Study of Apolipoprotein E Isoproteins and
Phenotypes by Two-dimensional Electrophoresis
and Isoelectric Focusing Methods
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SIRRFHZEERMEE H93% H58 685-702  (1984) 685

2 RICESKEIE & % & S ESUKENEIC L 2 TREHE®D
4 VE&H &L % ? phenotype Dzt

FURRFEF AR B T GRAE © PRI
U 3l ¥
(RRFI594F 9 A 25 H 2 41)

RTERSR BN - S EA BRI LY, TRBEAE D4 VEHE, %0 phenotype DWW T
PREFL 7o, MBRISEEM A 24 51, BRI 48 B, i 3 BB ASIIE 6 BITH b » W41 48+11(SD)
FThHofz, BHELEICE DML LBELE Y &S (very low density lipoprotein, VLDL) thep
TREAEEME L $7. 2RTEBAREEC L3R L D, 7EEHE BAFREEFEOED
S5HEDAVEARSBEINS, THESE 1V EROKENIRD S E4/4, E3/3, E2/2, E4/3, E3/2, B4/
2 0 6 D phenotype MTETE L7z, RN 3 BB IENE 6 flo 7 REH E phenotype ix, T E2/
2TH-I ERALEELERED 2807 #EAE E phenotype ®WRIZ, E4/4= 7 %, E3/3=42%,
E2/2= 0%, E4/3=29%, E3/2=21%, E4/2=1%TH 7. RIEDBEZNRT 257 REXE
phenotype i 3D NMILEET 4. 3, 2 D OEEE N D EEBZONTWS, Thbb, 2O0k5#%
XI7EREF O homozygote 1, phenotype E4/4, E3/3,B2/2TH D, %7z, heterozygote it E4/3, E3/
2,E4/2 T, 3ET % genotype it £4/e3, £3/e2, 4/62 THZ. DL > BT T 2 BETHE
ErBEHT 5L, €4=022, £3=0.67, £2=0.11 Th 7>, 3 B HRIMAE @ 75% 4% phenotype E2/2 TH
D, 4WEIEMAED 17%%% phenotype E4/4 TH -1, 7 HEH E phenotype & 1Y 7 B IS &R
EDBEBREL D L, phenotype E2/2 128 \>C, VLDL-Chol, IDL-Chol, # & ¢f VLDL-Chol/VLDL-TG
tessi b BfE &R L, KT, LDL-Chol 3 b IBETH - 2. Iz, BB SBLIKEIEIC SETI,
7HEHER B4 B3, E2LEl D A HOEEA VEHICHBES L. 1V EHOERERNT 2 2 & &
0, 6 MO 7 RNEE E phenotype »WHIE T & 72, SEABRIREIEIC L DRI LT 7 K®ZEH E pheno-
type O 92%%% 2 IRTEEBSFIKENAIC & 2 phenotype & —3 L 7z, phenotype E2/2 x4 YV EH F4 & E3
EROLWZ L2, &1, E4/2 13 major isoprotein 23 B4 & E2 THD IO BRHETE 2.
phenotype E4/4 & E4/3 134 ¥V B E4/E3 Ho S#R &, phenotype E4/d4 T E4/E3 Fhit 1.1 £h
HIETH 72, %72, phenotype E3/3 & E3/2 &4 V&M E3 & E3/E2 b 5 @RI h, phenotype E3/
3TAVEHRE3IX39.5%& D EET, E3/E2Lhiz 1.1 & DEETH-7. UEOBERLD, RIENE 3 B
BIEMECZHICELC 7 XEEEDA VER & phenotype DM NEETH 1, SBEAELIKEIELIC
&0 7REH E @ phenotype DHFIDTETH 3 & & 28 - 7z,

Key words familial type 3 hyperlipoproteinemia, apolipoprotein E,
two-dimensional electrophoresis, isoelectric focusing

KR 3 BUBASIMAE (familial type 3 hyperlipo- % p - BIELE) REH (very low density lipo-
proteinemia, familial dysbetalipoproteinemia) (1 protein, VLDL) OB 2R L 219, 5017, &
®I VX7 u— (cholesterol, Chol) & dfehs MEEOE, Bk & ORBEIRELES & b5 5 #ES
(triglyceride, TG) #s#fnL, BENLZ Y REETH BRETH 2™, MEBEOHEMIE TG rich lipo-

