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R R 20% MR, A 4 R BHA D IR G A6 P R R IR A 20% o 1 )8 BH4 £ faf iR 56 5 A 76 SRR 22 4 1k
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Tetrahydrobiopterin-responsive phenylalanine hydroxylase deficiency

Haruo SHINTAKU ,Shigeo KURE , Toshihiro OHURA , Yoshiyuki OKANO, Misao OHWADA , Naryji SUGIYAMA, et al.
Department of Pediatrics ,Osaka City University Graduate School of Medicine , Osaka 545-8585 , Japan ( Email ; shintakuh @

med. osaka-cu. ac. jp).

Abstract: Objective  Tetrahydrobiopterin ( BH4) is known to normalize blood phenylalanine levels in BH4
deficiency, but not in phenylketonuria (PKU). Recently the patients with mild PKU who were responsive to BH4 were
found in neonatal screening for PKU. This study aimed to investigate the effect of BH4 and phenylalanine hydroxylase
(PAH) gene mutations in patients with BH4 responsive mild PKU and mild hyperphenylalaninemia ( HPA). Methods
The responsiveness of the BH4 loading test was evaluated in HPA patients detected by neonatal PKU screening. All patients
were normal in biopterin metabolism and were diagnosed as HPA with PAH gene mutations. A single-(10 mg/kg) , and
four-time-, one-week-BH4 [20 mg/ (kg + day) | loading test and a long-term BH4 treatment were performed for them.
Results In a single BH4 loading test, no classic PKU patients demonstrated decreases in serum phenylalanine levels. The
patients with a decrease greater than 20% in serum phenylalanine levels in the single-BH4-loading test showed a similar
decrease in the four-dose-BH4 loading test. The one-week-BH4 administration test clarified the BH4 effect not only in
responsive patients, but also in patients who showed low responsiveness in single- or four-dose-BH4 loading test. The
majority of patients with mild HPA and mild PKU who had the R241C allele responded to BH4 administration. R241C,
P4078S and A373T mutation were never found in classic PKU patients without BH4 responsiveness. Conclusions The one-
week-BH4 administration test is the most effective for the diagnosis of the BH4 responsive PAH deficiency. R241C, P407S
and A373T alleles represented the causes of mild HPA or mild PKU in patients with BH4 responsiveness. BH4 treatment is
a new and effective pharmacotherapy which replaces the phenylalanine restricted diet for mild HPA and mild PKU patients.

[ Chin J Contemp Pediatr, 2005, 7(4) : 301-304 ]
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% & R TN R 1L AE ( hyperphenylalaninemia,,
HPA) & 1 7K N & R ¥2 1L i ( phenylalanine hydroxy-
lase, PAH) sl H A f——V0 S0 A= P 45 % (tetrahydro-
biopterin, BH4) fit = 512 (9", 11 % /il BH4
T A58 R AR TT AT LA #h 2o i 4, DRI
BT 3 BT AR LR T B R B E ( Phenylketonurid
PKU) fifi s U2 T HPA™ 0 PR3 Hh A4 3% B

R PRI R BHA B 0E B B2 S0, BHA [
IR S AF i (1R BH4 5 I 358 T 28 R /K P AR
BTSRRI IR, (H A Sy — P ] B0 00 7 I ATS AR
M. 5 PKU S AR[F], BHA Bl i AR 5
i BH4 (10 mg/kg) J5 4 ~6 h P, M P HYA N A
fiz (Phe) KPR LMK IE S o BT BH4 k= 5%
A PAH IEH, IR AT BHA A AT BESCHE T E
PAH K Phe ¥ AL R 2R , T 2K Phe 7K
WA, R MK o T RE PAH B = A LR PKU
W, I BHA REEHOE Phe F2ALEE , K 1L Phe
KPR . MR X — J5L 8, BH4 1 iz £ A 150
ALLK: BH4 Bl = [7) PAH IR 25 g = X
TEke o ABJE, Fedli A il o, — 28R A PAH Gz
() HPA g ATENR JH BH4 J5 , IfiL Phe ¥ B2t A7 Jifr [
5, FATI T A K RUBET A L PKU §f 4 b 2%
IR HPA B8 119 I 7 85 BE 7K P R S0 B BE if
JELEf# ( dihydropteridine reductase, DHPR) 7§ 4, 45 &
RI—LETC BH4 = 1Y) HPA %% A, BH4 [ i)z 71 fif
I AT LAREAR A Phe /KO- BH4 AT LU PAH 5
955 AL Phe 7K P42 IE 8, 3 — DA TR A0 38 Ty B
& BHA Sz 0 HERA A= AL LT B AT AE , A FRK
PR BHA SR HEATI AN 58 38 . AW S0KE B
FEHRE HPA Jjg \ BHA [z B BE PR A

