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Clinical Manifestations and Gene Analysis of Patients
with Benign Hyperphenylalaninemia

Jeongeun Lee, Jeongho Lee, Dong Hwan Lee

Department of Pediatrics, Soonchunhyang University Hospital, Seoul, Korea

Purpose: This study aimed to analyze genetic mutations, clinical manifestations, and treatment of pa-
tients with benign HPA in Korea,

Methods: This case series study involved ten HPA patients who were referred to our hospital because
of high phenylalanine concentration, We investigated their demographic features, clinical manifestations,
and mutations of the PAH gene through direct DNA sequencing.

Results: Among ten patients with benign HPA, two pairs of patients were related (father-daughter, mother-
daughter relationship) cases, and all of them showed no specific clinical manifestations or notable past
history. Their plasma phenylalanine levels ranged between 1.2 and 4.2 mg/dL. In the tetrahydrobiopterin
(BH4) loading test, all patients were nonresponsive to BH4, In the confirmation test of PAH mutation
analysis, we identified eleven different alleles out of twelve, The most common allele was R53H (c,158G)
A). In addition, two novel PAH gene mutations, V423A (¢, 1268T)C) and V51A (c.152T)C), were identified,
Although the patients did not receive any pharmacologic treatment or continuous phenylalanine restriction
dietary therapy, their neurocognitive development was normal, Moreover, on serial outpatient follow-up
tests, all patients maintained phenylalanine levels below 6 mg/dL.

Conclusion: This study is the first in Korea to analyze benign HPA patients, All patients with benign HPA
could maintain phenylalanine levels below 6 mg/dL with normal neurocognitive development, without
continuous therapy, Therefore, performing mutation analysis and distinguishing benign HPA from phenyl-
ketonuria (PKU) are important to help improve life quality in patients with benign HPA by avoiding un-
necessary lifelong therapy,

Key words: Hyperphenylalaninemia, Phenylalanine
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— ol 9] 29I A mIdLebdd T el uigt A nEI FHA; A -
A4 2117 5 15992 A¥4 dAdAERT, 2982 DNAE 3] Ao AHHI, 129 A
BH4 A=, 114 6—pyruvoyltetrahydropterin of S1A1% dddebd Al E A f-Abe] gk A
synthase (6—PTP) A%, 1042 o waddet A7IME B o R o] 55 BT &
WU¥83F, 19 dihydropteridine reductase (DHPR) 3t 7} Eiol e tisi A= PAHvdbEl H= N.blau®
A%, 17 Guanosine triphosphate cyclohydro- PAH §7712te] Eo0]7 dlo]Ejwo] A8 Fxstol!l
lase (GTPCH) A3ZFo& A gle}, & A7+ o Adgehd $Aabstaad] o] YRS AR
F 1099 oY IAdeIEZ BA4E o 3
91, o150 A% /1% W A4 A 23S v a
2 FEH 242 s,
) WAL B9 G4 B0 o o) Al BHE 2Ae A} 109 B 8
A AAE] Aol Ba EE sl 484 7 AT, W o9l WSS 14E o] st
O I e o P i R e B e s e $-AIETH(Table 1). 7153A|=E 292 HU 3
o, Ao FoE weh 93, 2 2 BAG B1el E4YS 7195
ok 42l 198 AT 999l 248 28 2
2w 3 9w % 190 AHAY 365 629 vl%oigon,
24 B4 PPl A v 4449 L]
o o) SAwe A, B4, Vg 9, g AR DAL Gk =8 ) ] st
A QA7 AA AL A7, SR wol, A4 A Zlek dakd age] | S gglch
@ AR, A2 27 8 AR o] sl 2% DA 54 AL v, BAEY 3 R
o SR e RE BASA 4 sdeteid B 2 23 73 Sk sdekehd HHoz A
A Z7% 9 PAH #47 Edyo] B4o] AlgE g TR TR, Y SOl WAL, AE A0 5
W, 1 9) FAR AN ddtehd/eol Al Mg 5 AL 8 W g m AAE woly @t 2l
%, BH4 -3} AL 2 HE 4, DHPR &4 5 A F 2% WA Ui &7l 9l k= oldith &
A, WA opu|iAk B4 AW {74 EA o] AlAE g g AA3 A5 AsE Kol AR (it
L2 I A A Y H ) i HAE 1EY 7y gatelA HxE S4E dddEid A& AAo}
At AEAALE SAEHRAY, B2 FRE Yds 3
Table 1. Demographic Characteristics and Laboratory Test Results of 10 Benign Hyperphenylalaninemia Patients
C Sex Age at Gestational Birth weight Initial Phe level Plasma Phe Phe/Tyr
ase € diagnosis week (kg) (mg/dL) level (mg/dL) ratio
1 F 19 d 40 wks 3 d 3.0 2.2 2.2 1.2
2 F 38 d 37 wks 1 d 2.8 3.0 1.2 0.7
3 F 15 d 40 wks 2.7 3.6 2.1 1.8
4 M 13d 38 wks 3.8 4.2 4.8 2.7
5 F 14 d 36 wks 6 d 2.8 2.4 2.7 1.8
6 F 15d 39 wks 2 d 3.8 4.2 5.3 6.0
7 F 14 d 38 wks 3.0 3.1 2.6 4.7
8 F 34 yr 40 wks 3.0 1.2 1.2 -
9 F 16 d 39 wks 6 d 3.1 3.3 2.7 2.3
10 M 34 yr - - 1.7 1.7 1.4
Abbreviations: Phe, Phenylalanine; Tyr, Tyrosine; M, male; F, female; d, days; yr, years; wks, weeks.
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Aot AHAARE et &S AR FgolA = T 30% o) dddEhdo] 3

