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An association between the apolipoprotein E 4(APOE 4) allele and pathological
changes in Alzheimer’s disease(AD) is now well established. We analyzed the APOE
genotype in patients with another amyloid forming disease, Down’s syndrome (DS).
It is well-known that patients with DS develop the neuropathological features of AD
if they reach middle adult life. The amyloid precursor protein gene is located on
chromosome 21 and increased expression of this gene over a patient’s lifetime is

thought to underlie the development of this pathology.

We examined the APOE genotypes of 19 cytogenetically confirmed DS patients.
The allele frequencies in this group did not differ from the general population. Our
data suggest that the APOE 4 is not ‘essential pathomechanism of AD pathology in
patients with DS, Prospective analysis of the occurrence of AD in DS population and

APOE genotype is warranted.
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ANE

7A€ (mental retardation) & F3E 71 £
& #7234 28 THeFFT Down syndrome, DS)
& Aejel v ¢ DHB BAS 72 Ue}A 400 DS
Ba19] 8%, 5000 AR 55%, 60cH Ak T5%914
Avle] #:8&& ehitHLai and Williams, 1989).
EF DS B P2sjeln]y (Alzheimer’s disease,
AD)e] Wy #1¥el w$ #or (Wisniewski &,
1985a; Wisniewski 5, 1985b) Al 404 o474
AEH DS @A) A BE ofolq =Uik(senile
plaque, SP), 4734#ch(Neurofibrillary tangle,
NFT) 5 ADS] Weighs 4ol Y2ae4 addc
(Mann, 1993). °l2|& ¥## ¥3ke amyloid
precursor protein (APP)e] 2% Z¥ (overexpre-
ssion)Hjo} Vehkes] APP #AAke 219 Q4
o ZAs}= o] GAA7E A (trisomy 219 DS &
Ahe QA4S AT amyloid burden® e e
2 AZ8ct(Mann, 1999. ¥4 FA8H 710l £
Asla ADRTol glo} oid 7] BEEUR A
H2e] elfeizged 2 F9 shi7h apolipoprotein
E e4(APOE, gene; ApoE, protein)$ AD<} 277}
€ Aok APOE 4 allelee %71 7158 % 7]
2473 (late-on-set, familial and sporadic) AD®] &
A3} $do] F& 78 AYAAE BAHSaunders
%, 1993; Corder %, 1993; Strittmatter &,
1993a). T4+ Schmechel §(1993)¢] A7l jaka
APOE®] isoforme] ®2t amyloid # protein(A8°]
HzAe FAge A=t B2 A9 2PME
isoformelaizt apos o AZH Aehe B=7t vlach
& o] ¥HACTHStrittmatter %, 1993b). ¥ A7l
He A p} Adels HEsl 44slel H2e] &
A5l DS $AF o APOE genotypingg Al
Farget olsh 2L AFZ AD o9 E e
amyloid forming disease) DSIM% APOE e49]
W Hss} e vd 7 B9 BE AU
Az Jehherhe 19 Had dh

ST o Ty

1 AT
DS &} : = AR F8AMel 850 e

BUAA B PUAE, T8 QBRI 2
5 9oz tepyedl St BAT AT
AYPAHGEA ¥4)2 21 trisomy FE mosai-
cism $& b DSZ 19 84S @7 vige
2 ssiek.

CiEZ © $5UBAS] APOE genotyping B
oA AHgSIZE 1009 AR WETE ol
SHKim 5, 1999,

2 o7y

) MERTE HA

43 PAPEL Moorhead(1960) 8] $i & ¥
Sje] Al oFestd PUPL AAC] U2
AA 9973 AT FoR Edt RYW T
3 9 el FRslel e 15w AgA
olFAIA 37.5T, 5% B2 sGTIAeIN T24%E
s, wjFe & RPMI 1640(Sigma), fetal bo-
vine serum(Gibeo), phytohemagglutin M-form
(1.5al/100m! of media, Gibco), Penicillin G 100
U/ml, Streptomycin 100ie/nl& #7H1 AH8@
o, WFFR 4§ A8l Colcemid (Gibed) S 0.2
we/al FEZ F7H5] AZLLE metaphased]H
AA Ak WY FEF o1& 1,200rpmeld 58
AARANA ATEE A ©lF 0.075M
KCI2 1023t H2l@ ok Carnoy 2402 108
214 3% 2HYF air-drying methodS Eejol=
EEE AFEgGch ol§ IX PBSZ 1% A% T
rypsin(Gibeo) $o= 128 XA e 4%
Gimesa §jo2 1083 @430 9494 A73e
10000e] A&l metaphase MEF 2 ol &
1,000 22 FFPch WRIP BEF AL Y
3 ¥4¢ Agsg

2 i E FTXE A

and restriction isotyping of APOE)

genomic DNAE: AREHE) Trixton X-100 lysis
e ugsl FEsom (Kunkel 5, 1979 1€
polymerase chain reaction(PCR) & °183jo] 2%t
sich. primer AH8E oligonucleotide A-pplied
Biosystems 380B DNA synthesizer= AZ3ck
(Applied Biosystem, Foster City, CA, USA). A
$¥ 5 Z7} primer sequencet THeF 2tk
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ACAGAATTCGCOCOGGOCTOGTACAAS,
TAAGCTTGGCACGGCTGTCCAAGGA-3'.