1 MR5F*

1.1 &

£ 1997 4EF] 2000 4[] K AL H 42 JL PKU fifi
A R B 25 44 HPA 5 A, 25T BH4 1R 67 1o i
(10 mg/kg) P MRS H A 12 i ES LT 1995
4F 6 #2001 45 7 A [l EARAES, 1A 97 AT 0
Phe /K ,5 24 M52 HPA ([l Phe /KT 10 mg/dL) ,
7 2 R E PKU(Ifil Phe 10 ~ 20 mg/dL) ,13 4K
HAY PKU (i Phe = F 20 mg/dL), Hi 12 %
HPA 55 A, 78 BH4 [l 6 faf 1060 22 7, JR A S5 944
H i B4 i 34 1E 4, Guthrie ¢ 35 4 1) DHPR
TEAEULIE #, # X BHA A5 B PE, Ifl Phe ¥k JE 75
2.0 ~12.0 mg/dLZ i, FTA [ N RS W N %

HPA 5i#2 5 PKU, B 5 45 T BR | Phe TR,
1.2 BH4 ORHAEFLE

X IEH AR I Phe ¥ #4855 T 6 mg/dL [
W5 N2 T BH4 (Suntory, ZK 5T, HA) R 6 fif ik
55 g0 AR P 4R IE I . PRk BHA 1Al 67 Ao
B AT IR BH4 (10 mg/kg) , ik )5 0,4,8
S 24 hRiAs . 5 BH4 @ = fE AR, BH4 JZ
P PAH §lt = fESi5 AL Phe /KSF-2AERJG 4 ~24 h
MRS TEH . 4 W BH4 R 67 ff i 86 . 43 91 7E 0,
24 36 J% 48 h 435I 10,10,5 K 5 mg/kg &
BH4 iR )5 0,4,8,24 [ 52 h R, DL A 5
YR MR A7 ey i 1) 45 SR O F PEAG 3R B RO PR . 1
J&l BH4 1R 7 faf i35« 45K 1 Ik 20 mg/kg BH4 , 53
3WMRA, S 1, TR B AT SOl g J5 5 4 d e
7 d SR A, K BHA AR it a6 s AR 3
U, BRI 10 ~ 20 me/kg T4, 78 1E H KR Y 4k
fill b AL A il Phe ¥R ESERETE 2 ~4 mg/dL 2
] o R FH T A R 5 56 1 A g R SR i A 19k
Bl 2 JE 1 RaE R 1R,
1.3 [ Phe, R 7k F 50 DHPR & 140 E

fii FH A B FE R A AT A 2 Il Phe 7KSF-, 4R
S5 A FH = R TR 2 AT S I g S 7K T
K HH Guthrie K F5ill % DHPR 4% .
4x

=A

2 R

Ifil Phe >20 mg/dL fy #t5 PKU % A XF BH4 1%
AR, 112 £ 1l Phe <20 mg/dL B%2 B HPA FI
BRI PKU i A, 5 #4956 A I Phe 7K P2 T REAIG
24 h JE 240 Phe YR ORI IR AR 2 ~5 mg/dL,
LIRS 7K S K DHPR 36 MR IEH .

YR BHA CRff kg e, 8 4495 AR IAL Phe
W BEAE IR FH BH4 J5 4 ~24 h (NEFR) 4 ok B 320 Vi R A1
20% ~60% . TES I 3.4 F19 H, Il Phe 4145 ¥ &
2% 5 mg/dL, Jif 3 A9 b3k, 1 Phe ¥R &)
TR MR BE BRI 50% LA L 9 191 4 B Il Phe ¥R B2
AR E BRI BHA iR i g i 11 20 A,
A 10 A A Il Phe ¥k BEFEARAYFREE R T 20% (1A
1), 4 ¥k BH4 1z f far i 4 o, o5 5 4 (41l Phe ¥k
JETEMRZ IS 8 h 5 B R, 52 h BFREAR T 37% ;%%
5 1 B g D) R B ) a9 AR 4B, 3 S 45 v, 4 TR
SRR 2 (AR —HF 34 Y BHA 1 I £ 4 i 05
198 29 A, 7 4 9% Al Phe e R KT 30% ,
T 35% ~59% ZIa (E 2) . 1 JAH) BH4 1 faf ik
g6 £ NiEZE 1 A DIk BHA (45 H 20 mg/kg) |
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B3 1 BH4 OfRAERE

%5 25 il

5N 63 A5 AYIi Phe ¥R T FEEL 50% ;
W 1 ELSE 1 JE H IRk BHA (43 H 15 mg/kg) , Ifil Phe
WL TR 45% st 2 1 4 I Phe 7K - 2
3 mg/dL HEHAR, H AR 4 Y BH4 1R 5 ik
SR B4 B vk B R LG, T R AR BE R T 50% 5 9 1) 8
L 1 JE ) BHA TR 60 fp 1086 T #h 2Z A AL Phe 7K
-2 0. 56 mg/dL, Kb IE L 780 50 6] 1
Phe W RE DR IFAE 4 mg/dL, A IR BIHLL T,
WSEBEA TR, 5 4 WA BHA IR 677 1586 19 Hi
ARIER AR EL , FREFEEER T 50% (&13,4) .

