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Preimplantation Genetic Diagnosis in Inborn Error
Metabolic Disorders

Inn Soo Kang, M.D.
Department of Obstetrics and Gynecology, Samsung Cheil Hospital,
Sungkyunkwan University School of Medicine, Seoul, Korea

Prenatal diagnosis (PND) such as amniocentesis or chorionic villi sampling has been widely used in order to
prevent the birth of babies with defects especially in families with single gene disorderor chromosomal
abnormalities. Preimplantation genetic diagnosis (PGD) has already become an alternative to traditional PND.
Indications for PGD have expanded beyond those practices in PND (chromosomal abnormalities, single gene
defects), such as late-onset diseases with genetic predisposition, and HLA typing for stem cell transplantation
to affected sibling. After in vitro fertilization, the biopsied blastomere from the embryo is analyzed for single
gene defect or chromosomal abnormality. The unaffected embryos are selected for transfer to the uterine
cavity. Therefore, PGD has an advantage over PND as it can avoid the risk of pregnancy termination. In this
review, PGD will be introduced and application of PGD in inborn error metabolic disorder will be discussed.
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for Human Reproduction and Embryology
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a) Age-related aneuploidy :
A9 FAHE Tt A vlole w2H|EE
A ol 4E ZIILS LA HIY E

o #xte] IVFA] FISH d7ZA3e] olshd of
35-70%<] 1zt #iolel A aneuploidyZF 3L,
17-43%7tmosaicisme 23 it wjolrt @]
e YR =gHA 283 A4
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AZF Aok ey wjete] Fejs FAAS o
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A9l wlo}= aneuploidy”’} Bthe Aololg o
TAE T3 FFEIHNY] #Eolrh. 1FH 9
AoAe olHg AL FH o]FE Tt
7 wolrt B FEo] Fobx dAl Ay &
A AL 71¥ete] f¥e] zoB® ol AN
Ao A <H(preimplantation genetic screening:
PGS T+  PGD-aneuploidy  screening:
PGD-AS)atq #d&S& =Y & 3tk

Repeated implantation failuredl A% G244
olo] glo® FAgo] i Qi Ayt wE
4 Q222 aneuploidy screening®] A=

Atk

[Reciprocal translocation: #HE F FAA Y 77t ZH F M2 YA v A= FF

Robertsonian translocation: @4 %2 3] (acrocentric chromosome, 13,14,1521,22)o14 <
oAy, kel SRRV AT TN F FAA) §3Eh

@® ®)
A derB
» =={m
| - =
A derA  daB B

reciprocal translocations during early meiosis allows pairing of homologous chromosomes.
A, B: normal homologues; derA, derB: rearranged or derivative chromosomes

(@ ®)

A
| co—— o}

> —==
l der(A;B) B

A derfAB) B

Figure 2.5 (a) Robertsonian fusion of two ic ch with
varying loss of centromeric and short-arm material. (b) Pairing arrangement (trivalent)
adopted by Robertsonian translocations during early meiosis allowing pairing of most homo-

logous regions. A, B: normal homologues; der(A;B): rearranged or derivative chomosome
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b) Sex chromosome mosaicism :
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3) Single gene disorders

71EY A AdelA HEHd EE G
17} A3 (single gene disorder) ©] PGDS &
o] & & AR F 100 9F o]
d Ao PGD7F AlBEHAT 15 F 4
Bo=zx 2004374 European Society for
Human  Reproduction and  Embryology
(ESHRE) PGD Consortium®ll ¢} % Center |
A PGD7F A E YW dEHA FABES €
AstH Tt (Table 1).
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1. 53 o] EAA ol A%
(Numerical Chromosome abnormalities)
2. F&7 o) MA ol A%
(Structural Chromosome rearrangements)
. A& 534 F(Achondroplasia)
. ¥4 AF% (Cystic Fibrosis)
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. AR 2595

