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sh=019] A H|EFA|EHE S0 M 2
Apolipoprotein B U Apolipoprotein E
Cled 24t

1 & 2] &kl (Jow density lipoproteins, LDL)2] “=Xx7} A A | 22] 5 percentile ©]&}4l
2] vl e} 2] ©hull & Z(hypobetalipoproteinemia, HBL)®| 2} 3] ¢] gkr}, & 84 o3 o] 93}

W ol gt Aol FAb Ao o3 AR AA A3 Yy Eo| R Foy, dF
Aol M= 5 A -2 417 Al Z(motor or sensory tracks)| 733 Aol o} ZzhE ok, o] A3
2 9], AA L] o] FHEo] Aol v]dle] F& A2 dex 9lrk HBLE apoE #-7 #}
3 2 apoB 8344 Tt} A, apoB EcoRIz} 3ol 9lchi= w317} ik
o] o A= 1321 9] HBL—TLE} 13774 ¢ XMPDH}_—ILI—‘L Ao 2 apoB A wHal, apoE -
2}3 | apoB 8344 t}3) A 2 apoB EcoRI t}3 A =& v)|w £A3}9] ol HBLE 3 A Ab) &
7ke] vrelu} A4 1 A A x| ke %74]?5}24 1}01-: olslth. ApoE -3 %183 apoE
2/39] 8]&-& HBLZ oA & 21.2% 9 o), AU Z A= 95% 2 vhebyd}. ApoE 3/49]
7%, HBLT 3} AA 2ol 242t 19.7%9) 27.0% 2 vkl o]+= HBLZ- ol 4] 9] apoE
e2 =} v go] Az vl3] F23}A F3L apoE 4 HFP U A} vl &o] £
ﬂﬂl A W& 7)E AT A e} A8k 2ol v el apoB 8344 ¢34 o] v &

& HBLT# A 2o A F-2 8 zhol7) gisdeh obit, A ekel oA = leucine th i 1=}
(T allele) B]&o] 17%21d] v]&] 3F=-alol|A] 9] vl &2 69.5% 2 A vt} ¥ba, proline
i QIZHC allele)®] v]&o] ghalell M A2 Ao 2 vpeh, o] = 574 Aol 9l o-&
B oy Felrh ApoB EcoRI t}8] A& o] - R+/+ 44 2}1381(93.2%)S 71| 2 Q) 9] 20, R+
g alzke] WlEE= 09672 viebytony, HBL-3} A A 27ke] Abol= dlich

Az o g e} dFAEo] Ruslgdwl HBLT apoB 83442} apoB EcoRI t}d) A 7+e] &}
TS 2 AFelA g 5 gl o, ghxelel % apoE €2 W lA7} HBLe] #7414
Al Fo Fuvete APAS g 5 9k

A Al = ko xw e} Al gkl 8 2 apolipoprotein B, apolipoprotein E, t}3 A}, apoB 8344,



sh=019] M H|EFA|EFE S0 A2l
Apolipoprotein B 2! Apolipoprotein E
CH A 2t

A= A 2 B Ag>

At et o a3}

I M L=

#] £2) ckal (low density lipoproteins, LDL)®] %7} A ) 272] 5 percentile ©]3}<l
7492 2w e} 2] ol & Z(hypobetalipoproteinemia, HBL)o| 2} A ©]gtc}. &4 o —7‘01] 93}
g olef gt Sl 2A AstEe] o7 AR AA AE AFEo] YFuh Fo o
Boslalo| A SEA & A7 Z(motor or sensory tracks)®] 7 #oj e}’ 7—}%— o, H
A% 9 91, ARAL o) FEo] Ao vlsho] ¥ ALz FelA ch*S AwekA] g
g2z Z 71AZALE Este] A9 M A $A (autosomal dominant inheritance) 2 2 -4 == 73
£ o] & 7}EA A W e} ] 5l ¥ 2 (Familial hypobetalipoproteinemia, FHBL)OIE]— g} o]
gl 7}A12] o] 8 A g A (heterozygotes)l 72 -$-, o F-¥-o] AZst L AW F5dhed EA7
glom FezalEXsE FAR, AW Fael LAE Wi AR Jﬂé%ﬁ—% Fabshe
abetalipoproteinemiat} chylomicron retention disease®} o3¢l FAHS ®alch® zeiv} 53
] & 2] (homozygotes)?] FHBL®] 73-$-, abetalipoproteinemia®}+= 7#& 4 $1& A =2 A4
g QJAFEAS Btk AEZHAHEHFE Hole A2 sMle okEA B (apoli-
poprotein B, apoB)®] w3 (truncated form)®] o= b HAPAEEA f1Qle] o}z ¥E A
)2 edch. ApoBe] AA 2 wulel ez} 7™ el shA] AAA 7HEY A#ER o
PEE ez geiA gtk d7]elE apoB i A Dol ¥ ¢le A3 abetali-
poproteinemia, homozygous hypobetalipoproteinemia} 91204, P12k2] apoB §-f A djo]
Z o] &3} normotriglyceridemic abetalipoproteinemia, heterozygous hypobetalipoproteine-
miash 2-& AWTo] BAT 4 9ok

ApoB= 2l H ol 4] apoB 1003} apoB 482] F+ 7} fsgaﬂi 28k, 2 FAzE A A
2 2p23)ol] &A1 5k 3k ApoB 100-& 1Al 7R 7] whA Fo shEA 1 ¥

-2 —



AYafo] 550,000 dakions] o] 2 4536749} ofulAbe FAHo] gl T Al gl
olv}, &1 A= 7F 9 oA A E ] VLDL, IDL, LDL, Lp@)9] I5Aql 324 84
ot} ubwlol] apoB 48- 264,000 dalton®] E-x}2F-S 712w apoB 1009] o}v] % 48%, =
2,15270 ¢} olm| Ao g A Ee] glrh I {2} 43 kilobaseo] &3}, 2970 2] exonxt
19702] intron® 2 FAEe] olv}” w3k A(intestine)ol| A E0]Z apoB 1002] RNA
transcript editingel] ¢]3}e] AJA ¥t} FHBLS- % ©7]+ apoB Awha ] wul e Aoy 3
< apoB Z°]¢] apoB 100 A A =7]ol 3t v]&E FHE ) X F7HA] apoB 20 A H-E
apoB 897}x] oF 3050 <redx 9lon], ™! o]efdqt Wk apoBe| w¥-#-& frame shiftE
o] © 7] nonsense W] ZA] premature stop codong AJAdsle] wrEo|z|A Hr}i 1 94
insertion o]t} splice site ¥ o] & wujolo}l WA E /)% dHe}.* 7" o]z gk Wo] apoB 1009
Hla] #H] S7b ZoAA o wvigtel FH2HEAV dolAle Alw deA L
ol t}."*" Asymptomatic heterozygous FHBL-& 7}# &3} primary hypobetalipoproteinemia 2.4]
Y E-2 1/40000 41 173,000 =2 By H v} glow, EF FH 2 EX = 130 mgdls
7o) g o], FAAE A WS da] g Aow AL 2y A
apoB] M= AoFeloHE 5% olatal Ao 2 ®wElc