%1 BH4 7% HPA #1 PAH EF 3T

o NS PAH J£[H Phe BT L f)°
& Il Phe (mg/dL) SEQIBE 1 ARN7FEH 2 (%)
04 2.0 R24IC R241C 0
11 8.3 R2A4IC R24IC 62
01 6.0 R24IC 12781 34
05 6.2 R241C P281A 21
07 8.1 R24IC R413P 43
08 4.0-6.0 R241C RI11X 39
10 8.0-10.0 R24IC R413P 42
12 10.0-12.0 R24IC R413P -
03 5.9 AI32V R413P 51
02 10.0 P407S RI58W 54
06 16.0 P407S R252W 59
09 4.0 A373T IVS4-1g>a 59

a Hyk BH4 RS 55 (10 mg/kg)

IR 1 /&
4 BH4 OfRffELLE - Phe TFE LS5

4 W

Phe F2ALF LR 28 AR T 00 UL 26 1, PAH 58748 1
A Lo A 9 1. Phe W BEI A W R EXR . (H)E, H
A £ I HPA R BE PKU B A3 R241C 4545 5
BRI, BT Al ] BHA A i, FeATTAY 5t 4% 43 A
AU B i35 4% 7341 (3% 2) 457, BHA i vk
T Phe ¥R AL 3L H——1N R241C () RAZ YL E
[). R241C . P407S AI132V Fl A373T i 2 {3 JL [
fif ke 1 B2 HPA B(52 % PKU 5 A2 BH4 J2 i1 i

R2 XERER BH4 KA PAH 802 55 A B PKU EEFE 5

gy B4 SR PAH SE[H Phe FEAR ELA
B % ik
(mg/kg) allele 1 allele 2 (%)
17 20 A104D K320N 42
27 20 Y414C Y414C 72
38 20 Y414C Del194 85
4° 20 A313T  L367fsinsC 90
5? 20 V1904 R243X 61
6° 20 + Phe” A300S A403V 92
7° 20 + Phe” R241C A403V 93
g1 20 E390G  IVS10-11g>a 93
9!t 20 Y414C R40SW 56
10" 7.5 A395P  IVSI2 +1g>a -14
1" 7.5 R261Q 65T 9

b BRA 45T 100 mg/kg Phe; ¢ M s i) Phe (TR
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ST BB YT, AT BRI BR XV 2 5
3 itig HPA F R PKU 5 A F Phe Bk X BRI

AWEIT BN, 7E 12 255 HPA (4% PKU %5
ANH LA S 29 AL Phe ZKFAE AR BHA J524 h F
R X 8B Iz A BHA {5 = 5 (0 AR TRl 3 2
NFA I B4 7K SE- ). DHPR 36 PEER A 5, Rt At
1IB2 W PAH 8= . ol A IIEHR /R BH4
PEROHLEITT i PAH JEDS e e e L fis =2, IR
FHE K [CH 3 (Km) 2 (%) BH4 A] R0 Phe 7K
- HLELR AT BB & PAH JE PR 28 A48 3 i Km {H 119 3%
I BRI E AN BHA 5 5N R AR R B,
Jili Phe FEAG#E S 2 mg/dL 5LE W) GG H 1) 20% , R
2 BH4 i 0] HTiRY7f: PAH it = i) HPA

B2 B2 HPA FERJE PKU i AR Il Phe ¥ B2 7E FR.
Yk BH4 [ IR £ far 3 56 0 R B RR 3 20% 1, 7E 4 IR
BH4 [l 67 far ol v T B 3k 30% 5 4 191355 v Jd
X BHA SN 22 (9 A, AT 28 1 R 6 2 B0t
BH4 {1 (B 5) o % BH4 47 [ B 142 B HPA
WATAHVFZ NH R241C S5 56K, FE IR Y 4
YR , Il Phe A AL B FiLER S (19 PAH 2R
SEZ AR K B B BB &R 1 JE BH4 1R 67 far ik
¥ RS BHA ik PAH Bt 2 i f 2 A0 it 56
(& 5), R241C  P407S A132V Fil A373T iX M2 iy
FE LR T2 HPA 5i§2)% PKU J5 A H BH4 J )i
PERIIRIR (3R 1) o ASE BH4 i M g HiL8 PKU 95
N H R & BRLssk U d 35 [R] ) 28 A% . R 56 E B BH4

PAH =i Hh BH4A [ 1 P B HIL I i AS 58 427
F o RAEUSLR TN BH4 2 P v] GEATS AN 58 3%
R XS W2 W BHA S M SR IR F 22, By
BH4 i (8, AR AL 5% BH4 7] LAfigEBR Phe 1K
AR, PR, FRATT SO X T A HPA Jg A 147
BH4 17 Iz 1 far i35 FSE K 204 o

(& % X #]
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