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Mutations of GCH-1 gene of HPD

Met102Arg
Arg88Trp VSIHG*A |  wss+iG=A
GCH-1 Leu82Pro 511del13bp

5, i

Leu79Pro

Asp134Val
276delC

Black letters and arrow: postural type
Red lettters and arrow: action type
Red square: family with adult onset cases

Fig. 4. Locus of the mutation of the GCH-1 gene in HPD. The mutations shown with black letter are those of postural type, these shown with red
letters are mutations of action type. Those surrounded by red square are mutations of the families with adult onset cases.

The Dy DA receptors develop early among DA recep-
tors. Thus, in HPD deficiency of TH or DA at the termi-
nal of the NS DA neuron projecting to the D, receptors
provides characteristic symptoms along with develop-
ment of the downstream structures.

Thus disfacilitation of the D; receptors on the strio-
some causes failure in morphogenesis of the DA neurons
in the SNc by early infancy with suppressing the strio-
some—-SNc pathway, which matures earliest among the
striatal outputs, with GABAergic neuron, excitatory at
the age.

The striatal direct pathway and the descending out-
put of the basal ganglia mature earlier than the indirect
pathway and the ascending outputs [3,4]. Thus hypo-
function of the Dy receptor on the striatal direct path-
way causes postural dystonia in childhood by
disinhibition of the descending pathway of the basal
ganglia to the brainstem reticular formation. Hypofunc-
tion of DA terminals on the STN provides tremor and
symptoms of action dystonia type by disfacilitating the
late maturing ascending pathways of the basal ganglia
to the specific nucleus of the thalamus in late childhood,
and focal dystonia and generalized rigidity with tremor
in adulthood [4].

Postural dystonia is a hypokinetic disorder, while the
action dystonia and other symptoms related to the STN
are hyperkinetic disorders.

However, it is not clarified why these pathophysiolo-
gies develop under normal DA activities in the SNc.

Postural type and action type are differed by the
mutation (Fig. 4). But there observed no particular cod-
ing region for these types.

Failure in development and modulation of postural
tone and locomotion and psychobehavioral function

— 81

from early infancy observed in compound heterozygotes
and early onset phenotypes are considered to be caused
by deficiency of SHT activities. The deficiency of the
SHT activities further causes insufficiency in restriction
of atonia into SREM and induces hypofunction of the
pedunculopontine nucleus (PPN), which induce hypo-
function of the DA neurons in the SNc and the ventro
tegmental area, and cause parkinsonian and psycholog-
ical symptoms. Preservation of interlimb coordination
or locomotion in classic HPD suggests minimum or no
involvement of the SHT neuron [4].

Female predominance might depend on a genetically
determined gender difference of the DA neuron. How-
ever, correlation of levels of the striatal TH protein for
development of symptoms and gender difference in pen-
etrance, suggest involvement of gender difference in
modulation of striatal TH protein for female
predominance.

Diagnosis of HPD is usually not difficult by charac-
teristic clinical symptoms. Gene analysis for the muta-
tion of GCH-1 gene is most definitive diagnosis.
However, there are cases whose mutation is not
detected. In these cases estimation of neopterin and
biopterin in CSF, and GCH-1 activity in peripheral
mononuclear cells are reliable.

A part of this study was presented at the 10th Asian
and Oceanian Congress of Child Neurology which was
held in Daegu, Korea, June 10-13, 2009.
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Walking Abnormalities in Children

w2

Masaya Segawa*

Abstract

Walking is a spontaneous movement termed locomotion that is promoted by activation of antigravity
muscles by serotonergic (5HT) neurons. Development of antigravity activity follows 3 developmental
epochs of the sleep-wake (S-W) cycle and is modulated by particular 5T neurons in each epoch.
Activation of antigravity activities occurs in the first epoch (around the age of 3 to 4 months) as restriction
of atonia in rapid eye movement (REM) stage and development of circadian S-W cycle. These activities
strengthen in the second epoch, with modulation of day-time sleep and induction of crawling around the
age of 8 months and induction of walking by 1 year. Around the age of 1 year 6 months, absence of
guarded walking and interlimb cordination is observed along with modulation of day-time sleep to once in
the afternoon. Bipedal walking in upright position occurs in the third epoch, with development of a
biphasic S-W cycle by the age of 4-5 years. Patients with infantile autism (IA), Rett syndrome (RTT), or
Tourette syndrome (TS) show failure in the development of the first, second, or third epoch, respectively.
Patients with IA fail to develop interlimb coordination; those with RTT, crawling and walking; and those
with TS, walking in upright posture. Basic pathophysiology underlying these condition is failure in
restricting atonia in REM stage; this induces dysfunction of the pedunculopontine nucleus and consequent-
ly dys- or hypofunction of the dopamine (DA) neurons. DA hypofunction in the developing brain,
associated with compensatory upward regulation of the DA receptors causes psychobehavioral disorders in
infancy (IA), failure in synaptogenesis in the frontal cortex and functional development of the motor and
associate cortexes in late infancy through the basal ganglia (RTT), and failure.in functional development
of the prefrontal cortex through the basal ganglia (T'S). Further, locomotion failure in early childhood
causes failure in development of functional specialization of the cortex through the spinal stepping
generator-fastigial nucleus-thalamus-cortex pathway. Early detection of locomotion failure and early
adjustment of this condition through environmental factors can prevent the development of higher cortical
dysfunction.