Abbreviations : Chol, cholesterol; HDL, high density lipoprotein; IDL, intermediate
density lipoprotein; LDL, low density lipoprotein; TG, triglyceride; VLDL, very low
density lipoprotein.
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protein (# 4 w2 73>, VLDL) OV &t > b
(remnant) DA & 559, - '

7 EEH E I3, 1973 &, Shore 622 & D, BLUHT
E b VLDL iR BE s N2, ZOBBEHIREELT
TG rich lipoprotein W& Eh 5, % D&HENZ, AFiC
FETAT7HRELVESY— (receptor) 2& BV 47T
Y FORDAAEHATE EEZLSNTWEMY, IE
£, 7XEHE OSBESERREEY 2 RTEKE
Hick 2R, 7RERE 1 6 XD phenotype
waEE N, RS BERLED 7 FEGERRD
BUEOSEEE L OREEATHL LW R L
PPt

7 HEE E O phenotype B L T3, 2 RTESKHK
ik L SEABESKEEL B LRED, BATO
phenotype DIEES & Dizvs, 22T, EEWE, 2T
BRIKEE - SEAERNEEEAY, 7TREGED
4 YV ZEH (isoprotein) & % @ phenotype & D> THREY
L.

MRE & UHE

1. &

B A 24 4, BRI 48 B, FiEE 3 SR
6 FIDE 18 BB EA L, B 434, ZEBHAT, &
A2l F»e 68FT, FOVHLERFEE (SD) i
B+11FThH 2, BIGIEDHET QX M Chol
2230 mg/dl, ¥721%, MmiE TG=160mg/dl & L7z,

Fig.1. Electrophoretic patterns of the g-VLDL.
Agarose gel electrophoresis was performed on
the whole serum, the supernatant (d<1.006 g/ml,
middle) and infranatant (d>0.006 g/ml, bottom)
fractions obtained by preparative ultra-
centrifugation of plasma. The LDL (8-LP) and
HDL (a-LP) were found in the bottom fractions.
The VLDL showed S-mobility rather than the
usual pre A-mobility. The A-VLDL caused a
broad-g band on the electrophoresis of whole
serum. The cathode is on the left, and the anode
on the right of the photograph.

K

2 EBARIE & & T, BIRB, FERE, Bk
FERE L OEABRA L. RIikNE 3 BEELEDR
FRUTOSEEE T THET 300 L. O7#
o - ABRWEEEC & AIMiE Y REAED broad -
band # %L, 8-VLDL#%®» 3% (K1), @ VLDL-
Chol/lf1# TG ££=0.30'®, %7213, VLDL-Cholz55
mg/dl 732 VLDL-Chol/VLDL-TG t£=0.33'", @@=
EBHAEQKENEC LD 7 REAEID RIEOIEHE?,

2. M) READDEE

i3 12 BRI AR R RERIFICIT R o 70§
BICTIEESEE, 4°CREELL. B KEH
D5rEEE Havel 590 FEIZHE Y, BEOE T
Kot 7, ME2mlE2LLro—AX+4 bb—}
Fa—TICAR, 512, 0.01%EDTA 28 CLHLE
1.006 ® NaCl # 3.5 ml # 8@ L 7-1%, Beckman L5-
50, 4347 F #E5E L 40.3 rotor T 10°C, 40000 EEZT
20 BERSIE0ME, FE 1.5ml #3I L, VLDL £l %%
fz. Wiz, FE4 mliz 1.5ml © NaCl# %Nz HE
1.019 & L, 10°C, 40000 [EEzT 24 RERE LR, L8
1.5ml #$EEL, HEBLLEY) REQ (intermediate
density lipoprotein, IDL) 2 %#&F7:, &5, TR
Amliz1.5m OKBrg2EBLHLE1.063 L, 107
C, 40000 FIEET 30 BERE OB, £FE 1.5 m] £FMWL,
{EHE ) KEH (low density lipoprotein, LDL) %
EHAB7:, TRIZELEY KEHA (high density lipopr-
otein, HDL) & L7z,

3. mEUABEERKE & MEEEORE

Mg ) REEELKENZ Noble D F IR, 7
Au—AFNEE, MEIEEERR ety —>
25, 1HE, 2af, 2b%, 38, 4%, 5HOEEDL
FER R HE L7220, MEREORER, Chol 3EER
2, TG g Fletcher #2212 T2 o7z,

