et al Although he has neurological
abnormalities, such as retarded psychomotor development and
seizures, he does not have bone or visceral anomalies, except cryp-
torchidism.

Further clinical and genetic studies are required to clarify the
relationship between phenotypes and genotypes and to identify
any additional factor(s) that may have a role in the pathogenesis of
IFAP spectrum disorders.
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ABSTRACT  Endocannabinoids, anandamide, and 2-arachidonoyl glycerol are
involved in food intake and appetite. Although anandamide is now thought to be a
ligand for vanilloid receptor, receptors that are targets of anandamide could play a
similar role in eating behaviors and related disorders. This study therefore focused on
the receptor, which is called G-protein-coupled receptor 55 (GPR55) that had recently
been reported to have binding affinity for endocannabinoids. Functional analysis of
the sole missense polymorphism, rs3749073 (Gly195Val) in the GPR55 gene was per-
formed by detecting the phosphorylation level of extracellular signal-regulated kinase
(ERK) in Chinese-Hamster-Ovary (CHO) cells engineered to express human GPR55.
Vall95 type GPR55 appeared to induce less phosphorylated ERK than Gly195 type
GPR55 when CHO cells were treated with anandamide and lysophosphatidylinositol
(LPI). An association between the functional Gly195Val polymorphism and anorexia
nervosa was tested in a female Japanese population comprising 235 patients and 1244
controls. The Val195 allele and homozygote of the Val195 allele were more abundant
in the group of patients diagnosed with anorexia nervosa (P = 0.023, Odds ratio =
1.31 (95% Cl = 1.03-1.37), P = 0.0048, OR = 2.41 (95% Cl = 1.34-4.34), respectively).
In conclusion, the low-functioning Val195 allele of GPR55 appears to be a risk factor

G coupled receptor; ERK phosphorylation; polymorphism; association

for anorexia nervosa. Synapse 65:103-108, 2011.

INTRODUCTION

Anorexia nervosa (AN) is characterized by mainte-
nance of a low body weight, and an obsessive fear of
weight gain. Familial and twin studies have indicated
that genetic factors play a role in the development of
eating disorders, including AN (Slof-Op 't Landt
et al., 2005). Although the etiology of AN remains
unknown, it is associated with other psychiatric disor-
ders, such as depression, anxiety, and substance
abuse (Berkman et al., 2007). It has been shown that
in female proband relatives of AN sufferers there are
significantly higher rates of anxiety disorders (14.6%)
and unipolar major depression (8.3%), and in male
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proband relatives significantly higher rates of
“schizo”-spectrum disorders (8.3%) and alcoholism
(13.1%), compared with relatives of controls (Gri-
goroiu-Serbanescu et al., 2003). With regard to the
relationship between AN and alcohol misuse disorders,
an elevated rate of familial substance use disorders
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occur in patients with restricting AN (Logue et al.,
1989; Molgaard et al., 1989). Another study also
reported that a history of alcoholism in first-degree
relatives is common in patients suffering from AN
(Redgrave et al., 2007).

Such high comorbidity between AN and other disor-
ders may be explained by shared genetic factors as
well as common environmental factors. The relative
risk for AN in proband family members of AN sufferers
is 11.3 (Strober et al., 2000). A heritability was esti-
mated of 0.56 (Bulik et al., 2006), and also moderate
heritability was found using monozygotic and dizygotic
twins, which thus indicate that genetic factors have a
larger impact on AN than environmental factors
(Mazzeo et al., 2009). Marijuana use in AN patients
was found to occur at a rate of 5.9% (Herzog et al.,
2006). Similarly, genetic factors appeared to influence
the risk for AN and a comorbidity for AN and major
depression, in an analysis of 2163 female twins (Wade
et al., 2000). Furthermore, depression, anxiety disor-
ders, and alcoholism show high rates of comorbidity
with AN and occurrence in first-degree relatives of the
disease (Iacovino, 2004; Redgrave et al., 2007).

It is well known that cannabinoids play an impor-
tant role in appetite and food intake behaviors from
newborn age, as endocannabinoids play a vital role in
milk suckling behavior as contained in breast milk
(Fride et al., 2003). Both exo- (e.g., THC) and endo-can-
nabinoids (e.g., anandamide), are reported to stimulate
feeding behavior (Hao et al., 2000; Rodondi et al., 2006;
Williams et al., 1998). Since anandamide activates can-
nabinoid receptors, which is the reason why ananda-
mide is often called an endocannabinoid, a pharmaco-
logical effect of anandamide for food intake/appetite
was thought to be mediated by cannabinoid CB1 recep-
tor (Cooper, 2004; Kirkham, 2005). In fact, CB1 recep-
tor antagonist Rimonabant reduces appetite (Wierz-
bicki, 2006), and an endocannabinoid system may be
involved in a common mechanism underlying psychiat-
ric disorders that have high rates of comorbidity with
AN. While a regulation of energy homeostasis and
feeding behavior in the central nervous system is
complex, cannabinoid system may contribute to the
regulatory pathways (Harrold and Williams, 2003).