Key words : locomotion, antigravity activities, serotonergic neuron, dopaminergic neuron, higher cortical function, age
dependency
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Fig.1 mnaE—>artRBHR

RO PR
N GPi : globus pallidus (GE&EBKPAIED),
B SNr [ substantia nigra pars

reticulata (2 E #8 £ &), MLR:

uﬁ'ﬁ?%?ﬁﬁﬁ%a_\ = mescencephalic locomotion region
TR (o 2 €£—v 2 »4EH), PPN :
—— pedunculopontine nucleus (BIFE# 2=

2uaE—yvarOEENIILLTEEEARREELD
W2, BIEFE—Ya VBREIRY 7 TR IEFETERX
MUHERE S FEB, B IR BRI, MA T, 0aE—
v a YEEFOERMEEREDRRS L U2 ORET
BHe &bz, & bDOEABORKE U THES W 5158
IR 5

[. OJE—YavOmEREsz0OHE

O3 E— 3 YOFFICELEBEELRPER G, 7
aE—v g ¥ EEBGIENE, KK, KEEER, NMxz
Efivov, BIRTE, ik, Mgz iy ~v, i,
FREFRE 2 TRV IV &3 3 DD VLV OHIERE
543w, FREEAREFMLVRVT, ZhHCBEET
Hoae—yva VEE, PiKeaE—Y 3 YEE (mid-
brain locomotion region : MLR) & fif§#:Z#% (pedun-
culopontine nucleus : PPN)23& £#%, MLR & PPN
BAE OB L EBMAIE (ventrotegmental field :
VTF) &AEHuLHESEES (dorsal tegmental field :
DTF) ~#&f, Zh 2RO RmRITE L /Bl
5423 Lrblz, FTHVVOMRER, T 5548
BITEXENR (spinal stepping generator : SSG) 1Z#4f
LTw3 (Fig. 1), SSG &, a5 & Bl X
REOEET, £/ 7 3 RHEEERE 2N T B8R
FOAS [Miller 5DFE T/ )v7 FvF )~ (nora-
drenaline : NA)#fER 72> T 528, Lo b = U #iFf
%, 512, MLR, PPN » 5D AN b & 5 ] 2SEAIET I
ABZEIWZED, 2 Do0FRKEICEBERENFFHE
ah, BITEHEEI¥2Y (Fig. 2).

%7z, SSG D 2 DOFHKIZIE, EEE 72 TEUHEOFE

%), (TER2 & —E%EK)

BZRE»LDEREASINDD, IoDOWEELD
SSG ZEREI & ¥ %9, —7, MUETKD 1 D TH =R
¥i3, MLR LAROEF Tt —¥ 3 v 2HET 5
LEbiz, SSC DAL RET, TNEHEKRENL,
Kig~rES 29 (Fig. 3)

03— g VY OFEEIREDI I D IR D FE
W R KM L T 303, RSO FIARET & EHIK
HoxzRABLMET2IETRENE, Ih*%
Milani-Comparetti® O (Fig. 4) &b+, T 5,

SITEEOENE L L THRIICED 6D DI, L2
A HE TIZA SN S automatic step TH B, ZHiE, &
O HECEET 5 TR O = R A 0 Z B SIAL %
Eo¥LZETEREL, BEREZAEZNL, SSG
IZ tonic B AT 25 2, step #EREIL 7 L FEX 6N D, T
nid, SSG BT T ZDORRICHEELBLREBICE TR
ELTWAEIERRT,

MENHOEEIX, 4 VB THEXNARRKESLILT
Ao oNDD, ZOHKITEEORRESERMICEFRL,
REEAR - HEE (sleep-wake : SW) O —HT 47> -V
R AR &, atonia 75 REM HlCBRRah 2 AT
HY, VIENHEREET 20T I REER, Fit
o b = (5-hydroxytryptamine : 5-II'T) #iER G
bl EiciERT %,

&5, Z0ABTHENHERREENS (asym-
metrical tonic neck reflex : ATNR) »HET %,
ATNR B AMEEREFECEEDD 2 EHNI 5 58
BEICEEONS, ZDOHERITRIMEEZBEEERICF
EL, KEED»SDANZOFRTRICHEL T
DIRSARE R 2 1M, REMEEEAL TR B 2 40
H, RS 2 I T 2 BENRBE L 2 L 2R T,
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Fig. 2
RS THRER, BARNEA D | —ErlE S 2 28
HRSR, FKE) @ RER, RHREHE © MHIR,
B AN OEWERN : ffE=a—v >, F ! EH
2T 5 KER, E B LT 5 KR, T8 '
HEREERAOERONTE R T, COR3 X D— BEASLOANR BEPSOANFR
L)
;
BB o R

Fig. 3
HITEEOFH I8 B b 2 diiFEE Gk X 08|
M, —iRi%E)

INTUIE—YavDTubyA L nERERDH
AR5, LIe > T, ATNR @ik, maxs—v 3
¥, EEHRRCME T 2 ANEESBREN I FEE L
EERTLOEEBETES, LL, ZOAHTOE
B’ D1, TRATOBRRIERY BFEKTH2, Ihi,
ZEHRETH Tderotationy & LTEENS,

