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Fig. 1 The relationship between apoE and hallmarks of cancer
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Table 1 The summary for the relationships between apoE and cancer

&1 apoES5EMMEZ BHEXMCE

iy BHix % 54518 % S F A 18 5%
Wt;f@/aww i ik
B N VT PISK-AKGE B (BRI RS ;AT DUVE A R 1 2 s B A o [42-43]
7 VS HERENERE . BRIEERTUG . BRARIUE AR [44]
v VoI T PI3K/AKYmTORE B 23 i I AR A, 338 b Ba 0k F Sty [45-46]
VooV A SIS R FlapoE IE B (e TR R A SR R [47-53]
A4 e J Vo RHBVIE Y TSI SR G B i, HapoE3#Hs 3 e W FiffL [54-56]
PR S
N Vo RHCVRRE LI A RS, P e L ) 2 Y [57-66]
J Vo N apoERIA TS SN SR, T RERHCCR R L T F ek B [67-70]
H AR A R 6T B A B 7
JIE 3 B Vo ORI S A (SNP) 5 R A 1 KR RIS R [71]
S B 2R Vo N apoBHI4 TR AT LA B UG 5 Gy v S B apoB4 ¥ MR E S, [8]
G T I N
s Vo MR R RIE S REER, S BREUS BAWERIIA G [72-74]
N VooV EITERKI/2E S 5 A0 R b AL, SR A s . TS [75-77]
R
A R VoSBT Eor tapoB 5 R A1 s 2 18] A AR [78-79]
N Voo SRR . SR R R % [80]
Vo R EIE A apo R ek 1 R I A B AR [ AR T 8 M e [81-82]
J Vo RN I 5 Whapo EAR U S AN B SE IS E IR, JF BT ARG % [83]
51 S5 VSR (BRI IS RIERE, B RO RIAR SR [84]
J Vo KiETFE S G STATSEE IS, SR E MR T 404 [85]
N Vo SRS, AR AN A S R [86]
N Vo SR B I R R S R AT ROR, IR B XML UK, TS [87-88)
B
TR R N Vo AT S MR K A, AR IR L B 4 TS SRR [89-90]
REER LI B
FRUIR A Vo SRR, A AR RS LT RN A LR R et [91-92]
W RGmE N Vo SRR AR R AR TR S R 2 R SR IR A O, RMEERIZE [93-96]
Jifrsed PIRF AR T
Jii s N Vo B R S [97-99]
S Vo BRIk TR AN R AT RS R I E (R [100]

> apoESEAEMEER H L I A4 L B /0 g 1) W 240 i 6 3Kk T Z2 1Y) apoE,

T3 7N H 85 e 22 1) apoE BH M 201 i 2 44 2 TR 41 g

2.1 apoE5 B i7iE s (DCs) kB PER AL O E VRN ; 7E5 %

apoE B mRNA FI % [ i n] 78 A\ S48 ok A, B, —Slg b AR AE TR AN
Koz, 7EIER N E e, SmEAE  —Sef BRI oI A it 335 apoE Y,



2024; 51 (D

BEX, %: FEEOEETREMERIIERILE

<1555-

ZIAWFFEUESE, apoE £ H Wi A e i 17
R R R . — IR R, 4
BB E B RS apoE i ik, ZH41 apoE
1) mRNA 7KV T 5 5 g 0 = 22 IR T R 2 . bk
EEERSIE DU T I TEAE DG, JUHOE MR L A5 54 Rkt
H R Ak s AR b R By, S AR g e
By AE bR Y IG R g e ' Sish, %t
23 M EEAL PRI T ERIEEE CL
(APOC1) Ik ', Tiij apoE Fl APOC] [F]
i 1 22 38 1% B 4 A HOIR s rh e gl Mg Bt
AR I, MR CE R (TAMs) J2&H
JIe Je T A 5 v i — 3R 5K 2 IR AR 1 Y S 2 O R
M2 [ 5 24 A 2xk &1 AR S 81 apoE 114 240 At [R) % 7%
T 9 A0 R Y PI3K-AKt 75 S5l 6, AN
B, (e A AR

259 (CRC) 4141 apoE ik 5 B4 &
AAE (0S) MITERE A4 (PFS) AMEASG,
2 LR #2109 CRC 85 Pl J5 A R A0 87 fa B
RZE W, BWF5REINR, apoE ) iAK -5 DNA
EEIIREA G, XFAHSCHEMIL B AR, 11
CRC Tl J5 W {8 1 e 41 41 apoE Y ik
SE5HIG RN RS G, TERA R4S
fpsE e, IEWEEAL . A (PC) FIUF
Akl (CLM) Ay apoE FEak ik asan ' 7E5a
kbR AT WL ER 2] apoE Y (25 FH P 1Y I 4 ik [ 28 T
Jigeg X3k 0 ZEARSM LSS, apoE AT AR A2
S5 i B R 40 ZR HT29 Y 40 A R Pk L O 5
B-catenin B9V 40 A E 7, o H A2 B o Ho 4 A 21 4l
Y TR B 2R BN R A, R N 5 4 S 1
apoE 1] fig X I 7 20 4Ry 5¢ 48 M AN A i B e R Ay
HEAEH . apoE Al LAid i 915 PI3K/Akt/mTOR
T [ A A AR e, AR R R, 4
BRI T W A —RANF RN T A
[ 37 L 11 apoE 5 CRC Y X & . apoE & A2 Ak
TR A DA KR &5 28 R A P A SR A o,
JEE] FIRHLHITE CRC Ak B CEEVE ©*, apoE
14 35 PR 70 22 S AT 2 A CRC A9 &2 0 RURS: , 12 & S
FOCHBEA E R L, HdrapoE3/3 BIpg A
HEH CRC W RS fe IR 7 — TG PRAFF I AR, ik
Z apoE3 i JE[A (BP KL KA1 R apoE2/2 . apoE2/4
FapoB4/4) 4 A\HF CRC & WU T /&5, 1 HL
;AR SR P R 2 (NSAIDs) . 4 T 45 4K
(body mass index, BMI) FIKE 5 (LA PH
TR E S ) XHZAFAR AT CRC A& 9 TRk BE K

4N, apoE (43 KX CRC (14 % s KU R 9 1)
MR PRI, B R, apoE2/3 Y
% 1t apoE3/3 B4 i CRC A KU B i, (E7E b
FER TP A R BLX B OCER 77, apoE JE I AR &
CRC 3R AR EMEA G, s E A s ar i
TELL AN E R D EEEASREN (MSI-H)
M DR R EMRE) (MSS/L) CRC XS . 2T 1A
AT DL i Z FLE 2 2 CRC &4 %, Sk
LMY IMEL R FIN-ERSEAL G4 (NOCs) 7] 53K
20 it A AR 5 A DNA A I 1, AR S 20 i vh
Fik apoB4, B FIEEAFAIIEAIE S, [ 40 Akt
T JEIAS 45 DNAB R ML R B KRS =,
7EE apoE4 A b, 2~4 AN 4 IFE 4L A
WA SHEREENEEE (MTEREAL,
MSS/L) BYCRCAH XK, MS5XTHEZAAHLL, 7FapoE4
E IV ISk i e SIS G S R A PN NS Lo
B ALH G (D REARFEE, RMSI-H) /)
CRCAH K ™,

2.2 apoESBTREFARRIE 2 St BhiE

JFA ML (HCC) J& A BREIEFE T 5 —
JEOPH, R R AR R B R — Y o B
G 0] SRR 15 N A HCC & h R 44
BAEH ., HETE7EE D HCC K R PR BT & Fb
HRBEAN, TEMNEBEAZE (apoAl,
apoA2. apoC3. apoE) Al Il & J& ¥y F£ A &
(SAA) %M, RAETEANFMAFE T, X T apoE
FEHCC 19 & 25 Hh TS (19 1V A Hh B 2518 1A 2
FIEH

apoE it Z R HLHI = 5 T HCC M R4k,
ALFE R P2 M BRI AR L AT M 7 1 I e
(NAFLD) . AFREALASIEATE o 248 19 ] 3000
S 5 UG E LAY BN .

a. apoE S EEtEN % . R WEE (HBV)
YRR R R 51 (HCV) YL E HCC &
AR EERN . REMFRE/R, apoE j& HBV /&
YT AN AR 245 55, apoE J& HCV Jik 2 Y F 22
RS, A HCV 5 B 4 B B R i 240 B 1 ik
R YoE AR B, IR HCV R B a2 1
FRGERPEW M Y FEHCV A A HCC ]
Ul apoE 21k M2 apoE Y 3 R 5 58 K SE b
S PRI 48 Ok JR RN 4 Je A O s el T DL
M e P 2 2 JHF 96 RR A & A AR A6 A HCC i XL
B 54, T RES HBV AHSEIH HCC 5 1 S e 4 il
AREA I o