4, Apo VLDL 7B

Mm# 2 ~4 ml iZEbE 1.006 © NaCl %Mz, &
s & IR R G L BT VLDL 2 2 8 L 72 B
B, b 1.006 @ NaCl ¥ % N2 8% L4, VLDL 53
EAEETL, WICTFRISGER2 RETHIENEET
Bote, WSERBOT Y28 /-0 (V/V=1/
1) LRFN, —15°C, 4 BEHIEER, BRI GRELLEE
V7, BURBEEED, —15°C, 2 BMBERE
LU EERR, Wiz, YIFLz—FVENLE
1, —15°C, 1BEEBERELL EEERE, BRTA
TTEASS£EHE S, apo VLDL 2%/, KBz
755 2 T-200CIZREL.

5. 2RTEEBRIKEE

2 WL BR vkENE L O'Farrell?? 8 & U Zannis 59
DHFERE- 2. ZOHER, BUDEEEAERK
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BE{Taw, IRT, SDSHEY 727 VL7 2 FESK
BETE2HETHL(M2), EEEERKEEDS
NMEIEHNE2.5mm, BEE130mm D& 5 R F 2 —
TEBOWE WKERB D apo VLDLO EB & 1k
40~60 ug L L7z, SDS RUF 27 YA 7 2 FESKE)

First dimension(isoelectyic focusing)

Apo VLDL dissolved in o solution of 9.5 M urea, 2%(W/V)
Nonidet I'-40, 2,11 ampholine(1,24 pli5-8, 0.5%
MI2.5-4, (.41 pld-6) and SV B-mercaptocthunol .
(el: 9 M urea, 4% polyacrylamide(3.8% acrylamide,
0.2% his.‘scryl:mnixlug, 2.1% ampholine(1.24 plis-8,
0.5% pl12,5-4, 0.4% pid-6),

Focusing was carried out at 4°C and 400 V for 22 hrs.

‘

Gel was shaken in a solution of 10%(W/V) glycerol, 5%
f-mercaptoethanol, 2.3%(W/V) SDS and 0.0625 M
tris 1IC1, pli6.8, for 15 minutes,

Second dimensional discontinuous SDS gel electrophoresis
Separating gel: 124 polyacrylamide(11.7% acrylamide,
0.32% bisacrylamide)
Stacking gel: 4,5% polyacrylamide(4.43 acrylamide,
0.12% hisacrylamide)
Llectrophoresis; 20 mA constant current at 4°C.

Fixed in a solution of 50% methanol and 10% acetic acid for

Stained in a solution of 0.254 Coomassie Blue,50% methanol
J and 10% acetic acid for 2 hrs.

Destained in a solution of 10% methanol and 7% acetic acid.

Fig.2. Method for two-dimensional elecrop-
horesis.

Fig. 4. Two-dimensiona

HRBEEMTERS LAY, B 0.75mm, 170X200
mm OKE SO DR, WKEVEEE, HEl
Tk, BHO/NSY FBEHCEDLNRD ETHEL

(E2).

6. FBHAETAHE

FEHBERIRBIE: 3 Warnick 5200 F ik 1z fE- 72
(B3). YVEENESmmM, BE10mmOF S R
BT, RBRHO apo VLDL iZ 200 ug ¥ U7z, ¥k
BEE, RELLE BADOSY FARECED SR

Apo VLIL dissolved in a solution of 0,02 M tris HC1,
8 Murea and 0.01 M dithiothreitol, plI8.2,
Gel: 7.7% polyacrylamide(7.5% acrylamide,
0.2% bisacrylamide), 2% ampholine pli4-6.

Focusing was carried out at 4°C and 250 V for 16 hrs.

Fixed in a solution of 5% trichloroacetic acid and
5% sulfosalicylic acid for 2 hrs.

Stained in a solution of 0.1% Coomassie Blue, 10%
acetic acid and 45% ethanol for 2 hrs.

Destained in a solution of 10% acetic acid and 25%
1 ethanol.

Scamming at 580 nm and integration of the apo E
isoprotein areas.

Fig.3. Method for isoelectric focusing.

~— SDSPAGE—~

I electrophoretic patterns of VLDL apo E. Only the gel including apo E is shown.

