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Badania molekularne w diagnostyce
galaktozemii

Katarzyna Wertheim-Tysarowska

Zaktad Genetyki Medycznej
Instytut Matki | Dziecka

KURS: Choroby genetyczne wieku rozwojowego
— mozliwosci diagnostyczne w erze badan genomowych .
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Laktoza galaktoza + glukoza

CH,OH CH,OH CH,0H CH,OH
HO H H
P~%n H " Lactase ! }‘H " I (o] ¥
i OH HO OH
OH OH OH OH
Lactose Galactose Glucose
CHO CHO
H==—t==0H Heg—=(H
HO=—t—H H 1) e -
ﬁ H O e H H e () H
He=t=—=0H H=f=—0H
CH,0H CH,OH
D-galactose D-glucose

Fundusze " Qe i . EL_,
i Europejekie s < WL Unia Europejska - edu-metgen.imid.med.pl

Wiedza Edukacja Rozwdj Matki i Dziecka Europejski Fundusz Spoteczny



HISTORIA

1908 - pierwsze doniesienie o galaktozemii - Von Ruess,
"Sugar Excretion in Infancy,".

1917 - Goppert, F. : Galaktosurie nach Milchzuckergabe
bel angeborenem, familiaerem chronischem Leberleiden.
Klin. Wschr. 54: 473-477, 1917.

1956 - udowodniono , iz w galaktozemii gromadzi sie
galaktozo-1-fosforan

1956 — za wystgpienie objawow choroby odpowiedzialny
jest niedobor enzymu GALT

1990 - identyfikacja pierwsze) mutacji w genie GALT
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Metabolizm galaktozy — szlak Leloir'a

CH,0H
. H O H
Galactokinase H o
OH H Il
; ; HO 0—P—UMP
ATP ADP
H OH H OH o®
Galactose Galactose 1-phosphate UDP-glucose
Galactose
1-phosphate lfP-iglucose
¢ uridylyltransferase L
cH,op0® CH,OH CH,OH
o Phospho- o o
H H glucomutase H H HO H
4 n 1 D — H o H o
OH H e — OH H [ OH H T
HO OH HO o—l"—o@ H 0— P —UMP
H OH H OH 0®© H OH o®
Glucose 6-phosphate Glucose 1-phosphate UDP-galactose
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Metabolizm galaktozy cd.

Diet

%

Glucose,

-

. (Rapid) | Hexokinases .
ATP Glycolysis / Gluconeogenesis

[Elucose 6-phosphate} «— Glucose 1-phosphate

p/ Glucose \ \

p'e'r;t;‘)’sheate 6-phosphatase Glycogen

pathway | AN
Glucose for
export to blood
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Galaktozemia - deficyt enzymow
zwigzanych z przemianami galaktozy

ATP ADP |
H OH H OH o®

Galactose Galactose 1-phosphate
uridylyltransfer
CH,0p0 D CH,OH

o Phospho- o

H (f H glucomutase H i)

e —
‘NoH W A ——/m OH H I
HO OH HO 0—P—UMP
OH H OH 0®© H OH o®
Glucose 6-phosphate Glucose 1-phosphate UDP-galactose
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Galaktozemia klasyczna

CH,OH
H O H
H 0
OH H I
: HO 0—P—UMP
H OH H OH 0®
Galactose Y UDP-glucose
\ UDP-glucose
pspha
: - Sforkee 4-epimerase
CH,0p0 D A CH 2on
H Al OH glucomutase
B ———
‘Now w A ——m OH H I
HO OH HO o— ||>—-o@ - P umMP
OH H OH o®
Glucose 6-phosphate Glucose 1-phosphate UDP-gaIactose

BRARYIZNACZACEIOENIZENIEARINAWN OS]

