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Molecular Mechanisms and Experimental Therapeutics of
Novel Cognitive Disorders

Hitoshi Okazawa
Professor, Neuropathology, Tokyo Medical and Dental University

We previously discovered a novel gene, polyglutamine tract-binding protein-1 (PQBP1)
as a mediator of polyglutamine disease pathology (Waragai et al., Hum Mol Genet 1999;
Okazawa et al., Neuron 2002). PQBP1 interacts with multiple polyglutamine diseases
proteins including ataxin-1 and huntingtin. PQBP1 possesses a unique C-terminal
domain (CTD) and a WW domain (WWD) conserved beyond species (C. elegans,
Drosophila and Arabidopsis). PQBP1 interacts with a component of U5 spliceosome,
Ub-15kD via CTD, and another RNA binding protein, WBP11/NpwBP/SIPP or
C-terminal tail of RNA polymerase II via WWD.

European Consortium of X-linked Mental Retardation (MR) identified that PQBP1 is
a causative gene for non-syndromic MR and syndromic MR including Renpenning
syndrome, Golabi-Ito-Hall syndrome and Sutherland-Haan syndrome. Recent analyses
revealed the patient frequency among population is comparable to Rett syndrome,
indicating the clinical significance of PQBP1.

We have investigated PQBP1 via multiple approaches, and found interacting partner
molecules of PQBP1 (Waragai et al., BBRC 2000; Okazawa et al., Neuron 2002),
revealed an intrinsically unstructured nature of CTD (Takahashi et 1., BBA 2009, 2010),
and made various animal models. Drosophila mutant of PQBP1 showed a defect in
learning acquisition, which is caused by reduced expression of NR1 subunit of NMDA
receptor in projection neurons (Tamura et al, J Neurosci. 2010). Correspondingly,
knock down mouse model of PQBP1 showed anxiety-related cognitive impairment and
reduced expression of NR1 (Ito et al., Hum Mol Genet 2009). An HDAC inhibitor, PBA
recovered these phenotypes in both models. Meanwhile, overexpression of PQBP1 cause
delayed degeneration of spinal motoneurons in mouse (Okuda et al., Hum Mol Genet
2003) and lifespan shortening in Drosophila.

We recently generated conditional KO mice of PQBP1, and found cell cycle regulation
of neural stem cells underlies the microcephaly. I would like to show a new mechanism

underlying PQBP1-linked of microcephaly.
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R BIIRY TNV E I VHOFRESTELTRY FE I U&7 1 (PQBPYD %
AR LA L7z (Waragai et al.,, Hum Mol Genet 1999; Okazawa et al., Neuron 2002).
PQBP1 % Ataxin-1, Huntingtin Z 2 0ZFEEOR Y F V¥ I RRR S 7B LiEE
9 %.PQBP1 11fE(C. elegans, Drosophila and Arabidopsis) Z# X TIRFFS N5 C K R
AA L (CTD) &£ WW RAAL L (WWD)E#EL.CTD 24 LT US A7 T4 YV — LKA
¥+, Us-15kD & WWD %41 LT RNA #& % /37, WBP11/NpwBP/SIPP ¥ X' RNA
R AT—F 1 LiEETS.

#r4E, European Consortium of X-linked Mental Retardation 2% PQBP1 ZJEMEMER
JOFEFEMRIED X Ge@EEMEMpES ORERF & L CHRE L, Ai#E 2/ Renpenning
syndrome, Golabi-Ito-Hall syndrome, Sutherland-Haan syndrome 3G 5. HITDH
FICLIUE, BRCKTIE Rett syndrome [ZIEVEENRH D EEbNTEY ., PQBP1 DK
REEENER I TV 5.