(Spinal Muscular Atrophy)
7.9 %A %

(Di George's Syndrome)
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8. X9 4+3¥= (Epidermolysis Bullosa)
9. 314" (Gaucher's disease)
10. @4 Y3 ¥
(Lesch-Nyhan Syndrome)
11. v} $3F (Marfan's Syndrome)
12. 5707374 7ol
(Myotonic Dystrophy)
13.224Ud Edxshidyel= 2
(Ornithine transcarbamylase deficiency)
14. ©hdd 2744
(Polycystic Kidney disease)
15. A4 AE7NE (Sickle Cell Anemia)
16. Hlo]2t2H (Tay-Sachs disease)
17. €< (Wilson Disease)
18. &34 W18 (Fanconi’s Anemia)
19. £¥ 37 (Bloom Syndrome)
20. Al iz oiookzLo]]
(Adrenoleukodystrophy)
21. FAv 22 EAES
(Agammaglobulinemia)
2. 4¥E 37 (Alport Syndrome)
23 BE (S8
(Fabry’s-Anderson disease)
24. ¥t& $3 7 (Barth syndrome)
2. A2 3-vhE-F24 o
(Charcot-Marie-Tooth disease)
2. V-2 I
(Coffin-Lowry Syndrome)
27. AR FA F4
(Congenital Adrenal Hyperplasia)
28. A& Z3 7 (Crouzon Syndrome)
20. 7tE3 AFAH 855
(Familial Adenomatous Polyposis Coli)
30. F= FF7 (Goltz's syndrome)
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Table 1. ZH4HA 4 2do] AFHPD AFE (2004 FHB4 283 PGD A&A& AR)

Achondroplasia

Adrenogenital syndrome

Agammaglobulinemia, X-linked

Alport syndrome, X-linked

Carbohydrate deficient glycoprotein syndrome typelA
Charcot-Marie-Tooth disease type 1A
Crouzon syndrome

Cystic fibrosis

Deafness (connexin26, 35delG, E47X mutation).
DMD/BMD

Epidermolysis bullosa with pyloric atresia (¥4 Z39r2]F)
familial adenomatous polyposis coli

Fanconi anemia

Fragile X syndrome

haemophilia A

Huntington's disease

incontinentia pigmenti

Kennedy disease

Krabbe disease

Leigh syndrome

Lesch-Nyhan syndrome

Marfan syndrome

MCAD deficiency

Muscular dystonia DYT1

Myotonic dystrophy

Neurofibromatosis typel and 2 (A Zd/F)
Ornithine transcarbamylase deficiency
Osteogenesis imperfecta (F38A4 #4%)
Polycystic kidney disease (V34 A% Z5F)/ AD
Pyruvate dehyrogenase deficiency

Retinitis pigmentosa (4=A M43
Retinoblastoma (82 o}A| %)

Rh factor incompatibility

San Filippo disease

sickle cell anemia (A4 I8 7+%)

Spinal muscular atrophy (A+AZHES)
spinocerebellar ataxia type 1, 3 and 7 (A &HA $FHAZF)
Tay-Sachs disease

Thalassemia-A

Thalassemia-B

Tuberous sclerosis

Tuberous sclerosis type 1

Tyrosine hydroxylase deficiency

Von Hippel-Lindau syndrome

Wiscott-Aldrich syndrome
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31. $o}EH (Granulomatous disease)

32. g %f?-? (Hunter's syndrome)

33. ¥ " EHY (Huntington’s Disease)
-

3. gk ol T
(Hypohidrotic Ectodermal Dysplasia)
35. A2 A =3 (Incontinentia Pigmenti)

36. AvIti™ (Kennedy's disease)
37. &8 (Krabbe Disease)
38. 29 T3F (Lowe Syndrome)
39. 4173 % % (Neurofibromatosis)
40. 7R FFT
(Oral-Facial-Digital Syndrome)
41. B9 23845
(Osteogenesis Imperfecta)
42. A A 2-v| 22 upeHH
(Pelizaeus-Merzbacher disease)
43 2Bt 9eras 4y
(Pyruvate Dehydrogenase deficiency)
44, v39bA) A A (Retinitis Pigmentosum)
45, ““1}0}/‘1] ¥ Z—(Retinoblastoma)
46. w2t
47. A
48. HFaHA
(Spinocerebellar Ataxia)
49, 28 &8 55 (Stickler Syndrome)
50. 244 7 3}5 (Tuberous Sclerosis)
51. HIERID A 7749
(Vitamin D resistant rickets)
52. & 3"W-dog F3 7
(Von Hippel-Lindau Syndrome)
53. H|AHE-STEX ST
(Wiskott-Aldrich Syndrome)
54. Y%-913% (Niemann-Pick Disease)
55. o|dA WF] o|JdLF