URYDYLILOTRANSFERAZY GALAKTOZO-1-FOSFORANOWE
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Gtéwne objawy galaktozemii wystepujace u noworodkow
- po rozpoczeciu karmienia mlekiem — zwykle w pierwszych dniach zycia

wymioty

biegunka

zOltaczka

zaburzenia funkcji watroby
sepsa

niewydolnos¢ nerek i watroby

ZGON
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Gltéwne objawy galaktozemii wystepujgce u noworodkéw
- po rozpoczeciu karmienia mlekiem —zwykle w pierwszych dniach zycia

hepatomegalia
nieprawidtowe proby watrobowe

Uszkodzenie watroby  siacska

zaburzenia krzepniecia krwi

wodobrzusze
Splenomegalia
. , Wymioty
Objawy ogolne biegunka

Niedozywienie
Brak taknienia

Brain damage

Sennosdc/letarg - - Gl
Spadek masy ciata O ' e Jaundice
3 % Enlarged liver

Uszkodzenie nerek Nt

< .. Kidney damage
9 "

If a galactosemic
infant is given milk,

\ unmetabolized milk
sugars build up and
damage the liver, eyes,
kidneys and brain

Zacma wrodzona
Sepsa — czesto E. coli
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Pozne powikfania galaktozemii

* Niepethosprawnosc intelektualna  ormsssecess cuscosems
 Zaburzenia mowy frosey

* Objawy neurologiczne

— drzenia | ataksje

* Niewydolnosc jajnikow

* Spowolnienie wzrostu ?
« Zaéma "‘%’

Fallopian Tube Fallopian Tube

edu-metgen.imid.med.pl varies



Patogeneza galaktozemii

» Efekt nagromadzenia sie galaktozy 1 je]
pochodnych w ilosciach toksycznych

Galactitol

Aldose reductase
Diet

Lactose e e Galactose

I GALK

Galactose-1-Phosphate == UDP-Glucose

GALT ) GALE

Glucose-1-Phosphate L UDP-Galactose

hhhhhhhhhhh se l

Glucose-6-Phosphate

Biosynthesis of
glycoconjugates

l « Hamowanie enzymow glikolizy

Glycolysis « Zaburzenia galaktozydaciji glikoprotein i
glikolipidow



1. WYSTAPIENIE
Z (/Ahsenlordecreased

OBJAWOW KLINICZNYCH \ GMTNES )

Quantitative RB(_I GALT ass@

i@:j Galactosemia (GALT Deficiency)

2. BADANIA
BIOCHEMICZNE —
OKRESLENIE
AKTYWNOSCI GALT

l Y
4 BALT<1% | 1-10%

)

Y

Y

¢ Viariant (Clinical) )
\ Galactozsemia

Y

¢ Variant (Clinical) j
\ Galactozemia
GALT genotype

Classical
| galactosemia

(potentially life-

Y threatening)
y

GALT genotype | GALT genoty

i

@

GALT ::1';) -75% | {/- GALT P;c-rmal J

~

Y Y
Mo further action

r‘/— Variant (benign)
\ (Galactogemia or carrier required

GALT genotype

I
/J Y _ ¥
* (Q186RIQ188R /@135L.‘Sl35L //(}18-5R."-Iarianl
: Other | T VanantVanant | Cther
Severe/Severe % T SeversVanant Y TVarantVariant

Q166RM314D
SevereM314D
Severa/\arant
[ N3MDIN314D
tWariantVariant
| QI88R/MNormal
\ SeveraMormal

N314DiNormal
tWariantMarmal

3. BADANIA
GENETYCZNE -
OKRESLENIE
MUTACJI W GENIE
GALT
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DIAGNOZA GALAKTOZEMII

1. WYSTAPIENIE OBJAWOW KLINICZNYCH
2. BADANIA BIOCHEMICZNE —OKRESLENIE AKTYWNOSCI GALT

+ 3. BADANIA GENETYCZNE - IDENTYFIKACJA PATOGENNYCH MUTACJI W
GENIE GALT | POTWIERDZENIE ICH OBURODZICIELSKIEGO POCHODZENIA

Interpy;

0
clinj
gala tﬂsem dI: alg dl e for
S HOS]s trea eot hem g m

OF claggjcq;