The apo E contains many protein components which are called isoproteins of apo E and differ from each
other in isoelectric point and/or molecular weight. One (A, 1) or two (B, 1-2) major isoproteins and other
minor isoproteins were observed. A comparison of the apo E isoproteins in panel A and B reveales that
apo E components in panel A is greatly diminished. The cathode is on the left, and the anode on the right
of the photograph. IEF; isoelectric focusing, SDS-PAGE ; SDS polyacrylamide gel electrophoresis.
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2FCHELR(K3), Rz, BREEMBSLEE
Bz & D, HES0nm CRAELFEL, 7REQE
AVEADEERBIIBNER L2 NLOERBEE»HE
HL7:,

7. MHETHEHRE

HEEFEEM ST IC 1 unpaired Student’t test® Fv>T
TEHEDEEEREZTH Y, p<0.05 DHE2EE
EbOLHEL, B, BEI, meantSEM TX
bl

B %
1. 2REBEABEC L2 7PHREHEDIVE
B & % O phenotype D#%E
1) 7REHE DA Y EADTHE
2RTESRBEICEID 7 REHER8~9HD

K

AVEBISEEENIZ(K4), HFEH 5000 TER
&E23% > major isoprotein &, Fh D L SFTEP
PRESEHEMND LV minor isoprotein 2 7z,
I VEABBEESOELS SHICHT ST, 85
iz, major isoprotein % 1 B33 2 @22 & 0 2 {848
DY —iZiFeni: (4. A B).

2) 7KEH E D phenotype D2

78 41 apo VLDL 7 XZEM E I3 6 D phen-
otype iZ53iF &7z (5). major isoprotein 3 1 {®
DLDIE, 1 VEHOSEESADE,S, X512 358
253 5 (5, E4/4, E3/3,E2/2). 72, major
isoprotein 252 {HD & D3, ZDEBEDOEL S, £ 5
W 3T s (5, E4/3, E3/2, B4/2). =
DT EiE, 85122610 apo VLDL #ESHRIKENT 3
ZEWZXY, 7REHEE D phenotype D¥IEE, LD

Fig.5. Two-dimensional electrophoretic patterns
of VLDL apo E. Only the area of the gel
including apo E is shown. Phenotype E4/4, E3/3
and E2/2 consist of one major isoprotein, while
phenotype E4/3, E3/2 and E4/2 consist of two
major isoproteins. The mobility of each apo E
isoprotein dependented on the different apo E
phenotypes, but the relative concentrations of
isoproteins are preserved. The cathode is on the
left, and the anode on the right.

Fig.6. Two-dimensional electrophoretic patterns
of a mixture of VLDL fractions obtained from
two individuals with different apo E phenotypes.
A, Mixture of phenotype E4/4 and E3/3; B,
phenotype E4/4 and E2/2; C, phenotype E4/3
and E3/3; D, phenotype E4/3 and E2/2; E,
phenotype E3/3 and E2/2; F, phenotype E3/2
and E2/2. The contribution of each phenotype
to the overall pattern is indicated. The cathode
is on the left, and the anode on the right.
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BIREIZ 22 o 72, 72 & Z4E, major isoprotein A3 1 {HD
phenotype E4/4 ¥ E3/3 @ apo VLDL %#iE&% kS
Liz& &, MEOA VERI—HLikbo7 (X6,
A). %7z, E4/4 £ E2/2 @ apo VLDL % E&#% kS
Lzt &y, MEDOAVEARR—KLE,-72(X6 .
B). Z® & 512, major isoprotein DEEEDED &
IWEHETY % &, major isoprotein A3 1 HD b DIk 3 FE
BTS2 2 EPHERTE 72, A2, major
isoprotein 3 2 D 7 REHEIZ B2 T &, major
isoprotein DHFEHDEDAIEET 2 £, 3FEEE
SETEDZENRERTE, 72k 21F, B4/3 £ B2/
2 apo VLDL 2 B&HOWKENSR (6. D) &, E3/
2 £ E2/2 @ apo VLDL #BEHOWXER (6. F)
ZHBLU-BE, E4/3 L E320MT, 1 VEBKH
BEDERBDDIEVHLLEL 51, PTHREHE®D
phenotype Dt Zannis 5222 f€Vy, major iso-
protein 25 1{EID & Did, E4/4, E3/3, E2/2, major
isoprotein A% 2 D b D3, E4/3, E3/2, E4/2 & L -,
D& DI, 7HEHE D phenotype DFELE( 6 §E)
i&, phenotype »3BEHID apo VLDL kB & WKELIZ,
major isoprotein DK VEBSDEL S KL I2H|E
TEIEWTET,