6 ~8ARICH LN SMFRERRMEELE (symmet-

5 RS TERT |6

i
| AETHSEERS |

NBHERER - BB RER /I HEER
i i )

R X
VA S

| MRIAETRERS
| BIEERELS
T AR
D BEEMNER
| R EABRIREE

| ERIRARIRES
| RARRER

w
w
[}
~NO U AW -

rical tonic neck reflex : STNR) &, S OMEER
e REWERE LR, FRENESRES GELD) &
THRAEHORRE LR ZHET 2MHMER T2bb
VTF & DTF 2@ @E L2 L TEHHTE 5, =
i, TS OMBREBICIESZEAL TV EA, =
o il #HE3 s EBENEEL TuRnI Ly
TET %, SHATIOEEMNERSNS L, I8

BRAIN and NERVE 62% 115 2010411 A



1214

NAME : DATE OF BIRTH No
MONTH 1 2 3 4 5 6 7 8 9 10 1 12 15 18 21 24
BODY HELD ‘ ‘ ;
VERTICAL
BODY LYING T
PRONE ——-UPTS
BODY LYING
AL SUPINE LIFTS
&/ BODY PULLED o O
S|3| T uP FROM L k §<
>|E|_[SUPINE 41 Q< L N
T z.
w|O ( )]
@|O| |SITTING ) s P ée ? \i
w | N |
2|3| |ALL Fours 3 ELBOWS MANDS | 4Pt KNEELING PLANTIGRADE 1
Z w + T
< 3 b , v |
= dlS TAKES ‘ a, | ! ‘
= oo | i
8| |@|STANDING 4 SUPPORTIVG] ASTASIA | WEIGHT Null |
g REACTION { N\ | |
i wiTH RoTATION TwiTHouT |S/2Y/s e
5| UP FROM AND SUPPORT | suppoRt |PARTIAL NONE
G|SUPINES 5 { 9 | | RotaTion |
o ok | | WALKS | || | | RUNS
5 B|LOCOMOTION ROLLS OVER GRAWLS ‘ 1| | | RECIPROEAL
s B ; HIGH/MEDIUM/NO| GUARD
MONTH 1 2 3 4 5 6 7 8 9 10 1 12 15 18 21 24
HAND GRASPS ‘ |
ATNR 7 KRR AT , |
8 |
%J | MORO
S | STNR 9 TF + DTF #4258 PPN - MLR #ge538
W 10
@ | FOOT GRASP
HEAD IN 11
| SPACE
=
Q | LANDAU 12
EE
T S DEROTATION!3
Sw -
T | ROTATION 14 (EBSFETOFED)
| | DOWNWARD 1
W52 16
%2 &|SIDE WAYS 16
52 5[ForwarDs 17
il ‘ 1
W|a a| BACKWARDS 4
G PRONE
S
UPINE :
o © =
o8 SITTING fakesk
£ Q| ALL FOURS YEFHKITD
= ‘ nE IR ML
F | STANDING || = -
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 15 18 21 24

Fig. 4

RIS « EBEOER - FHZL GRS L 5IH, —H%L)
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Fig.5 FLEHICESHOGA D "HOEV OF

1% &2 2 EWTERIZE S, Thid, MLR 8L U PPN
»5DVTF BLUDTF ANODAABEHEE Rz Z LI
LprrEzeNE, X512, VIF & DTF @hnx, MLR
2o DHETERROEROERFBNFEEST 5 &, B
EEDSHEE L oo T B SSG D tonic AT E R D,
HWRVWOFERKEDRNS, IOBHIZEBRRSO
Crotationy BT 3 2 &3, HEETOBRMOER
DWEREC o 7e £ 2R T,

Bt B X A RBEOBEERICIE Fig 5 KR T
TR DT —2H B, a ZITBENHARES T, L
OREEECHIE, b b FAEL, ¢ & ETHOBFAES
R, TRR2ERCE» U THIET 535 —>, d i
RE, HDLVWIFREELTLIECLD T, LEOH
ERESENODATTE SSG AN THEL (Y —Th
3, PO IE—v 3y, EEERFRCIEINSE B
EEIE LTORVIRVE, {, TRbbFEERICOUTF
EBEATICEIEL, BEFRIE DI LEVWEVWTH S,

eld, fOBICIRS Z b H B, [ HTE &m%mdk
FUBETEDEWITVTHH 5, E0IEWAHRE
é&t%k,ﬁm,@EM,LMTQJTELﬁ%#@
KHETL BH, THE, BRidnETa2e8L05X
DOESBHIER, RENHOFKEZCES L TwAHEES
R

HITERIGE, MM TONICE L RESSERL, i
TOMTELRESHERT 2RETH L, 351, BH
DABEB-FEL L b, HITENAD high guard,
medium guard &#&, MMTODILTHELKIFOREEFE
EEEDIZ, noguard £ D, ZEFITHHEIIS NS,
Thbb, BRIV EERICZESTZO L0 b LM
BRORZECES T LW, 0B, $hIREIBE,
B HEEHFE T ETFEBIESO L B