1. WYSTAPIENIE OBJAWOW KLINICZNYCH —

2. BADANIA GENETYCZNE — IDENTYFIKACJA ZNANYCH
PATOGENNYCH MUTACJI W GENIE GALT | POTWIERDZENIE ICH
OBURODZICIELSKIEGO POCHODZENIA
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Badania biochemiczne

Aktywnos¢ GALT

Poziom galaktozo-1-fosforanu w erytrocytach

Poziom catkowitej galaktozy we krwi
Poziom galaktitolu w moczu

Poziom 25-hydroksywitaminy D
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Terapla Galaktozemii

— taka sama od 1965r.

* Dieta
« Suplementacja wapnia



Terap|a. GalaktOzem” — taka sama od 1965r.

Dieta PROBLEM! — endogenna produkcja

galaktozy (1,0 g/dobe)

GALP GALE 1

Galactitol A
3
N l UDP Glc UDP Gal
1 GALK *
B-D- Gﬂ a-D Galactuse 1- Glucose -1- P
Galactose Galactose
4 Pirofosforylaza 2 Pirofosforylaza
UDP-galaktozy UDP-galaktozy
Galactonat -
alactonate 5 GALE
UDP Gal UDP Glc

Glycnprnteins
Glycolipids
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Galaktozemia klasyczna

CH,0H CH,0H CH,0H

0 o
Galactokinase 9 H H o " H ! 0
T-T ‘Now w A | OH H Il
H i o—p—0@ HO 0—P—UMP
ATP  ADP l |
H OH

0©

H OH H OH 0®
Galactose Galactose 1-phosphate UDP-glucose
1- UDP-glucose
CH,0p0 D CH,OH CH,OH
o Phospho- o
o H glucomutase H 1) H HO H &
B
NoH w A — OH H I I
HO OH HO o—p—0@ H 0— P —UMP
OH H OH o°9 H OH o®
Glucose 6-phosphate Glucose 1-phosphate UDP-galactose

AR

Mutacje w genie GALT

1/480 — w populacji Irland’s Travellers 3 ‘ :
1-30 000/55 000 — populacja kaukaska Sl , :’ (5=

:;d t® - '*.’Q?

1/1 000 000 — u Japornczykow TR

)
‘

e
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GALT KODUJE URYDYLILOTRANSFERAZE
GALAKTOZO-1-FOSFORANOWA

*11 eksonow
4 3 kb

*379 aminokwasow

UCSC Gene Predictions Based on RefSeq, UniProt, GenBank, and Comparative Genomics

cA T ll—l—H-E-1-—1— =
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-] ‘@ htkp: sy, arup,utah, edufdatabasefgalactosemia/GALT _search.php

JOSIE|'GF'.LT database Gl:n 'Q ﬂ @ ﬁ - ﬁ Bookmarks+ G] - ESend tow 5: @GF\LT @database

ARiPmmmmss ARUP ONLINE SCIENTIFIC RESOURCE e ER SITY

GALT Database

I Reference sequences were M396264 1 and cOMNA MG0091.1. cOMA number 1 is the "A” of the start codon.

& GALT Home

% GALT Database

F Frameshift is documented by the original amino acid followed by the codon number and “fs” (ex. Leu159 fs). )
& GALT Links

¥ Click any Column Header to sort the display. Mouse over Comments icon for additional details.
& GALT Submissions

¥ "Live Search” any term in the search box, such as "exon”, "missense” "benign”, etc...