719 2] 2 9o]e] A ZYAHEHZ 3l apoB -# A} exon 262 single-strand confor-
mation polymorphism .2 7] 43k A3}, tj T v]sle] 2v] 9l= HlTe] 715 Bal o
3§42 codon 27129 8344°Tolrh(AEH LB B YT, 0281 A FHAHEEFTT,
0.180, p=0.027).2' o] t}&8 A& proline-rich cluster® & AJsled fFxE A3t Ao3}
= 9 R olw] o HedAde] o %% ul g9tk 17k apoBY] THEAL A HEE S
oA T2 AdFEe] $a, AFY2dEL ST AF7F A9 @l Aol AEH
282823 dfE s waox{e] apoB editing complex (apoBEC1)9] %3
(overexpression) 3= AW x|kl =839 x| AdejA Q) W, LY AFHA
HEd3o 424 29& 4eA 9lA ¥t #HZ apoB truncationo] ¢l 7HA ol 4]
intron 52] splice donor sitee]| 4] ]38} Wo](665+1 G—T transversion)”} W7 = 7]+ 3]
P ok ofo] gt A7 $EE Adolr AR apoBe] Aol AZ lelA 2
n]5# o] apoB Z7]el whe} vl st oFAte] glont,” apoB 899 AH-e whil& apoB 100
weh o wel gt e ol ANEADY F2 l2hEe apoBrl 489 wHgalE
d 84 A9 W 3% Fre] o3 Aolebm FEs) % & vk Exon 26 codon

2] oF& A epal il A 2 JHA oA in vivod & E3 apoBe] A= Fuh A BTk
A 7 (clearance)e] A Zolets WA |4 X apoB signal peptideZ <] t}E A Rl 8
A A w9 2o dEAd o AL A "

AW ebA chl B 2 "ol RISl AlA apoE €2 WA 27| QA & AL
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2 9rs)A 9t} Framingham Heart Studyol| 4] & A0 = x| chl o] gJel o 2 Aw}rd apo BE
o} 37)a wh, EE3 Ao 2ste] o EapA bt AR Busty gk
o]i= apoE7} #-2FeF 34,000 dalton®] whl A 24 AW =] ek, f-9] 2] ¥ (chylomicron) ¥
A A E}“—‘.‘% 3 ol A A Pt gon )’ AL s chilz o)A
ol ga o] AAEA e ke AMAFE Flo] 9le] walrk” &9, apoEE &
24 ‘ﬂ 372 Hol| Fojste Ao wE deiA gk o 39
WpoEE 7L, ¥, 01, ALY % AT S e Ar)eh AElA SEE Ao e
A 9leh” ApoEt 3742 EH A €2, €3, ed7t EATH, 0)F e3¥o] 7MY £ F
%3] (isoform)o| t}. ApoE €49} apoE ¢33}2] zo] -2 o} v kAb °é7]/l-1°§ 1129 5 9l
cysteineo] arginine® & v}R Ate| 2 &5}, apoE 2% o}v|iAl iv]Ad 158 A4l
arginineo| cysteine .2 v} AFE]E FA]51= 7102 apoE £33 7o) 7pEicl o) %

apoE EFHEL dukdlolM e dF Fe~dEX 9} UAHZ WA} ol AeE dEA
S1th* =3 apoE th8 A2 LpALAIl 529} o}F WA 377}k 1w, E3E3 F34 Y

Aol = 713 E& 25, E3E4 o) H AT A o A= 73t VLS FAE BolFe HoR
B sl ApoEE A A 198 Y]o] ZAlsls FE2 Q] 44 A (structural gene)ZA] 47}
o] exon®} 3709 introno 2 F-A =] gl o, 29974 2] o}v]:AS 72l A 43k apoE Ee
Helo| =& A} g7, apoBel| = insertion/deletion, Xbal, EcoRI t}8 4 53} 7o
o1e] 714 DNA chgl4do] Qlek Xbal chil4& AR EA el Fo) 2ol 23 2 75
A gk Aoz wso] sleh. o)l s apoB EcoRl R4S F 7553} whl £l

o] o BE Ao Wi vk 4 A48 28 Z3 apoB EcoRIzHe] A
Aw Hag up glop??

Aol A += apoB A&
Foll42] apoB t}¥ A =, a
3}0:] o]E. 1;].8:“—] o) xd
HAE gF st} shslck

LN rxkd

~ A

3-& AuelA il 3 St AlA Elstar, A uepA]
poB 8344 % apoB EcoRI®| t}3 A3} apoES] 4 213-S £4
} & oFAe] TRt Hlx, oy gy FAAY, U2 ETY

1. A=

I}, ATCHAL
19971 F-E] 19993 7}A] o T BatAas o AEs A%SZAE Y EA A
A& AAze] AAS 5 ZH2HEX 7} 140 mg/dL o] 55 p rcentlle o]3hal Fxj} ¥
Wb Aoz selth AN EE ARe] A8 A2 dne] 2o sd B
5 mastel AAA0g bl e ASE AslAgeh qel, Aok AL, 13
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G 2 WIS SoR AT YAAS AFAsHBYRY A4E Adealeh
g EEe A7a A, 994 BARA Aok e T Aoz selvh

A AAH 12~1447 4L FA¢ A7 F, EDTA AGe] 24 A7 3}
el 87 2] § %, aprotinin (Sigma, St. Louis, MO, USA)S H7}ste] whildd 3
(proteolysis) & 3 4 3batdch. $hx1¢] &4 Hitachi 747-200 (Hitachi, Tokyo, Japan) -5
2 Ala3le] & 29| A6 Z(Daichii, Tokyo, Japan), %43 A HH(oFAkA| 2k, A&, g

2 7)) ~ ¥] 2 (Daichii, Tokyo, Japan)g& EAW o2 A s} .o, A & A

chal "'é'-?ﬂiEﬂ% 2+ Friedewald ¥4 2.2 4133}9ich™ DNA %< W55 EDTA ¥

é % peristaltic pump % gradient makerZ ©]-§-3}o] A% gradient gel
(2~6%)<o AHg 24 A7ldsgon stk AAS} AARFAL 219 plR
loading 3oich AFZ 400 mAZ A AR shEH 2447 Fak Xd ] 35 % AARE F
transfer cells o] &3} PVDF membrane 2. 2 A Abstiv) Al1A} &HA(C14 3
2] Washington 2] 3}t te] 2] 4 dja}ed 74 Schonfeld G.RFAFZ F-E
c} Eo]dxﬂ)g 1:10,0002. 5. /]/Ha}o:] /U.‘Loﬂ/ﬂ 1/<]7} 50]. o
TBS-T koo z 33, 584 AHstgdct of7]o A2a A (Antl-mouse Ab, Dako,
Copenhagen, Denmark)& 1:2,0002.2 3|4 3}e] A4 1A7F A= ulx]3t % TBS-T &
zoog oA 33, 584 AAH Fo ECL western blotting -84 (Amersham-Pharmacia Bio-
tech, Little Chalfont, England)- ¥h-3-A]7#] X-ray film processor (FujiFPM 100A, Tokyo, Japan)
2 apgste] BELT FAAA WESh