<1556~ EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (D)

b. apoE flk 3R Ik 5 -4 M i G v AL A G . Ak
ShSLE SRR, &R (Cd) mTLGE SN 7
apoE 3 )i 8h - IX 35 FH Je AL T I apoE iy %3k, 5
SN AL, SRR B, I R
—EREEE L] Ly DNA B 5640 259175 5 (1) apoE
FHTFIBW R TN AR R S B0 SRR AR P
JEHCC AR EZEATT, —WF5E% HCC B
(R L AT T B A 2= b, EES e 2R
FEAMEIREI, Z5RERA, KB A
Z1rh apoE W8 1K F (AT REAL & /K 47 R i AL 11
apoE) MM, AFHELPR Sk A i K F B A T,
$E7 apoE 7E i 41 21 v () R BB 0] e 5 40 i 7R 57
WA 8 apoE Ml RAS i 5 H i b1 7 HCC v
BREEGE A ALK L B YIAE L, HE[F7E HCC
R R R EFEEEAEH ", —TAEYE R
WF5E 576 SR AL 5 HCC Z i) 354 120 T4
SR, B T AARALIEN, fL4E apoE. TTR.
CLU (Z5IEMATT AL digugy | IR FEEE R 17z
By /IR OB S N RN S BER ) Fl apodl (Z
5 1 T2 %) S [z i i/ DA R AT A Y G2 I
N, VAR AR BERN 2L FR A R PR iR AR ), XRAIE
SUT BRARIEIE HCC B BIfEAE W 5w, XF T b
S IR T RS Y A B L #
T e-Myce 25 T AR HH £ 5 15%~20% 1) H
P, FERZHHCC Pt IR ER ., — I LI/INECK
TSRS B BE T B i A g 2e s, R
ME P AERA4, FHRRE, FEREAX
J% . apoE I It H BRI S AL W 34 37 c-Myc 15,
IXEEFE A S A 3 9 AL 7 c-Myce 45 A0 s, 12
— TG B R 2E AR S T S5 AR RS HCC
BEMIL, PN N HCC B % 1 apoE T iR
THEE 50% ™, AT apoE A B B IfL I A A4
FEHEAT, 5 EIFRHE— L BE apoE {EH
HCC #6850 A= Wrbs 2 0 00 s R A8, (R 2%
SRANSRPE /R apoE W RELAKEFHLE 25 T HCC %
L FE . 2 B E 2R AR L, 107 apoE
FNe A B e sy T2 —, IR SR 7E HCC
BAR RSB T EEMAAA, AL A
NAFLD K AEWRS T G B BUAF %2 (NASH) #9658
1, apoE M RE & B Z U AL, (HBLRY B it =
SRS

I FIRATIRHAFFE LB, apoE M HZ k54
FENE IR | E A IR A Vater a7 8 R 25 JIE 18 S A: i g
H o, HovapoB4 B KR £ S (SNP)

(rs440446) b 25 18 i 53 P 6 JEL T8 ST o 9Ra 2 9 XL
[, apoE fJ5Z{K LDLR4 i SNP (rs1003723) 5
PR RRAEE e WU = G, AR FIBLTIAEZE 2 A
AIREME, — O A BRI E S B B 25 A
T, IR B 285 A0 (R AL SR AR S
Jod R KU A5 5, B apolE Fit 35 DR 7505 350 %) Wi 9
s UG TN, 55— 5 T A apoE 7E AL N i . ARAE
R AR AR T B R EE R . X AT BEAHLE 5
JIFLEE FfRg ) DA T 2 RO TR A ) 2 0 i 25 5
PETR A PR 2 S e — 3 7
23 apoE5EEERE

apoB AT 5% hy 06 1 FifrJes 45 3sl s >k T B R i B
R, AGGEREIE I 53112 W 5 MR A= 2=
RERETIRAL, Mbs EP RS 50K s
OREE N SRR AN B N S TSP O S =l
2020 4 i — I 5% 7E /DN BRI AR P IE S 485 27 AN []
Y apoE 3 PR A A I R €0 2308 1 A RN 1
(RIS IRANE] . HEHY apoE4 0K g e e g, %oF
G PES TR A e, AEAF IR, apoE3 AMA
W2, 1 apoE2 W5 apoE4 M)z ¥, X REANIEHEIK
S IR PR 21 PP TS A 7 8 % 56 R T L S i 2 e
JEM R EE TS, WL 522 700
ISR ARSI R T 4B A FT 4k . AT,
A SCHRFR T apoE Xif % 1 2 £ 22988 HL AT B a4 A A
I AL E R 2, A5 RN apoE Ay LK 1Y
Xof A B0 2R FR A el T R RIS 1) ) 5 A [
P2 apoE 435 Z (SRR A FAT K .
2.4 apoE5BERRIE

FUAE ) 242 24 P98 B 4 & BRIMLTE apoE & %8¢
AR AR bR P RIS R,
apoE 5 T RRIE 0 & e, s A Ak B 2554 75
JEZH LU ) apoE FRIAZKF- Ty, g 0 WP AR
HE ™, ELZANRIT, apoE2 n] i i 540 ERK 1/2
LRy 7y SR i S = AN 5 N o [ S
(EMT) ZEA:p2pad ft . b i K- Rk m
apoE2 1] D) il i LRP8 % 1K 15 § c-Myc 5 p21
(Wafl) Ja gl 7 3L P FI A 45 A, FRAIK p21
(Wafl) M93& M, Ml H %, IFiES
ERK1/2 AR AL LI c-Myc, & 1 41 iy J51 0] 2
FBIMDI. CDC2y#Kik, #HmiHi=diM Gl/S i
FG2/M B, (i dF IR R i 20 A3 5l 75 [l
apoE2 1J i i B ik 1k, ERK1/2/CREB 175 5 % 4 Ik
JA4 Bel-2 R LR AR 1 Fe R e 467, 1 J A 8 4 e
R T DA ke 2R AR PR T O s 2 R Bl S B 4 AR



2024; 51 (D

BEX, %: FEEOEETREMERIIERILE

+1557-

WA, apoE2 1 i@ i3 ERK 1/2 1 % Ae 1F e i g 40 i
(1 b Bz - 18] 5 4% Ak 353 Wb 4 e JE B A 1 il (MMIP)
2/9, MTRIERAMIR IR T TR R
RggEh, b 20 2R 1Y TAMSs FNA R i Y B A%
211 B P A 1 7K ST 1 apoE, 175 S i I8 40 it 2% 35 1 461
PEGRYESrF, T H 3 i LR apoE /KT 5 B & 1Y
HEFE BRI AT G 122
2.5 apoES8IZIREE

RZWF5EF M, apoE SRS IR 2 ] HA 2
ZREAHOCHE, ANFRIBFSEAS N T ROR A S 458 .
— T BRI R A 58 AT & IR apoE 1Y 3 PR 7Y 5 i 47
U 0 9 B 2 AR O ARV PR A 2 ] R S 77
A ERIMO ARSI I, FERDEIBEXES
P51 RS 4 2 PC-3 T apoE Y mRNA 7 4
ik, M H S E R b R BEUERE I A OC, JFE
T — A W IE RS B IE T apoE 3615 5 Gleason
T R AR DL R A A2 28 B A
K BT S AF apoE SRS BRI 22 [R]AEAE IR Y
W, TR 3 A E FBAAAE I . —
i, AR R, apoE3 4liA & i 5 AR
Gy I F R Gleason PF 43 09 W 76 KUBS [ &, 1M
apoE4 & XU AR 2R "2 55—, WA SR
RIN, FERTH AR B apoE4 (14 35 PR T 46 Inp 2534
i, PR RS R R Y — IR Y 2 R T
5% {718 apoE3/3 il apoE3/4 i [ 114 i) 1 51) i Jes 240
SARAZZEME, T apoE2/4 JE PRI Y At 41 it 26 BHL M = 4=
2, PRSI SR RS A ¢, HTE
apoE2/4 74 TR AU v apoE4 5 8 = S il 12,
— I Z E RS EE R R, AHE T apoE4 AT
NI GDP FIVE 548 A J2: 1l 91 i 2 s R T2 48
EZZM K HapoE4 XK ZE, " LITH
e JEL T 7K T A 4 A 2 R AT It i I [ K
V-, GDP ] LLsZme tR g 2485 . [a] IR 46 i = [
1Y apoE4-TK £ -GDP fl 156 T 58 A] LA R 67 32 [
N R A M A A i AU Y i LA A — o R
SRR AS A A TEREE, BRA
HEAAR T apoE4 (1 5L PRI 3 K 24 2 1 b N 2485, AH
o7 LT A R B R AR 2 A A2 A . S A,
A7 1E 4522 B apoE [ 5 P 2 55 38 3y IR FR BT A i
YRR iR A R Tk 1 EoRi b R, TS
TN 9 240 B AT 3 o 4 Wb apoE 5 sk BRI rh rb Mk 40 i
FIFRIRMIBE R AL fh & 214K 2 (TREM2) 454,
PR, B HAREMHIRE S, SRS
PR TS A RA L™ XA T 5 15