336 variants found
Search:
. Mutation - _ = .
Location T Nucleotide Change Protein Change Classification References Comments
Entire Large Pathogenic Papachristoforou et. al. ﬁ
Gene Deletion 2013
Entire Large MULL MULL Pathogenic Papachristoforou et. al. ﬁ
Gene Deletion 2013
Bkb Gene Bkb del Pathogenic Berry (2001) ﬁ
Deletion
HUMAN MUTATION 28(10), 939-943, 2007 Pathogenic Coffee (2006) ﬁ
ATABASES Mild Kozak (1999) L
Pathogenic University of Bristal,
unpublished
@
Autation Database for the Galactose-1-Phosphate Pathogenic Zaffanello (2005)

Jridyltransferase (GALT) Gene Pathogenic Gort (2009) @

rnan
Fundusze z Qo .
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Rodzaje mutacji genu GALT

Type Sequence variants

Missense 144
Nonsense g 15
Splicing e 10
Deletions AR 17

Insertions R

Indels - = 2
Gene deletions ey 2
Polymorphisms

Unknown/uncertain significance

Number of reported variants

Fernanda R.O. Calderon i wsp. HUMAN MUTATION 28(10), 2007
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Czestosc mutacji genu GALT w Europie

Table 2. Reported Allelic Frequencies of GALT Mutations in Europe

p.N314D
Country Reference p-M142K| p.Ql8SR p.L195P | p.K285N |p.}'3l4D p-N314D p1218L p-A320T
p.L21SL p.E340X

this study 0.5% 538.5% 7.1% 24% 0.9% 14% 0.9% 0.5%
The
Netherlands

Murphy et al overall 93.6%
Ireland 1999 Travellers  100%

non-Travellers 89.1%

Czech and Kozak et al 46% 4.1% 25.7% 6.8%*
Slovak 1999
Republics
Hungary Horvath et al 333% 11.1% **

2000

Zekanowski 31.3% 33.8% 1.25%
Poland et al 1999

Greber- 60% 28%
Austria Platzer et al

1997

Podskarbi et 64.5% 9%
Germany al 1997
Turkey Seyrantepe 3% 37% 6% 6% 3%

et al 1999
Ttaly Maceratesi 18% Bosh, Human Mutation, 2005
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UCSC Gene Predictions Based on RefSeq, UniProt, GenBank, and Comparative Genomics

GALT i— -1 L

Rodzaje alleli genu GALT

Allel Symbol Poziom aktywnosci biatka
Prawidlowy- dzika forma biatka N 100%
Z mutacja powodujaca
Galactosemie- uposledzona g 0-10%
aktywnos$c¢ GALT
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UCSC Gene Predictions Based on RefSeq, UniProt, GenBank, and Comparative Genomics

caTufl—l—H-E-Hk k1R
Rodzaje alleli genu GALT

=

Allel Symbol Poziom aktywnosci biatka
Prawidlowy- dzika forma biatka N 100%
Z mutacja powodujaca
Galactosemie- uposledzona g 0-10%
aktywnos$c¢ GALT
Wariant Duarte - czesciowo o
zachowana aktywnos$¢ GALT D lub D2 50%
Wariant Los Angeles —GALT
wykazujacy wyzsza aktywnos$é LA lub D, 1259

niz dzika forma biatka

Wiedza Edukacja Rozwdj - P0'~5ka
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Wariant Duarte (D lub D2) 50% aktywnosci

UCSC Gene Predictions Based on RefSeq, UniProt, GenBank, and Comparative Genomics

AT ill—l—H- 11— =

Y Y

c.-116 -119delGTCA Ekson 10 p.N314D ¢.940A>G

Delecja w rejonie promotorowym
— obnizenie ekspresji genu

Nosicielstwo: 1/20

zdrowyeh 0s0bw — \Wariant Los Angeles (LA lub D1) 125% aktywnosci

Niemczech

UCSC Gene Predictions Based on RefSeq, UniProt, GenBank, and Comparative Genomics

GALT il— -1 L

zdrowych 0sb w Ekson 7 p.L218L Ekson 10 p.N314D c.940A>G
C.652C>T

Niemczech
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(GTCA)*+L218(CTA)+D314

early
humans

D314N

&,

i i % |N

TR R N

COE- I modern

11 i@ P!y humans

CER-R R I Y

s 8 Fd e R oa - ® = P
v

(GTCA)*+L218(TTA)+D314 (GTCA)*+L218(CTA)+D314 (GTCA)*+L21B(CTA)+N314

~4% of European 6-T% of European >88% of European
GALT alleles GALT alleles GALT alleles

