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Differential Diagnosis of Hyperphenylalaninemias
Jeongho Lee

Department of Pediatrics, Soonchunhyang University Hospital, Seoul, Korea

All infants should be screened for phenylketonuria (PKU) within the three days of life, in order to allow
timely dietary intervention to protect children with PKU from neurologic damage in Korea, A commonly
used cut-off level for diagnosis of PKU is 240 umol/L (4 mg/dL). Up to 2% of cases of hyperphenylala-
ninemias (HPA) detected by the screening test will account for a disorder of BH4 metabolism, Therefore,
analysis of blood or urinary pterins is essential, backed up with measurement of DHPR activity, as this
allows differentiation of BH4 disorders, A BH. loading test and measurement of neurotransmitters in CSF
provide further important information to the severity of BH4 deficiency and BHa loading test can detect
patients with BH, deficiency and BH4 responsive PKU, Several protocols for BH, loading test have been
described, involving treatment with BH4 for periods ranging from 1 day to 1 month, and using doses
of BHs of 10-20 mg/kg. There is general agreement that a reduction on blood phenylalanine of at least
30% in response to BHa4 loading indicates a clinically significant effect, although in some tests a lower
cut-off value may be defined for individual patients, or no specific cut-off value is proposed, The fre-
quency of BHs responsiveness is highest in patients with mild HPA and mild to moderate PKU resulting
from PAH mutations with residual activity,
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(Table 1). FZolle= Ao ] A2 a4 Year Test No. PKU Prevalence
Aoluholu} A AP S AHEEHA] Y o]FF 1997 345.013 6 1.7/100.000
24 (tandem mass spectrometry) S ]34 1998 416,115 7 1.6/100,000
- )= 1999 397,444 9 2.3/100,000
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Alsbh 5t 2003 339,945 14 4.1/100,000
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1. THELeHE =0 22 2009 439,387 7 1.6/100,000
2010 467,957 6 1.3/100,000
) 2011 465,175 11 2.4/100,000
A dAdepd 5L Elo]z Al diab o] Aol 2012 482,737 14 2.9/100,000
0‘_]—3]} ;2]0_1'431]_ }_;5] oﬂ gﬂb Opl—,ﬂ-ﬂo] -i—xj'},]o} g}l‘:_ AOL 2013 429,254 10 2.3/100,000
- = 2014 435,254 7 1.6/100,000
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Fig. 1. Important events in the history of screening for PKU.
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Fig. 2. Overview of the biosynthesis of tetrahydrobiopterin (BH;) and a sum-
mary of its actions as a cofactor in enzymatic reactions.
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Table 2. BH4Z29% 9] sdgeld, DHPREAE, pterin, AZAEEZ, FAAEY &

Phe Neo Bio Pri Neo Bio 5HIAA HVA 5MTHF DHPR

B (B,U) B,U) B,U) (CSF) (CSF) (CSF) (CSF) (CSF) B
GTPCH (AD) n n n n ! } n—| ) n n
GTPCH (AR) 1 l J n I l \ \ n n
PTPS 1 1 J n 1 l i y n n
SR n n n n n 1 J l n n
PCD 1 1 n—1 1 n n n n n n
DHPR 1 n 1 n n 1 l J n—1 !

Abbreviations: AD, autosomal dominanat; AR, autosomal recessive; B, blood; Bio, biopterin; CSF, cerebrospinal fluid;
DHPR, dihydropteridine reductase; GTPCH, guanosine triphosphate cyclohydrolase I; SHIAA, 5—hydroxyindoleacetic
acid; HVA, homovanillic acid; SMTHF, 5—methyltetrahydrofolate; Neo, neopterin;, PCD, pterin—4a—carbinolamine
dehydratase; Phe, phenylalanine; Pri, primapterin; PTPS, 6—pyruvoyl—tetrahydropterin synthase; SR, sepiapterin
reductase; U, urine.