BTz BT~ OFiELZ VT PQBPL HEEAENT & #6447 FIRE 21TV (Waragai et al,,
BBRC 2000; Okazawa et al., Neuron 2002), CTD B KAREM S L/ ERETH L Z L %
7~ L(Takahashi et 1, BBA 2009, 2010), & bIZfix REMET VEIERRL CT& /. v a ¥
Y3 7T PQBP1 ZRKIIFEEE %R L, Drosophila NMDA Z&{AD NR1 ¥ 7 ==
MR 22— U TRADTLZENERTHL 2 & R L (Tamura et al, J
Neurosci. 2010). [AEEIZ PQBP1 / v 7 ¥ U v~ v A CII R EE 2R~ L7-[to
et al., Hum Mol Genet 2009). HDAC FEHZEH|, PBA 26 DERE T a3 7P g vz -
TUALBICHELL., —F, PQBPl BREIEHRIIFHEH —=—2 L OEEERL
(Okuda et al., Hum Mol Genet 2003)> 3 72 3 U THLHEMOEHEEZRDT-.

FAT2 513 PQBP1-cKO ~ U X ZAEp L. MIREHIRT 2 5 /NREA R T Z & 2 RViE
LTRY., ZORICONTHIE L.



Molecular advances in fragile X premutation disorders

Paul J Hagerman

Professor, Department of Biochemistry and Molecular Medicine, University of
California Davis, School of Medicine

The fragile X (FMRI) gene is responsible for the leading inherited form of mental
impairment (fragile X syndrome) and autism. This neurodevelopmental disorder is
caused by large expansions (>200; full mutation) of a three-nucleotide (CGG) repeat in
the gene. Remarkably, smaller repeat expansions (55 to 200 repeats; premutation) of
the FAMRI gene cause an entirely separate set of disorders: fragile X-associated
tremor/ataxia syndrome (FXTAS), an adult-onset neurodegenerative disorder with
features of Parkinsonism and dementia; fragile X-associated primary ovarian
insufficiency (FXPOI), with onset of menopausal symptoms before age forty; and
neurodevelopmental problems that include behavioral and intellectual problems, which
can also include autism and seizures. Thus, the same gene is responsible for several
different conditions, involving different groups of individuals and in different age
ranges.

The pathogenic basis of the premutation-associated disorders is now believed to be
the “toxicity” of the expanded CGG repeat in the FAMRI mRNA. Thus, the mechanism
underlying the premutation disorders, including FXTAS, is entirely distinct from the
gene silencing and protein deficiency that causes fragile X syndrome. Although FXTAS
is an adult-onset disorder, recent findings in animal models indicate that RNA toxicity
is leading to neuronal dysfunction at or before birth, which could explain the
developmental problems experienced by some children with the premutation. Evidence
is also beginning to emerge as to how the CGG-repeat mRNA causes cellular

dysfunction, and points to dysfunction of the nuclear proteins responsible for production
of microRNAs.
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Paul J Hagerman
Professor, Department of Biochemistry and Molecular Medicine, University of
California Davis, School of Medicine

FMRIEnFiT, &bEBEEOFKRMERBHES CTh 2135 X FEFERR L OHIEOEE
BEFTHD, ZORMRBEREIL, FMRIBEFO 3HEEL (CGG) Y E— FofE (200
UbE— bl B4R full mutation) ICX-TEIERI aNd, B _&EZ iz, i
BRRE WY B — Mk (556~200 U ¥'— k| ATEE : premutation) 7234 < BFEDEBZ T
TRIT, TNOLOEBIZIL, N—F 0V UFCRMEDEHEE b D, BAIE DHRE
PERRB T H D Ma5s X BEIREEB RFEFERE (FXTAS) . 40 mELARTIC FAEHEE 2 AT
2 Mess X BER ISR EME N2 (FXPOD ., & LITIITEIRCEROALE, BEESTA
Mz bEOTHRBERERENH D, 2FV ., FUEETE, B EEEFCER
8L ofiflix DRETICBW T4 RREBDRRK L2 > TN DTH D,