510 R I, apoE 5T IRE Z R OC R AH M E 2%,
It H AT fig il o 8 R 50 A D R R R AR
TR ) AR e R T B8 AL 7 A 8 e o 45 o
FIRE T SO S 2 SR A — 2
AR D DR 2 ARG R R, WS AR 1 R %
apoE £% 55V Ji PRI (1) 56 PRUB %2 29 A7 L B AN AR B g
AR AR5 M BRI RO i BE ARG, U e A
FLARE BT TP R A
2.6 apoE5UP&E

EE XTI PRFEA A58 & B, apoE £ £ i Il i
G R R s Y B SRR L B
Hif (B . DA ENRERE (IR JERIBN SR,
WM SF 2 ANl G2 R, S 3 PR A s G 43
Mr#E W H. 5 STAT1., STAT3 FYI4IG A %, 1fii STATs
(RS B Ak S O g o AR i R v B A AR
Prggipp 0, R 7 2408 B IR A
apoE M fE & — AW R T I A RS LER &,
RN, FEFRIN apoE M UN S A 52 OVCAR3
U8R apoE, 2 2UH: G2 1 20 At Y 2911 Bt Jo] 403 45= 3
ARPAT, A apoE Xof 2498 4N i A A7 R A
ewEE S (H5 R, AP oS
4N L Z ¥4 3¢ 18 apoE (] 41 SKOV3, OV90 #il
CAOV3), #27 apoE 7 B 5145 41 i 1) A 1w 1% 2l vh
BRIV E 22, IGIRBFTR R, 1E2Wi 1
PR BOR Y R v, A% v apoE (A 5 4
TF A7 S B AR G %, 363K apoE B R 40 Ak X b
7 AR Y, (ERMATT S, apoE AR N & T4y
WA 1, 5 RS R S o B AL
KL E i SUATRRANIGY
2.7 apoE5FEHNEE

A WFGT HAE T P AR AR 418U P ) apoE 7K
55 g 1) A AR R BE AT G, L IR Ak 1 i e 4 21
apoE F AL = T i b fl i oAk i I 4 2, A
T4 apoE (1) &3k 3 in vl RBAC £ T /(b i 1) 78
DA B s 1) A2 1) PRI 2 JRe 1 — - 40
A, AR M, apoE AJ i o #1% ERK/
MMP9 {5 5@ 8% . [ p-ERK (92 1k I 5 i HAE
AN oA, AR TR N R A RS
AT AR — A DRI 28 PN R A R
FERIRR, AR EBL, apoE2 5 Wik AL 1 ] it
FAAT K, IR AT BE A ML AR = Fh R
apoE2 ELA B BT AL Abt R G vE, 0k 1744k
N G JeE O AR Y aE R R M B5 AR G
YER 7



1558 EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (D)

2.8 apoE5BURARE

W5 B A5 &P, apoE Al 7E HUR IR FL 3k
P gUhm R, BS5MIER . FE. 4
L WA AL 82 E R &, H apoE ik
TR 0 HOIR g 8 TS A Y. — I R B,
FFPR B8 H apolE 114 S 356 PR = B2 42 v 7 il [ AR
i #1 PPAR 5 5 i #% ', H apoE 5 APOCI,
APOCIPl (ZJRHE I CLREERI 1) | APOC2,
HSD17B14 (¥ 55 [E B 17 B L &1 14) . PLTP
(MR RS HE 1 20 ) FIPAPLN (25 (1 B FE A
FRMEER ) AR ILRIE R Y SR, DLRl
A1l A B 2= 5T e 2, apoE 1 mRNA 7 1E % 119
FAR BRI . HOR AR L S DR A vt KRR
i, (ERMEE (R hEaRs, mEA
JO WA 08 e g RN R Th ek KRG, R 3B I
FRIMRIE . TR, HE A apoE
(14 17 2235 2 FOIR AR AR Al g (R SR ARRAE 2 (FR
JE BTG HARNEE, PASIFIEA 57 & 1Y)
S50 HE S HFE X AR AR AR A G, R
2ot ik — LRSI . A TR, HUR
7L 3K R S8 4H 4 apoE 1 48 i 26 38 7K SR 52 i
e HpR T 1 S e AL 2, 220 apoE Y3
POKF-5 BKEL4H . CDS T ibkEV 40 . k4
M A DCs #1211 5 IEAH e, $27 apoE 76 i g e 3%
s BB, (BEARDU ROy AR A
SN A Tt — AR FE AT o
2.9 apoE5#HZZ R %y

AR AR 28 2 Ges5 0 1) 2 A MLl Hh-47 i o 2
FA0. apoB4 2 B KI5 [ BT R 2 I B et A4 1 I
P, B XA Y F DR R R A
% B apoE 5 28 R G0 IRd 1 & AR B DI AR G
TERE BT REA IR A 52 v, R B apoE 2 5 T Il fib
o A1 A6 A ST RN PR AL XA 13 19 200 A [T A I i ot
T, 1115 apoE 415 1 IR oL 26 18 Ay i 98 11— A8
PG TEIRITHE S Y A A5 IR, apoE
AT it 2 M AR R 2 S 240 AR s R A i o
Il A 975 B AIF 58 UE 52 T apoE 78 J2 JE 40 it 98 1 5t
(BF) gz W i E, Je & T4k
B B AN, (R A LA A 22 AR
—EM M AT HRAEAETR A /28 i i 40 i e
A b BE R AR b, I AR 43 ml
apoE e AL AL FH:, /DB b K 9 9 49 S s i 1R
(RS Bl e et TAE /D S RS ST A ARIRE . Ik A
FLRE . MG RRANAIE . R R MG R . M

JUIE . MG RSEIRE L AR N PN A5 R 35 R apoE ]
PR s A B9 e T A i AR R R A R P
R I apoE [ RELFRIK ¥ TR RG0ENE M
LHBIE AR A2, WP B0 KA PR
FERBAF 5T K 8] BH apoE A9l R = S,
210 Hfth

AN TR T apoE 5 AE /N i il g
FH AR ) ARG, $RoR T HAE N M s &
4 00 TOUIN s 7 o 36 A 240 S RN PR B 5% & 3
apoE 12 F 1k AT AIE iFF S M g 41 A 1% 38 58 RN AL 1R 28
BeJ7, T AR S A AR Rl W,
EEREALION R vvnt /) B

3 HEEBEEMEREFIIER

apoE 1] 2 5 4 KM Rl i M e g i 2, HE
VIO LA W R 2 sbE . apoE AT LI T ik EL 40
ML e 1 5 e MR 0SB, apoE BEIA
o 5 ) )N BROR Y 52 86, 28 S 1 7R, apoE A 3 i BRI
PRI M (APCs) I Fa 528 sl 3 8 1 %) %% 1ok
P T bk O 40 6 A 3 Ak T, 3l i — AU A
(NO) Az ik 5 B w4 i oy g e, I Hoo] LA
H APCs 73ils, DAl R A Ag BThi s, it 32k
AT R ALY 5 CD1 2 F RS
PEFENR TSP 5 2 DCs 13 F1 A SRR T 40
. (NKT) "4 apoE A4 37 78t X #ILAA A8 5 28 2
AP ATERT, XN R B BF 98 A B, 5
apoE4 AU/ MA LY apoE3 F-~ AR 2 B1 M B 5 1Y S8 5E
N, MR R IR SAE ¥ (1 TNF-a, IL-6 Fl
IL-12p40) T 14420 apoE X 48 4 Y 3 5 500 18
BAMERN S 1 apoE4 (kN BUA P (1 %
A SR AT apoE3 FUAMATE SR, X A 4
WA TEMENE /N FRUPOWER 2, BFSE X S 34 vT
e -5 HE PR A2 AR SE TR ) U AN [R] A O 1), B2
Tl R 3 2R A5 PR R AT LU i apoE 5 1Y & 4%
PUREL ", FEHEAT apoE4 B A/INR T, XA
SE R (840 28 8N W S AR T 45 1 apoE3 5 PR Y iy A
R BR T RIE RGN, apoE (A RS 4k
W2 BN GE R G RTY, WP SR RS 1) Tk
AR ARy TP ZE (IFN-y) AT RAH0H] v 40 i
[) apoE ik 1,

apoE TEATT I 7 ey Ny 27 1) 2ok A% v 73 0 o AR 2%
A, B HRGE ) SE T apoE HIMF 5T 15 3 T — 2L 4
HIP GG . TEAEIHTINIE S N & 7T, A b
S HR1E , apoE AT LLiE i AV H T >k 5 1 S g2 41



