2012t : M 46 A X 535 20034
L AU

AR ot A Al o] A ZHEX2IF o3} 2@

Galactosemia Detected by Neonatal Screening Test

I Sung Park, M.D., Hye Jung Cho, M.D., Dong Hwan Lee, M.D.
and Jung Hwan Song, M.D."

Department of Pediatrics, Soonchunhyang University, College of Medicine,
Department of Clinical Pathology', Seoul National University, College of Medicine, Seoul, Koreax

Purpose : The genetic disturbance of galactosemia is expressed as a cellular deficiency of either
galactose—1-phosphate uridyltransferase(GALT) or galactokinase(GALK) or UDP galactose 4-epime-
rase(GALE). To find-out the pattern of galactosemia in Korea, we retrospectively analyzed cases of
galactosemia detected by neonatal screening program.

Methods : We analyzed medical records of patients who visited Soonchunhyang University Hospital
at age of 1 month after showing abnormalities in neonatal screening of galactosemia. For accurate
diagnosis, galactose was measured by enzyme immunoassay(EIA) and fluorophotometer, also galac-
tose-1-phosphate by fluorophotometer. Enzyme activities of GALK, GALT and GALE in RBC and
galactose—1-phosphate were measured by radioisotope assay(RIA). Beutler test were done. Patients
went on a lactose—free diet and follow-up tests for galactose, galactose-1-phosphate level and en-
zyme activity were performed.

Results : 10 patients(male : 6, female:4) were diagnosed as galactosemia. Two patients had GALK
deficiency and two had GALT deficiency. Six were GALE deficient showing the largest number. In
two patients with GALK deficiency, GALT and GALE activities were normal but GALK activities
showed respectively reduced activity. For GALT deficiency, two patients had low GALT activity in
RBC and showed genotype of Duarte 2/G(galactosemia) in DNA analysis. In one patient, GALT
activity was normal. Three patients seemed to be heterozygote state of GALE deficiency according
to GALE activity levels. Four patients showed GALK hyperactivity.

Conclusion : GALE deficiency provided the highest number. After lactose—free diet, galactose and
galactose—1-phosphate were normaly maintained. Neonatal screening on galactosemia is essential for
preventing life-threatening symptoms and an accurate diagnosis is needed for finding out the type of
galactosemia which is important for prognosis. (J Korean Pediatr Soc 2003;46:440-446)
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Fig. 1. Galactose metabolic pathway. Most of galactose is
produced by lactase which exist on microvilli of epithelial mu-
cosa on small intestine. Produced galactose is used to the
transformed glucose through galactose-1-phosphate uridyl-
transferase(GALT), galactokinas e(GALK) and UDP galactose
4-epimerase(GALE). " galactokinase, galactose—1-phosphate
uridyltransferase, TUDP Galactose 4-Epimerase
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Ao Beutler B& Ad3ATh Aed ol E F3AA
2olE FolslHA ZFEX~S} galactose-1-phosphateE F+4
HAAbslR ow A== gaol digh 4 AANE AlsF T

AHeELGToRr 3w gole2 F 10l 2 =
wWolrb 61, oobrk 4olith 10W F GALK Z¥Teol 24
(1,291), GALT Z23%°] 298(349), L83 GALE 2¥%°] 6

1

1. GALK Zg3Z

294 GALK ZRZo] Aetsiom 2 (1, 2¥)2 Ao}
A ZFE2AV B 20 mg/dLE ol
Welstith, gan Ao e g EAE 7217 1149 mg/
dLe} 147 mg/dLZ ARt S7150] Ao Beutler W<
E O AAolen gFFAPoz AMEE galatose-1-phos-
phate™ 1951¥D)AY 1182 mg/dLE #ASIA Z71=9 3L
AtH(Table 1). SHLAE AAS HAPFUY  galatose-1-
phosphate ¥E& 2% $olol|X] 31 mg/dLE FFHT S715
o] AATHTable 1). GALT® GALE> F 3o} 7oA A4
olmA GALKZF Z+Z} 0.7, 8.02 nmol/min/g HbE A=} 9l
°] GALK ZHFo® A3 rh(Table 1). 21, 2W) EF
bt Azlo| A Bolazde Holx] gk