3) FIBME 3 B BRINAEIZ BT 5 7 KEH E O phe-

notype i OwWw T

TR 3 WEARIMAED 7 #E M E o phenotype i,
T XTE2/2 TH -7, phenotypeE2/2 ® major iso-
protein & L{ETH D, ZOfIE phenotype E4/4,
E3/3 & 0 bBMEMIFEL T (K6.B.E), =
O Z kid, phenotype E2/2 i3t phenotype it~
SDEEMOERTHE I LERLTWVA,

4) 7REH E D phenotype » #{EFIHEE

IR 3 MEBRIME %58 < 72 10D apo VLDL £
WT7REHE O phenotype DEE 2B L (=
1. A). phenotype E3/3 O3ERE2 42% » &b % <,
KT E4/3,E3/2 8% ¢ 8 shiz,E4/2 £ E2/2 1%
¥ phenotype Thotz, LZ27T, 7EXEHE®D
phenotype 13 3 SO L EENTRIET, &4, £3, 62
DA ELEDPSHEINZ LELLNT by B 1ns
Tib B, genotype it ed/ed, £3/e3, £2/2, £4/e3,
€3/e2, e4/e2 LEZSNT WS, 4EES NI phe-
notype DEEICE IO THEFHEELEH T 3 &,
ESDEENFRELE L, KRVT ed B%hot: (E1.
B).

2. 7REHE E o phenotype & SigmiER & g

%

M¥E 78 Bl ETHNTE L0552 THb. 3HERE
MAED 75% ik phenotype E2/2 T#H - 725, Hiz,
phenotype E2/2 i, ¥ RT3 B EEMEL R L., %

Table. 1. Frequencies of apo E phenotypes(A) and genes(B)

A
Apo E Apo E Freq Germans* Americans**
Phenotype Genotype n (%) (%) (%)
Ed/4 ed/ed 5 7 3 2
E3/3 e3/e3 30 42 59 49
E2/2 £2/&2 0 0 1 0
E4/3 ed/e3 21 29 22 15
E3/2 &3/ €2 15 21 13 31
E4/2 ed/e2 1 1 2 3
B
Apo E allele Freq Germans* Americans**
ed 0.22 0.15 0.11
&3 0.67 0.77 0.72
€2 0.11 0.08 0.17

* The German population studied by Utermann ef q/2
American population studied by Zannis ef a

individuals studied.

consisted of 489 normal blood doners ;: **the
1915 consisted of 61 unrelated volunteers; n, number of
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Table 2. Apo E phenotype distribution in normal and each type of hyperlipoproteinemic subjects