On other hand, anandamide is now frequently
referred to as an “endovanilloid,” instead of “endocan-
nabinoid,” as it binds to vanilloid receptor as a full
agonist (Toth et al., 2009). Blood level of anandamide
was increased in AN patients but not in bulimia nerv-
osa, while that of 2-AG was not changed (Monteleone
et al., 2005). A negative correlation was also found
between anandamide levels in blood and plasma lep-
tin levels from female AN patients (Monteleone et al.,
2005). Oleoylethanolamide, monounsatured analog of
anandamide, decreases food intake and body weight
gain through a cannabinoid receptor-independent
mechanism (Gaetani et al., 2008). Food deprivation
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increases intestinal levels of anandamide (which acts
in the gut as a “hunger signal”), while it decreases
the levels of oleoylethanolamide (which acts in the
gut as a “satiety signal”) (Capasso and Izzo, 2008).

Interestingly, an unidentified receptor that has
binding potential (BP) for a CB1 receptor ligand
involved in appetite of pups (Fride et al., 2001) was
reported. More recently, it was reported that ananda-
mide also binds to an orphan G-protein-coupled recep-
tor 55 (GPR55) (Baker et al., 2006; Ryberg et al.,
2007), a Gq type receptor (Lauckner et al., 2008),
although GPR55 appears primarily to be a receptor
for endogenous phospholipid L-a-lysophosphatidylino-
sitol (LPI) (Henstridge et al., 2008; Oka et al., 2007).
However, a role for the receptor in any particular
phenotype remains unknown because the neural cir-
cuits in the brain that are regulated by GPR55
remain unknown.

With regard to the genetic association study
between endocannabinoid system and AN, no signifi-
cant association of genetic variations in cannabinoid
CB1 receptor (CNRI), nor in major endocannabinoid
degrading enzymes, fatty acid amide hydrolase
(FAAH), N-acylethanolamine-hydrolyzing acid ami-
dase (NAAA) and monoglyceride lipase (MGLL) with
AN have been found (Muller et al., 2008), while
others had reported a weak association with CNRI1
(Aberle et al., 2007, 2008; Monteleone et al., 2009;
Siegfried et al.,, 2004). In addition to those genetic
findings, higher levels of CNRI mRNA in the blood of
patients with AN than in those of controls was found
(Frieling et al., 2009).

Although linkage studies have not shown linkage
between AN and the locus of GPR55 on chromosome
2q37 (Klump and Gobrogge, 2005), some vulnerability
genes for AN could remain harbored because of the
shared small effect on vulnerability to AN. Despite
the fact that a genome wide association study with
higher density markers could possibly identify such
genes, an alternative method was used in this study
to directly examine a functional polymorphism of
GPR55 and determine whether it affects susceptibil-
ity to AN. In this study, we investigated whether any
functional alteration may be caused by this genetic
polymorphism of GPR55, and an association study
was performed between the polymorphism and AN in
a population of Japanese women.

MATERIALS AND METHODS
Functional analysis of the Gly196val
polymorphism of GPR55

We focused on rs3749073, as this is the sole nonsynon-
ymous polymorphism in the GPR55 gene (NCBI data-
base, http://www.ncbi.nlm.nih.gov/SNP/index.html), and
no cis- or trans-acting single nucleotide polymorphisms
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Fig. 1. Genetic structure of GPR55 gene and its polymorphisms
in CDS. The gene has two exons, and a part of second exon codes
amino acids (shown in black (CDS)). There are one polymorphism
(Gly195Val) and one rare variant (Thr215Asn) in the coding region
of the gene. The minor allele frequencies in four populations, includ-
ing Caucasian (CEU), Chinese (HCB), Japanese (JPT), and African
(YRI), respectively. No cis- or trans-acting SNP was detected in lym-
phoblast cells (listed in the SNP Browser 1.01 database).

(SNP) resulting in gene expression change was
detected in lymphoblast cells (listed in the SNP
Browser 1.01 database (Dixon et al., 2007)) (Fig. 1).
The rs3749073 polymorphism is located at amino acid
position 777 of the mRNA, and alters translation
from Gly, to Val in codon195.