Ch. ApoE CHEA 2A}

ApoE T} A ZIAHE Zivelin So] AM4RE Wy o 2 71 Esholvh” DNA $HE ohg3) 2
o z70 2 AAsd} 100 ng®] DNA 3% %] 1.5 mM MgCl, (Takara, Shiga, Japan), 2.5
mM dNTP (Takara, Shiga, Japan), 10% DMSO (Takara, Shiga, Japan), oligonucleotide apoEZ5
7 apoEZ3 (v}e] 2o}, thAl, &), Tag polymerase (Takara, Shiga, Japan)E o] S£ZA17
r} ZEZz2 718 27| denaturation 94°Cel| 4] 587 AL A5}, 94°Cel| 4] 303%7+2] denatura-
tion, 57°CollA] 30%7+9] annealing, 70°CellA] 3027} extensiond}= TA & 403] HFE A3
g & wlz] 9t extensione 70°Cel| A 587 AAJEsA)

AgtEsol o5k ZE% DNAEDE thest 7re] ahich AMI (5000 UfmL, Biolabs,
Encinitas, CA, USA), A/l % BSA7} A7}5 x10 buffer?} 55 e & of7]ol Haell

m""‘_!z

b

— §5 —



7}

(2,000 U/mL, Biolabs, Encinitas, CA, USA), BSA7} X715 Haell x10 buffere} Z=54%
F E9F ukg-4]
[+

aloith. o37)¢] ZZ=% PCR productE # 7} %=, 37°C water bathol| ] 244} 7} S-oF u}
7t} o] & 3% agarose gelol|A] #7|dF o2 Heldt F, apoE t}3A-S 7 =33t
2}. ApoB 8344 C}SAM ZA}

Amplification refractory mutation system¥d 2] & A}-4-3}51c}.” A}-4-8} primer= Table 13} 7
ottt PCR mixture C (Primer U, 0.6 xM+Primer L, 0.1 xM+Primer C, 0.2 M), PCR
mixture T (Primer U, 0.6 ¢ M+ Primer L, 0.1 xM+Primer T, 0.2 zM)ol| 3x}2] A& 7+z}
A 7psbedt}. o] & 7| denaturation® ZA] 95°Cel|l 4] 338-7F AlAI&F F, 94°Cel|A] 40%7}
denaturation, 60°Col|4] 3027} annealing, 72°Col| 4] 3037} extension 3} 3}A-& 153] wl&
A A1 8Fgd Tk Fof] 94°Col|A] 4037+ denaturation, 55°Col|A] 3037} annealing, 72°Cel] 4] 30
%7} extensiondli= A& 253] HHEgF &, wpA|ro g 72°CollA] 587 uHS-Al A o] &
1.5% agarose gelo| A %17]%35& A Al3te] apoB 8344 A& A3}t

olo u}ﬂ_’,

Table 1. Synthetic oligonucleotide sequences used for apoB 8344 polymorphism

Primer U (sense) 5'-agatgcagaa cagtgagctge-3’ (8161-8181)
Primer L (antisense) 5'-tt cagagccage ggattaatc-3’ (8602-8582)
Primer C (C-specific) 5'-gtg gggaagctgg aaattctg-3’ (8363-8344)
Primer T (T-specific) 5'-gtg gggaagetgg aaattcta-3’ (8363-8344)

Of. ApoB EcoRI C}ENM ZHA}

Table 29} 72 oligonucleotide S A}-2-3}o] apoB ¥ & %3 Fl| EcoRI Xﬂif_ IirE
ARE-3le] A gtE A o] v} A (restriction fragment length polymorphism)H o2 353}
r/}_-38

BEcoRI-5" primer (B}o] 21jo}, tfA, &)} BEcoRI-3’ primer (H}e] e1jo}, A, dHF)
7—,"7‘01] genomic DNAE- A 7}3}o], o] 2 *%7| denaturation®. 2] 94°Cel|A] 587} k2] 7]
5. 94°Col| &) 4027} denaturation, 60°Cel| 4] 4027} annealing, 72°Col| 4] 3037} extension 3}
= A S 373 ubE A gsigict Fof vix|Ele g 72°CellA] 3R ubEAl Atk o] PCR
productol] A|3FF A EcoRIE AF-83}od =8]8k 3, 37°C water bathol| 4] 3A]7F 3087+ vF-§-4]
71t} o] & 2% agarose gelell A 7|52 & #23t ¥, apoB EcoRI T} A& st

Table 2. Synthetic oligonucleotide sequences used for apoB EcoRI polymorphism

BEcoRI-5’ 5'-CAC CCT gAg AgA AgT gTC TTC A-3' (12413-12434)
BECoRI-3' 5'-AgT gCA AAg TTC CTC CCT AgT g-3' (12782-12761)




ZA)| 8- -2 SAS version 6.12 (SAS Institute Inc., Cary, NC, USA)&

!
FHAAE FA8H] 3, group ttest T ANOVAZH A& 1ot
i -

= JAtEF <5
T3 AAFN 277 Zpo|+= chi-square test®} fisher’s exact testE A A sle] p Zhe] 0.05

[e]
stQl AS fol% Aoz BFSseh

. A 1}

HBL 3% Zé*o“ﬂfé% Zbe] sy f A Aol HSieH(Table 3). TAAe] 74,
sHA 2

Table 3. Demographics and lipid distribution of subjects (Mean+ SD)

1)
gkort, ofztel Afelle fold 2elz} glleh. LU EAE

Female Male
Group
HBL* (n=58) Normal (n=57) HBL (n=74) Normal (n=80)

Age 448"+ 9.4 471+ 92 46.67+11.1 485+ 7.8
BMI** 2227+ 3.0 225+ 26 228Y+ 25 240+ 22
T. cholesterol 129.17+12.5 206.7+28.8 129.8” +10.8 203.6+25.5
Triglyceride 87.77+56.2 1042 +51.9 98.1% £50.7 117.6+46.4
HDL-C 46.17+11.7 523+12.8 46.5'7+122 475+11.8
LDL-C 65.5'"+16.7 133.5+27.2 63.6'7+17.3 132.5+23.0

* HBL, hypobetalipoproteinemia cases

** BMI, Body Mass Index = Weight(Kg)/[Height(m)]2

" Not significantly different vs normal female (p=0.2129)
Not significantly different vs normal male (p=0.2394)

2)
? Not significantly different vs normal female (p=0.6102)
* Significantly different vs normal male (p=0.0005)
Significantly different vs normal female (p<0.0001)
Significantly different vs normal male (p<0.0001)

Not significantly different vs normal female (p=0.1031)
Significantly different vs normal male (p=0.01037)
Significantly different vs normal female (p=0.0072)

' Not significantly different vs normal male (p=0.6033)
'Y Significantly different vs normal female (p<0.0001)

'? Significantly different vs normal male (p<0.0001)

5)

[

7
8

9

-7 -



2202 A%, oA 5 HBLZAA F95A Fokert, wake] Afelt 2@ 3ol
7} §1sit} (Table 3). #| 22k z]4=(Body Mass Index, BMI)2] 7]-%-, ‘FA}ol| A qt HBL:J}O] 2
Azl BBk ol sk Al ok o, At = folgk AFelz) ¢l th(Table 3).

