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Differential Diagnosis of Galactosemia Detected by Neonatal Screening
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Purpose: We retrospectively investigated individuals who hadbeen identified by neonatal screening as
potential galactosemia patients to determine the etiology of galactosemia,

Methods: One hundred fifty-three patients referred to Korea Genetics Research Center due to high
galactose level detected by neonatal screening test between February 2005 and May 2013 were
examined, Galactose and galactose-1-phosphate levels were measured by using a fluoro metric
microplate reader, Lactose free diet was initiated immediately after confirmed by urine Clinitest. If
reducing sugar was negative, we employed abdominal sonogram and echocardiogram to check for

possible porto-systemic shunt,

Results: Fifteen patients were diagnosed with galactosemia, One patient had galactokinase (GALK)
deficiency; four had UDP galactose-4-epimerase (GALE) deficiency; two had citrin deficiency; and four
had porto-systemic shunt, Two had unknown causes of galactosemia,

Conclusion: In addition to genetic defects of GALT, GALK and GALE, citrin deficiency or porto-systemic
shunt could also cause galactosemia, It is crucial to carry out differential diagnosis to determine the

cause of galactosemia,
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8% (secondary hypergalactosemia) 0.2 W&
AtF (Table 1, 2). 13 ZHEAFZ O Ga-
lactose—1—phosphate uridyltransferase (GALT)
Aol 93+ A=tEAEZE 18, galactokinase (GALK)
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A ol& ZeE~8% 28 2 uridinediphosphate Aeke 2 AEEAES) U HaEa Qo
galactose—4—epimerase (GALE) Aol 23+ 2=} A ToA BRE= Z2EEAYZ g
EAEF 390 BRSSPV, 2w 2344 12143 fglo] wom? | 2214 Agto] dAglo] Hof ut
AFEAYSLS HY 3 9]5 (hemangioendothe- Astke A9 =&

lioma), @¥<& (hemangioma) % 7hl @ A5 A2z AlA e} tiabA g A E AL A P A= E
(hypoplasia of the intrahepatic portal vein) 53} 7 A =Tl Zke A9 12 AP EAYZT 2314
2 MHAA 7HE 7)1 (congenital hepatic arterio— ZAetEAES0] Yoo Yehys nEs Xy,
venous malformation), Citrind%), Fanconi—Bickel Tyt Aot AZEAEZ) e tist 7]
57 4 dA#As)E (patent ductus venosus) 59 ZARE Ggatua & ATE APtk
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i ZALelA o)de] glol 2zt AAFE 98 HdE A
Galactose-1-phosphate _ _
R 5 3% o] 1539 2ot} QJotE o w 3t
= itk
GALT Glu-1-P —» Glu-6-P —» Glucose
Aok BAPAE AR 39 o)A A E A
UDP-Gal
SHIE l Table 2. Secondary Hypergalactosemia®
Pyrophosphorylase Disease
UDP-Glu Congenital hepatic arterio—venous malformation
(hemangioendothelioma, hemangioma, hypoplasia of
l the intrahepatic portal vein)
Citrin deficiency (citrullinemia, type 2), Tyrosinemia,
and other metabolic disorders producing hepatocel-
Glycogen

lular disease

Fig. 1. Galactose metabolic pathway. Galactose is trans- Fanconi—Bickel syndrome
formed to glucose through galactose—1—phosphate
uridyltransferase (GALT), galactokinase (GALK) C ital hepatiti
and UDP galactose—4—epimerate (GALE). ongenital hepatitis

Patent ductusvenosus

Table 1. Primary HypergalactosemiaSZ)

Disease Blood total galactose Blood galactose galact(l;:srgihlrg?lllfsphate Urine galactitol
GALT deficiency T ™ T T
GALK deficiency T T Normal or Low T
GALE deficiency
Benign (peripheral) 1 Normal 1 Normal
Severe 1 1 1 1

Abbreviations: GALT, Galactose—1—phosphate uridyltransferase; GALK, galactokinase; GALE, uridinediphosphate
galactose—4—epimerase
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1) 1XM Z2EASES(primary galactosemia)

(1) Galactokinase (GALK) 2%

1Eeld 8% ZgEx FE>45 mg/dl (B
<12 mg/dL), Gal-1-p 1.0 mg/dL (Fix <12

5 AT9ES F57F S7H BE oA LMo mg/dL), GALK2 mmol/min/g Hb (GF11%] 80—120),
FAG A Arlsto], FATo] Y A SAl 2 FYYEIAE 3 (+++) o] th(Table 3).
LHEEA AFAo)E Fgom FAdo] SAY o (2) Galactosepimerase (GALE) 23
© EY AN ks E1sh] Yt Y 49 dF ZFEA FE 26.8—-34.5 mg/dL

[e]
the intrahepatic portal vein) & 7+8] 23} Al
g deto] oAy = FxloAM = AWt

(&4 <12 mg/dL), Gal-1-p 20—35 mg/dL (&
3] <10 mg/dL), GALE8.0—13.1 uL/hr/g Hb (%
14 16.1-30 uL/hr/g Hb) ¥ SEYEAE okoF
/3] }(Table 3).