CRAETREE kB0, ZOHEEDF 2y 7KL Y
MEDB IR DB TRE 2T IRE L OS5, 3
BTZHREOIVERED S 2t (BE LT BT050
BBriaZ Lamd), MEERAEKCTDZILNTES
Lt (IIRFROFEELTRY) BHEELE D,

I. O3E—Y 3 RERECSRNEERE

k-3 gk, LBEEE, 82 HO f DNy —
DYy, 156 4 B0 no guard 24517, 4~5
RMCTOEMN_EHTOI DO Ry 7k bo CHET
By, IHHDUOIE—Y 3Bt POHITAH SN LEH
BE#THAHI LR, naE—varvORECHALIET
Ky 79, & OERMERORFCEERRE 2RO
AR R RET 5, I, B Ry 7 DHEBLZEFEY
NTBEND 3 W ERERORERRET L2 LT
WETE %, Tho W HBE, vy MEEEE (Rett syn-
drome : RTT), bwi v hIEEE (Tourette syn-
drome ! TS) #'% %,

BIKEOCI L3, DIE—vaYOREORIRY 7
i, SWIXLDHEIALIDDILRY 7 &—HT
5, ¥ibbs, BREXTAIHTOY—HT 47>
VALDOER E1xXy 7)) i, BREEREOHHE
BEEED, 8AHAIXBENTATLIE, FHR1ENS, 1K
6 A AIRBEIFTEIEICNET S (B2 LRy
7), A~5RIEBEOHRE ORI —HL 1 ZH%ED
SWUZXADBERENLE (B3 KRy 7)) THD,
BOW, I IWHETIERE, TRFNRSW Y X L3k
EOE1, L2, 853Xy 70REEE2FT % (Table 1),
3, SWYXLDEZ Ry 7 BFED 5-HT BiFR
CHEEIR N TR L ETRL, TAThOEEE, BE
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Table 1 FEMME - EHEROSW Y Lt na1E—ar—#EINRIEER

oa2€—¥3 v

W ) X AFERE B SRR
= R [EQRYE M AT T
HEAE F1IRy 7 DHEBE BE A2E <At4HH
YF—AT 47> VAL JEHECOLEN EEmRES S
FHEEE
vy MEREEE T2z Ry DREEE HYE 2£E FLIBHAFA - 258

BRI

ERFEEAI D% EEHFAES) % K <

BIEATNIZULVY  rocking T O ARIHER

bo Ly MEEERE 3Ry OFRERE EE

B®OY XL —F L7
S W ) XAEE

B ZRHT E 4R

Fig.6 BFRENHITESE

DFEM « HERAER, T 72b b & RIMEREE O FE = FEH
LZEBTEBINTVLSEY,

naE—v g VEEELOEEL, IhbDEADRY
7°5 7 TREM (rapid eye movement) Hf atonia @
NREM (non REM) Hi~DIRHESFED S b Z L THfE
T&%, ZhiE, MIENH2HEHTZ5-HT =2 —a >~
DOEMETE2RB TR TH B, $7bb, REMH#
atonia @ NREM HA~DiFH! (atonic NREM) i, REM
HA atonia Z #1132 PPN OFEME2EHFHEE, PPN I
FHEBEBLUVEHHEE O F/VE » (dopamine :
DA) iIEHLOBEE:2 b7 5697 ZLick b, Zhid, &
S5, BEMREEFNBRECIREALED (sterno-
cleidomastoideus : SCM) & DU CEA R ERM % &1z
T AEEREEREE R E T 2 Lo o BEESAE, DA
MRERDOEEE TR E NS,

SW ) ALKy 7 DRI, BEO 5-HT #ER

DEE R, FENZEM-EERERER T 29 2L
CUBEZZ L, naE—Ya YOFREBE L5 DAEYE
ETY, ZORERBEOLRKy 7 1ZGU, FEMNZ DA
DEEEEL L, TRTNRRNREEREAETSESZ
LR END, £z, MOFEBED DAFYEOET

X, BHREY DA ZAEEO LA EERFERT 272
», ERREICIE DABEET & &bz DA ZEMEBRZ
HORBIZLZDOBEETN5,

HEFE T, 3wk, BTIIFEETH 245, dwni
WITFIBRRIZIN T, 2HEE, EHETES ¥ 5 EA
(Fig.5d) %2 & %, &z, HITIZ L TEHIEE = X < 25,
RESTET S LHIEHNENS (Fig.6), Zhid,
EHREZFERZNT SSG OEHEL CHRERESI =T
TWw5 Z %KL, SSG ~DEFEEHE» DA EX
{ T ERRTY, BEE T, BHID DA BEHE T IR
T3 RAMBREZEYS, L8, HETE), £/, 5-HT W
METCHET2 2wk, 20K, EHINT
ERU 3 L EDMBLEHRTAIC OB S, BEETE
&5, #HavELIC X 26R - BIOAT, 72, R
EINEISEENI AR T, N4 XA DX S BBk biz E,
CIEREREI4AT, B EBAIT R R, 7, WHEEMNC
FEORY (RfcElalt, RAERTERE 845
39, BEROHTEFEZIMC LIV ERCT %L,
IS DETREES N, Fhd5 R THIITHEE
RO WET 5, 2N, SSCG ZERIERtTs L
23 Fig. 3 1On L7258 — Z 1AM, =TE —HKERE
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Fig.7 Lv MEREORIE—>3»