2. ApoB ZEH A1}

HBL 5ol 4] aprotininz] 2] 7} 7}5-8]" 30% o 4] apoB truncationS- #7338 4= 91
(Fig. 1). SfA ) Z7-2 v|=+ w525 Washington o] 3}ofj 8} x] A o A}ed -4~ Schonfeld G.
ubatel ojatoe] A% apoB 40/899} " apoB 31 A&Hd 71 A5 AHE-stAhFig 1).° o] F
Fig. 1.941¢] 3139 73 Aol 4= apoB 40 B3 3} f-A}g band7} =] gl o, w57 A
9} DNA sequencedl| A+ AAFS 2 v =] ¢l c}(Fig. 1).

YBYBYBYBYBYBYBYBB B B B B B B B B
HD HS 37163305 3073093113133158 9 10 14 15 17 18 19 22

apoB100 —»
apoBg89 —»

apoB40 —»

apoB31 —» E

Fig. 1. Detection of truncated apoB by SDS-agarose gradient gel. Known apoB truncation
sample, HS, apoB 40/89, compound heterozygotes; HD, apoB31 were run together which
were kindly donated from Dr. Schonfeld in Washington University in St. Louis.

— 8 —



3. ApoE C}EN Zn}

ApoE T} Al & AfMIISH Haell Q42 Aelshe] A& 17|19 A3 Fig. 29} 2L
A& wolth ApoE $-31AHs B clRlelabe) u] & Table 49} 2Skeh ApoE FAH 4

#1 #2 #3  #4  #5 #6 #7 #8 - #9

Fig. 2. Analysis of apoE genotyping with two restriction enzymes (AfIII,
Haell) on 3% agarose gel. Lane #1, 50-bp DNA Ladder Marker; Lane #2,
apoE 2/4, 168-bp 195-bp 218-bp products; Lane #3, apoE 3/3, 145-bp pro-
ducts; Lane #4, apoE 2/2, 168-bp products; Lane #5 & #6, apoE 2/3, 145-bp,
168-bp products; Lane #7, apoE 2/4, 145-bp 195-bp, products; Lane #8, apoE
4/4, 195-bp, 195-bp 218-bp products; Lane #9, uncut apoE 218-bp PCR products.

Table 4. ApoE genotyping and allele frequencies of all subjects

ApoE polymorphism Female Male Total
2/2 1 (0.9%) 5 (3.3%) 6 (2.2%)
2/3 22 (19.1%) 19 (12.3%) 41 (15.2%)
2/4 3 (2.6%) 2 (1.3%) 5 (1.9%)
3/3 67 (58.3%) 85 (552%) 152 (56.5%)
3/4 21 (18.3%) 42 (27.3%) 63 (23.4%)
4/4 1 (0.9%) 1 (0.7%) 2 (0.7%)
Total 115 154 269 (100.0%)

€2 allele 0.117 0.101 0.108
€3 allele 0.770 0.750 0.758
c4 allele 0.113 0.149 0.138

* No significant difference among apoE genotype frequencies found by Chi-Square test (p=0.244) and by Fisher’s
Exact Test (2-tail, p=0.207). No significant difference among apoE allele frequencies found by Chi-Square test
(p=0.426) and by Fisher’s Exact Test (2-Tail, p=0.432).
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Table 5. ApoE genotyping and allele frequencies of HBL and normal controls

ApoE Female Male Total
polymorphism HBL Normal HBL Normal HBL Normal

22 1 (1.7%) 0 4 (5.4%) 1 (1.3%) 5 (3.8%) 1 (0.7%)
23 16 27.6%) 6 (105%) 12 (162%) 7 (8.8%) 28 (212%) 13 (9.5%)
2/4 2 (3.5%) 1 (1.8%) 1 (1.4%) 1 (1.3%) 3 (2.6%) 2 (1.5%)
33 28 (483%) 39 (68.4%) 41 (554%) 44 (550%) 69 (52.3%) 83 (60.6%)
3/4 10 (172%) 11 (193%) 16 (21.6%) 26 (35.5%) 26 (19.7%) 37 (27.0%)
4/4 1 (1.7%) 0 0 1 (1.3%) 1 (0.8%) 1 (0.7%)
Total 58 57 74 80 132 137

€2 allele 0.172 0.061 0.142 0.063 0.155 0.062

3 allele 0.707 0.833 0.743 0.756 0.727 0.788

£ 4 allele 0.121 0.105 0.115 0.181 0.117 0.150

* Significant difference among apoE genotype frequencies for all subjects found by Chi-Square test (p=0.043)
and Fisher’s Exact Test (2-Tail, p=0.025). Significant difference among apoE allele frequencies for all subjects
found by Chi-Square test (p=0.002) and by Fisher’s Exact Test (2-Tail, p=0.00165).

< HBLu3t A ZIZA {28 2olE& Bolxw, HBLE-> AAHNETl ¥l3ty
apoE 2/3¢] ¥]&-o| Wi, apoE 3/47-2] H|-&o] A2 Z1-& o 5 glltH(Table 5). ApoE w7
At HBLAol A AAc a3t #-2l & 2fo] & BofA] apoE 2 i 1Ate] v]&o] A4}
‘HZ:’L"H ‘ﬂfsﬂ HBLT o A §2|8HA] £31, apoE e4 t§ielzte] wlgo] frolahA & A
o Ak FURE vre] oA FAEAE & A9 A e 7o d Aol Ax
%%i , 1A v &2 Aol FAF8lo th(Table 5).

ApoE 341218 2 gl E e Ao 2o vlste] HBLT oA EAI =]l Ao] &
X ¢l tH(Table 5).

rle rJ{o

4. ApoB 8344 C}EN ZH1}

ApoB 8344 t}3& Al o] oFAF2 Fig. 33} zEgkt}. C-specific ™ T-specific PCR product2] DNA
d7] A9 A Z 3= Fig. 49F 79kt ApoB 8344 thE A o] Al A} 9] Bl&-E T/T, C/T,
C/IC & WER vhepyty g zke] Aol ubAE %] ebglri(Table 6). ApoB 8344 t}3Al-&
FARE 23 gy 2% C/C, /T, TT 343 9] HBLT-3 2729 2ol gl en, &

W 2% ajelz) s Al Fghci(Table 7).
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Fig. 3. Analysis of apoB 8344 polymorphism. Lane No #1, #3, #5, #7 used T-specific
primer. Lane No #2, #4, #6, #8 used C-specific primer. Lane #9 showed 100-bp DNA
ladder marker. No. 12 patient showed T/T polymorphism. No. 13 patient showed C/C
polymorphism. No. 14 patient showed C/T polymorphism. No. 16 patient showed C/C

polymorphism.
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Fig. 4. DNA sequence of apoB 8344 polymorphism area of C-specific or T-specific PCR product. A. C-
specific; B, T-specific.