BE.ZNHD premutation BEEFR & ORALFHE X, FMRI mRNANOME L7 CGG
U Ev— FOHIfEME" & B X 6T\ 5, 558 X EEFERITEG TOREE L E FIc LB ¥
VRTBEDORBIZE S TEIERZ END Z &2 5, FXTAS %2 5T premutation B DR H
DRIEA T =ALIE, R ERDHZBLOTHDH LV D, FaLOMR TIE, FXTAS 0OEi+
TAZE T RNA I X 2B HARFE I3 ARTOMREIEREEICEES L Tnb 2 &
DRENTVWD, FXTAS IFARMATRIET HZ EMnb, 20X D 22 AL premutation
ELOTEBICRO DU RERE LRI T HDCEATHS, S6ic, HE LK CGG
JE—F2E8 mRNA BDED LD ICHIREEZSIEEZTON, HD20EERLN
microRNA DAEICEAET 87 NV BEOBEARICED L S ICEET 200, HFFEN
D HTEY | premutation BEREE DT A H = X LAORANEIFE SN S,
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Targeted Treatments for Fragile X Syndrome, leading the way for
autism

Randi Hagerman MD
MIND Institute, University of California Davis Medical Center

The phenotype of fragile X syndrome (FXS) is caused by the absence or deficiency of
FMRP, an RNA binding protein that controls the translation of many messages
important for synaptic plasticity throughout the lifespan. The absence of FMRP leads to
up-regulation of numerous proteins including MMP9 and also over-activation of the
mGluR5 pathway. Numerous targeted treatments have been tried in animal models of
FXS and have reversed aspects of FXS. Currently several trials are underway in
children and adults with FXS. These include minocycline which lowers MMP9 levels
and down-regulates translation. Efficacy of minocycline has been demonstrated in open
trials and the results of a controlled trial which was just completed will be presented. In
addition a controlled trial of Arbaclofen, a GABA B agonist which lowers glutamate at
the synapse, has been completed in children and adults with FXS with demonstrated
efficacy for those with FXS and autism or social anxiety. Currently larger controlled
trials are in progress in both FXS and in those with ASD. Two mGluR5 antagonists are
currently being studied in FXS in controlled trials and there is evidence in the autism
mouse model that these treatments will be helpful in autism without FXS. Lastly
ganaxolone, a GABA A agonist is in a controlled crossover trial in FXS with evidence
that this may also be helpful in autism. Although targeted treatments will change the
long term prognosis of those with FXS and autism it is essential that optimal
educational interventions take place in addition to medication trials to normalize

synaptic connections and optimize cognitive and behavioral gains.
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Randi Hagerman MD
MIND Institute, University of California Davis Medical Center

fe5s X fE@ERE (FXS) X, RNA®RAEZ 237 ThAH FMRP OKRMEFIZRRIZE - T
2%, FMRP IZAEEABE LT, v F 7T AABEHEICEERZS DA v V¥ —RNA DX
VR EA~OFRREFIE L TV B, FMRP OXKIIC LY, MMP9 2 &1 280 % L3V &
DFEHZTTE L, mGluRb /SA 7 = A BBFIEHLIND, TNHONFEEHE LT,
BUIEE TIZ, FXS OEWET N5 HWE ZHOERMIBENRS LN TE Y, FXS OMERD
BEENFRO LTI, IEFETIE, W< ONOTEBRL/NE LA D FXS BE TH#ED 51T
WD, XY ATV aEIbDIERTIL, MMP9 OX v R B L ~YLis FRB Z &
BRBOONT WD, I/ VA7V OFENMETA—T7 U HEBECREICEESNTEB Y, %R
RROBRLLTESBRINDITETH D, T, VFTATOINVE I VEBEEZERTS
%5 GABA B 7 Z =X N C&% 5 Arbaclofen ORI/ NE ERAD FXS T5TLTHE
V. FXS, BHE. SR LREHER S DL Z ENFELESNTEY, HIE, FXS L HHE
JEART hT LAEEOWG T, L0 KEELGEEBRBPED LN TWD, X552, 2 20
mGluR5 fEHFERIZOWTIE, FXS A D BEICIR R H 5 Z L B EBE~ T AET LT
EFEENTEY, FXS TOXRABRPMITONTVWIEMTHD, GABAT I=X NTH 5
ganaxolone (Z DWW TH FXSBEHETO I/ o A4 —N"—HBRBEHIN TR Y BHEIEXEIC
BNLORBEMENRIE SN TETWS, 20X ) RIENBRIIBRED Y F 72 EEFL L,
RAELATEIZ ERE(LT 572D, FXS CHEERBEORMTHRE2UET I LNHEFEIND
B, EO—FT, BEREEINAPTONDE Z ELERMERARTH D,
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The study of diagnosis and treatment for Fragile X syndrome and
its related disorders in Japan