ZM L, KiEOEME, HAABEMEORERIC DR
leeFEzonb, EHITREE, SNBIBESEFEIR L
& HiZ,atonia @ NREM HANDIRH 2285 Z & T,
Z DIERI S PENHOEEAHEE L Tn b 2 E357R
BEN3, Mori 5413, JIHIC X D ET BT EAEE
L7 =R 9 2 BEEH MRI TRER, EE&Z-H
PR — KBl BB OIEED LR 2580, ZEBITNT
DEFEREELT 2 I L2RB LTS, Zhid, SR
BRI no guard T LT FEE %2 R+ Z 2 AHTH
A[REIC R o e RER T, ZEEEOSHTREE T2 L5k
5T ERTET 5,

RTT X, 4 PA»S 13 ~67 Bk, BEESF
B1ENCHIET S SW IV X LFEDE 2 Ry 7 2]
3% 5-HT =2 —urhEEIN DY, HENHEE
WEEWET, Fig.5d OEMIOMDEWAIIE L5 55,
Fweidvy, $hbb, BEERRT, HTRHEEZLEA
IR, R AERICHRS Z & (rocking) 12 X D AlHES 2,
UL, R % & BEHITIE, rocking 257 B30
RETHD (Fig. 1), LI o>T, RTTOuaE—¥3
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&, Fu¥rkE{bEEFE (tyrosine hydroxylase : TH)
EESFEIHE TS 5238, 70 7HlEOEES v, Z
i3, —fll PPN % HBEZANCEE, FHlics—F >y =
ALABFHEBHER =R PVOBERED LEBILT
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Abstract

Eighty cases of idiopathic autism with epilepsy and 97 cases without epilepsy were studied to evaluate the pathophysiology of
epilepsy in autism. The initial visit to this clinic ranged 8 months—30 years 3 months of age, and the current ages are 5 years
8 months—42 years 3 months, 60% reaching to over 30 years of age. The average follow up duration is 22.2 years + 9.4 years. The
ages of onset of epilepsy were from 7 months to 30 years of age, with the two peaks at 3.2 years and 16.7 years. EEG central focus
appeared earlier than frontal focus. Abnormality of locomotion and atonic NREM were observed more frequently in epileptic
group. These suggest the neuronal system related to abnormality of locomotion and atonic NREM, which are the hypofunction
of the brainstem monoaminergic system, is the pathomechanism underling the epilepsy in autism. By showing the abnormal
sleep-wake rhythm and locomotion being the very initial symptoms in autism, we had shown the hypofunction of the brainstem
monoaminergic system is the initial pathomechanism of autism. Thus, epilepsy in autism is not the secondary manifestation, but
one of the pathognomonic symptoms of autism. The brainstem monoaminergic system project to the wider cortical area, and
the initial monoaminergic hypofunction may lead to the central focus which appears earlier. The failure of the monoaminergic (sero-
tonergic) system causes dysfunction of the pedunculo-pontine nucleus (PPN) and induces dysfunction of the dopamine (DA) system,
and with development of the DA receptor supersensitivity consequently disinhibits the thalamo-frontal pathway, which after mat-
uration of this pathway in teens cause the epileptogenesis in the frontal cortex.
© 2010 Elsevier B.V. All rights reserved.

Keywords: Autism; Epilepsy; Brainstem monoamine; Serotonergic neuron; Noradrenergic neuron; Dopaminergic neuron; Frontal and central focus;
Locomotion; Atonic non-REM

1. Introduction

Autism is defined as qualitative impairment in reci-
procal social interaction, in verbal and nonverbal com-
munication, and in imaginative activity, markedly
restricted repertoire of activities and interests, and onset
during in infancy and childhood [1].

However, autism starts in early infancy, and the early
features include the abnormalities of sleep-wake (S-W)
rhythm, poor in activation of the antigravity muscles,
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and failure in locomotion [2]. The characteristic symp-
toms and signs of autism appear age dependently
through the developmental course and all the character-
istic symptoms appear by 3 years [2].

Based on these clinical characteristics of autism, par-
ticularly of the early stage, e.g. abnormal S—-W rhythm
and locomotion, we hypothesized the pathophysiology
of autism as an early disorder of brainstem monoamin-
ergic system [2].

The frequency of epilepsy is high in idiopathic autism
but the prevalence is unclear. It increases with age [3,4]
and the cumulative risk of epilepsy in adults with autism
is estimated at 20-35% [5]. The two peaks of occurrence
of epilepsy in autism in early childhood and adolescence
are known [6-8]. Frontal foci in EEG and frontal lobe
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epilepsy were shown to appear later from teens [9]. How-
ever, the underlying pathophysiologies of these character-
istics of epilepsy in autism remain to be clarified.

In this paper, we show our clinical studies on epi-
lepsy in autism, particularly in relation to the age fac-
tors, and discuss the pathophysiology of epilepsy in
autism.