DY IHYRRUES ABYHYAERS PUYHYAELS
[ e e g

100

%0
_. 80
9
:]'. 70
K 6
oo
3 50

40

30

20 S6

7
0 44 3
i o B
o —
QQ. QQ' QQ' & ‘ Q\ \:‘: \“)& \%& f\'\& ‘\'\
S : : : - 2
) B ) A N x\éb \.,,@ ¢)o° \%@

X7 et 55 (umol/L)

Fig. 3. Number of patients with different degree of HPA who responded to the 24—hrs BH4
loading test (20 mg/kg). Adapted from Fiege and Blau.
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Table 3. BHy loading test for 3 days (in Europe)

Pre — requirements

1. Blood phenylalanine >6.6 mg/dL (400 pmol/L)
2. Constant protein intake during the test
3. No acute disease

Dosage Sample collection

1 Day : no BHy Blood at TO, T8, T16, T24 (for Phe&Tyr)

2 Day : 20 mg/kg Blood at TO, T8, T16, T24 (for Phe&Tyr&biopterin)
3 Day : 20 mg/kg Blood at TO, T8, T16, T24 (for Phe& Tyr&biopterin)

Interpretation and follow up tests

1. Phe %7} Day 2 52 Day3¢] T16, T24°14 30% oI’ dojxivhd efgdolct (oW A5 T8ell ofn] 7adk 9= leh.
2. Phe 9] 2247 T8AIA 30% ©)dol ARt T16, T24¢A4 30% vlwtelwd whgo] gtk k.

3. Day 214 FdAs}oleeti Day 3011*1 OMa}‘ﬂ FHoE a1 |l

4. 1-25 A9 W& He PARE sk Shol gl S& 2w AR

5. &%l wet sjHo] FeehA @& # SIAL A Se] WAl gl

7. Phe loading?} BH; loading® 0] 8= HAb: FHHA Gt (A4 7heA &b,

8. 38} o]F 4-843F o]F 80-90% ©|’¢¢| Phe ‘F‘X] o] 3t BH4 299 7beidol =t
BH, 239 4% -} 44171 o] Blo]2A19] $A S7F B 4 gtk

o] 1 Whe-S Mgkt 20 my/kg §30] 7Hg £ ub 4. Y DELURIIHS
$AE BRI dgeid 81100 mgke) E &
Aol AldekE A2 $193S vERd 4= QloiA] ARt 3 nEddEidESse AddEid 57 2-10
A ket mg/dL A EZ A5 A5S Ho|wa PAH ] &
AEAETE w2 Afolth FHES A Lt
2) BH; whs- o3 10000, %4 1:3500, okrloelA] 1:10000 A=
FAAAANE Eds] A 24742 4Rl fARt Ql Aoz dejA I Il s ofd FEst Rue
Ho)7} BHy H4% 15T 5 91 Zloz A7tE o S A=
o8] A571 STk =A] BIOPKU database®l 7]% A AL ET AL Ak olE A &
¥ tlo]E| & AFg-ste] 3157 <] PAH #4172} o]ido] & 15 8% AddEid w57t 2EdA 48 TelAE
A7 =S o R BHy W3S ERlsl & 4 EA] 45 A AR A ATARE ARl o)/l
o50] 7hed A oE AZE o AR AzolE ol glo] g 3 4= ks 27 Ao AL A 13
A AR 1279 gigo R s Aol fHAo] ddahd a3 Bl A9 By F-shAkel BHy 4=
FRRO R EEAS BT T oS ofHueE 4 ol gt Ak tlEolA FaAAF 2 PAH 3o
32 HYPY, o)F F o B Ausid A 24 AT HAE BElA A weldgEidEse
ole] tigt A7t HQsirt 2 g =i Aoy oEAREE AT
EA A A oA pterine AEAES & Atk
& St &S & 5 qled ptermf’_ BN
A} w9 FARSHA Utk DHPR S5+ wjd z —
TR FE 52 glof s F Hi%‘(ﬂf& pAnA
TR AAE BEA gl & 5 gt A PKUe| digh 2 Ao 83 Al2bE A% 9]
=9 75 40, =ul9] A5 ok 2001 do] AW, A
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(2mg/dL)

/Pterin (DBS) + DHPR (DBS)\

Phenylalanine

> 400 pmol/L

PKU = Phenylketonuria PAH = Phenylalanine hydroxylase
BH4 = Tetrahydrobiopterin DHPR = Dehydropteridine reductase
Neo = Neopterin Bio = Biopterin

Y Li2fel
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S > 30%
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Fig. 4. Diagnostic algorithm for hyperphenylalaninemia in newborn screening test.
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