1% ool A9 GALKZE AlstAl #aEe] dlem 29 3
okl A4 2419 3AMlel 4 AARSF GALKZF ZH7 167, 16.8
nmol/min/g HbZ 1Al o]F2] A2X]Q1 20-30 nmol/min/g Hb
weoh vhopom 7 HER Hol HAxE AZtHEUL T gols
B f@AA 2olg Aldstdow 4 bk AgEXe)

galactose—1-phosphate= F4 22 FX At Table 1).

Table 1. Laboratory Findings of Galactokinase(GALK) Deficiency Patients

Patient 1 Patient 2
Tests Unit Normal range First Follow-up First Follow-up
diagnosis after 1 month diagnosis after 1 month

Neonatal screening test(galactose) mg/dL <8 20 - 20 -
Galactose(EIA) mg/dL <8 1149 1.8 14.7 0.13
Galactose(fluorophotometer) mg/dL <8 118.2 14 5.69 1.67
Galactose—1-phosphate(fluorophotometer) mg/dL <8 0.1 0.2 10.06 0.1
Galactose—1-phosphate(RIA) mg/dL 0-0.3 0.22 - 3.1 <0.1
GALK" nmol/min/g Hb 80-120(<1 month) 0.7 - 8.02 16.7(2 year)

20-30(>1 year) 16.8(3 year)
GALT' L/hr/g Hb 257436 30.8 - 54.1 -
GALET /L/hr/g Hb 19-35 20.8 - 248 -
Beutler test Normal Normal Normal Normal

“Galactokinase, 'Galactose-1-phosphate uridyltransferase, TUDP Galactose 4-Epimerase
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Table 2. Laboratory Findings of Galactose-1-phosphate Uridyltransferase(GALT) Deficiency Patients

Patient 3 Patient 4
Tests Unit l\iggr;lsl First Follow-up findings First Follow-up findings
diagnosis 1 month 2 month Diagnosis 1 month 2 month
Neonatal screening test(galactose) mg/dL <8 8 - - 25.2 - -
Galactose(EIA) mg/dL <8 13.27 14 1.54 11.35 0.98 0.9
Galactose(Fluorophotometer) mg/dL <8 2.44 2.2 0.59 1.73 0.74 0.88
Galactose—1-phosphate(Fluorophotometer) mg/dL <8 794 0.1 0.37 8.19 0.13 0.1
Galactose—1-phosphate(RIA) mg/dL 0-0.3 5.1 - - 0.1 - -
GALT" 1L/hr/g Hb 257136 6.7 - - 8.6 - -
Beutler test Abnormal Normal Normal Normal  Normal Normal
DNA analysis Duarte - - Duarte - -
2/G 2/G
"Galactose—1-phosphate uridyltransferase
Table 3. Laboratory Findings of UDP Galactose 4-Epimerase(GALE)" Deficiency Patients
Patient 5 Patient 6 Patient 7 Patient 8 Patient 9 Patient 10
Tests Unit I\rlgggl First Follow- Eirst Follow- First Follow- Eirst Follow— First Follow— Eirst Follow—
g:)asi after 1 gi)asgls after 1 g:)asi after 1 dfsgls after 1 g:)asi after 1 g:)asi after 1
month month month month month month
Neonatal mg/dL <8 125 - 135 - 12.2 - 18.0 - 35.1 - 13.0 -
screening test
(galactose)
Galactose(EIA) mg/dL <8 35 1.48 59 0.7 675 105 9.1 2.55 1145 2.08 7.81 1.38
Galactose(fluo- mg/dL <8 1.3 0.95 353 0.1 068 0.1 4.0 1.41 436 16 145 096
rophotometer)
Galactose-1- mg/dL <10 15 0.16 3.04 0.1 5.4 1.68 2.8 1.11 11.95 0.72 486 082
phosphate
(fluorophoto-
meter)
Galactose-1- mg/dL 0-0.3 0.68 0.09 2.22 0.0 4.3 1.492 1.44  0.084 359 - 2326 -
phosphate
(RIA)
Galactokinase nmol/min/g  80-120  86.8 - 82.7 - 1994 - 733 - 155.3 - 1340 -
Hb
GALT" pL/hr/g Hb 257136 262 - 26.3 - 349 - 248 - 265 - 289 -
GALE' uL/hr/g Hb Normal: 149 148 92 92 86 1221 6.46 90 - 68 -
19-35 83 12.7
hetero-
zygote :
12-20
homozy-
gote :
4-8
Beutler test Normal Normal Normal Normal Normal Normal