1.1. Subject and method

Subjects are the patients with autism spectrum dis-
orders followed at Segawa Neurological Clinic for
Children for 5-33 years, and had several precise neu-
rological evaluations, and one or more EEG studies
from April 1, 2008 to March 31, 2009. There were
485 patients in total; the cases with epilepsy were
244 and without epilepsy were 241. Among these
autistic spectrum disorder cases, idiopathic autism
who have been followed for 5-33 years were 177 cases
in total. They consisted with 80 patients with epilepsy
(male 64 and female 16) and 97 patients without epi-
lepsy. The cases with epilepsy were subjected to the
present study with non-epileptic cases as pathological
controls.

Because the abnormality in crawling is the initial
sign of locomotion and implicates a failure in anti-
gravity muscle activity in autism [2], the patterns of
crawling were assessed. We have also evaluated the
activity of mentalis muscle by surface EMG during
EEG examination to see if the atonia in non-REM
(NREM) stage being abnormally present. This leak
out of REM sleep component into NREM stage (ato-
nic NREM) is the sign of failure in antigravity muscle
activity revealing one of the cause of abnormality of
locomotion [10,11]. Atonic NREM was compared
between the cases with or without epilepsy.

All clinical charts and EEG reports were reviewed.

IQ/DQ examinations were performed by Revised
Kyoto Development test, Tanaka-Binet test, WISC-III
or WAIS-R during the course.

2. Results
2.1. Ages of first visit to this clinic and follow up period

The ages of the initial visit to this clinic ranged
from 8 months to 30 years 3 months of age, mostly
before 10 years of age (46.3% before 5 years of age,
and 30% between 5 and 10 years of age) (Fig. 1 Upper
Plate).

The current age of these patients as of February 28,
2009 were 5years 8 months to 42 years 3 months of
age (Fig. 1 Lower Plate). Sixty percent of the patients
are reaching to over 30 years of age.

The average years of follow up in this clinic is
22.2 years + 9.4 years.
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Fig. 1. Upper Plate: Ages of first visit to this clinic, Lower Plate: Age
by year as of. Feb. 28, 2009, abscissa; age by year, ordinate; number of
cases, Duration of follow up at Segawa Neurological Clinic for
Children: 22.2 4 9.4 years.

2.2. Ages of onset of epilepsy

The ages of onset of epilepsy ranged from 7 months to
30 years of age. There were two peaks of onset, the high-
est was before 5 years of age (34 cases; 42.5%), and fol-
lowed by 10-15 years of age (17 cases; 21.3%) (Fig. 2).
We assessed these patients by dividing into two groups
with the ages of onset, that is, before 10 years of age

30~ Y

0~ 5~ 10~ 15~ 20~ 25~

Fig. 2. Age of onset of epilepsy, abscissa; age by year, ordinate;
number of cases, Average age (years) = SD; Group with the onset
younger than 10 years of age; 3.2 & 2.7 years, Group with the onset
older than 10 years of age; 16.7 + 4.8 years.
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(44 cases, 55%) (younger group) and after 10 years of age
(36 cases, 45%) (older group). The average age of onset
of the former was 3.2 years + 2.7 years, and of the latter
was 16.7 years =+ 4.8 years.

The clinical types of epilepsy seen in autism were var-
ious and showed changes through the course.

2.3. EEG characteristics

The central spike tended to occur earlier than the
frontal spike in the both groups (Fig. 3). The onset of epi-
lepsy and appearance of central (r = 0.461, p = 0.0002)
and frontal (r = 0.542, p < 0.0001) spikes showed moder-
ate correlation.

The relation of the age of onset of central and frontal
spikes was assessed. The time lag between central and
frontal spike tended to be longer in the older group than
younger group (Fig. 4).

The average age of appearance of central focus was
6.0 =3.3 years of age in the younger group, and
10.3 & 6.1 years in the older group. Frontal focus
appeared at 8.7 £ 4.1 years of age in the younger group,
and at 15.1 & 7.3 years in the older group.

2.4. The characteristics of the locomotion

Crawling was evaluated in the younger and older
groups with epilepsy, and the group without epilepsy.

The information of crawling and walking in infancy
and early childhood was available in 37 among 44 cases
in younger group, and 26 of 36 cases in older group.

The most cases crawled and walked at appropriate
age except a few cases whose epilepsy started before
5 years (Fig. 5).

The characteristics of the crawling were divided into
the four groups; the group with normal crawling, with
minimum crawling (crawled but short period less than
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one month), crawled but with abnormal pattern, such
as shuffling, and did not crawl. The cases who did not
crawl showed the differences among the epilepsy groups
with younger and older onsets, and non-epileptic
groups. The rate of no crawling was the highest in epi-
lepsy group with older onset, and the lowest in the no
epilepsy group (Table 1).

2.5. Atonia in NREM sleep

Atonic NREM was evaluated in both epilepsy and
non-epilepsy cases on the initial records, and was plotted
against the age of the examination. The cases with epi-
lepsy showed higher frequency of atonic NREM than
non-epilepsy cases (Fig. 6). The rate of atonic NREM
was compared among the younger and older epilepsy
group, and non-epilepsy group in the latest records.
The rate of the atonic NREM was the highest in the older
group and the lowest in the non-epilepsy group (Fig. 7).
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Table 1
Crawling in Autism (%).