GPR55 sequence coding for either Gly195 or Vall95
was cloned into the expression vector pDEST26 (Invi-
trogen, Carlsbad, CA) for transfection into CHO cells.
Briefly, full length mRNA of GPR55 was amplified
from lymphocyte ¢cDNA by polymerase chain reaction
(PCR), using primers: forward 5-GTAGGGATCCA
CATGAGTCAGCAAAACACCAGTGGG; and reverse
5-TGTCCTCGAGTTAGCCCCGGGAGATCGTGGTGT.
PCR amplification was carried out in a final volume
of 10 pl containing 0.5 U KOD Plus polymerase
(Toyobo Co, Tokyo, Japan), 1x KOD buffer, 2.5 mM
MgSO,, and 10 mM dNTPs, and 2.5 mM Betaine on a
Gene Amp PCR system 9700 (Applied Biosystems,
Foster City, CA). PCR conditions consisted of a dena-
turation at 95°C for 2 min, followed by 35 cycles of
95°C for 30 s, 65°C for 30 s, 72°C for 1 min, followed
by a final extension at 72°C for 5 min. The PCR prod-
ucts were purified by QIAEXII Gel Extraction Kit
(Qiagen, Valencia, CA), phosphorylated at both edges
with T4 polynucleotide kinase (New England Biolabs,
Berverly, MA), and inserted at an EcoRV site in
pBluescript IISK" (Stratagene, LA Jolla, CA) in order
to screen for sequences containing Gly195 or Vall95
for cloning. Cloned GPR55 sequences were then
inserted into the pENTR11 vector (Invitrogen, Carls-
bad, CA, USA) using the restriction enzymes BamHI
and Xhol. The GPR55 sequence was transferred from
the pENTR11 vector and inserted into pDEST26
(Invitrogen, Carlsbad, CA) by Gateway" LR Clona-
se™ II enzyme mix. The correct sequences were con-
firmed by sequencing on an ABI Prism 3100 Genetic
Analyzer (Applied Biosystems, Foster City, CA).

CHO cells were cultured in 12-well plates (approxi-
mately 2 x 10° cells/well) with 10% FBS containing
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Nutrient Mixture F-12 HAM (Sigma Aldrich, Tokyo,
Japan) for 24 h at 37°C. One nanogram of vector was
transfected to the cell using 4 pl HillyMax transfec-
tion reagent (Dojindo Lab., Kumamoto, Japan) as per
the manufacturer’s instructions at 37°C for 24 h. Two
ligands, endocannabinoids anandamide and nonendo-
cannabinoid LPI (Henstridge et al., 2008; Oka et al.,
2007), were selected for the experiment, according to
the previous findings that both ligands could activate
GPR55 to increase intracellular calcium, although
another endocannabinoid 2-AG did not (Lauckner
et al., 2008). Previous studies had shown doses of
these ligands as functional in cultured cells, which
are 5 pM for anandamide and 1 pM for LPI (Hen-
stridge et al., 2008; Oka et al., 2007). Therefore, sev-
eral doses of either anandamide (0, 1, 5, or 10 pM) or
LPI (0, 1, 10, or 100 pM) were administered into the
medium for 15 min before each analysis. Cellular
activation of signaling ELISA: CASE™ Xt for ERK1/
2 T202/Y204 (Super Array Bioscience Co., Frederick,
MD) was used to measure the phosphorylation level
of ERK against total ERK in the cultured cells.
ELISA analysis was performed using the Wallac 1420
ARVOsx multilabel counter (Perkin Elmer, Yoko-
hama, Japan). The effect of these ligands on the ERK
phosphorylation levels was examined in each allele
type of the GPR55 receptor expressed CHO cells and
compared with the ERK phosphorylation levels in
each allele type of the GPR55 receptor expressed
CHO cells that were not administered with those
ligands respectively, using replicates of each of the
four wells.

Subjects

The subjects comprised 235 unrelated Japanese
female patients with anorexia nervosa (age 25.2 = 7.5
years). Diagnosis had been made according to the
Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition (DSM-IV). AN patients com-
prised 135 patients meeting the criteria for restricting
type AN (ANR), and 100 for binge-eating and/or purg-
ing type AN (ANBP). An unscreened but gender-
matched control group consisted of 1244 unrelated
healthy Japanese (age 46.3 = 12.9 years), who had no
known history of psychiatric illness. Written informed
consent was obtained from all subjects. The study
was approved by the ethics committee of Tsukuba
University, the Kurihama Alcoholism Center, and Nii-
gata University.