Table 6. ApoB 8344 polymorphism and allele frequencies

of all subjects

ApoB 83‘}4 Female Male Total
Polymorphism
C/C 7 (6.3%) 17 (11.3%) 24 (9.2%)
C/T 44 (39.6%) 68 (45.0%) 112 (42.8%)
T/T 60 (54.1%) 66 (43.7%) 126 (48.1%)
Total 111 151 262 (100.0%)
C allele 0.261 0.338 0.305
T allele 0.739 0.662 0.695

* No significant difference among apoB 8344 genotype frequencies found by Chi-Square test (p=0.168) and
Fisher’s Exact Test (2-Tail, p=0.181). No significant difference among apoB 8344 allele frequencies found
by Chi-Square test (p=0.060) and Fisher’s Exact Test (2-Tail, p=0.068).

Table 7. ApoB 8344 polymorphism and allele frequencies of HBL and normal controls

ApoB 8344 Female Male Total
Polymorphism HBL Normal HBL Normal HBL Normal
c/C 3 (5.2%) 4 (7.6%) 9 (123%) 8 (103%) 12 (92%) 12 (92%)
C/T 29 (50.0%) 15 (283%) 29 (39.7%) 39 (50.0%) 58 (44.3%) 54 (412%)
T 26 (44.8%) 34 (642%) 35 (48.0%) 31 (39.7%) 61 (46.6%) 65 (49.6%)
Total 58 53 73 78 131 131
C allele 0.302 0217 0338 0.353 0313 0.298
T allele 0.698 0.783 0.662 0.647 0.687 0.702

* No significant difference among apoB 8344 genotype frequencies for all subjects found by Chi-Square
test (p=0.844) and Fisher’s Exact Test (2-Tail, p=0.885). No significant difference among apoB 8344 allele
frequencies for all subjects found by Chi-Square test (p=0.704) and Fisher’s Exact Test (2-Tail, p=0.776).

5. ApoB EcoRI C}EM Z1}
ApoE EcoRI t}3 A1 2] A7) % ofAFe Fig. 59} #ro] #=3}9it}. ApoB EcoRI t}3
R+/+ 932%, R+/— 68%°]9lov, R—/— & =3
2l

S

°] WAl Wk Aol e )
% gkeh(Table 8). HBLI 3} A4 e & Aol AE A @k ol= U

% o}37}2] A eh(Table 9).
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Fig. 5. Analysis of apoB EcoRI polymorphism. Lane #1 showed R+/—,
Lane #2 showed R+/+, Lane #3 showed uncut PCR product, Lane #4
100-bp DNA ladder marker.

Table 8. ApoB EcoRI polymorphism and allele frequencies of all subjects

FpeE ECO.RI Female Male Total
Polymorphism
R+/+ 100 (93.5%) 119 (93.0%) 219 (93.2%)
R+/— 7 (6.5%) 9 (7.0%) 16 (6.8%)
Total 107 128 235 (100.0%)
R+ allele 0.967 0.965 0.966
R— allele 0.033 0.035 0.034

* No significant difference among apoB EcoRI genotype frequencies found by Chi-Square test (p=0.882)
and Fisher’s Exact Test (2-Tail, p=1.000). No significant difference among apoB EcoRI allele frequencies

found by Chi-Square test (p=0.884) and Fisher’s Exact Test (2-Tail, p=1.000).



Table 9. ApoB EcoRI polymorphism and allele frequencies of HBL and normal controls

ApoB EcoRI Female Male Total
Polymorphism HBL Normal HBL Normal HBL Normal
R+/+ 46 (92.0%) 54 (94.7%) 47 (922%) 72 (93.5%) 93 (92.1%) 126 (94.0%)
R+/— 4 (8.0%) 3 (5.3%) 4 (7.8%) 5 (65%) 8 (7.9%) 8 (6.0%)
Total 50 57 51 77 101 134
R+ allele 0.960 0.974 0.961 0.967 0.960 0.970
R— allele 0.040 0.026 0.039 0.033 0.040 0.030

* No significant difference among apoB EcoRI genotype frequencies for all subjects found by Chi-Square
test (p=0.557) and Fisher’s Exact Test (2-Tail, p=0.607). No significant difference among apoB EcoRI allele
frequencies for all subjects found by Chi-Square test (p=0.564) and Fisher’s Exact Test (2-Tail, p=0.613).

W, o] % apoB A& 1398 MEE R T AP A7) B4, Auaes
A% b % A ERAE SR 4% NH ATAAHEEY ASE AT
2] [¢]

Aebd ol A Zo el &8 53 apoE A A 7o) Al o] R uE gl=v apoE 2/39] v|&
o] 4l 109%9) ¥lste] 387%2 Eohrh b £ dFel e HAFlo] 9.5%, HBLT
o] 212% 2 Welty 52| u]&xche Ao}, $3)2] Synder 59] 82% % 28.9%¢l &t
7W7he vl gl hAA ez A Aok

o] F &3+ E3¥(parent form) > 2 A d|F-3-2] i ARFEo| 7o &b}
9} e4+= W ¥ (variant form) S 24|, 2% A|38 Al E =3 Ho) 9loH
A AF 5ol v Fase e AR dedA 9h? uide] 4= AA
e Ao A A ZHAHE P 2AYEA ] =)o} e
2 e ek ApoEe] tiALE A% Boarel 28}, apoE42] thAl7} apoE3S
o vlal Z7slo] gloky gk 8, FH2e 29 B F580] apoE e4 <l
2131 9l Abgo] A =W, apoE e2F 7FA 3 9= Al Al Ao w) apoE €3
b AEetE RI% 9l on,® apoE t}gAfo] LDLEZH AH &9 F7H8 d oyl dQl