Onset of Epilepsy <10 years Onset of Epilepsy =10 years No epilepsy
Normal crawling 39,3 53.8 66.0
Minimum crawling 8.1 3.8 5.1
Abnormal crawling pattern 18.9 15.4 20.6
No crawl 13.5 26.9 8.2
40 N y
Atonic NREM 1w .
Atonic nonREM [,
30 0—
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0~ 5~ 10~ 15~ 20~ 25~ 30~V
Age of Initial Polysomnography
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Fig. 6. Number of the cases who showed atonic NREM against the
ages of polysomnography recording; Upper plate: cases with epilepsy,
Lower plate: cases without epilepsy.

2.6. 10IDQ

1Q/DQ showed deterioration with age in some cases,
but most of the patients remained to be essentially
unchanged.

Onset of Epilepsy
=10y

Non Epilepsy
<10y

Fig. 7. Rate of atonic NREM in the latest paolysomnography in
epilepsy (younger and older) groups, and non-epilepsy group.

The most recently evaluated 1Q/DQ was compared in
the younger (37 patients) and older group (35 patients)
with epilepsy. The average ages of examination in the
younger and older groups were 22.9 + 8.1 years and
24.5 + 7.5 years, respectively. The average of IQ/DQ
of both groups were 33.3 & 22.8 and 26.6 & 17.1, respec-
tively, i.e. higher in the younger group.

2.7. IQIDQ and locomotion

IQ/DQ and the features of locomotion were corre-
lated. Crawling feature was divided to two groups, cases
who crawled normally and cases who did not crawl or
crawled with abnormal pattern.

The younger group with epilepsy showed similar
average 1Q/DQ levels in both normal and abnormal
crawl groups, 33.9 £ 23.5 and 32.2 £ 21.4, respectively.
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The older group with epilepsy also showed similar
average 1Q/DQ levels in both normal and abnormal
crawl groups, 27.6 + 16.9 and 30.8 = 15.6, respectively.

However, when we checked the age of walking, in
younger group with epilepsy the cases who walked at
normal age (younger than 18 months of age) showed
higher average IQ/DQ than the cases walked later (later
than 19 months of age), 38.1 +23.3 and 16.0 = 7.0,
respectively.

3. Discussion

Abnormal sleep-wake rhythm and locomotion are
the very initial symptoms in autism, and reflect the ini-
tial pathomechanism of autism [2]. These abnormalities
suggest the hypofunction of the brainstem monoaminer-
gic systems, serotonergic and noradrenergic neuronal
systems [2,10]. Age dependent appearance of the charac-
teristic symptoms of autism suggests the sequential
changes of the involved neuron or neuronal system
through the development [2].

The epilepsy in autism is one of the major symptoms
of autism, and is shown to occur at particular ages with
two peaks [6-8]. Our data shown in this study revealed
the similar two peaks in young childhood and adoles-
cent. The first peak of the age of the onset in autism
as shown in this study is similar to the age of onset of
the childhood epilepsy in general, but the second peak
in adolescent is unique to autism.

In reference to the EEG epilepsy foci, central spikes
appeared earlier than frontal spikes with the specific
relation to the onset of clinical seizure in both younger
and older groups. These results also confirmed the pre-
vious study [9]. In our study it was shown that the both
central and frontal EEG foci appeared before the onset
of the clinical seizure. The duration between the appear-
ance of central focus and frontal focus showed the
longer duration in the older onset group. These pro-
cesses may speculate the underlying pathomechanism
of later onset of epilepsy in autism.

The higher rate of no crawling in the epilepsy group
in contrast to the non-epilepsy group suggests the neuro-
nal system related to crawling is involved in pathophys-
iology of the epilepsy in autism. When compared
between younger and older groups, older group showed
higher rate of no crawling.

Atonic NREM was higher in epilepsy group in con-
trast to non-epilepsy group, and it was higher in older
group than younger group.

From these features of crawling and atonic NREM,
hypofunction of the brainstem monoaminergic neuron
modulating antigravity muscle activity and locomotion
was thought to be the earliest pathomechanism under-
ling the epilepsy in autism. Thus epilepsy in autism is
not the secondary manifestation, but one of the patho-
gnomonic symptoms of autism.

The 1Q/DQ of younger and older groups did not
show the significant differences, and suggest the locomo-
tion did not show the differences except the features of
walking in younger group, showing the lower 1Q/DQ
in delayed walking group.

In our clinical studies [2], we revealed that failure in
two pedals walking in autism causes orofacial and limb
kinetic apraxia in early childhood, that is, failure in
functional specialization of the cortex. Mori et al. [12]
reported that the fastigial nucleus is one of the genera-
tors of locomotion. By training Japanese monkey for
two pedal walking with upright posture, activation of
the cortex through the spinal stepping generator, the
fastigial nucleus—thalamus—cortex pathway was shown
by functional MRI (Mori S, personal communication).
The fastigial nucleus is shown to be affected in autism
in neuropathological study [13]. This could be one of
the causes of failure in locomotion and failure in mental
activity in autism. So the features observed in relation to
two pedal walking is due to different pathophysiology
from the failure in crawling.