=1% of non-European <2% of non-European =97% of non-European
GALT alleles GALT alleles GALT alleles

Origins, distributionandexpression of the Duarte-2 (D2) allele of galactose-1-phosphate uridylyltransferase , Hum Mol Genet, 2009,
18,2
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Kombinacje alleli | ich efekt fenotypowy

GALT -
Genotype . . GALT enzyme Clinical
. Diagnosis enzyme -
(gene pair) Activity function Management
2 normal genes NN Normal 100% Normal None
2 - . -
<L Classical o Diet, specialized
nonfunctioning a9 Galactosemia 0% Absent medical care
genes
2 Duarte genes DD 50% Reduced None
Combinations: Ng izl::tgasfr?;a 50% Reduced None
ND 75% Slightly reduced None
Duarte o -
Dg Galactosemia 5-20% Greatly Diet
NLA 112% Above normal None
LAg 62% Slightly reduced None
; o ) _ -
55 - § . s [l edumetgenimidmed



Kombinacje alleli | ich efekt fenotypowy

GALT ..
Genotype . . GALT enzyme Clinical
. Diagnosis enzyme -
(gene pair) Activity function Management
2 normal genes NN Normal 100% Normal None
2 . . . -
A Classical . Diet, specialized
Honfunsi oy 99 Galactosemia U ADoBIE medical care
genes
2 Duarte genes DD 50% Reduced None
Combinations: Ng Galactosel_ma 50% Reduced None
gene carrier
ND 75% Slightly reduced None
Duarte o s x>
Dg Galactosemia 5-20%o Greatly Diet ?
NLA 1129% Above normal None
LAg 62% Slightly reduced None
DO 1O TS IS @

International clinical guideline for the management of classical
galactosemia: diagnosis, treatment, and follow-up

Lindsey

Frangoi
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N g D D

g Ng 99 g Dg Dg
N NN Ng N DN DN
0 0 icieli C
25% chorych, 50% nosiciell, 50% chorych 50% nosicieli
25% zdrowych
GALT
(G::gty:it:) Diagnosis GAIA'I(':t?ciiyme enzyme Clinical Management
gene p Y function
NN Normal 100% Normal None
dg Classical Galactosemia 0% Absent it spzoialized
medical care
DD 50% Reduced None
Ng Galactosemia gene carrier 50% Reduced None
ND 75% Slightly None
reduced
Dg Duarte Galactosemia 5-20% Greatly Diet
NLA 112% Above None
normal
Slightly
(o)
LAg 62% reduced None

Wiedza Edukacja Rozwé| Matkii Dzieckag Europeisk Fundusz Spoteczny
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Badania molekularne

1. analiza najczescie] wystepujgcych mutacj
w populacji polskiej

2. analiza pozostatych eksonow

3. badanie nosicielstwa u rodzicow

edu-metgen.imid.med.pl




Gene symbol: GALT

Database: Gross deletions - information regarding the nature and location of each lesion is logged in narrative form because of the extremely variable quality of the original data reported. There are currently 8 mutations available in this category.

Missense/nonsense Splicing Regulatory Small deletions Small insertions Small indels ross d Gross insertions
No mutations No mutations
a]:c(:sl:i::n 1111:: Description ‘:f::':t Reported phenotype Reference
sDNA >3 kb, ex. 1-10 - Galactosaemia Emory (2001) GALT LSDB Unpublished .
£DNA 38 bp,, nt. 290-328 [ Galactosaemia Emory (2001) GALT LSDB Unpublished .
aDNA 5kb, 5'UTR - ex. 11 [ Galactosaemia Berry (2001) Mol Genet Metab 72, 316
£DNA 5458 bp, entire gene [ Galactosaemia Coffee (2006) Genet Med 8, 635
gDNA 8.5 kb ncl. entire gene + part of IL1IRA - Galactosaemia Papachristoforou (2013) JIMD Rep epub. epub
£DNA .569_593 ] Galactosaemia Boutron (2012) Mol Genet Metab 107, 438
eDNA ex. 111 [ Galactosaemia Bosch (2005) Hum Mutat 25, 503
£DNA IVS4+53_IVS10487 ] Galactosaemia Gort (2006) T Inherit Metab Dis 29, 730
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Molecular Genetics and Metabolism 107 (2012) 438-447