(Metachromatic Leukodystrophy)
5. $E8 3 (Hurler Syndrome)
57. 232238 (Propionic Acidemia)
58 HEgdzdAd S
* (Methylmalonic Acidemia)
59. #'d A & =% (Phenylketonuria)
60. E|2218 % (Tyrosinemia)
6l. 4Z-33E FFT
(Wolf-Hirschhorn Syndrome)
62. HEt-A 53 E (-Thalassemia)

4) Late-onset disorders with  genetic
predisposition

P53 tumor suppressor gene mutations 7}F
AE &9 oA JbeAol =t} Li-Fraumeni
syndrome with rhabdomyosarcoma, familial
adenomatous polyposis coli (APC), Von Hippel
Lindau syndrome, retinoblastoma,
neurofibromatosis type I and II, Alzheimer
disease oA PGD7} 43422 AP, o
2ol FAA4 A%o] w1 Uk wshH A
A W ¥Aol L RRAAE PGD7}
U3 Ml E FEdyel =i gtk

5) HLA typing
Verlinsky 5 (2001)2 Fanconi anemia $o}S
TR FF)M PGDE  Al#3t  Fanconi
anemia’} §lozi7etH Fhope} FUT HLAE
7 AT dEste] A3 o]Xste W
o2 T WA o7& BEuksigrh o]d A% A
733 o}7]E stem-cell donor2A $olE A8
& e el e o] W2 &3
A =Eg EYdog o Ales HHst
&84 =49 AL AlPgE ojd EF&
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o JttE FEE N85S PAox &g Aol
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biopsy,
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gonadotropin  releasing  hormone  (GnRH)
analogueg A3l WAE 23t tag
A4 XS AgA ok dx; AH T A}
4 AL A 9 b X f4 Edo] &
ddE A& 7] YA wAzREE Ay
A& F9U< (intracytoplasmic sperm injection:
ICSD& Al&ate] & 7o) Az JojEn

BRH R ot dAstE Afole 74 1
d ¥ pronuclear (PN) stage, A2%¥o] 4-cell
stage, A3Y8-cell stage embryoZ a3t}
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e}
o
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0
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& A7 (blastomere biopsy)& 7l 6-10 cell
stage embryooll A A&t mAzZEE &
2 1-27)8 Eg3] vl Genetic diagnosist
PCRel 9% Ed¥ol #AA AL, EE
fluorescence in situ hybridization (FISH)E Al
gt GAA AALE Al AAF A3t |
BARHA FZHF F, BAd¥ol FHAT glo]
frae] Hdd +A3T EEETY JUAE
TR QoA F3A4 FAelY 713ete 29
S FABL oA AYgAt YA FHHY
o] iR ¥s FAR EE TY ANAE

T
2

3

A FAA4-5L0 A&
S A=3g. PGD & YAlo]
o T amniocentesis)
A
(e}

FRE S

2) DINZS) o ME 24l 24

PAE FE D UAAAE o] de By
AT 5 Qe sA] A YAt A
TE Qojft Hge thest ok

o= %=
= L=

Figure 9.2 Diagrammatic representation of zona drilling using acid Tyrode’s solution. The
acid is applied locally using a fine micropipette. When a hole is drilled, blastomeres can be
aspirated through the hole

(1) Making a hole in zona pellucida

dAY FRTE YA Y FHEUE ¢
k=g

DAcidified Tyrode’s solution: pH 2.2-2.4¢]
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o] &3te] Hjole] FHUE FHole H

A 7 A EH T Jlen vAt

ZAE AAsE de A &)