2024; 51 (D

BEX, %: FEEOEETREMERIIERILE

<1559

4 s (myeloid-derived suppressor cells, MDSCs)
10 (1) LRPS 52 42 i MDSCs -, Ik MDSCs
R, PR T CDS CTLs (I A, 3658
ML A 4T I Jeg G 28 07 2280 BE 0, 552 Vi U e 9 1
ST SRR T 7 ik N 2 o

TE A 470988 S92 13 25 J5 T, apoE FI LA
IL-2 (94506 . PRIk 0 4r i 3G 8, 72/ BRAR N &
B, apoE ] LU I fIN % B2 R 85 M 52 1k (LRP) #01
NF-«B {557 T I J8 40 g % 15 CXCL1 Fl CXCL5,
SRS, FEIRAAFA 2 apoE )2 TAMs
R RE R IR T 2, Sk
W1, R apoE AT LAY/ 45 iz 9 i g 2H 2 N =i M2
R WEANA, JEISE C1QC I CCR2TAY WAL, il
e i & R T ELIN, 4T apoE o {4 mT L) 3 i 25
S, I NI A Mg /N BSR4t PD-1 B AR T
5 AN BRI B R AN R A /N R
il EB R M R R (T IR B, A TP A
AUNER, #ER apoE MY/ B IR 4 AL R REAIR, i
968 ZH 21 NK 20 A A 50 15 i O B B i 1 4
BEPE U A SR AR T L& R4 apoE, i
if TREM2 /R TR i B8 R 4000, 75 HE
&, dRmRgRR I eI aE )

4 B =

BB, A 5% apoE 7 IR AH G i Ja g 25 A= )
PR AR AR, EEERES SR
NS SR S 2 A R 7 T . ARTTAFSE A B
B 27 HAb Z R i b & B apoE 2 5 T G e I/ 4y
MUESE, T HHAMA AR S, AUTERM, S
BN, 16 st R Gt L0 BN 3 7R Y apoE
B I 3E K F 3R, 530 dsDNA Hifk K IL-6.. TFN-y
FIL-10 2 IEARSC, HAEME KBS ERIAITIS . apoE
Ko LR 90 K K4 52 R Rt A 1 SR —
TS FER 2R B AR I G i 2 4 e 1) LA L S5 P 253
B2 R IR, apoE' 4 BAAZ 41 it ¢ B S i e
PEELAE 1240 L L IFN-a, TFN-y 7035 R B HFE,
FR/R XA AR 20 M0 T BE XN B A 4 A 4N Y.
B IREERERI, FRIBTEAFFRAL Y apoE X
TR ek 4 B e RGBT ERIRTR, Ak
£ LA apoB A s (RS HEIL Y7 Aems HR AL T T REE
AT, A AT I T Ik L 4 AR 5 L
i, {H apoE R DLt % e 2 0iE 5 SO FIE T 9k 2
YRR T FNIRAE, HAEHE LIS o 25 Th 4 A
FAFH T = I IL-4 RS Yo DU/NERCA RIFFE T

R SRR, FEHE AN [F] apoE A /N LT
#5417 apoE4 25 19 /N T 240 LTS Xof i 28 03 I 1 55
WA, A apoE2 /N 1 H W G
EZ 2 VAN MBS SR LI PRI V2 =8 A
Jo 248 1 3 DA 19 240 L PR - LA apoE MO 25 5, Tl
X 22 AT apoE2 A W/NR P o B3, H
55 NF-xB WA PG A OC 1, BEE X apoE 131
LER I A 2N TR AN B, X A E 2 A P i
AR AR R IE A A2 TR Z AN
W, ek 7 A E R . apoE 7 T A
SRVEA R TE. CERAMRATT R T/NrF45
PR IERS, mad 500 apoE4 4> T-454, (i HAEDh
AE I 55 apoE3 453 1 TEZSH AR~ ANt S L
L7/ e niNE A e L EATE 7 g a0 1S e SR O R e
PR Z AW ST o, 1T HAXFP SRS T REAS
JRi BT LA apoE AT s 25 i, X HA Y 2
WAl R o 48 T A E Y Y apoE 4376 A [R] 9
T KB AN [F] 0 LR D RE Y 22 e, X Rl </
O TESRER ISR — A B R A] BB B IR IT AL
R, 7] RERU A R R T R S AR TR
BERCR BT B, X ERE AR, T RN
N HGEAR B o3 12 W R 1] 25 W) e AR BR T
PR AR AP, TR T DR A A g%
WRHEEN, ¥R TS REEEE . B ERXT
X4 ) SR (1) 5 ASAE BT I o R 11 B ) S
Hg /DROT R, RS 5 T A ] R AR — 2D i
PR B PRAFSE A T4 -

[RIR, XJ apoE fAIF 8 AE & A Fl B = 2 2
apoE 73 F J& HBV ¥ B J8% 4L JH- 41 fd i b 2 55 1F
apoE [ 35 PR BRI X HBV 2R e (1) 5 05 12 J A Jl 35 5%
M 545 apoE 23 F b J& HCV i 23 JURT Al IR L i
G Jp 3k FE A Oy, R RZ I HCV JB Y 7 45
Jay B s BT 4 2 T [ HCC A= 1Y B 7 200
7R BEBIFSE apoE S IR 1 56 2R T
HCC () Z KB TAERRMEA e LR . # &
SR A S b th y EZAENT, DL apoE
FERRACI R A B EE A, YT apoE FAF 5T itk —
AR R AR A AL, TEZ AR
ISR PE R T apoE A N AR & T e, A
SRS SE AR = — S MRS, IR B
(IR R AT FATHIN . A 2T 1he T
PR A 00 RGP E RS apoE A G, Xl
$&75 T apoE TEFLIRIE . HUZ e 55 5 PR A ¢
(g A AT TR B AN B



<1560+ EMUEEEYIEER

Prog. Biochem. Biophys.

2024; 51 (7

B4t apoE S HL AR 25 M i A RO AT K
Fo BZAREMBIIEHEY], apoB4 & ARE A
B 1 % T B o i XS i AR TR 2R — T T, B
NP B R PR AR AR T, DA 6
FAAFIRABTIE K, i S ) 2 A A I T AE R
W LITIRZ BRI ™5 S —J7 i, JEAEA ST
LW FEONIIREZ AN 5 — RS H A 2 RS R,
PEROE . HATE2A 2 iRE T apoE 5 1LS7
RN RERRLATFAI A OCHE . % IXT7 T BIHFTORE
A THMRIRIT TR RO AEH, S22
AP 24

[1]  LiJ, Bolyard C, Xin G, et al. Targeting metabolic pathways of
myeloid cells improves cancer immunotherapy. Front Cell Dev
Biol, 2021, 9: 747863

[2]  Stine Z E, Schug Z T, Salvino J M, et al. Targeting cancer
metabolism in the era of precision oncology. Nat Rev Drug Discov,
2022,21(2): 141-162

[3] Pavlova N N, Zhu J, Thompson C B. The hallmarks of cancer
metabolism: still emerging. Cell Metab, 2022, 34(3): 355-377

[4]  FuY,ZouT, Shen X, et al. Lipid metabolism in cancer progression
and therapeutic strategies. MedComm (2020),2021,2(1): 27-59

[5] Martin-Sierra C, Colombo S, Martins R, et al. Tumor resection
induces alterations on serum phospholipidome of liver cancer
patients. Lipids, 2020, 55(2): 185-191

[6] Bleve A, Durante B, Sica A, et al. Lipid metabolism and cancer
immunotherapy:
crossroad. IntJ Mol Sci, 2020, 21(16): 5845