ﬁ.ﬁiri
30, "
NLr[rjgizé
- ™
fo e ar &= o 2 4 O



ty
P

g2l o,
S apoE 4 AR AAE 3 Fo2HE, AURA b o x
s} ghede] Qlgich® ubwiel apoE €2 HlRUAbE AW EA G g Ao o3 A5
AaAA Azl Tesbze) Lure HaAA. o 3
& 4% 2850 AUEADY AR ZAANAN JBAAGEZS GRaA 5
o), apoE e4 AL €2 DR AAbebE A2 JuHE A8 rE o4 )RR} g
ol nBELHEF0] UL Ao oA gk
Al ek ehg @ Zo] ol Wabe A Arele] wstod apok 23 f AR Ho] IMAE v
[¢]

o k:H ﬂl{O
[pv

2 UERhon], apoE 349 21 S shAl A uelA chl E 2 Fa13e] 50% o] Ao
Ao B AL eA g oA 222 713 Aoz Bk B o T
[e]

4l vhebyt HBLT-9] apoE €2 th# Q122 n]§o] %1, apoE ¢4 o) alz}e] n]go] U
e S Welty 53 §-418F 27 0]90 k. Leren %«f—; e A S D2 HEF
ko) apoE AL AALE AAste], 122 A2 Y282 FolA]e apoE
2 W3Rt B WEs) 9ejgi Egtow, apoE g4 Elelate] W T} Yo o}
ehie Zog Busidoh? Auelw g ze dyzte] 2 v woli iFo]7}h glalo.
vh AN, 2AEEA ] ZeadE, AL e g Za A 227 o2yt Yalu)

AREA R FYAHEL & AR vhelyt o, apoE 2/3 f-A M-S o

Y AEE] E3 o]gol o z/\}.g]crlr/}_zo 2 oo 4] apoE 2/3
9> A E Tl A, apoE 3/4 3213 HBL oA tf wo] #ats|gich 2 o
TollA] vehd apok ALY W ARl wlge FHo) X AR A7} fal A
e A’ FUIE W Aolsl Qolal FEqbe) ol glomw, 4 AT Aze
sl g aekan A e’

2 dFellxs BE AR e AlA aprotininx] 2] Y o
AHE sha) Eaha A 309 Al AN T A
B _?41:1! oo %_/\15-4 ;HA]-;?- vEE

o

o ¢
N
W
)
ol
lo
N
o

nJlo

271 oJe] $1 4, apoB Aty 7
el slsleh v} apoB A vy

AF3lel = apoB A ¢hd-o whAdt 7}
= Zlo® ALEEch AA] apoB Ak S WA sle] o] & oWl ol tiAbTel 4]
A A et 22t E, apoE 2/39F FA A o] A FY ~e|BH 29 Ao glrie B A
& Aol W3E FA= 48 Rz FAseich g9, HBLIo] AAldjze| nls) =

AU

_—

oY

2’] '191_ Kty

—%o
Z]
S

o

el S Aol AE Ao] ohdsl, wE $5& ol o] T Bo] Fof = A
of obdzk sk W A7) o, AyHETe] AAF U LFFE Aako] 2R

}'N oY

HBLY 3 ‘gAboll A= BMIZL AAfel ol ulsle] oF
A

.._,r},L ple

Aase] slgl e 2 Aolrh Yz, AdabFel s HBLE 3} A4 22 Abo] 2] BMIAo
7bsideke Ak AAdERTe] A A AFAQ L welshw, A4S g S5k
2 Aol 9Ne Ao Aztenl, Synder % JAR Y LEFOR oY &Mz



e ZeavEe $AYTHE AL TR AR FAE st
&, Leren SollA] %28 2po]Z HGIW apoB 8344+= £ AFellA & &7 = Aol

| = = 5
1ol efgter” o]ef @k 2ol Leren 5] 1iﬂl*ﬂl%ﬁé%—ﬂ e B e
g wa,! 2 dFede gz HE Z
] 528k 2polellA] 7)qldteia A7bE 7| % Bjit, Leren JM EA A zol7} A oA
o] D‘ré*é | A 2d2d2e FUAhE M-S gl e ARty ZRkeint
3 T s elzzt ob&3 2ol A b AL FREE
AFAL 0] 9t } Huang o4 C vl Q) A} (proline allele)”} 83%, T ¥ &l AH(eucine allele)7}
17% 2. 29 o ghatalo e C ™A} 30.5%, T s A7} 69.5% 2 vha A
)3t AuE wgirh olejdt o]y} A FHAHEXI APAR) Gt A% A3
= ARAQ o] /M5 $x glglon, £ el oshd HBLT 3 A=
-] apoB 8344 tilelz} wHHNI T = FA Al o) 7} 41l e But ohzl, A A AR}
S o) apoE 337%HS tlAFO.Z apoB 8344 thy Aol wE FZesHE 2 AUEAG
W) Ze| AE|ZA) ] zfo] o HE ANOVA AL AlAstg ot ofv] gl Ao]& RolZ|
ekol(z}7} p=0.677 2 0.384), apoB 8344 iAo FH2elE TR} dRAe] e A
° 2 AR F S
ApoB EcoRI T84 73} HBLFo|A &= R+/+ 92.1%, R+/— 7.9%, A4 ETANA =
R+/+ 94.0%, R+/— 60%%2A EAA ol s woper, gt HlE= R+
el el 27} HBLZ oA = 096, FANZFAAE= 097, R— di3H A= HBLIT A=
0.04, A A 2o A= 00322 vhebydeh o] Pan $o] ®3g R+ dg ez} 095, R—
2l el 0059 AL AnE BodFrh” De Benedictus 52 752 9el wtE apoB
EcoRI t}3] Aol #po]7} ol-&-2 B yalgich” ojga]o} Witol AFdhe AFFES R+/+,
R+/—. R—/— W&A¥IE7} 717 30.0%, 44.4%, 25.6%3] ubd, ojge|o} H4 AFas 7
7t 652%, 283%, 6.5%2 R.IE u}l lelA £Z7te] AolE B £ gldey,? Faay
garel Alololi= Z o)} gl AL Falsrgih”
Az o7 e} o FaEoe] B 159l HBL} apoB 8344 ™ apoB EcoRI t}3 A 7ke] <
o 2 elFe]A] 93 4 il v}, HBL} apoE e2tlj QlAbehe] A4S #ald
T

11V
o[}J
mlo
E
oo
ohi
Oi
2N
et
B
2
e
-
[>
&
fr
i)
o|N
tlo

i& &)

32, ox

v. 2 =
gharql AulebA] g EZe) 42| apoB 2 apoE i M = chi e AINE L&
% olgdrt :



Aol A= ol Zolv} ¢leith. U EA Tl el 2889 S o xbe]A] HBLT ]
A §o)abA goront, wake] Aol gt o]l Ak

2. HBL o4+ apoB Aot A 5= 9l 2l thn=30).

3. ApoE §-112}% ¥]§-& HBLZo|A 231 apoE 2/379) ¥]§o] B, apoE 3479
B go] Achp=0.025). =3 HBLZ3 At 2F BFol4] &3 tgalzte] wraulws}
7V woron], HBLZ MY 2 i@ Abe) wallwrl Y zzo] vlste] £ e
E,J(D}(p=0.002).