DNA genotyping
DNA was extracted using the phenol-chloroform
method from blood samples. TagMan SNP genotyping
was used. The TagMan genotyping assay for rs3749073
was synthesized by the Assays-by-Design Service for
SNP Genotyping Assays (Applied Biosystems, Foster
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Fig. 2. Functional analysis of the Gly195Val polymorphism of
GPR55 induced by anandamide. Relative phosphorylation levels
(mean = SEM) of ERK1/2 at Thr202/Thr204 in the MAP kinase cas-
cade were compared between two types of transfected polymorphic
GPR55 in CHO cells at doses of anandamide (1, 5, 10 yuM) in the
cultured medium. Nominal P-value was shown for significant differ-
ence between alleles.

City, CA), composed of: Forward primer GCCCAG-
CAGGATGTGGAT; and reverse primer CTG
GAGGTGTTTGGCTTCCT; probe labeled with VIC,
CTTCCCATGGTCATCAT; and probe labeled with
FAM, CCCATGGGCATCAT. The TagMan reaction
was performed in a final volume of 3 pl consisting of
2.5 ng genomic DNA and Universal Master Mix
(EUROGENTEC, Seraing, Belgium). Genotying was
performed on an ABI PRISM 7900HT Sequence
Detection System (Applied Biosystems, Foster City,
CA). Genotyping quality control consisted of 99% suc-
cessful calls, confirming concordance among repeat
genotyping, and documentation of Hardy-Weinberg
equilibrium.

Subjects performed personality
trait test (TCI)

As higher Harm Avoidance (HA), and lower Self-
Direction (SD) and Cooperativeness (CO) scores are
consistently reported in AN patients (Karwautz et al.,
2003; Klump et al., 2000, 2004), a correlation between
those scores and rs3749073 was analyzed. The sub-
jects comprised 177 generally healthy males (mean
age: 22.8 years).

Statistical procedures

The phosphorylation levels of ERK detected by
ELISA after treatment with the ligands were ana-
lyzed between CHO cells transfected with the two
GPR55 allele types by ANOVA to evaluate multiple
effects (dose of ligands and genotypes), least mean
square method in multiple logistic regression analy-
sis, followed by posthoc analysis using a Student’s
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Fig. 3. Functional analysis of the Gly195Val polymorphism of
GPR55 induced by LPI. Relative phosphorylation levels (mean =
SEM) of ERK1/2 at Thr202/Thr204 in the MAP kinase cascade were
compared between two types of transfected polymorphic GPR55 in
CHO cells at doses of LPI (1, 10, 100 uM) in the cultured medium.
Nominal P-value was shown for significant difference between
alleles.

t-test, using JMP ver. 5.1 (SAS Institute Inc, Cary,
NC) Correlation between TCI (Cloninger’s Tempera-
ment and Character Inventory) scores and genotype
were calculated using ANOVA one-way testing, using
the JMP ver. 5.1 software.

Deviation from predicted Hardy-Weinberg fre-
quency, genotype and allelic associations were calcu-
lated using Haploview software version 3.11. The
association between homozygote of Vall95 and age-
onset among patients were calculated by ANOVA test.
Logistic regression test was made for age effect on
the result of the association between GPR55 and AN
using JMP ver 5.1 software (SAS Institute Inc, Cary,
NC). A significant association was defined as when
the given P-value for allelic or genotypic tests was
less than 5%.

RESULTS

Functional analysis demonstrated a difference in
phosphorylation level of Extracellular Signal-Regu-
lated Kinase (ERK) between GPR55 with two alleles
of the missense polymorphism rs3749073, Gly195Val,
in CHO cells. ANOVA revealed significant effects of
anandamide administration (¥[1,23] = 4.0, P = 0.04)
and of the interaction between anandamide adminis-
tration and allele (F[1,23] = 7.6, P = 0.004), while a
trend of main effects of allele was observed (F[1,23] =
3.7, P = 0.07) on ERK phosphorylation levels in cells.
Posthoc analysis showed that anandamide adminis-
tration at a dose of 10 puM induced significant allelic
differences of phosphorylation level of ERK in CHO
cells (P = 0.001) (Fig. 2).
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TABLE I. Distribution of Gly195Val polymorphism in GPR55 gene

Genotype distribution

Allele frequency

TT (Val/
CC (Gly/Gly) CT (Gly/Val) Val) P (TT vs. others) C T

Patients n = 235 148 63.0% 70 29.8% 17 7.2% P =0.0048 366 (77.9%) 104 (22.1%) P = 0.038
ANR n =135 85 63.0% 42 31.1% 8 5.9% P = 0.0795 212 (78.5%) 58 (21.5%) P = 0.159
ANBP n = 100 63 63.0% 28 28.0% 9 9.0% P = 0.0071 154 (77.0%) 46 (23.0%) P = 0.087
Controls n = 1244 837 67.2% 368 29.6% 39 3.1% 2042 (83.3%) 446 (16.7%)