s AR EAEZT Fol F54(33.4%) oM #3174 o
Folss s H3l, 5 2 AWArs v v AHE o B #2159 0} Galactose-1—phosphate
Moz ZAan? | 8% 9EAe WAFsH A Uridyltranferase (GALT) A3l o3t WAl Z4
o7 SASATFY. 181 FYR LS Akl SEAYEZTS §lSlh

Table 3. Laboratory Findings in Patients with Galactose Enzyme Deficiency

Unit Normal range Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Galactose

neonatal screening test mg/dL <12 >45 34.5 27.3 26.8 26.4

f/u after diet management mg/dL <12 >30 12 10 25.6 4.5
Gal-1-p mg/dL <12 1.0 35.0 27.1 28.7 20.0
GALK nmol/min/g Hb (80—-120) 2 86.7 94.3 155.3 133.7
GALE L/hr/g Hb (16.1-30) 20.7 13.1 8.0 9.3 11.3
GALT L/hr/g Hb (25.7+-3.6) 33.5 275 26.6 31.0 26.4
Urine Clinitest +++ +/- +/- - 1+
Urine galactitol mg/dL <94.7 K1 yr) 1,123 26.2 138 123 93.4
Diagnosis (deficient enzyme) GALK GALE GALE GALE GALE

Abbreviations: Gal—1-p, galactose—1—phosphate; GALT, Galactose—1—phosphate uridyltransferase; GALK, galacto-
kinase; GALE, uridinediphosphate galactose—4—epimerase.
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(2) AHA 7+ TA7)3 (congenital hepatic ar-
terio—venous malformation)
A g A Aag o] A== 718 (porto—

2dolM "% Z2gEA 557} 17.9-25.6 mg/dL
(FH11A <12 mg/dL) & F7F o ZetE 23 A
BAE A2doln, PCRE ©]8-st DNA 7% A7 Citrin THFig. 2). 18l AdH oz 7y 7HEwo] 4
A Edmo|dAL kgl FEl7F 24 (13.3%) A3 Et EA] ok FofelA] weto] 7he] ZhEwElo] Rt
(Table 4). o Ay Hs Sl st oR AR SN
CFig. 3, 4). T 181= 7HEwo] 25 A4 Aus %

3|41 st guo s AdE ] Qgith 1= Aldel o
o) FHE T (Cavernous hemangioma)©] Iz

w2k (Fig. 5).

systemic shunt)©] 48 (26.7%) UJTt 18N 7+
o] d#) 9] 4| £ (Hemangioendothelioma) ©] Q)

;

Fig. 2. Ultrasound of the abdomen shows anheterogenous,
ill—defined hemangioendothelioma, measuring
26.3 mm in long axis.

Fig. 3. Magnetic resonance imaging showsan congenital
absence of intrahepatic portal vein.

Table 4.Laboratory Findings in Patients with Citrin Deficiency

Unit Normal range Patient 6 Patient 7
Galactose
neonatal screening test mg/dL <12 17.9 25.6
f/u afterdiet management mg/dL <12 6 4.0
Gal—-1-p mg/dL <12 11 16.3
GALK nmol/min/g Hb (80-120) 128.3 97.5
GALE L/hr/g Hb (16.1-30) 21 19.7
GALT L/hr/g Hb (25.7+-3.6) 31.0 31.1
Urine Clinitest - 1+
Urine galactitol mg/dL <94.7 (K1 yr) 8 11.9
Diagnosis SLC25A13 SLC25A13

(Citrin def. DNA PCR) c.[851_854dell +
[IVS16—3kbins]

compound heterozygote

c.[1177+1G>A]+
[TVS16—3Kkbins]
compound heterozygote

Abbreviations: Gal—1-p, galactose—1—phosphate; GALT, Galactose—1—phosphate uridyltransferase; GALK, galacto-
kinase; GALE, uridinediphosphate galactose—4—epimerase.
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g A8 deto] Sl AH/3713 A (Fax <12 mg/dL)Z #3. Gal-1-p 25.4-35.1
= A% 12413 $of] S5k Bt 385 ug/dL (3 mg/dL. (23] >12 mg/dL), 2RSAG AARA] <
1A 60—120 ug/dL), $EH e} 105-150 ug/dL (3
1A 14-65 ug/dL), 73 AR T o] Sl A

S-ol M9t &A4X7F AST 147 U/L (Fax] 15-55
U/L), ALT 102 U/L (3313 15-55 U/L) 2 2Jw|3]
A F7VsE v fE A AR AR AAFH 9
T glo] WiglalA] Ygkth(Table 5).

(3) €]l B4 4FEAYF

4ol dF AFEA FE7) 17.1-34.5 mg/dL

Fig. 4. Magngtic resonance imaging shows an extra- Fig. 5. Photograph shows the general appearance of
hepatic portal vein connected to splenic vein. patients with cavernous hemangioma.