Ak A e dSErd S $xle] FRE 344 o] gl Aow FFEIon 1 @?Jr BH4 To}- m}
o yAstlthrt A Fal AdE 23S Alejsta of HH-S wel A Qsith

£ AT Wt 18+8.3Y 0 Uldste] dAAAE A BE #xfelA f34 EdWe] 24 Alskalch
shlx, 1 Az 9% Wddehd A& 1.2-4.2 mg/dL (Table 2). kA AF3IE 2R 9k A AAlste] v
o] MR xSk o] F 1.2 mg/dL, 1.7 mg/dL A¥ 344 4 29 A et 8 BT AT 57
2 23 =0l A2 WMol &3 2}%% —X}Lﬂ ) olle] ¥+ AXE AlBlL, sIHTA 27,
dehd X St dist AARE 918 ol Wdatal oJFATA =AWolQl 819 AN 27| THE 11
T} 37 E HARE AlSshEA FARE AP A E A FFAAE g1 = gk 25 97hE o]
ste] 7 Hd SAGIT) Aol AEHALE A9 Holw dEA | PAH 54x Eediio]go]glon
e 8w ol Addehd A& Wt 3.25 mg/dL, A< (R53H, R413P, R241C, V230I, Q419R, IVS10-
297HA ek BE 2] Hx i A9 B wde 14C>G, IVS4—1G>A, T380M, Y325+ thH& 2719
2hd A& 2.89 mg/dLE F7FE o] lglom, o] F 7 O F82HE o] AARE Fato] AlEA wad =dd
O] A B o wvlddeidd 3o Helel 319l o] RTH(V423A, V51A). o] 132+ F 45.5%014
o} 2o AL A o] el date] 3 4 GYEE ¢ F AUTHP53H, R413P, R241C,
AAZ ASe 899 AdLed 29 F¢ 3HS V2301, Q419R). 7 E8 gdfdas Ad =2
A &tar (22t 4.2 mg/dLAA 4.8 mg/dL, 2.3 mg/dL ALY EE HOl=(79%) RG3HE, F 552 3hAjo
o)A 2.7 mg/dL, 4.2 mg/dLelA 5.3 mg/dLE F7h A o)F AT o7 WAy %iv} o] FAAE HGt 3
o vhopxl A7s HGlon 89 Hit g 3.25 A F 83 dddEd AE 54 WF 4vgo]gl o
mg/dLelA 2.95 mg/dLE 7HAaigich Hdgebd/el o, o529 Het Hdded xl% mg/dLE 3+
o|ZAl HlE2 43 dx} 9ollA] Ho 2512 A& AA 2 Hro) vokth F “WHEE -E? R e
2 JEE] Qdglon o] F 2 oo d FUtsof 9| = Al 7l e T380Mel ™, 1942 o] fxke &8
A 47gol9lth BHA H-8F A= 1098 5 739 AT, 192 olgATY 248 Btk o] 34
S A Al3E Qi) BH4 501 (10 mg/ke) A #Hd o] o] PAH 4 5t 48R apt glon, o]
dehdo] 6.7 mg/dL o1 ¥ AdElellA, BH4 Fo Aol HAH 2% F AAHALE Al wd 1

Table 2. The Spectrum of Phenylalanine Hydroxylase Gene Mutation Alleles and Residual Enzyme Activity Detected
in 10 Benign Hyperphenylalaninemia Patients

Case Codon Amino acid PAH activity (%)"
1 c[158G>Al;[1238G>C] [R53H];[R413P] 79/35
2 c[158G>Al;[721C>T] [R53H]; [R241C] 79/25
3 c[688G>Al; [1256A>G] [V2301]: [Q419R] 63/71
4 c[1256A>G;[1268T>C] [Q419R]; [V423A]+ 71/-
5 c[158G>Al;[1066—14C>G] [R53H]; [IVS10—14C>G] 79/~
6 c[152T>C1 T [442-1G>A] [V51A]T;[IVS4—1G>Al -/-
7 c[1066—-14C>G];[1139C>T] [IVS10—-14C>Gl; [T380M] -/
8 c[1139C>TI;[1139C>T] [T380M]; [T380M] -/-
9 c[158G>A];[975C>G] [R53H];[Y325+] 79/~

10 c[158G>A]; [158G>A] [R53H]; [R53H] 79/79

Abbreviation: PAH, Phenylalanine hydroxylase.
"PAH activity is adapted from the database of bioPKU.org, courtesy of Blau N
Noble mutations of benign hyperphenylalaninemia.
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