Apo E Hyperlipoproteinemia
Phenotype Normal Type 1 Type 22 Type 2b Type 3 Type 4 Type 5
Ed4/4 8.3( 2) 0.0C 0 0.000 0.0( 0) 0.00 0 16.7( 3) 0.000)
E3/3 58.4(14) 0.0( 0) 35.7(5) 50.0( 7) 0.0( 0 22.2( 4) 0.000
E2/2 0.0¢ 0) 0.0( 0) 0.0 0) 0.0(0) 75.0( 6) 0.0 0) 0.000)
E4/3 20.8( 5) 0.0( 0) 35.7( 5) 42.9( 6) 0.0( 0) 27.8( 5) 0.0(0)
E3/2 12.5( 3) 0.0(0) 28.6( 4) 7.1(1) 12.5(1) 33.3( 6) 0.0 0)
E4/2 0.0C0) 0.000) 0.0( 0) 0.0( 0) 12.5( 1) 0.0( 0) 0.0C 0
Total %(n) 100.0(24) 0.0(0) 100.0(14) 100.0(14)  100.0( 8)  100.0(18) 0.000)
Numbers in parentheses refer to the number of individuals studied.
Table 3. Serum and lipoprotein lipid levels in subjects with each apo E phenotype
Apo E Cholesterol (mg/dl) Triglyceride (mg/dl)
Phenotype  Serum  VLDL DL  LDL  HDL Serum VLDL  IDL  LDL  HDL
E4/4 (n: 5) 212%10 2815  10%3 11568  41+1 184£22 11013 143 24+5 923+4
E3/3 (m:30) 229%14 263 13£2 1219 41%2 15115 82%13 14+2 28+2 15%]
E2/2 (n: 6) 355£66 177£67 46+5 559 48%2 4591186 347%164 29+5 242 28+2
E4/3 (m:21) 246%18 43+9  21%4 121£15 39+*2 24347  144%38 19+2 39+5 21+2
E3/2 (:15)  229+13 3745 1342 128%15 42%3  207£31 129429 11+£2 3245 1842
E4/2 (1) 313 155 38 63 28 498 331 41 53 23
Numbers in parentheses refer to the number of individuals studied.
7z, 4 BUBPBMIE T3, phenotype E4/4 OSEE S 17%
EHCERER LR, 22 B, b BB SILE S HEA L B
ErRoBdolk, ma mordi ks
3. 7HRZEHE O% phenotype =51 5 MiER U e [_"_I__ ' _l e '".;__!
I ARBEREER 0 . by e .
7 REH E D% phenotype 2 817 2 MER Y & ) H L . , .
EOREERERANTE EDROBEI THS, o] 1‘ - *:' R
1) misAS AR S . PO U
7 KEH E O % phenotype 125 17 5 M55 B4R, e : ol ! i!: ; T
ZHB U7z (R7). 1% Chol i phenotype E2/2 8 1 ‘

E3/3,B2/2 wlt UEBCRETH o 72, %72, MiE TG
1%, phenotype E2/2 28 E3/3 \CttLGfETH D, E4/
3HMEI/B WL LUBETH -7,

2) VREHSED Chol #EA

7 REH E O% phenotype KB IF 2 ) REHSEH

Ed/4 E3/) E2/2 Edrd E3/2 EA2
Apo E Phenotypes

€474 E3/3 E2/2 Eds3 EI/2 K42
Apa E Phenotypes
Fig. 7. Serum lipid levels in subjects with each apo
E phenotype. Each value (—) indicates mean.
The data was statistically significant at a level
of *p<0.05, **p<0.01 and ***p<0.001.
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@ Chol #ERk 2 HtB L 7= (0 8), VLDL-Chol I%, phe-
notype E2/2 231D phenotype izt L BB ZBE T
% -7z, IDL-Chol & [F#kiZ, phenotype E2/2 »Sftiod
phenotype IZfE LB b EfETH - /2, —75, LDL-Chol
T, phenotype E2/2 i) phenotype 2 tb L B %
BETH o7, HDL-Chol DL TR EELELD
Bhotz,

3) VREHSED TG HE

7 REHE O & phenotype iz 51} 2 U K EH HE
DTG ELLE L (89). VLDL-TG i, phe-
notype E2/2 3 E3/3 & W & T#H - 7z, IDL-TG i3,
phenotype E2/2 %3 E3/3, E3/2 W H.UBETH - 12,
LDL-TG %, phenotype E4/3 »3E3/3 it L& T
& -7z, HDL-TG 22> T2 % phenotype DR TH

VLDL-CHOL LDL-CHOL
©488
4004 = 4001
mgrdl mgdl
r-—— K o e
*oksk *
[ T -’ "—-*—**
3001 . 300 . r*ji_w
i———- * **———-'] * °
—’ l*** ° °
200 ) 2001 :
L] ——— . : .
1001 s ° 100{ & 3§3§' . !-
° ° oo o: [ ° °
N : o8 T8 o
4+ % Elg B .« .
0 0

E4s4 E3/3 E2/2 E4/3 E3/2 Eds2 E4s4 E3/3 E2/2 E4s3 E3/2 E4r2
Apo E Phenotypes Apo E Phenotypes
IDL-CHOL HDL-CHOL
1004 1001
mgyd! f * ] mgrdl
deek I —
***T**
L] _l ° L]
° L]
000
e L
50 : ] 504 . 2
+ R A
L]
® ° ° ° 3 s e 00es  oens
@ ¢ H :; * ®
.: s L 1] .
o« o - 3
L]
Sl T
3 ] ®
0 0

Apo E Phenotypes

E4s4 E3/3 E2,2 E4s3 E3/2 E42

Eds4 E3,3 E2,2 E4s3 E3/2 E472
Apo E Phenotypes

Fig. 8. Lipoprotein cholesterol levels in subjects with each apo E phenotype. Each value (—) indicates

mean. The data was statistical

ly significant at a level of *p< 0.05, **p<0.01 and ***p<0.001.