Table 5. Laboratory Findings in Patients with Porto—Systemic Shunt

Unit Normal range Patient 8 Patient 9 Patient 10 Patient 11
Galactose
neonatal screening
test mg/dL <12 13.0 12 28.9 17.5
f/u after diet mg/dL <12 4.8 <0.6 12.3 9.2
management
Gal-1-p mg/dL <12 18 12 27.1 4.7
GALK nmol/min/g Hb  (80—120) 155.6 114.3 133.5 94.5
GALE L/hr/g Hb (16.1-30) 21.1 22 21.7 21.5
GALT L/hr/g Hb (25.7+-3.6) 21.4 29.8 26.5 30.3
Urine Clinitest - - - -
Diagnosis Liver Porto— Porto—renal Cavernous
(Abdomen hemangioendo systemic shunt, hemangioma
sonography) thelioma shunt hydronephrosis

Abbreviations: Gal—1-p, galactose—1—phosphate; GALT, Galactose—1—phosphate uridyltransferase; GALK, galacto-
kinase; GALE, uridinediphosphate galactose—4—epimerase.
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(18)), galactokinase 23 (2%), 121 epimerase
A o7 (38) A B rgFor FRAP

AA AFEAYZ(17) S dAarz o7 713 A
g otk GALT fxxk= A4 9pl3el A|sk=
o], GALT 327 A9=™ =/Jo] Sl galactose—
1—phosphate$} galactitol 2 Aol %2 A)7]1, UDP
galactoseS TAAZITFY | oAy A4S 8- (4, ¢
DE A & FE, S5 A, g 9 3
gg epdoP? . megk ZelalelA] galactose—1—
phosphateE ZalA TEGF o7 Hgto] x| 947] uj
Foll A3} Awo] Yeptf?, xgsh] gkow
galactitole] el A o] HAstE 4o7]al, He
ZA g0} n7belAQl WA 2. Galacto-
kinase 2 (2%) & AP 40 AHEATST wry T4
o] Ak, gak= Pollo| et ST W
7} 24| galactitolo] Z71aH}Y . QA Zake uiy)
A ARAHFF S SOl A @A) 17924
Oﬂ -AX]EPE}%) Epimerase A3 (3%)& A&7} %
o ol
o

&

& (peripheral form) &2 Uy =], A
o= HMYPH AHEALSTI 207} UA] Y=t
% %32 epimerase o] A E 9} W o] A
YERA G 21 953, 9 g 2A4dM = YERA] ¢
= FeE, dNo galactose—1—phosphate”} A5}
U QA o 7= Aatolri

a3 22K AEEAESS h @39 F(he-

mangioendothelioma), @&¥% (hemangioma) % %t

7}
[e])
A=
)1

) & FJAEA (hypoplasia of the intrahepatic por-

Table 6. Laboratory Findings in Patients with Unknown—OQOrigin

Unit Normal range Patient 12 Patient 13 Patient 14 Patient 15

Galactose

neonatal screening test mg/dL <12 34.5 25.6 19.15 17.1

f/uafter diet management mg/dL <12 22.6 14.1 13.0 12.2
Gal—-1-p mg/dL <12 25.4 35.1 27.1 31.0
GALK nmol/min/g Hb (80—-120) 86.1 113.7 154.1 133.4
GALE L/hr/g Hb (16.1-30) 21.6 17.2 19.1 19.4
GALT L/hr/g Hb (25.7+-3.6) 19.5 27.3 22.5 24.4
Urine Clinitest 2138 ++ ++ - -
Urine galactitol mg/dL <94.7 (K1 yr) 2138 746 20 25

Abdomen sonography
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tal vein) ¥ 22 AP 7+ 539 713 (congenital
hepatic arterio—venous malformation), Citrind3,
Fanconi—Bickel &3+ 2 J2 7% (patent ductus
venosus) &2 Al A HF AHEXS T2
T A9,

B AgolMe 2ok chabA S AEAA Al $
5 AREA T2t S7bst Aot 1539 5 oF 15
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Gl W ARtEA i g Sols F 53334
%) FJr}h. GAAAE T epimerase (GALE) Ago] 4
91 galacktokinase (GALK) 2 14 o|3leH
galactose—1—phospho—uridyltransferase (GALT)
AL St o] Wik 2003 AlAJotujard gt A
WAL BAE AFEAES T ol /P HIT
7} e AYEAYSTE GALEAY R Hud A3
ARSI .44 epimerase (GALE) A% ko5
B QAFEAYo] 919l O} galactokinase (GALK) 7}
ARE 18 olelA uhfdo] T =it

A 8] AFelA 22 AFEATZY] B4
Hse] @ Anes 3] 5, g FEE &9l
223 AREAES O gk Watv} o] Folx| 1 Qi
HE Aol AMcitrin 23 FrobsollA d5 AtEX
B2 7P RT3 glomt V) B o= 2dlolA
citrin 23 ropr} AT 9l
SEXN FE S 3 3T

o] Rt mebd Aol tAbAS AEAE

of\
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Z7te BauE QY. 1geME Axz oz 7y 2+
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