ANOVA also revealed significant main effects of TABLE I1. Correlation between GPR55 Val195 homozygote
LPI administration (F[1,23] = 18.3, P < 0.0001), of al- wad gerpnalip ol
lele (F11,23] = 6.8, P = 0.018), but not of the interac- GPR55 genotype Correlation
tion between LPI administration and allele (F[1,23] = 1¢1  vauval (n = 8)  Others (n = 174)  Fvalue P value
2.0, P = 0.16) on ERK phosphorylation in cells. A .08 & 538 TP 012 p—
Althf)ugh ANOVA did not show significant effect of gp 2595 + 2.50 2494 + 0.54 0.01 0.905
the interaction, 10 pM LPI administration produced CO 22.50 * 2.10 27.67 = 0.45 5.79 0.017

different level of the phosphorylation between CHO
cells with the two alleles (student ¢-test P = 0.01)
(Fig. 3). Interestingly, 100 pM LPI administration
induced significant down regulation of the ERK phos-
phorylation in CHO cells with GPR55 in comparison
to those induced by 10 uM LPI administration or non-
administration of LPI. Maximum activation of the re-
ceptor induced by LPI administration was observed at
different LPI concentrations in each polymorphism
(1 pM for Val type and 10 uM for Gly type) (Fig. 3).

The distribution of the Gly195Val polymorphism of
the GPR55 gene is shown in Table I. The Japanese
population satisfied Hardy-Weinberg equilibrium
(P = 0.25). The T (Vall95) allele was significantly
more abundant in the AN group than in the control
group (P < 0.04, OR = 1.30 [95% Cl = 1.02-1.66]).
When a recessive model for Vall95 was tested, homo-
zygotes of Vall95 were more strongly associated with
AN (P = 0.0048, OR = 2.41 [95% Cl = 1.34-4.34]).
Although a significant difference in genotype distribu-
tion was not observed between the controls and each
subgroup of ANR or ANBP (Table I), a significant
association was observed between the T (Vall95) al-
lele and ANBP (P = 0.007, OR = 3.06 [95% Cl =
1.44-6.50]) when the recessive model was accessed.
There was no association found between homozygotes
of Val195 and age-of-onset. Although there was cer-
tain difference of average age between case and con-
trol groups, it did not attain statistical significance
when included in the regression model as a covariate
to control for the effect (Data not shown).

Analysis of association between personality traits
and GPR55, persons with the TT genotype showed a
lower CO score of TCI than others (F' = 5.79, P =
0.017, TT: 22.5 vs. others: 27.6). However, there was
no difference found for HA and SD scores in this
group (P = 0.73, 0.91, respectively) (Table II).

DISCUSSION

This study successfully revealed a functional altera-
tion of GPR55 by its nonsynonymous SNP, Gly195Val.
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This cis-acting functional difference was observed in
the phosphorylation level of ERK1/2 that occurs at
Thr202/Thr204 in the MAP kinase cascade in cells,
which is activated by anandamide and LPI, binding
to Gq type G protein coupled receptors. In addition,
the GPR55 polymorphism was associated with vulner-
ability to AN. The results further suggested a reces-
sive effect of the Gly195 polymorphism of GPR55 for
increased vulnerability to AN.

The effect of the polymorphism for predisposing peo-
ple to AN seemed to be small, and a previous linkage
study failed to find a linkage at the locus. Considering
the low effect rate of any susceptibility genes for AN, a
larger sample size and dense marker mapping are
required for genome wide association study. However,
as we could identify the functional polymorphism in
the candidate gene, a genetic association between
GPR55 and AN was successfully detected in this study
despite the relatively small population of samples.

A weakness of the study could be that if age affects
genotype distribution it would not have been seen as
controls were not age matched against patients in the
association analysis,. Also, this limited sample size
may introduce statistical error (Type 1), but we were
unable to prepare a second sample set for replication
analysis. The association found between the T allele
and AN needs to be considered as preliminary, and
must be replicated with a larger independent subject
group. Finally, a correlation between GPR55 and CO
personality trait score using TCI was found in this
study. This is a potentially interesting finding if
GPR55 can explain one of the clinical phenotypes for
AN, which was shown in previous studies (Karwautz
et al., 2003; Klump et al., 2000, 2004). We analyzed
an effect of GPR55 genotype on personality traits in
male and healthy participants who were independent
subset from that of patients with AN. Therefore, this
study cannot supply direct evidence to explain a possi-
ble relationship between personality traits of AN and
GPR55. Further studies may confirm our findings, and
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