The hypofunction of the brainstem monoaminergic
system is suggested to be the initial occurrence in autism.
The monoaminergic system project to the wider cortical
area, and initial monoaminergic hypofunction may lead
to the central focus which appears earlier. The higher
rate of no crawling in older group suggests the severer
involvement of the monoaminergic deficiency. Atonic
NREM caused by the hypofunction of the brainstem
monoaminergic system induces the hypofunction of
the pedunculo-pontine nucleus (PPN) which lead to
the hypofunction of the ventrotegmental and the nigro-
striatal dopamine (DA) systems. The hypofunction of
the DA system during the development cause the com-
pensatory DA receptor upregulation. This disinhibits
the thalamocortical pathway and causes the frontal epi-
leptic focus. Earlier onset of central focus and later
onset of frontal focus suggest the progression of this
pathomechanism in autism and development of the cor-
tical dysfunction.

Thus failure in locomotion is the most susceptible
factor for epileptogenesis in autism and for which atonic
NREM might be involved.

In our clinic we have unique opportunity to follow the
developmental disorders till adulthood. This is very use-
ful to evaluate how the clinical features change into the
adulthood, and to discuss what are the underlying mech-
anisms of the age dependent changes. Our present data on
the epilepsy in autism give the valuable data of the char-
acteristics of longitudinal courses of epilepsy in autism.

4. Conclusion
From these observations, we implicate that the path-

ophysiology of Epilepsy of idiopathic Autism differ in
younger and older onset groups.
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Younger onset group may be similar to the usual
childhood onset epilepsy. Failure in development of
the function and morphogenesis of the cortex may cause
the earlier development of spike focus in EEG before
clinical seizure.

Older onset group with frontal focus suggests the
involvement of the specific system, that is failure in the
brainstem monoaminergic (serotonergic) system causes
dysfunction of the PPN and induces dysfunction of the
DA system, and with development of the DA receptor
supersensitivity consequently disinhibits the thalamo-
frontal pathway, which after maturation of this pathway
in teens cause the epileptogenesis in the frontal cortex.
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Clinical and biochemical features of aromatic

L-amino acid decarboxylase deficiency

ABSTRACT

Objective: To describe the current treatment; clinical, biochemical, and molecular findings; and
clinical follow-up of patients with aromatic L-amino acid decarboxylase (AADC) deficiency.

Method: Clinical and biochemical data of 78 patients with AADC deficiency were tabulated in a
database of pediatric neurotransmitter disorders (JAKE). A total of 46 patients have been previ-
ously reported; 32 patients are described for the first time.

Results: In 96% of AADC-deficient patients, symptoms (hypotonia 95%, oculogyric crises 86%,
and developmental retardation 63%) became clinically evident during infancy or childhood. Labo-
ratory diagnosis is based on typical CSF markers (low homovanillic acid, 5-hydroxyindoleacidic
acid, and 3-methoxy-4-hydroxyphenolglycole, and elevated 3-O-methyl-L-dopa, L-dopa, and
5-hydroxytryptophan), absent plasma AADC activity, or elevated urinary vanillactic acid. A total
of 24 mutations in the DDC gene were detected in 49 patients (8 reported for the first time:
p.L38P, p.Y79C, p.A110Q, p.G123R, p.l42fs, c.876G>A, p.R412W, p.1433fs) with IVS6+
4A>T being the most common one (allele frequency 45%).

Conclusion: Based on clinical symptoms, CSF neurotransmitters profile is highly indicative for the
diagnosis of aromatic L-amino acid decarboxylase deficiency. Treatment options are limited, in
many cases not beneficial, and prognosis is uncertain. Only 15 patients with a relatively mild form
clearly improved on a combined therapy with pyridoxine (B6)/pyridoxal phosphate, dopamine ago-
nists, and monoamine oxidase B inhibitors. Neurology® 2010;75:1~1

GLOSSARY

SHIAA = 5-hydroxyindoleacetic acid; AADC = aromatic L-amino acid decarboxylase; HVA = homovanillic acid; MAO-A =
monoamine oxidase A; MET = metanephrine; MHPG = 3-methoxy-4-hydroxyphenylglycol; PLP = pyridoxal phosphate;
VLA = vanillactic acid.

Aromatic L-amino acid decarboxylase (AADC) deficiency (OMIM 107930) is an inborn error of
neurotransmitter biosynthesis with an autosomal recessive inheritance.'* Mutations in the gene
encoding for the enzyme AADC (DDC) lead to a severe combined deficiency of serotonin and
catecholamines,® clinically characterized by vegetative symptoms, oculogyric crises, dystonia, and
severe neurologic dysfunction in infancy.*¢ Serotonin and dopamine are formed following the
hydroxylation of tryptophan and tyrosine by tryptophan and tyrosine hydroxylases and by a subse-
quent decarboxylation of the corresponding intermediates 5-hydroxytryptophan and 1-dopa by a
pyridoxal phosphate (PLP)—dependent AADC (figure 1)

The exact diagnosis of AADC deficiency relies on the analysis of neurotransmitters and their
metabolites in CSF; however, urinary vanillactic acid (VLA) is also highly diagnostic.5'' Measure-
ment of AADC activity in plasma and DDC gene sequencing are essential for the final diagnosis.>®!*

The therapy is aimed at correcting the neurotransmitter abnormalities, offering the following
medications: dopamine receptor agonists, anticholinergics, monoaminoxidase inhibitors,
a-adrenergic agonists, selective serotonin reuptake inhibitors, therapeutic doses of the cofactor
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