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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,
U5-15kD 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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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 FMRI 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 FMRI 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

FMRI BnFiE, &b EEEDOFKEEREHEE CTH 2 sy X EFEHS OB FEOET
BEFTHD, ZORHREREIT, FMRIBELLTO 3HE (CGG) U v¥— hofk (200
Ur— oLl 22ZER  full mutation) ICX-TRIEEZ &b, BLREZ LD, I
R Y B — MR (556~200 Y v°— k| RIZ R : premutation) 22 BIFEDKEE 5]
TSI, TNOLOERBICIE, N—F Y URORAEOCREE B, BRAREDOMHREE
PERBTH D Me55 X BIEREEE LFEMGEE (FXTAS), 40 mELARTIC BAEHIIEE 2 5IES
L He5s X BRIV EMEE N2 (FXPOD ., & 6 ITIIMTHECERORLE, BRESTA
M S BEDTMRBEERE R ENRHDH, DEV, RUELRTH, B3 EEEMCER
LW o x DRETICE W TR A RREBORE L 2> THNDHDTH S,

BifE, 245 @ premutation BEZR B ORARFER 1L, FMEI mRNA N OHE L7- CGG
U E— b oSHIfaEE L B2 ST 5, M5 X EFERIDRETORER L ZhIC L 5 ¥
URTEDORBIZL S THIEFEREZEND Z E D, FXTAS %241 premutation BE DR E
DRIEA T =ALNE, E<ERDIBDTHD L2 D, BADATIL, FXTAS 0+
TTEWT RNA (1T X2 FMES AR E I3 AR OMREREEEICES L TnWh Z E
DIRSINTWD, FXTAS IFARMATRIET A Z &b, 20X 5 7225 FIX premutation
ZbOFEBICROONTRERELWRAT HDICHEHATH S, SbiZ, HELE CGG
JE—bh2EL mRNA BREO L ICHMEESTZFIEE T O, HD2VITERLHR
microRNA DOAEFEICEET5ZF N7 BEOBEARRICED L SIS T 200, FEMN
HHHILTEY, premutation BIEEER DSR2 I = X LOANEFIND,
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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

M55 X FEEERE (FXS) 1X, RNARE X /37 ThD FMRP OKRIMEZIIARRIZEL - T
¥Z %, FMRP i3A&EZE LT, T 7 AMEHICEERZ DA vy Yy —RNA D ¥
VRIE~OFRREHIE L TS, FMRP OXRINICE Y, MMP9 # & te %8 n % L R0 'E
DHEBZTTE L, mGluR5 /XA T = A BBEICEE L ESND, Th b0 F2ERN L LT,
BIEE T2, FXS OFWET V&AW ZHOEMIBRERNRAZ LN TR Y . FXS OfERD
BENRBD N D, ITETIE, WSODDERE/NEERAD FXS BE TED LT
Wh, IV A 7Y EELINDDIEFTIX, MMP9 OF LB L~SURTRH T L
BDROLNTND, I /A7) OFEMEEIA—7 B CBRICEREI N TR Y, xR
BROBR L EIGESBREINDITECTH D, £, VT TATOINE I VBERTS
% GABA B 7 =% hT&h % Arbaclofen OXIFRRERA/NE L A D FXS TRTLTHE
b, FXS, BE, HERLZREICHERH D ENELEINTEY, BfE, FXS LB
FEANRY b7 LAEEOH ST, L0 KEESGREBRIED LN TVE, b, 2 20
mGluR5 HEHFIEICOWTIE, FXS DA OBHAEICHRER S5 Z ENABRE~YV AET LT
FIESNTEY, FXS TORBRBRIBITONTWEEMETHD, GABATI=ANTHDH
ganaxolone {Z DWW TH FXS BE TO 7 v A4 — "—HERPEmI N TRY | B ESEIC
BNLOFREMENRBENTETWND, ZOL ) RIEMNBERIIBED YT FAEEFL L,
WAL ITEE EF(LT 2720, FXS L BREREORMTHRE2UET L Z LM END
B, TO—FT, BEREFTONADMTONDZ L b ELMERARTHD,
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