* Galactose-1-phosphate uridyltransferase, "UDP Galactose 4-Epimerase

2. GALT ZE=
2W(34¥)¢] Fololl A FauAHor =AE ZAeSEXTL

2+7} 13.27 mg/dLe}F 11.35 mg/dLE FART 7k o] e
U FPSAHoR 543 AFEAE FAolA galatose-1-

phosphate= 217} 7.94 mg/dLe}t 8.19 mg/dL= St oAl oF7F
S7tEI e Beutler M2 3H Frololl A wk ] o] AtH(Table
2). s9YAE FAHT A9l galactose-1-phosphate®] &
T 18ER)AAY 51 mg/dLE S71EY AL F WS, 4
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Table 4. Laboratory Findings of Galactokinase(GALK) Hyperactivity Patients

Tests Unit Normal range Patient 1 Patient 2 Patient 3 Patient 4
Galactose mg/dL <8 45 23.4 5.1 7.56
Galactose—1-phosphate mg/dL <10 3.1 6.78 0.428 0.685
GALK" nmol/min/g Hb 80-120(<1 month) 789 170.4 139.3 152.9
20-30(>1 year)
GALT! uL/hr/g Hb 25736 41.7 32.7 28.9 24.0
GALET u#L/hr/g Hb 19-35 25.7 23.8 20.7 33.48
Beutler test Normal Normal Normal Normal
“Galactokinase, "Galactose-1-phosphate uridyltransferase, 'UDP Galactose 4-Epimerase
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Aom GALT® GALES 7 $ho} oA Aol GALK
7F 247 0.7, 8.02 nmol/min/g HbZE #AaHo] o] GALK Z
ATom st 189 Folo] A9 GALK7F A8 A
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variant galactosemia® G ATt GALE ZAAF0] THOZE
71 ggton GALEY EAEE 69 2FolA AAET 7
ol ATt o)E F 3WE AT e GALES 4=7t 7
Al Zh7F 149, 92 86 pl/hr/g HbolRal +2 7AMSH GALE
o] BAEE Zh7F 148, 1277, 1221 pl/hr/g HbE o]E9] #a
HER Hol GALE AT ¥ A% Tt AAA=Z A7 HAh
182 AgA 9 34 7absk GALES] &4%7F 7t} 2.9, 6.46
pL/hr/g HbZE A JEZ Hol homozygote state® FHH
Ak T3 o8 19 GALEY EA4%7F 68 pl/hr/g HbE
2 AEZ Hol homozygote stateZ FAEU do 2 F3
AAE 983 o AlgHrh 1 9o 49| SlolEo A4
o Aol o35t AHFE~FHZFo| ozt GALKY Hriukg
of o3 AgExI SUbehe S Btk aEE AYgEs
TEUb FUFetS W GALK #tidbg-e] A5 7hEs|orgtt
] [e]

N

tol
B

\I

Ir
o
)
o
fo

tose—1-phosphate<
B9 ggEsdZol o4

1) Holton JB, Walter JH, Tyfield LA. Galactosemia. In: Stans-
bury J, Wyngarden J, Fredrickson D, Goldstein JL, Brown
US, 8th ed. New York : McGraw Hill, 1992:1553-85.