692 %
BRhExRohnoi,
4) VLDL-Chol/ffi#& TG k& VLDL-Chol/VLDL-
TG it

7 REH E O% phenotype {28 T VLDL D&
BRIz BE » 2V FN 3 728 VLDL-Chol/ g TG
H. & VLDL-Chol/VLDL-TG k% #3F L 72, % phe-
notype K B 2 HIEER T LD DONELT, &

VLDL:- TG
o711
4004 ;1153 2534 2460
i .
o
300
L]
-]
[ )
2004 ° °
® ® °
o ® e
] L]
[ ] B
o —
100] -: "or
s g H .
® 8¢
8$8° ° l
n!: !o 3
8 ol
0

E4s4 E3/3 E2,2 E4/3 E3/2 E4/2
Apo E Phenotypes

IDL-TG
1004
mg,dl
%Kk Hk
50 ®
® 'Y L]
LA S E .
L]
. o« 8
+ 3 8 os
® olo  voe
0 ®

E4s4 E3/3 E2/2 E4/3 E3/2 E472
Apo E Phenotypes

0]

phenotype # EE# L 720 # B 10 1258 L #2. VLDL-
Chol/If13& TG tk & VLDL-Chol/VLDL-TG i, &
b IZ phenotype E2/2 75l phenotype 12t L & &
WEETH -7, §4bH, Chol rich VLDL D
ZRL7,
4. FERBRABECL 3T AEAENAVE
B & % O phenotype M i%5T

LDL: TG
4001
mgdl
3001
200 [—* * 4—-1
100 8
L]
‘. ®
o3 11 °
TRy g
0 T -
E44 E3/3 E2/2 E4/3 E3/2 E422
Apo E Phenotypes
HDL- TG
1004
mg/dl
50
L]
®
° L
° : .z o
° ote
o
. ° @gvoo 't;
° ae 1Y
{ ¥ . ge e
0

E4s4 E373 E2,2 E4/3 E3/2 E4/2
Apo E Phenotypes

Fig.9. Lipoprotein triglyceride levels in subjects with each apo E phenotype. Each value (—) indicates
mean. The data was statistically significant at a level of *p<0.05 and **p<0.01.
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Table 4. VLDL-Chol/serum TG ratios and VLDL-Chol/VLDL-TG ratios in subjects with each apo E

phenotype

Apo E Phenotype VLDL-Chol/Serum TG VLDL-Chol/VLDL-TG
E4/4 (n: 5) 0.15+0.01 0.25%0.02

E3/3 (n:30) 0.16%0.01 0.36%0.03

E2/2 (n: 6) 0.39£0.04 0.56%0.05

E4/3 (n:21) 0.17+0.01 0.34%£0.03

E3/2 (n:15) 0.18%0.01 0.344:0.03

E4/2 (n: 1) 0.31 0.47

Numbers in parentheses refer to the number of individuals studied.
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VLDL-Chol/serum TG and VLDL-Chol/VLDL-TG ratios in subjects with each apo E phenotype.
indicates mean. The data was statistically significant at a level of **p<0.01 and **xp <
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Fig. 11. Isoelectric focusing patterns of six apo VLDL preparations, demonstrating six different apo E

phenotypes.
standards.
and the anode on the bottom of the gel.

Position of El, E2, E3 and E4 bands were determined by simultaneous analysis of apo E
The phenotype was confirmed by two-dimensional electrophoresis.