[7]  Alannan M, Fayyad-Kazan H, Trezeguet V, et al. Targeting lipid

immunosuppressive myeloid cells at the

metabolism in liver cancer. Biochemistry, 2020, 59(41): 3951-
3964

[8] Ostendorf B N, Bilanovic J, Adaku N, ef a/. Common germline
variants of the human APOE gene modulate melanoma
progression and survival. Nat Med, 2020, 26(7): 1048-1053

[9] Tavazoie M F, Pollack I, Tanqueco R, et al. LXR/ApoE activation
restricts innate immune suppression in cancer. Cell, 2018, 172(4):
825-840.e818

[10] Mahley R W. Apolipoprotein E: cholesterol transport protein with
expandingrole in cell biology. Science, 1988, 240(4852): 622-630

[11] MokKK, Yeung SH, Cheng G W, et al. Apolipoprotein E epsilon4
disrupts oligodendrocyte differentiation by interfering with
astrocyte-derived lipid transport. J Neurochem, 2023, 165(1):
55-75

[12] Shi Y, Holtzman D M. Interplay between innate immunity and
Alzheimer disease: APOE and TREM2 in the spotlight. Nat Rev
Immunol,2018,18(12): 759-772

[13] Cotechini T, Atallah A, Grossman A. Tissue-resident and recruited

primary

microenvironments: potential targets in cancer therapy. Cells,

2021,10(4): 960

macrophages  in tumor and  metastatic

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

ShenY, LiL, Chen W, ez al. Apolipoprotein E negatively regulates
allergic airway inflammation and remodeling in mice with OVA-
induced chronic asthma. Int Immunopharmacol, 2023,
116: 109776

Kacperczyk M, Kmieciak A, Kratz E M. The role of ApoE
expression and variability of its glycosylation in human
reproductive health in the light of current information. Int J Mol
Sci, 2021,22(13): 7197

Li M, Hou X, Zhang R, et al. Role of apolipoprotein E in
suppressing oxidative stress in gestational diabetes mellitus
patients and mouse model. Int J Gynaecol Obstet, 2022, 159(1):
204-212

Hanahan D. Hallmarks of cancer: new dimensions. Cancer Discov,
2022,12(1):31-46

Tudorache I F, Trusca V G, Gafencu A V. Apolipoprotein E - a
multifunctional protein with implications in various pathologies as
aresult of its structural features. Comput Struct Biotechnol J, 2017,
15:359-365
Weisgraber
relationships. Adv Protein Chem, 1994, 45: 249-302

Chen J, Li Q, Wang J. Topology of human apolipoprotein E3

K H. Apolipoprotein E: structure-function

uniquely regulates its diverse biological functions. Proc Natl Acad
SciUSA,2011,108(36): 14813-14818

Frieden C, Garai K. Concerning the structure of apoE. Protein Sci,
2013,22(12): 1820-1825

Rall S C, Jr., Weisgraber K H, Mahley R W. Human apolipoprotein
E. The complete amino acid sequence. J Biol Chem, 1982, 257(8):
4171-4178

Dong L M, Weisgraber K H. Human apolipoprotein E4 domain
interaction. Arginine 61 and glutamic acid 255 interact to direct the
preference for very low density lipoproteins. J Biol Chem, 1996,
271(32): 19053-19057

Mahley R W, Rall S C, Jr. Apolipoprotein E: far more than a lipid
transport protein. Annu Rev Genomics Hum Genet, 2000,
1:507-537

Stuchell-Brereton M D, Zimmerman M I, Miller J J, et al.
Apolipoprotein E4 has extensive conformational heterogeneity in
lipid-free and lipid-bound forms. Proc Natl Acad Sci USA, 2023,
120(7): 2215371120

Mahley R W, Weisgraber K H, Huang Y. Apolipoprotein E:
structure determines function, from atherosclerosis to Alzheimer's
disease to AIDS. J Lipid Res, 2009, 50 Suppl: S183-S188

Raffai R L, Dong L M, Farese R V, Ir., et al. Introduction of human
apolipoprotein E4  “domain interaction” into mouse
apolipoprotein E. Proc Natl Acad Sci USA, 2001, 98(20): 11587-
11591

Nguyen D, Dhanasekaran P, Nickel M, et al. Molecular basis for
the differences in lipid and lipoprotein binding properties of
human apolipoproteins E3 and E4. Biochemistry, 2010, 49(51):
10881-10889

Peters-Libeu C A, Newhouse Y, Hatters D M, et al. Model of
biologically active apolipoprotein E bound to
dipalmitoylphosphatidylcholine. J Biol Chem, 2006, 281(2):
1073-1079

Hatters D M, Budamagunta M S, Voss J C, et al. Modulation of



2024; 51 (D

E%ﬁgj[! gg:

s E B EFE R R E AL 1561

(311

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

apolipoprotein E structure by domain interaction: differences in
lipid-bound and lipid-free forms. J Biol Chem, 2005, 280(40):
34288-34295

Mahley R W. Apolipoprotein E: from cardiovascular disease to
neurodegenerative disorders. J Mol Med (Berl), 2016, 94(7):
739-746

Chen HK, Liu Z, Meyer-Franke A, et al. Small molecule structure
correctors abolish detrimental effects of apolipoprotein E4 in
cultured neurons. J Biol Chem, 2012, 287(8): 5253-5266

Ye S, Huang Y, Mullendorft K, et al. Apolipoprotein (apo) E4
enhances amyloid beta peptide production in cultured neuronal
cells: apoE structure as a potential therapeutic target. Proc Natl
Acad Sci USA, 2005,102(51): 18700-18705

Beisiegel U, Weber W, Havinga J R, et al. Apolipoprotein E-
binding proteins liver.
Arteriosclerosis, 1988, 8(3): 288-297

Emrani S, Arain H A, Demarshall C, et al. APOE4 is associated

with cognitive and pathological heterogeneity in patients with

isolated from dog and human

Alzheimer’s disease: a systematic review. Alzheimers Res Ther,
2020,12(1): 141

Sebastiani P, Gurinovich A, Nygaard M, et al. APOE alleles and
extreme human longevity. J Gerontol A Biol Sci Med Sci, 2019,
74(1): 44-51

Corbo R M, Scacchi R. Apolipoprotein E (APOE) allele
distribution in the world. Is APOE*4 a “thrifty’ allele?. Ann Hum
Genet, 1999, 63(Pt4):301-310

Yassine H N, Finch C E. APOE alleles and diet in brain aging and
Alzheimer’ s disease. Front Aging Neurosci, 2020, 12: 150

Loch R A, Wang H, Peralvarez-Marin A, et al. Cross interactions
between apolipoprotein E and amyloid proteins in
neurodegenerative diseases. Comput Struct Biotechnol J, 2023,
21:1189-1204

Vandenbulcke H, Moreno C, Colle I, et al. Alcohol intake increases
the risk of HCC in hepatitis C virus-related compensated cirrhosis:
aprospective study. J Hepatol, 2016, 65(3): 543-551

Fullerton S M, Clark A G, Weiss K M, et al. Apolipoprotein E
variation at the sequence haplotype level: implications for the
origin and maintenance of a major human polymorphism. Am J
Hum Genet, 2000, 67(4): 881-900

Oue N, Hamai Y, Mitani Y, ef al. Gene expression profile of gastric
carcinoma: identification of genes and tags potentially involved in
invasion, metastasis, and carcinogenesis by serial analysis of gene
expression. Cancer Res, 2004, 64(7): 2397-2405

Zheng P, Luo Q, Wang W, ef al. Tumor-associated macrophages-
derived exosomes promote the migration of gastric cancer cells by
transfer of functional apolipoprotein E. Cell Death Dis, 2018,
9(4):434

Zhao Z, Zou S, Guan X, et al. Apolipoprotein E overexpression is
associated with tumor progression and poor survival in colorectal
cancer. Front Genet,2018,9: 650

Kopylov A T, Stepanov A A, Malsagova K A, et al. Revelation of
proteomic indicators for colorectal cancer in initial stages of
development. Molecules, 2020,25(3): 619

Vergadi E, leronymaki E, Lyroni K, ez al. Akt signaling pathway in

macrophage activation and M 1/M2 polarization. ] Immunol, 2017,

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

198(3): 1006-1014

Watson M A, Gay L, Stebbings W S, et al. Apolipoprotein E gene
polymorphism and colorectal cancer: gender-specific modulation
ofrisk and prognosis. Clin Sci (Lond), 2003, 104(5): 537-545
Slattery M L, Sweeney C, Murtaugh M, et al. Associations
between apoE genotype and colon and rectal
Carcinogenesis, 2005, 26(8): 1422-1429

Larsson S C, Wolk A. Meat consumption and risk of colorectal

cancer.