4. ApoB 8344 Th8 A S g A3}, U BE C/C, OfT, TIT 44715 ¢ HBLZ-7 44}
W7o EASY Aol glglh. b, Alekalel A8 C A elat vl 4 083, T el
21 8] & 0.17¢) v3ll, gl = C P& AR} 0.305, T i A A}7} 06952 w12 Ql 2}o)
2 vtk

5. ApoB EcoRI T} A& HBLZ3 At 2 77re] EA 8-l 2po]
o] ulshe] R- tjElQlal W] go] Yoty FFalT

o]4ke] Atz AM|ebA 25} apoB TFHA )
% 819101}, apoE €2 )P AAb7} Fale] HBLF2] 4 alat 5 & 7hx|9g w4

o] o

a =

g 1 &

rok

1. Glueck CJ, Gartside P, Fallat RW, Sielski J, Steiner PM. Longevity syndromes: familial
hypobeta and familial hyperalpha lipoproteinemia. J Lab Clin Med 1976;88:941-57.

2. Stamler J, Dyer AR, Shekelle RB, Neaton J, Stamler R. Relationship of baseline major risk
factors to coronary and all-cause mortality, and to longevity: findings from long-term follow-up
of Chicago cohorts. Cardiology 1993;82:191-222.

3. Linton MF, Farese RV Jr, Young SG. Familial hypobetalipoproteinemia [Review]. J Lipid Res
1993;34:521-41.

4. Iribarren C, Reed DM, Chen R, Yano K, Dwyer JH. Low serum cholesterol and mortality.
Which is the cause and which is the effect? Circulation 1995;92:2396-403.

5. Sherwin RW, Wentworth DN, Cutler JA, Hulley SB, Kuller LH, Stamler J. Serum cholesterol
levels and cancer mortality in 361,662 men screened for the Multiple Risk Factor Intervention
Trial. JAMA 1987;257:943-8.

6. Pessah M, Benlian P, Beucler I, Loux N, Schmitz I, Junien C, et al. Anderson’s disease: genetic
exclusion of the apobetalipoprotein-B gene in two families. J Clin Invest 1991;87:367-70.
7. Knott TJ, Rall SC, Innerarity TL, Jacobson SF, Urdea MS, Levy-Wilson B, et al. Human
apolipoprotein B: structure of carboxyl-terminal domains, sites of gene expression, and

chromosomal localization. Science 1985;230:37-43,

8. Carlsson P, Danfors C, Olofsson SO, Bjursell G. Analysis of the human apolipoprotein B gene,



10.

LL

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

complete structure of the B-74 region. Gene 1986;49:29-51.

. Pullinger CR, Hillas E, Hardman DA, Chen GC, Naya-Vigne JM, Iwasa JA, et al. Two

apolipoprotein B gene defects in a kindred with hypobetalipoproteinemia, one of which results
in a truncated variants, apoB-61, in VLDL and LDL. J Lipid Res 1992;33:699-710.
Farese RV, Linton MF, Young SG. Apolipoprotein-B gene mutations affecting cholesterol
levels. J Int Med 1992;231:643-52.

Srivastava N, Noto D, Averna M, Pulai J, Srivastava RA, Cole TG, et al. A new apolipoprotein

B truncation (apoB-43.7) in familial hypobetalipoproteinemia: genetic and metabolic studies.
Metabolism 1996;45:1296-304.

. Groenewegen WA, Krul ES, Averna MR, Pulai J, Schonfeld G. Dysbetalipoproteinemia in a

kindred with hypobetalipoproteinemia due to mutations in the genes for apoB (apoB 70.5) and
apoE (apoE2). Arterioscler Thromb 1994;14:1695-704.

Welty FK, Ordovas J, Schaefer EJ, Wilson PW, Young SG. Identification and molecular
analysis of two apoB gene mutations causing low plasma cholesterol levels. Circulation 1995;
92:2036-40.

Huang LS, Kayden H, Sokol RJ, Breslow JL. ApoB gene nonsense and splicing muations in
a compound heterozygote for familial hypobetalipoproteinemia. J Lipid Res 1991;32:1341-8.
Talmud PJ, Krul ES, Pessah M, Gay G, Schonfeld G, Humphries SE, et al. Donor splice
mutation generates a lipid-associated apolipoprotein B-27.6 in a patient with homozygous
hypobetalipoproteinemia. J Lipid Res 1994;5:468-77.

Aguilar-Salinas CA, Barrett PH, Parhofer KG, Young SG, Tessereau D, Bateman J, et al.
Apolipoprotein B-100 production is decreased in subjects heterozygous for truncations of
apolipoprotein B. Arterioscler Thromb Vasc Biol 1995;15:71-80.

Parhofer KG, Barrett PH, Bier DM, Schonfeld G. Positive linear correlation between the length
of truncated apolipoprotein B and its secretion rate: in vivo studies in apoB-89, apoB-75,
apoB-54.8 and apoB-31 heterozygotes. J Lipid Res 1996;37:844-52.

Granot E, Deckelbaum RJ. Hypocholesterolemia in childhood. J Pediatr 1989;115:171-85.
Wu J, Kim J, Li Q, Kwok PY, Cole TG, Cefalu B, et al. Known mutations of apoB account
for only a small minority of hypobetalipoproteinemia. J Lipid Res 1999;40;955-9.

Welty FK, Lahoz C, Tucker KL, Ordovas JM, Wilson PW, Schaefer EJ. Frequency of apoB
and apoE gene mutations as causes of hypolipoproteinemia in the Framingham Offspring
population. Arterioscler Thromb Vasc Biol 1998;18:1745-51.

Leren TP, Bakken KS, Hoel V, Hjermann I, Berg K. Screening for mutations of the apoli-
poprotein B gene causing hypocholesterolemia. Hum Genet 1998;102:44-9.

Huang LS, Gavish D, Breslow JL. Sequence polymorphism in the human apoB at position
8344. Nucleic Acid Res 1990;18:5922.

Pulai JI, Zakeri H, Kwok PY, Kim JH, Wu J, Schonfeld G. Donor splice mutation (665+ 1
G : T) in familial hypobetalipoproteinemia with no detectable apoB truncation. Am J Med
Genet 1998;80:218-20.

Parhofer KG, Barrett PH, Bier DM, Schonfeld G. Lipoproteins containing the truncated apoli-
poprotein, apoB-89, are cleared from human plasma more rapidly than apoB-100-containing

—18 —



25.

26.

28.

29.

30.

31

2
3%

33

35.

36.

37.

38.

lipoproteins in vivo. J Clin Invest 1992;89:1931-7.

Pulai JI, Averna M, Srivastava RA, Latour MA, Clouse RE, Ostlund RE, et al. Normal intestinal
dietary fat and cholesterol absorption, intestinal apolipoprotein B (apoB) mRNA levels, and
apoB-48 synthesis in a hypobetalipoproteinemic kindred without any apoB truncation. Meta-
bolism 1997;46:1095-100.

Rall SC Jr, Weisgraber KH, Mahley RW. Human apolipoprotein E. The complete amino acid
sequence. J Biol Chem 1982;257:4171-8.

. Mahley RW. Apolipoprotein E: cholesterol transport protein expanding role in cell biology

[Review]. Science 1988;240:622-30.

Schaefer EJ, Lamson-Fava S, Johnson S, Ordovas JM, Schaefer MM, Castelli WP, et al. Effects
of gender and menopausal status on the association of apolipoprotein E phenotype with plasma
lipoprotein levels. Arteriosclerosis 1994;14:1105-13.