(@Mechanical ~ dissection
dissection: PZD)
EH wyes "V EE "X A Fy9
Fod ANE st WHoE FAE A3
3= o ®ol AMgErh

® Laser hatching
FHZo| B1E7] AFeger Aol e
st 7 A71E A 24T + U2
FAB HE F sl Ho oA
HHo g ZhFdth

(partial  zona

(2) Cell Biopsy

@ Polar body biopsy

g 242 FAE FAT Wl e
o " Q94U ol BE A
g88 F Ak dAS} FHBORREH AlS
A EwE AL A2 FA 2F 2AE F o
FA 9 ANAY FAA e dAe A
43 BEFHEZ FAE AP A HAAE
AYstE dxte] AEE JI9d & ok 1

U a2, & 2ANA FAEe dddnt 48
7bsdta, 2709 SAE BF ojok o]

ety ZdaFo] Wols ofF dg o] &HA
2=t

@ Blastomere biopsy

A 71 Bol| o]8HE WHoRAN FAHY
o] SFE g o|&3nz HAY FA o
L ZA FAHHEA ALY F 3t 4
&9 compaction®] €3] dojuH HEE
Y17t oEez 4 344 (6-10 AE
7]) Ao Alggh. o] A7|dE AH Fof
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AE] 3| Eo] Wz T Atold junction©]
2 dgsle] BT FaAT oA o F
Ao F2E U2 F FA] dE 7}
2 g ALt M| FARTNAN T
1-2718 A8 Wol: inner cell mass<t
trophectoderm A ¥9] H|&o] o2 FAH
, e T AXERE ZAHoR AT
A7 AT AFEL oln] AF 9} ALl
A Z9Ect HE-E acid Tyrode's solution
laser hatching®.® 9 (zona
pellucida)el 74L& %2 Fd pipetoz I
2 FYAY dAE o83t Hojule U
o7 d3g EEld drh o W "o
Z2E 1-2709 Az Ade] o] gdhe A%
o] g1, wjolel EAoIAFS FEs] JE
o, A9 4 A& 7]l metaphase®]
AA wde 4717t ol etk AA,
acid Tyrode's solution®] 2]3F zona drilling
2 plastomere aspiration®go] 7Hg dal A}
£33 glon, o 97%9 HjolollA AHFTHL
2 &7 Aol Eoh

@ Trophectoderm biopsy

FAdo] A3t blastocyst staged] =7
3 inner cell mass$} trophectoderm®.Z
Ak Trophectoderme F2Z Ef¥FE ¥A3s}
o EolgAde AF BsA] FoE=
trophectoderm A|¥E 98 7] "ojyolx )
ofoll Al E FA Feve FHol AUtk
A 5-6dA 10-3071e B ANEE £
4 9ok 1070 o] AASE hCG A8l &

T
=

ks

& Zadted YRA FAE FARFTE T
AATE 5-2070¢] AF¥EES POoW metaphase

chromosome spread® 2717} A $43td]
H$ AFF §-4 Ado] sMesith 13y &



Ao2E FAT ¢ 25-60%7ro] blastocyst
o EE3lEZ AlE 7153 ATl £Ho7
Agdtte HolH, &3] fd A dig A
9S & F dE Aol B Holth

5.4 4R 4 AN EAM S5 A DUy

AE7L BojxH ofefo} e Hyoz A
A EQ¥o] e FAA ol FFE A
.

1) PCR

YUt 0 & single gene defectdl A-$olle=
PCRZ A43tty PCR primer’t & S+
PCRE& Al33ta, PCR primer/} $lE A$ole
X- a8 d4d3A femaleS g3 $3)

o FISHE Al8&71= 3tk PCROAS &4
HE F aleled|A] o] BEFES A9
A8l allele drop out (ADO)L.Z, ©]Z <13
Qxlo] & & 9ok

il

2) Fluorescent in situ hybridization (FISH)
A F2H oo, Y Yo7t 3B
Aol Al AL ol (R,
aneuploidy)& F@3l7] H3|AE FISHE A
st