cancer: a meta-analysis of prospective studies. Int J Cancer, 2006,
119(11):2657-2664

Tappel A. Heme of consumed red meat can act as a catalyst of
oxidative damage and could initiate colon, breast and prostate
cancers, heart disease and other diseases. Med Hypotheses, 2007,
68(3): 562-564

Sesink AL, Termont D S, Kleibeuker J H, e al. Red meat and colon
cancer: the cytotoxic and hyperproliferative effects of dietary
heme. Cancer Res, 1999, 59(22): 5704-5709

Cross A J, Sinha R. Meat-related mutagens/carcinogens in the
etiology of colorectal cancer. Environ Mol Mutagen, 2004, 44(1):
44-55

Mrkonjic M, Chappell E, Pethe V V, er al. Association of
apolipoprotein E polymorphisms and dietary factors in colorectal
cancer. BrJ Cancer, 2009, 100(12): 1966-1974

Ahn S J, Kim D K, Kim S S, et al. Association between
apolipoprotein E genotype, chronic liver disease, and hepatitis B
virus. Clin Mol Hepatol, 2012, 18(3): 295-301

Qiao L, Luo G G. Human apolipoprotein E promotes hepatitis B
virus infection and production. PLoS Pathog, 2019, 15(8):
€1007874

ShenY, Li M, Ye X, et al. Association of apolipoprotein E with the
progression of hepatitis B virus-related liver disease. Int J Clin Exp
Pathol,2015,8(11): 14749-14756

Lee J Y, Acosta E G, Stoeck I K, et al. Apolipoprotein E likely
contributes to a maturation step of infectious hepatitis C virus
particles and interacts with viral envelope glycoproteins. J Virol,
2014,88(21): 12422-12437

Kim J Y, Ou J J. Regulation of apolipoprotein E trafficking by
hepatitis C Virus-induced autophagy. J Virol, 2018, 92(14):
€00211-18

Shi Q, Jiang J, Luo G. Syndecan-1 serves as the major receptor for
attachment of hepatitis C virus to the surfaces of hepatocytes. J
Virol,2013,87(12): 6866-6875

Lefevre M, Felmlee D J, Parnot M, ez al. Syndecan 4 is involved in
mediating HCV entry through interaction with lipoviral particle-
associated apolipoprotein E. PLoS One, 2014, 9(4): €95550

Xu'Y, Martinez P, Séron K, ef al. Characterization of hepatitis C
virus interaction with heparan sulfate proteoglycans. J Virol, 2015,
89(7): 3846-3858

Hueging K, Doepke M, Vieyres G, et al. Apolipoprotein E
codetermines tissue tropism of hepatitis C virus and is crucial for
viral cell-to-cell transmission by contributing to a
postenvelopment step of assembly. J Virol, 2014, 88(3): 1433-1446
Fukuhara T, Wada M, Nakamura S, et al. Amphipathic alpha-
helices in apolipoproteins are crucial to the formation of infectious
hepatitis C virus particles. PLoS Pathog,2014,10(12): ¢1004534



<1562

EMUFESEYIRHR

Prog. Biochem. Biophys.

2024; 51 (7

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

Barretto N, Sainz B Jr, Hussain S, er al. Determining the
involvement and therapeutic implications of host cellular factors in
hepatitis C virus cell-to-cell spread. J Virol, 2014, 88(9): 5050-
5061

Gondar V, Molina-Jimenez F, Hishiki T, et al. Apolipoprotein E,
but Not apolipoprotein B, is essential for efficient cell-to-cell
transmission of hepatitis C virus. J Virol, 2015, 89(19): 9962-9973
Zhao F, Zhao T, Deng L, ef al. Visualizing the essential role of
complete virion assembly machinery in efficient hepatitis C Virus
cell-to-cell transmission by a viral infection-activated split-intein-
mediated reporter system. J Virol, 2017, 91(2): e01720-16
Hirao-Suzuki M, Takeda S, Kobayashi T, et a/. Cadmium down-
regulates apolipoprotein E (ApoE) expression during malignant
transformation of rat liver cells: direct evidence for DNA
hypermethylation in the promoter region of ApoE. J Toxicol Sci,
2018,43(9):537-543

Suzuki M, Takeda S, Teraoka-Nishitani N, et al. Cadmium-
induced malignant transformation of rat liver cells: potential key
role and regulatory mechanism of altered apolipoprotein E
expression in enhanced invasiveness. 2017,
382:16-23

Ehsani Ardakani M J, Safaei A, Arefi Oskouie A, ef al. Evaluation

of liver cirrhosis and hepatocellular carcinoma using Protein-

Toxicology,

Protein Interaction Networks. Gastroenterol Hepatol Bed Bench,
2016, 9(Suppll): S14-S22

(U5 REEWIVS R S B AN R 2 2 2/ S S i N IR =g S D
RN T BB 2A,2009, 29(9): 1775-1778

Fu B S, Liu W, Zhang J W, et al. Journal of Southern Medical
University, 2009,29(9): 1775-1778

Andreotti G, ChenJ, Gao Y T, et al. Polymorphisms of genes in the
lipid metabolism pathway and risk of biliary tract cancers and
stones: a population-based case-control study in Shanghai, China.
Cancer Epidemiol Biomarkers Prev, 2008, 17(3): 525-534
Gronborg M, Kristiansen T Z, Iwahori A, et al. Biomarker
discovery from pancreatic cancer secretome using a differential
proteomic approach. Mol Cell Proteomics, 2006, 5(1): 157-171

Yu K H, Rustgi A K, Blair I A. Characterization of proteins in
human pancreatic cancer serum using differential gel
electrophoresis and tandem mass spectrometry. J Proteome Res,
2005,4(5): 1742-1751

Chen J, Wu W, Zhen C, et al. Expression and clinical significance
of complement C3, complement C4bl and apolipoprotein E in
pancreatic cancer. Oncol Lett, 2013, 6(1): 43-48

Du S, Wang H, Cai J, et al. Apolipoprotein E2 modulates cell cycle
function to promote proliferation in pancreatic cancer cells via
regulation of the c-Myc-p21(Wafl) signalling pathway. Biochem
Cell Biol, 2020, 98(2): 191-202

Wang H, Zhou H C, Ren R L, et al. Apolipoprotein E2 inhibits
mitochondrial apoptosis in pancreatic cancer cells through ERK 1/
2/CREB/BCL-2 signaling. Hepatobiliary Pancreat Dis Int, 2023,
22(2):179-189

Wang H, Du S, Cai J, et al. Apolipoprotein E2 promotes the
migration and invasion of pancreatic cancer cells via activation of
the ERK1/2 signaling pathway. Cancer Manag Res, 2020,
12:13161-13171

[78]

[79]

[80]

(81]

[82]

[83]

(84]

[85]

(86]

(87]

(88]

[89]

[90]

[91]

[92]

(93]

[94]

LiuH, Shui IM, PlatzE A, et al. No association of ApoE genotype
with risk of prostate cancer: a nested case-control study. Cancer
Epidemiol Biomarkers Prev, 2015, 24(10): 1632-1634

Niemi M, Kervinen K, Kiviniemi H, et al. Apolipoprotein E
phenotype, cholesterol and breast and prostate cancer. J Epidemiol
Community Health, 2000, 54(12): 938-939

Venanzoni M C, Giunta S, Muraro G B, et al. Apolipoprotein E
expression in localized prostate cancers. Int J Oncol, 2003, 22(4):
779-786

Grant W B. A multicountry ecological study of risk-modifying
factors for prostate cancer: apolipoprotein E epsilon4 as a risk
factor and cereals as a risk reduction factor. Anticancer Res, 2010,
30(1): 189-199

Grant W B. The roles of ultraviolet-B irradiance, vitamin D,
apolipoprotein E epsilon4, and diet in the risk of prostate cancer.
Cancer Causes Control, 2011,22(1): 157-158

Bancaro N, Cali B, Troiani M, et al. Apolipoprotein E induces
pathogenic senescent-like myeloid cells in prostate cancer. Cancer
Cell,2023,41(3): 602-619¢611

Hough C D, Sherman-Baust C A, Pizer E S, et al. Large-scale serial
analysis of gene expression reveals genes differentially expressed
inovarian cancer. Cancer Res, 2000, 60(22): 6281-6287

Hough C D, Cho K R, Zonderman A B, et al. Coordinately up-
regulated genes in ovarian cancer. Cancer Res, 2001, 61(10): 3869-
3876

ChenY C, Pohl G, Wang T L, et al. Apolipoprotein E is required for
cell proliferation and survival in ovarian cancer. Cancer Res, 2005,
65(1):331-337