PCR protocol Saiki 519899 44 %s
o} AT FeshE 200-400nge] genomic
DNA, 200ng primer, 200M dNTP, reaction
buffer§ 484 100 157 2413 % evaporation
& A7) 98l mineral ol @& the W2
NS89 22 denaturatione 95TA 1083
A2 ¢, 95T 1# denaturation, primer anne-
aling 60C 1%, chain extension 70T 28] 37]
(cycle) 2 308 W8 FE3gr). TEF 7 HeEe
aliquot(104) & AIRE49) Hhal 10 unit® &3
} 37 overnight M digestion @
DNA sample& nondenaturing 10% polyacryla-
mide slabgelold 70V, 16A12:5<F 271954130

SAHIEA : DS #4423 vla@e] APOE allele
o) FUUE HmdE # test® ol 3
e ETUAE YIS PFEE AU o
S3gich

EEee

A7l FAF 3299 FAAAAT DA 2
<j3) DS2 1€ Al 25%0I020] 13 APOE
genotype©] Sld @k= 1990l B WAF
192 A 2E BASE JUAAZ AstdM T
olA%5ziAe] Aldel Brbsd Amelden sME 2t
B 134284 Sk clock drawing testel A
E A% ol4¢ EchFig 1. APOE type 2 3,
4 alleled] WEE FAREFH FAHLE folg
Ael7t QiSicHTable 1, 2).

E =

7] AhABe] FH £ 2a3e shidl g2
Sholo]) (Alzheimer’s disease, AD)& AFHY
age-related S A3ATo2A olFd FAe
Hza 53 ¥4 3, U892, #0329 Goptal
area) ol 3414 (senile plaque, SP), 434 #7e1a
(neurofibrillary tangle, NFT), ob2ze]= g3
73 (amyloid angiopathy) °] $3# o2 dadch
HZo A fALA A7l 23 ADe| ¥ 71

@

M/25
F!gLSameexampl&afﬂlmkdmwmgbyDSm

Table 1. APOE Genotypes

controls DS
No. of observed (%) No. of observed (%)

Genotype
EA4/4 2 (20 0 (o)
E33 66 (66.0) 13 (680
E22 2 (200 0 (o)
E43 20 (20.0 4 {210
E4/2 4 (40 1 ( 50
E3/2 6 ( 6.0 1 ( 5.0
Total 100 100.0) 19 (100.0)
Table 2, Allele Frequencies
Allele frequencies control DS
nimean + s.d) nimean + s.d.)
2 14(0.070+0.035) 2(0.050+:0.069)
3 158(0.790=0.029) 31(0.8200.122)
o 28(0.140+0.048) 5(0.130+0.107)
Total 200 38

#<0.19, df=2, p0.05

o S| apofZt F8F AL A Y A
2 AAYcHStrittmatter §, 1993a,b; Corder
. 1993; Poirier 5, 1993; Mayeux ¥,1993; Sa-
unders %, 1993; Na]hanwgiu 5, 1994; Maestre
%, 1995). apcEe] W A& 7H2+) hiQl apo-
lipoprotein E ¢4 allele(APOE 4)& ADS] #Hek44
A(susceptibility gene) E& A8 AHrisk factor)
2 2Hg3e] ADY] $PAYE olv ADA ol8]
£ 2999 (age of onset) S RFE o2 YA
cHStrittmatter ¥, 1993a,b; Corder 5, 1993;
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Brousseau %, 1994). apoEe] T2 #7Ake 199
H44A)9] 2 (chromosome 19q)°1 EAfshe T34
(polymorphism) & ek Akl £3) B2
)& isoform& APOE 2, APOE 3, APOE 4 Al
FRolc). &L #AXL] 1128 15849 oF
it §7] Aol Edol Hef vl vehhed
71E%ez 475t APOE 3 11244¢) cysteine
residue® 158 WAl°] arginine residue® 71413 31
28 APOE 25 § % 257} cysteine residue®
APOE 4% ¥ % 257} aginine residue® 498
o, olge Wk oA iscelectrical focusing 2
A 7HA gepzk 4A FEAHMahley, 1989). @2t