The cathode is on the top,

Table 5. Apo E isoprotein E4, E3, E2 and E1 levels, and E4/E3, E3/E2 and E2/E1 ratios in subjects

with each apo E phenotype

Apo E Phenotype  E4(%)  E3(%) E2(%)  EL%) E4/E3 E3/E2 E2/El
E4/4 (n: 5) 34 5 28+2 23%3 15+4 1.2340.15  1.28%0.22  2.40+0.86
E3/3 (n:30) 2% 1 49%2 31%1 191 0.06%0.03  1.62%0.09  1.79%0.10
E2/2 (n: 6) 0£ 0 0.3%0 565 43%5 0.00£0.00  0.01£0.01  1.46%0.29
E4/3 (n:21) 27+ 1 33%1 24%1 161 0.84%0.02  1.41+0.09  1.67%0.09
E3/2 (n:15) 1£ 0 32%2 38x1 28+1 0.02£0.02  0.86%+0.06  1.40%0.08
E4/2 (n: 31 17 29 23 1.80 0.60 1.26

Numbers in parentheses refer to the number of individuals studied.
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Fig.12. Apo E isoprotein E4, E3, E2 and E1 levels
in subjects with each apo E phenotype. Each
value indicates mean+SEM. The data was
statistically significant at a level of *p<0.05, **
p<0.01 and ***p<0.001.
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Fig.13. Apo E isoprotein E4/E3, E3/E2 and E2/E1 ratios in subjects with each apo E phenotype. Each value
indicases mean+SEM. The data was statistically significant at a level of *p<0.05 and ***p<0.001.
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Fig.14. The distribution of the apo E isoprotein
E4 and the E4/E3 ratio in subjects with apo E
phenotype E4/4 and E4/3.
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Fig.15. The distribution of the apo E isoprotein
E3 and the E3 E2 ratio in subjects with apo E
phenotype E3/3 and E3/2.
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Abstract

The present study was performed to examine apolipoprotein E (apo E) isoproteins and
phenotypes by two-dimensional electrophoresis and isoelectric focusing methods, Twenty-four
normal subjects, 48 hyperlipoproteinemic patients and 6 patients with familial type 3 hyper-
lipoproteinemia were studied. The mean age of the patients was 48 + 11 (SD) years. The very
low density lipoprotein (VLDL) purified by ultracentrifugation was analysed. Two-dimensional
electrophoresis analysis revealed many apo E isoproteins differing from each other in both size
and charge. The patterns of apo E isoproteins showed six phenotypes referred to as E4/4, E3/3,
E2/2, E4/3, E3/2 and E4/2. All six patients with familial type 3 hyperlipoproteinemia exhibited
phenotype E2/2. Among the 72 subjects (normal and hyperlipoproteinemic), the apo E pheno-
types were found in the following frequencies: Ed4/4, 7%;E3/3, 42%;E2/2, 0%; E4/3, 29%; E3/2,
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21%; and E4/2, 1%. According to the currently accepted genetic model, human apo E is speci-
fied at a single gene locus with three alleles, €4, €3 and €2. Individuals homozygous for these
alleles have the apo E phenotypes E4/4, E3/3 and E2/2, respectively. Heterozygotes for these
alleles have the apo E phenotypes E4/3, E3/2 and E4/2, which correspond to genotypes e4/e3,
€3/e2 and e4/e2, respectively. On this basis, the alleles occurred at a frequency of 0.22 for the
€4 allele, 0.67 for the €3 allele, and 0.11 for the €2 allele. Seventy-five percent of type 3 hyper-
lipoproteinemic patients had an E2/2 phenotype. Among type 4 hyperlipoproteinemic patients,
17 percent had an E4/4 phenotype. Analysis of the lipoprotein lipid levels in subjects with each
apo E phenotype demonstrated that patients with apo E phenotype E2/2 had the highest VLDL-
Chol level, IDL-Chol level, VLDL-Chol/VLDL-TG ratio and the lowest LDL-Chol level. Iso-
electric focusing analysis revealed at least 4 isoproteins of apo E. By the isoelectric focusing
method, six apo E phenotypes were also distinguished by the relative proportions of apo E
isoforms. There was a 92% agreement between the data obtained by the isoelectric focusing and
two-dimensional electrophoresis methods, respectively. Apo E phenotype E2/2 showed apparent
deficiencies of E4 and E3 isoproteins. Futhermore, phenotype E4/2 showed that E4 and E2
isoproteins formed prominent isoforms in a similar concentration. Apo E phenotype E4/4 was
distinguished from phenotype E4/3 by an E4/E3 ratio higher than 1.1. Apo E phenotype E3/3
was distinguished from phenotype E3/2 by an E3 isoprotein level higher than 39.5% and an
E3/E2 ratio higher than 1.1. These data suggest that the isoelectric focusing method is simple
and able to determinate six apo E phenotypes.