Shih Ie M, Davidson B. Pathogenesis of ovarian cancer: clues from
selected overexpressed genes. Future Oncol, 2009, 5(10): 1641-
1657

Podzielinski I, Saunders B A, Kimbler K D, et al. Apolipoprotein
concentrations are elevated in malignant ovarian cyst fluids
suggesting that lipoprotein metabolism is dysregulated in
epithelial ovarian cancer. Cancer Invest,2013,31(4): 258-272
Huvila J, Brandt A, Rojas C R, et al. Gene expression profiling of
endometrial adenocarcinomas reveals increased apolipoprotein E
expression in poorly differentiated tumors. Int J Gynecol Cancer,
2009,19(7): 1226-1231

SERYE, B SR . B 1 E Sl 0T ERK/MMPI 553l i
R T A IR A MO ) T S . 7 R R 2, 2023, 43(2):
232-241

Wu CY, Cheng W J. Journal of Southern Medical University, 2023,
43(2): 232-241

NanBY, Xiong GF, Zhao Z R, et al. Comprehensive identification
of potential crucial genes and miRNA-mRNA regulatory networks
inpapillary thyroid cancer. Biomed Res Int, 2021,2021: 6752141
Ito Y, Takano T, Miyauchi A. Apolipoprotein E expression in
anaplastic thyroid carcinoma. Oncology, 2006, 71(5-6): 388-393
Nicoll J A, Zunarelli E, Rampling R, et al. Involvement of
apolipoprotein E in glioblastoma: immunohistochemistry and
clinical outcome. Neuroreport, 2003, 14(15): 1923-1926
Ghantasala S, Pai M G J, Biswas D, et al. Multiple reaction
monitoring-based targeted assays for the validation of protein
biomarkers in brain tumors. Front Oncol, 2021, 11: 548243



2024; 51 (D

%Tﬁ.}i’ %:

s E B EFE R R E AL 1563

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

Murakami M, Ushio Y, Morino Y, et al. Immunohistochemical
localization of apolipoprotein E in human glial neoplasms. J Clin
Invest, 1988, 82(1): 177-188

Lichtor T. Gene expression of apolipoprotein E in human brain
tumors. Neurosci Lett, 1992, 138(2): 287-290

Trost Z, Marc J, Sok M, et al. Increased apolipoprotein E gene
expression and protein concentration in lung cancer tissue do not
contribute to the clinical assessment of non-small cell lung cancer
patients. Arch Med Res, 2008, 39(7): 663-667

An H J, Koh H M, Song D H. Apolipoprotein E is a predictive
marker for assessing non-small cell lung cancer patients with
lymph node metastasis. Pathol Res Pract, 2019,215(10): 152607
Su W P, Chen Y T, Lai W W, et al. Apolipoprotein E expression
promotes lung adenocarcinoma proliferation and migration and as
a potential survival marker in lung cancer. Lung Cancer, 2011,
71(1):28-33

Xue Y, Huang S, Huang J, et al. Identification of apolipoprotein E
as a potential diagnostic biomarker of nasopharyngeal carcinoma.
Cancer Manag Res, 2020, 12: 8943-8950

Niemi M, Hakkinen T, Karttunen T J, e al. Apolipoprotein E and
colon cancer. Expression in normal and malignant human intestine
and effect on cultured human colonic adenocarcinoma cells. Eur J
Intern Med, 2002, 13(1): 37-43

Bach-Ngohou K, Ouguerram K, Nazih H, et al. Apolipoprotein E
kinetics: influence of insulin resistance and type 2 diabetes. Int J
Obes Relat Metab Disord, 2002,26(11): 1451-1458

Orchard T J, Eichner J, Kuller L H, et a/. Insulin as a predictor of
coronary heart disease: interaction with apolipoprotein E
phenotype. A report from the Multiple Risk Factor Intervention
Trial. Ann Epidemiol, 1994, 4(1): 40-45

Giovannucci E. Insulin and colon cancer. Cancer Causes Control,
1995, 6(2): 164-179

Kaaks R. Nutrition, energy balance and colon cancer risk: the role
of insulin and insulin-like growth factor-1. IARC Sci Publ, 2002,
156:289-293

FEER, MR S AR AR R SRR R . h i 2,
1985,7(6): 408-410

Gong H M, Chen J G. Chinese Journal of Oncology, 1985, 7(6):
408-410

Kim W, Khan S K, Liu Y, ef al. Hepatic Hippo signaling inhibits
protumoural microenvironment to
carcinoma. Gut, 2018, 67(9): 1692-1703
Hassan M M, Spitz M R, Thomas M B, et al. The association of
family history of liver cancer with hepatocellular carcinoma: a
case-control study in the United States. J Hepatol, 2009, 50(2):
334-341

Gao Y, Jiang Q, Zhou X, et al. HBV infection and familial
aggregation of liver cancer: an analysis of case-control family
study. Cancer Causes Control, 2004, 15(8): 845-850

Zhong D N, Ning Q Y, Wu J Z, et al. Comparative proteomic

suppress hepatocellular

profiles indicating genetic factors may involve in hepatocellular
carcinoma familial aggregation. Cancer Sci, 2012, 103(10): 1833-
1838

Agnello V, Abel G, Elfahal M, et al. Hepatitis C virus and other

flaviviridae viruses enter cells via low density lipoprotein receptor.

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

Proc Natl Acad Sci USA, 1999,96(22): 12766-12771

Blanc J F, Lalanne C, Plomion C, et al. Proteomic analysis of
differentially expressed proteins in hepatocellular carcinoma
developed in patients with chronic viral hepatitis C. Proteomics,
2005,5(14):3778-3789

Hishiki T, Shimizu Y, Tobita R, et al. Infectivity of hepatitis C virus
is influenced by association with apolipoprotein E isoforms. J
Virol, 2010, 84(22): 12048-12057

Price D A, Bassendine M F, Norris S M, et al. Apolipoprotein
epsilon3 allele is associated with persistent hepatitis C virus
infection. Gut, 2006,55(5): 715-718

Wozniak M A, Itzhaki R F, Faragher E B, et al. Apolipoprotein E-
epsilon 4 protects against severe liver disease caused by hepatitis C
virus. Hepatology, 2002, 36(2): 456-463

Monazahian M, Bohme I, Bonk S, ef al. Low density lipoprotein
receptor as a candidate receptor for hepatitis C virus. J Med Virol,
1999,57(3):223-229

Innes H, Nischalke H D, Guha I N, et al. The rs429358 locus in
apolipoprotein E is associated with hepatocellular carcinoma in
patients with cirrhosis. Hepatol Commun, 2022, 6(5): 1213-1226
Yokoyama Y, Kuramitsu Y, Takashima M, et al. Protein level of
apolipoprotein E increased in human hepatocellular carcinoma. Int
JOncol, 2006,28(3): 625-631

Peng H, Yan Z, Zeng X, et al. Serum and tissue proteomic
signatures of patients with hepatocellular carcinoma using 2-D gel
electrophoresis. Mol Med Rep, 2019, 20(2): 1025-1038

Ritorto M S, Borlak J. Combined serum and tissue proteomic study
applied to a c-Myc transgenic mouse model of hepatocellular
carcinoma identified novel disease regulated proteins suitable for
diagnosis and therapeutic intervention strategies. J Proteome Res,
2011,10(7):3012-3030

Pencheva N, Tran H, Buss C, et al. Convergent multi-miRNA
targeting of ApoE drives LRP1/LRP8-dependent melanoma
metastasis and angiogenesis. Cell, 2012, 151(5): 1068-1082

Kemp S B, Carpenter E S, Steele N G, et al. Apolipoprotein E
promotes immune suppression in pancreatic cancer through NF-
kB-mediated production of CXCL1. Cancer Res, 2021, 81(16):
4305-4318

Yencilek F, Yilmaz S G, Yildirim A, et al. Apolipoprotein E
genotypes in patients with prostate cancer. Anticancer Res, 2016,
36(2):707-711

Lehrer S. Possible relationship of the apolipoprotein E (ApoE)
epsilon4 allele to prostate cancer. BrJ Cancer, 1998, 78(10): 1398
Ifere G O, Desmond R, Demark-Wahnefried W, et al
Apolipoprotein E gene polymorphism influences aggressive
behavior in prostate cancer cells by deregulating cholesterol
homeostasis. IntJ Oncol, 2013,43(4): 1002-1010

Haapala K, Lehtimaki T, Ilveskoski E, et al. Apolipoprotein E
genotype is not linked to locally recurrent hormone-refractory
prostate cancer. Prostate Cancer Prostatic Dis, 2000, 3(2): 107-109
Ivanova T I, Krikunova L I, Ryabchenko N 1, et al. Association of
the apolipoprotein E 2 allele with concurrent occurrence of
endometrial hyperplasia and endometrial carcinoma. Oxid Med
Cell Longev,2015,2015: 593658

Sun C, Zhou Z, Shi H, et al. Identification of long noncoding RNA



<1564

EMUFESEYIRHR

Prog. Biochem. Biophys.