2) Segal S, Berry GT. Disorder of galactose metabolism. In:
Stansbury J, Wyngarden J, Fredrickson D, Goldstein JL,
Brown US, editors. 7th ed. New York : McGraw Hill, 1990:
967-90.

3) Levy HL, Sepe SJ, Shih VE, Vawter GF, Klein JO. Sepsis
due to Escherichia coli in neonates with galactosemia. N
Engl ] Med 1977;297:823-5.

4) Beutler E, Baluda M. A simple spot screening test for
galactosemia. ] Lab Clin Med 1966;68:137-41.

5) o]&3k XA Aol Screening AAF. Aol 1987;30:9-14.

6) AXE, wWiE, A, HFY. A 8 F o] &3 ol
galactitol =Xl #s AT Aoky} 1991;34:949-56.



upely 9] 39l 1 Ao AWl o8] MAH BRESAZ thEF 1%

7) Palmieri M, Mazur A, Berry GT, Ning C, Wehrli S, Yager
C et al. Urine and plasma galactitol with galactose-1-
phosphate uridyltransferase deficiency galactosemia. Meta-
bolism 1999;48:1294-302.

8) Komrower GM. Long-term follow-up of galactosemia. Arch
Dis Child 1970;45:367-73.

9) Waisbren SE, Norman TR, Schnell RR, Levy HL. Speech

and language deficits in early treated children with galac-

tosemia. J Pediatr 1983;102:75-7.

Hansen TWR, Henrichsen B, Rasmessen RK, Carling A,

Andreassen AB, Skjeldal O. Neuropsychologic and lingui-

stic follow-up studies of children with galactosemia from

an unscreened population. Pediatr Res 1996;39(4 suppl):
145S.

Schweitzer S, Shin Y, Zimmerman GF, Klein JO. Long-

term outcome in 134 patients with galactosemia. Eur J

Pediatr 1993;152:36-43.

12) Waggoner DD, Buist NRM, Donnel GN. Long-term prog-

nosis in galactosaemia: Result of a survey of 350 cases. ]

Inherited Meta Dis 1990;13:802-18.

Haberland C, Perou M, Brunngraber EG, Hof H. The

neuropathology of galactosemia: A histopathological and

biochemical study. J Neuropathol Exp Neurol 1971;30:431-

10

=

11

—

13

=

47.

14) Jan JE, Wilson RA. Unusual late neurological sequelae in
galactosemia. Dev Med Child Neurol 1973;15:72-4.

15) Lo W, Packman S, Nash S, Schmidt K, Ireland S, Diamond
I, et al. Curious neurologic sequelae in galactosemia. Pe-
diatrics 1984;73:309-12.

16) Friedman JH, Levy HL, Boustany RM. Late onset of
distinct neurologic syndromes in galactosemic siblings.
Neurology 1989;39:741-2.

17) Koch TK, Schmidt KA, Wagstaff JE, Ng WG, Packman S.
Neurologic complications in galactosemia. Pediatr Neurol
1992;8:217-20.

18) Kaufman FR, Donnell GN, Roe TF, Kogut MD. Gonadal
function in patient with galactosemia. ] Inherit Metab Dis
1986;9:140-6.

19) Guerrero NV, Singh RH, Manatunga A, Berry GT, Steiner
RD, Elsas LJ. Risk factors for premature ovarian failure in
females with galactosemia. ] Pediatr 2000;137:833-41.

20) Gitzelman R. Hereditary galactokinase deficiency : A newly
recognized cause of cataracts. Pediatr Res 1967;1:14-23.

21) Gitzelman R. Deficiency of uridine diphosphate galactose
4-epimerase in blood cells of an apparently healthy infant.
Helv Paediatr Acta 1972;27:125-30.

- 446 -