PGDAIAM+= cleavage stage embryoolA
metaphase®] GAAZ d7)7F =T 2HER
FISHE ©]£3}'d interphase nucleus® @43
oA EFA 9 signals MM GAAQ 5
& Qo] A FH o, FRA oA
X-linked 3 Ao A sexingS BFZE & 3
. guby oz FISHE Z gAAd ESol3t
HHE 2] d9] DNA probeE AHE3IT 747 gE

o)
]
AR

Azke] 3 EATY Yisignale e
repetitive satellite probe& AFE3HH 7)<
DNA targets FAle]l #2¥ + vk Red
(tetrarhodamine isothiocyanate: TRITC), green
(fluorescein  isothiocyanate:  FITC),  blue
(AMCA) 8% E2qt FISHY Hg3l7] wEol
T ¥F B &3 vlgd wet & A4
o] Yehd & stk oA sd FA7] A
A X, Y, 13,18, 21 5& FAl #&EE = 9]
o B2 79 dAAY AHE Jder] s
Me T4 A8E AMESHE T2 probeE At
£3to] FISHEZ 2 - 33 &9 aneuploidy
screening o o] €& 4 it}

3)  Whole
Comparative genomic hybridization (CGH)
PGDlA w2& 271 o] EdvelE g
o sted 9d AEE AMEIEER A2
DNA%e] A7} €. o) RAE ) 4str] 3t
primer extension preamplification (PEP) ©] 7§
TEY 71€ PCROIA ARS8l specific
primer tAlel 15-base random oligonucleotide
primerE ©]&€3'H low stringency ZZ|A
DNA HAdl AA ZYstd FE3Th AA=
sperme  ©]&3tH ZAHH  AA genome?
70-80%7F SEHEZ multilocus analysisE ¥
g3 AP = 9. E whole genome
amplificationesingle cell& ©]&3F comparative
genomic hybridization (CGH)E 3}7] A4 ¥i=
Al Ao ot

genome  amplification &

PGD-FISH ©olA& old Hlwsl= |44 2
e HAptEz o gAA 9 oY oqFE
& F fige AFHe Jdd CGHE
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digoxigenin-labeled genomic reference DNAS}
biotin-labeled test DNAE A4 F7] A Al
A9 AAAOZ hybridizationA7]E WHL
2, test DNAS GAA] AAEE T8, o544
5o]green—to-red fluorescence®] o] YelL}
ol ZRYd 4 ok AA GAA] A
aneuploidy screeningS & 4 JoBE FAH]
o ¥4 s EHo2 3 PGDIA CGH
g A&3te Wiol ARHA

aukr oz A9 FAHAME G AH F 5
A Fo FAHRE ook sk ATHA AFo]
=8, CGH A= DNA  amplification,
labeling3tal CGHE ¢53h=d 56 dol &8

v EAdel k. e Al 399 8-cell
stage AT A blastomereE A3t CGH
g AP FATFE oA & AU HET
A 718 Ex7] W&ol cryopreservationS 3ok
W oslEgdel A7 zEu G H Y
(day 0) 3AE APsH CGHE I8 =4-5
A gho] o]AsE Aol rbssith 20029
Wells 52, A& A Y 4L 4% DNA
£ whole genome amplification®2 3 %
CGHE Al#3ta, o&<9 DNAEZ A&-3td]
single gene mutation ®J#7kA] &2A& & YA
o 2822 CGH #Hel Bdstn A
oz SYEH AF7HA A dFukE
A FISHY dAAE SEte] HA 94
Aol e T2 Fdko] /M Aok 1
#Hu A4S 78] A 71eHd AV =

2xjojo} ¢ A olgic.