Regis-Bailly A, Visvikis S, Steinmetz J, Feldmann L, Briancon S, Danchin N, et al. Frequencies
of five genetic polymorphisms in coronarographed patients and effects on lipid levels in a
supposedly healthy population. Clin Genet 1996;50:339-47.

Das HK, McPherson J, Bruns GA, Karathanasis SK, Breslow JL. Isolation, characterization,
and mapping to chromosome 19 of the human apolipoprotein E gene. J Biol Chem 1985;260:
6240-7.

Boerwinkle E, Chan L. A three codon insertion/deletion polymorphism in the signal peptide
region of the human apolipoprotein B (apo B) gene directly typed by the polymerase chain
reaction. Nucleic Acids Res 1989;17:4003.

. De Benedictis G, Rose G, Mazzei R, Leone O, Crescibene L, Brancati C, et al. EcoRI-RFLP

of the apo B gene: a study in a sample group from South Italy. Ann Hum Genet 1991,
55:103-13.

Rajput-Williams J, Knott TJ, Wallis SC, Sweetnam P, Yarnell J, Cox N, et al. Variation of
apolipoprotein B gene is associated with obesity, high blood cholesterol levels and increased
risk of coronary heart disease. Lancet 1988;2:1442-6.

. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low density

lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem
1972;18:499-502.

Krul ES. Kleinman Y, Kinoshita M, Pfleger B, Oida K, Law A, et al. Regional specificities
of monoclonal anti-human apolipoprotein B antibodies. J Lipid Res 1988;29:937-47.
Zivelin A, Rosenberg N, Peretz H, Amit Y, Kornbrot N, Seligsohn U. Improved method for
genotyping apolipoprotein E polymorphisms by a PCR-based assay simultaneously utilizing two
distinct restriction enzymes. Clin Chem 1997;43:1657-9.

Newton CR, Graham A, Heptinstall LE, Powell SJ, Summers C, Kalsheker N, et al. Analysis
of any point mutation in DNA. The amplification refractory mutation system (ARMS). Nucleic
Acids Res 1989;17:2503-16.

Pan JP, Chiang AN, Tai JJ, Wang SP, Chang MS. Restriction fragment length polymorphism
of apolipoprotein B gene in chinese population with coronary heart disease. Clin Chem
1995;41:424-9.



39.

40.

41.

42.

43.

44.

45.

46.

47.

Krul ES, Kinoshita M, Talmud P, Humphries SE, Tumner S, Goldberg AC, et al. Two distinct
truncated apolipoprotein B species in a kindred with hypobetalipo-proteinemia. Arteriosclerosis
1989;9:856-68.

Talmud P, King-Underwood L, Krul E, Schonfeld G, Humphries SE. The molecular basis of
truncated forms of apolipoprotein B in a kindred with compound heterozygous hypobe-
talipoproteinemia. J Lipid Res 1989;30:1773-9.

Synder SM, Terdiman JF, Caan B, Feingold KR, Hubl ST, Smith RS, et al. Relationship of
apolipoprotein E phenotypes to hypocholesterolemia. Am J Med 1993,95:480-8.
Weisgraber KH, Innerarity TL, Mahley RW. Abnormal lipoprotein receptor-binding activity
of the human E apoprotein due to cysteine-arginine interchange at a single site. J Biol Chem
1982;257:2818-21.

Weintraub MS, Eisenberg S, Breslow JL. Dietary fat clearance in normal subjects is regulated
by genetic variation in apolipoprotein E. I Clin Invest 1987;80:1571-7.

Gregg RE, Zech LA, Schaefer EJ, Stark D, Wilson D, Brewer HB Jr. Abnormal in vivo
metabolism of apolipoprotein E4 in humans. J Clin Invest 1986;78:815-21.

Kesaniemi YA, Ehnholm C, Miettinen TA. Intestinal cholesterol absorption efficiency in man
is related to apolipoprotein E phenotype. J Clin Invest 1987;80:578-81.

Kim JH, Lee EJ, Kwon OH. Apolipoprotein E genotyping and phenotyping in type II diabetes
mellitus patients with hypertriglyceridemia. Clin Biochem 1997;30:47-52.

Ehnholm C, Lukka M, Kuusi T, Nikkila E, Utermann G. Apolipoprotein E polymorphism in
the finnish population: gene frequencies and relation to lipoprotein concentrations. J Lipid Res
1986;27:227-35.



Abstract

Polymorphisms of Apolipoprotein B and Apolipoprotein E
in Korean Hypobetalipoproteinemia

Hwan Sub Lim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Oh Hun Kwon)

Hypobetalipoproteinemia (HBL) is characterized by plasma concentration of apolipoprotein B
(apoB) and low density lipoprotein cholesterol (LDL-C) below the fifth percentile of healthy popu-
lation. Previous studies showed that HBL patients have lower risk of atherosclerotic disease, but
tends to have higher risk of having motor or sensory track disabilities, various cancers, pulmonary
and gastrointestinal discases. HBL is revealed to be associated with apoE polymorphism. ApoB
polymorphisms, such as apoB 8344 and apoB EcoRI have been also suggested to be related to HBL.

In this study, HBL (n=132) and, age- and sex-matched healthy control (n=137) were compared
for apoE genotyping, apoB 8344 polymorphism and apoB EcoRI polymorphism. ApoE genotyp-
ing and apoB EcoRI were determined by polymerase chain reaction (PCR) restriction fragment
length polymorphism (RFLP). ApoB 8344 polymorphism was determined by PCR- amplification
refractory mutation system (ARMS). We also searched for truncated apoB by ECL western
blotting in 30 HBL subjects, but could not find any truncated form. ApoE genotyping frequencies
showed significant difference between HBL and normal control group (p=0.025), as follows; for
apoE 2/3, 21.2% versus 9.5%; for apoE 3/4, 19.7% versus 27.0%. We could find elevated apoE
¢ 2 allele frequencies in HBL group than normal control group (0.155 versus 0.062; p=0.0017).
ApoB 8344 polymorphism showed no significant difference between HBL and normal control
groups. Unexpectedly, we found ethnic allele difference in this polymorphism of T allele (Leucine)
frequency, 0.695 versus 0.170 of Caucasian; on the other hand, C allele (Proline) showed lower
frequency in Korean. But we could not find any difference of cholesterol level in C and T allele
groups. We also found that most (93.2%) of our subjects have apoB EcoRI R+/+ genotype
similar to that of Taiwanese, but different from that of Caucasian. There were no significant
apoB EcoRI genotyping or allele frequency differences between HBL and normal groups.

In conclusion, we could not find any relationship between HBL with apoB 8344 and apoB
EcoRI polymorphisms, but apoE ¢2 allele seems to be a significant genetic factor for HBL in
Korean.

Key Words: hypobetalipoproteinemia, apolipoprotein B, apolipoprotein E, polymorphism,
apoB8344, EcoRI
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