Eiji Nanba

Division of Functional Genomics, Research Center for Bioscience and Technology

We have been established a Japanese research group for fragile X syndrome (FXS) and
its related disorders (FXTAS and POI) from 2010 supported by “research on measures
for intractable diseases” of the ministry of Health Labour and Welfare in Japan. We
collected the patient information from more than 1,700 special doctors of child
neurology and psychiatry , and the 309 public health center. We analyzed the FMR1
CGG expansion from more than 200 patients with mental retardation and found 4 full
mutations and 3 premutations. Finally, 42 and 5 patients with FXS and FXTAS were
diagnosed respectively. We do not detected the expansion in 111 patients with Parkinson
disease. One hundred twenty-eight consecutive Japanese patients with sporadic,
nonsyndromic POI and 98 controls with normal menstruation were analyzed. Six alleles
in the intermediate range and two in the premutation range were found in five and two
patients with POI, respectively, but none were identified in normal controls. The
prevalence of FMR1 premutation among Japanese POI patients was 1.56% (2 of 128).
The prevalence of having >36 CGG repeats in the FMR1 gene was significantly higher
in patients with POI than in controls, and age at the onset of amenorrhea was
significantly lower in patients with >38 repeats. We also tried to construct the CGG
expansion model using the mouse A9 by human chromosome technology. We only made
the several cell lines now. The cells will be useful for elucidate the expansion
mechanism in Fragile X syndrome. We want to discuss the frequency, approach to the

patients with FXS. We should found more patients with FXS for the therapeutic trail in

Japan
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BANICET 5 1E5s X fEBRE & BER B OZKT & IR D F AN

DUNT

HER KT
BRRFEMBEMEIEE 7 — iR

TRk 21 SEEE~23 FEIZR VT, BEFGBR RS (EHaEREBRRMIEEE)
BT, B X JEGEH L ZOBEREDOHIELIT o7, SEIO VRV T AT, ZORK
REPLIZZNDbOREBIZHT 5 BARTOREDOFRICOWTRETT 5, BEEZES (MR
iR Fa, BARREFFERBHETS, BANEBHHRES) OAF 1,700 AL EOER
WCHLTT o r— FEZIT 72, £, 2EORBERICLT v — MREET o7, &
7o, 200 ALL EOFBIEERRZ EOBETFHREEZTo7, L L, BB TEME X ERE
BIL 42 ATho7z, BARTIE, 5000 ANBEOERENTRHIEN TR, 5% LIVE DA
FrEEIRL TP MBI RERMEL 2> T35, W95 X EGREEE R/ 5 J0 5 R
(FXTAS) OBFEII S AT 0 TE, BARAR—F U Y IR 111 L2 fat L
23, FXTAS OBEH RO A Z LixTElahote, S6IZ, JRBHARLE PODIZHOW
THETLTE, ZORE, CGG VR LED 36 LEOBENRTRIZELTELL, BAAD
BRI SEIC FMR1 @ CGG MV R LESIMNEET S Z LRSSz, BIE, A
7eifgel LT CGG VB LEFIDBREBRD ZEIHETIA N AL BRI DV AT
LIZOWVWTHRF LTS, £z, FRIEORFOEM TH 22 X IEFEHEE OIRRR L0
Bl IR IBFRIE ORI SOV T b il B FETH B,

AARIZBWTIE, S HIMET X EFEHOBE 28R BRI EHET S Z L REETH
V. ZD1DILIILL OEEBFREOH INLEL B,
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We5s XIEGRHE DO 7 ) MRFEEBIEOFREMZ A 725, MeCP2 EFEA LTS ) LA
=X LD 5557 ThH D SMARCA2 IZ oW TR 2D 7=, MR &SN 7= 58 X EERE B E
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