4) CGH-Microaray
CGH %+g 30| microarrary®] well <ol A
AYUYEE st} o8] MFAA FHE ¢ WA

AAAT & JEE F PHeE 9d AZ F
FAA 0188 F Y= AL T A

6.fFAHHMABIMFYARAAG

oy #x4 oA 2%, = Niemann-Pick
disease type B, Lesch-Nyhan
familial polyneuropathy,
medium-chain dehydrogenase

syndrome,
amyloidotic
acyl-CoA
deficiency, 21-hydroxylase deficiency,
glucose-6-phosphate dehydrogenase deficiency,
X-liniked adrenoleukodystrophy °l14 PGD7}

A= A

Niemann-Pick disease (NPD) type B

ASM deficient NPD type BE ASM 37}
(SMPD1)¢] E4¥ol2 BAs= 94 4 2
goltt. 7071 oY EdWolrt EuHUL
type B7} 74 2th. Hellani$< nest PCR%
sequencing & AMEEtd 2 JHAGNA SRS

ez HA4Ad FA AdsE APk
Heterozygous embryo®t A4 homozygous

genotypes ZE HjolE AHHOZ AT o]
Aate] Jalo]l AFsAL A F AAote
A2 homozygous genotypelZ EQ1=|Sith.

Mouse modd of Niemann-Pick disease

2o mouse modelZ lysosomal storage
disease®] d=9¢ acid sphingomyelinase
(ASM)7} 289 Niemann-Pick diseaseo| A 2
AR &2 AdEs  HaFHUC
BODIPYZ ¥#E2& E< sphingomyelin &
A3+ in situ acid sphingomyelinase (ASM)
9 4& =A3AT AFHY FEA vlote

R

- 104 -



Z-& 'pulse—chase’ Azt &3l substrateE Z
oyt PF& BESNT YW ASMKO Hjop
Bt AASA FPo] FAHEE AL FFEN
Aoz #FFE 4 QIAth. o preimplantation
enzymatic diagnosis (PED) %] A2 484]
Z Helgs g 4 913, P33 sphingomyelin®]
wopol djsl F4zZH&e] gli, T A =&
ol Baglon, A &4l B9E &
T "rhE Aol k. o] HEE AR &4
29 A% H8d 5 SRR Agdrh

Lesch-Nyhan (LN) syndrome

LN syndromes ‘dolodl Yehde Alg
X-linked disease2A FMA Xgol AR
hypoxanthine-guanine
phosphoribosyltransferase (HPRT) f#Azte] &
dwolz WAETh,  Purine WA o]dE %
2 3 A ke A 12
hyperuricemia,  choreoathetosis,  spasticity,
mental retardation, self mutilation 59 A&
EAH{o = welo Cram 523)
mini-sequencingS  ©]&3A IVS8+6 TG
mutation ¥ HPRT f#Ak9] intron 3 o &
informative tetranucleotide markerg& SAlol] &
Mate BHoE Add FANGEES AP
o ZAEY F£AF W7 5 unaffected2
B AT 2HE ATl o]Aste] %3
of7] 1 o] Ext= At

purine Aol

Medium-chain

(MCAD) defidency
MCDA+ fatty acid oxidation ©]’dS ¥27]
T A% F /M &Estt BAA REE /70
ojx Ao} 10,000 BT 1 R==z AT

acyl-CoA dehydrogenase

t}. Affected ® o= A 23 Ul
hypoketotic hypoglycemia ¢} lethargy 17}
HHEA o2 uvEhdH oF 25%94 ARl ol &
o ol@® opy] 2del A FRA
PCR-PGDE A &3l 270 Hjo}E 0|43ty
dizygotic twin& &2 773e op/|ES B
o

2E

FAHE /Mgt 2A8AE A F37] FE
3 Hgo] Bol A8HW JHEH, AFHOE
2o A7 2Asng §4 Aol o Al
2 AGHA EE oAWate 4L ¢ F838
ok Abd Ade] e dd AAgAE Fo
otz AT FAATA Ho old WE &
g3 A4 Sol wath, w24 fd "
92 Ao o|BEA F& ol AEdto 7
Z9) o]dstn YaEEE Bded dF 4k
o mE IS Adsta YA AHF
oz GARE Foh ol SHAA A
A A 4 Ao o] o] FH <l HY
olm 4ol A& I FLY HTE T
o A7 g dd 1% ZelA PGD
7F AFEAD KA dAF FEAAE L5
3 gtk gy, dukE £A g 2
2] PGDe 9 AE 29 #d Jdelnz
allele drop out 522 AF o7lo] AT
Jornz ol Fo|7] AT A HEAAHQ
A 71&o] AFH ol s
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