Contents lists available at SciVerse ScienceDirect

Molecular Genetics and Metabolism

journal homepage: www.elsevier.com/locate/ymgme

Mutation spectrum in the French cohort of galactosemic patients and structural
simulation of 27 novel missense variations

Structure Genotypes Age Sex Clinical
Audrey Boutron ?, Anna Marabotti ', Angelo Facchiano ™', David Cheillan ¢, Mokhtar Zater ?, impact year phenotype
Christophe Ohvelra , Catherine Costa ¢ Phlllppe Labrune I , Michéle Brivet ° 2k Local
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Ethe Los Angeles Duarte 1 variant [42]. Both variants were found in cis
with a few other nucleotide substitutions as previously described [42].

_ LR-PCR amplification of the whole GALT gene in one fragment of
5.9 kb enables us to look for deep intronic variations or to detect
large heterozygous deletions in unsolved cases:

- a deep intronic variation (¢.687+66T>A) was found in a patient
heterozygous for the p.Lys285Asn mutation thanks to the ability
to analyse large intronic regions (more than 150 bp away from
exon boundaries) with a long range PCR template.

- DNA of an Ashkenasi female patient, homozygous for p.GIn188Arg

variation, was analyzed by LR-PCR because the p.GIn188Arg vari-

ation was not found in her father's DNA. Agarose gel electrophore-
sis of GALT LR-PCR products showed the presence of both a normal
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Most of these potential splicing aberrations could not been experi-
mentally confirmed by cDNA studies. A fresh blood sample for RNA
extraction could be obtained only from the patient bearing the silent
exonic variation p.Gly338Gly. Amplification of GALT ¢cDNA bearing
p.Gly338Gly variation revealed the presence of two species in frag-
ment B (exons 6-11). In order to confirm the hypothesis of an alterna-
tive splice donor site within exon 10, allele specific amplification of the
fragment B was performed, using two reverse primers respectively
encompassing the normal and the alternative exon 10-exon 11 junc-
tions (Supplemental Fig. S2). The two cDNA species were resolved by
polyacrylamide gel electrophoresis and sequencing demonstrated
activation of the alternative donor site, resulting in the exclusion of
46 nucleotides at the end of exon 10, leading to a frameshift with the
appearance of a premature stop codon at nt 1027 (p.Tyr339Leufs*5).
A missplicing effect was ruled out for p.Arg67His, p.Phe131Ser,
3 1A O Q 0 O 1 1 O
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ldentyfikacja mutac]i

« Weryfikacja rozpoznania klinicznego

 Pozwala na okreslenie nosicielstwa mutacji w
rodzinie

« Okreslenie ryzyka urodzenia kolejnego dziecka
z galaktozemig
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Galaktozemia - deficyt enzymow
zwigzanych z przemianami galaktozy
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Galaktokinaza — GALK
Galaktozemia typu I

e ZaCma

* Brak uszkodzenia watroby, nerek i OUN
* Znanych okoto 20 mutacjl

« 1/ 50 000-100 000 z.u. (Cyganie Butgarscy
— 1/10 000) (P28T — powstata okoto 750
lat temu)
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Epimeraza (GALE)
Galaktozemia typu Il

* Trzy postaci choroby — uogolniona — o ciezkim
przebiegu | obwodowa — o przebiegu tagodnym
oraz posrednia

e Znanych jest 12 mutacji

« Objawy w postaci uogolnionej jak w przypadku
Galaktozemii klasycznej, ale z zachowang
aktywnoscig GALT

* Posta¢ obwodowa 1/64000 (U Afroamerykanow
1/6200), postacC ugogolniona — b.d.
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