1,000 1%¢] WA M= Btk DS B F
8 A lelY A AR, IR, 4
9 S0l A= FFesidel wek B 71 $3el @
As%em 40504 1¥71A 4ESe DS eA
471 ST AT sk 404 ol
AEF GRS DS A 9z SP, NFT,
CAA ¥ ADe| H2j8H8 542 vehliv} 50 4
‘4 AEY DS #Ae] 3¢ SP, NFT 43t 2ol
HFzEe] $EE AD B2 $UsHHMann,
1985). 45 9 ¥=d, @bt 22im AT}, FF
4, T899 9¥9Y S€ SPrh Ik W A
23, &% 2 4494 e uay 9 FEsel

A fAzeR 7 AL 3/e3,¢
4/ed) EE heterogygous(€2/ed, </ed, e3/ed) 6FF
<) 7] 2 434 Yo Adck A7 ol
2 dye) a7 AFE Ao PN
APOE4 @3 W=t o 15% A=A 42y 7]
g @23lo]o]H (late-onset sporadic AD) % 7F
&4 37198 2sto]= (late-onset familial
AD) BAlAE o 45%9] APOE4 ZENES 2o
APOE 47} late-onset, ADell 1884 =& HeF §
Az Zeste PIE ehdckSwittmatter ¥,
1993a,b; Corder %, 1993; Brousseau &, 1994).
apoEe AAUe] <jg] 71 Z18elA AL F
2 PelA 4ake] 9| transportsh Akl 2
<3k @) dolch(Mahley, 1988). ©f 2de o
SNE AR AAZ &% R Al FaT F
@¢ @ch(gnativs, 1986; Elshourbargy, 1985).
= ABAE £3% 22277 Boyles §, 1989 %
Z%4177) Snipes , 1986)°4 ZF apoEe] ¥4
o] @AY 27k} HTY apoEe A9 AelA
dorsal root ganglia neuron®] outgrowtht} sprou-
tingel FEE ZAse 2o TR (Handel
man ¥, 1992). #2e| A7l I apoEE AD
9] extracellullar A8 %%¢] SP$} congophilic amy-
loid angiopathy (CAA)e] w1% A3 Bl
Yehdoh(Strittmatter, 1993a; Namba 5, 19915
Diedrich 5, 1991). WebA obdzol=r} 3t 4k
A FH=E AREIN apole] 80| F2E
B3 gick

APP §Aap7H WAlslel Sk 218 A8 AP
o Wy il DSE A& Fiob % 800 WA

J€ct and Williams, 1989).

Qo] F7HEA DS €49 M2 e B AD
o] 47gARH FAo= Wl sEd ol
% Ago] WHGH o2 ul$ BAsH] duslel
glom ol APP #3A7t EAshs 208 daAe]
Aol <jsl APP7} FhEshl Ausle] AZE BlF
Aoz 8597 dEez gdg.

281} amyloid overexpression disease?h ¥ 4
e DS #A4E de=g 2 d7dME APOE
genotypes} ¥£¥7} PA=T3 vlmsle] FAAL
2 #el@ AolHo] BAHA FhrH(Table 1,2). &
€ DS 849 case £A7H Aol & 477} A4 DS
@ake] APOE genotyped thditin & -+ ¢glo
U 26} ATeNA o] F4R AT st A
2 chHardy ¥, 1994; Wisniewski ¥, 1995).
d4Rez AD/l AYd DS BAHAD-DS) A9
7} 9 DS 84 AlellME APOE 4 allele fre-
quency®] Aol7t BAHA sich. ol ARE B
Folgu DS Bl Rdsle A4 FH A2 3
2ok Aske Afel = 44l 719 SE %
Ak APOE 47} ©lF] AD $4¢] nAd=E Ad
DS 244 ADe| A19EE o o1 wole 2 2A
€ 9t} 28 AD-DS 24| SPelA apoE immu-

b #@9n 93 (Wisniewski §,
1994 5041 ol DS BAel4 APOE genotypeel
w2} amyloid burden©] 2eAlE Zeol FA=R ot
(Hyman 5, 1995) °lE °l°| ADZ QsteFf 1t
ehte ddolgn AZADcHPicker-Brown 5,
1994). olsh e 2FEE AAF2E AD W4 7]
el YIoIM apoE-A8 AEWAZL trisomy 21 A&
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= e Aele] Aolae] Sirke A& PARET
ol B4 @ ADS| B8]

al. (1992) Effects of apolipoprotein E, ~very low

7Ha& AAS Fe 2zdolet Azt
2 B

APOE 4& A4 §71'8g dxsleloly 8 713
A4 3184 g2selpEdE Be BENEE
Rl Eoh ofdzel= g4 Aol & 4 e
DS 8A9I4E APOE 49 overrepresentation
4ol BBA Ysich apoB-AR 4EA7 DSl
lele FPE CIAA R o] 2E AR
Y A7 F O F8 48E s Aoz ARd
o
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