2024; 51 (7

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

APOCIP1 as an oncogene in clear cell renal cell carcinoma. Dis
Markers,2019,2019: 2814058

Albers J J, Wolfbauer G, Cheung M C, et al. Functional expression
of human and mouse plasma phospholipid transfer protein: effect
of recombinant and plasma PLTP on HDL subspecies. Biochim
BiophysActa, 1995,1258(1): 27-34

Oka T, Kujiraoka T, Ito M, et al. Distribution of phospholipid
transfer protein in human plasma: presence of two forms of
phospholipid transfer protein, one catalytically active and the other
inactive. J Lipid Res, 2000, 41(10): 1651-1657

Lin X, Zhang J, Zhao R H, ez al. APOE is a prognostic biomarker
and correlates with immune infiltrates in papillary thyroid
carcinoma. J Cancer, 2022, 13(5): 1652-1663

Therriault J, Pascoal T A, Benedet A L, ef al. Frequency of
biologically defined Alzheimer disease in relation to age, sex,
APOE epsilon4, and cognitive impairment. Neurology, 2021,
96(7): €975-¢985

Avila E M, Holdsworth G, Sasaki N, et al. Apoprotein-E
suppresses phytohemagglutinin-activated phospholipid turnover
in peripheral-blood mononuclear-cells. J Biol Chem, 1982,
257(10): 5900-5909

Terkeltaub R A, Dyer C A, Martin J, et al. Apolipoprotein-(Apo)-E
inhibits the capacity of monosodium urate crystals to stimulate
neutrophils - characterization of intraarticular Apo-E and
demonstration of Apo-E binding to urate crystals in vivo. J Clin
Invest, 1991, 87(1):20-26

Tenger C, Zhou X. Apolipoprotein E modulates immune activation
by acting on the antigen-presenting cell. Immunology, 2003,
109(3):392-397

Barger S W, Harmon A D. Microglial activation by Alzheimer
amyloid precursor protein and modulation by apolipoprotein E.
Nature, 1997, 388(6645): 878-881

Colton CA, Brown CM, Czapiga M, et al. Apolipoprotein-E allele-
specific regulation of nitric oxide production. Ann Ny Acad Sci,
2002,962:212-225

Van Den Elzen P, Garg S, Leon L, et al. Apolipoprotein-mediated
pathways of lipid antigen presentation. Nature, 2005, 437(7060):
906-910

Borg N A, Wun K S, Kjer-Nielsen L, et al. CD1d-lipid-antigen
recognition by the semi-invariant NKT T-cell receptor. Nature,
2007,448(7149):44-49

Zhang H L, Wu J, Zhu J. The immune-modulatory role of
apolipoprotein E with emphasis on multiple sclerosis and
experimental autoimmune encephalomyelitis. Clin Dev Immunol,
2010,2010: 186813

Vitek M P, Brown C M, Colton C A. APOE genotype-specific
differences in the innate immune response. Neurobiol Aging,
2009,30(9): 1350-1360

Li X, Montine K S, Keene C D, et al. Different mechanisms of
apolipoprotein E isoform-dependent modulation of prostaglandin
E2 production and triggering receptor expressed on myeloid cells 2

(TREM2) expression after innate immune activation of microglia.

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

FASEB,2015,29(5): 1754-1762

Colton C A, Brown C M, Vitek M P. Sex steroids, APOE genotype
and the innate immune system. Neurobiol Aging, 2005, 26(3):
363-372

Gamache J, Yun Y, Chiba-Falek O. Sex-dependent effect of APOE
on Alzheimer's disease and other age-related neurodegenerative
disorders. Dis Model Mech, 2020, 13(8): dmm045211

Brown C M, Xu Q, Okhubo N, et a/. Androgen-mediated immune
function is altered by the apolipoprotein E gene. Endocrinology,
2007,148(7):3383-3390

Mistry M J, Clay M A, Kelly M E, et al. Apolipoprotein E restricts
interleukin-dependent T lymphocyte proliferation at the G1A/
G1B boundary. Cell Immunol, 1995,160(1): 14-23

Hui B, Lu C, Li H, et al. Inhibition of APOE potentiates immune
checkpoint therapy for cancer. Int J Biol Sci, 2022, 18(14): 5230-
5240

Lee Y S, Yeo I J, Kim K C, et al. Inhibition of lung tumor
development in ApoE knockout mice via enhancement of TREM-1
dependent NK cell cytotoxicity. Front Immunol, 2019, 10: 1379
Song L J, Liu W W, Fan Y C, et al. The positive correlations of
apolipoprotein E with disease activity and related cytokines in
systemic lupus erythematosus. Diagn Pathol, 2013, 8: 175

TangY, Zhang Y, Li X, e al. Immune landscape and the key role of
APOE+ monocytes of lupus nephritis under the single-cell and
spatial transcriptional vista. Clin Transl Med, 2023, 13(4): 1237
Kattan O M, Kasravi F B, Elford E L, et al. Apolipoprotein E-
mediated immune regulation in sepsis. J Immunol, 2008, 181(2):
1399-1408

Maezawa I, Nivison M, Montine K S, ez al. Neurotoxicity from
innate immune response is greatest with targeted replacement of
E4 allele of apolipoprotein E gene and is mediated by microglial
p38MAPK. FASEBJ,2006,20(6): 797-799

Maezawa I, Maeda N, Montine T J, et al. Apolipoprotein E-
specific innate immune response in astrocytes from targeted
replacement mice. J Neuroinflammation, 2006, 3: 10

Wang C, Najm R, Xu Q, et al. Gain of toxic apolipoprotein E4
effects in human iPSC-derived neurons is ameliorated by a small-
molecule structure corrector. Nat Med, 2018, 24(5): 647-657

Stella L, Santopaolo F, Gasbarrini A, e al. Viral hepatitis and
hepatocellular carcinoma: from molecular pathways to the role of
surveillance and antiviral treatment. World J
Gastroenterol, 2022,28(21): 2251-2281

Datfar T, Doulberis M, Papaefthymiou A, ef al. Viral hepatitis and

clinical

hepatocellular carcinoma: state of the art. Pathogens, 2021,
10(11): 1366

XiaR, PengJ, He J, et al. The serious challenge of occult hepatitis
B virus infection-related hepatocellular carcinoma in China. Front
Microbiol, 2022, 13: 840825

Ren R J, Huang Q, Xu G, et al. Association between Alzheimer’s
disease and risk of cancer: a retrospective cohort study in
Shanghai, China. Alzheimers Dement, 2022, 18(5): 924-933



2024; 51 (7) BEX, %. HESOEEZEME D HIERLE <1565

Mechanisms of Apolipoprotein E in Malignancies”

GAO Bo-Wen"", WANG Li*", XU Yang""™"

("Department of Liver Surgery, Zhongshan Hospital, Fudan University, Key Laboratory of Cancer Carcinogenesis and Invasion of Chinese Ministry of
Education, Shanghat 200032, China;
Dlnstitutes of Biomedical Sciences Fudan University, Shanghai 200032, China)

Graphical abstract

Glioblastoma/ Inflammation/metabolic abnormality ]
——> meningeoma/

astrocytoma 4[ Potential biomarker/therapeutic target ]
Proliferation/apopotosis
/invasion and

. P
‘metabolic
abnormality

—'[ Gastric cancer ]*{ Metastasis and biomarker ]

Related to cancer stage, race, age, lymph node metastasis, Thyroid
histological classification and cell differentiation cancer

Potential biomarker

[ Hepatitis virus infection and progress —{ Hepalocellulal «,an.moma

Early event in malignant transformatlon/potentlal Hepatobiliary '
biomarker for early diagnosis cancer '

[ SNP and cancer risk/position —{ Biliary tract cancer ]

Pancreatic cancer

| 4

i
”*«G—’[ Melanoma Jf[ Immune response ]
ore

— [ Related to clinical evaluation/hormone dependence ]
| Prostate -
w7 7
i 9 cancer Cholesterol metabolism

Cell polarily a_ltclfal_it_)n Endometrial Cancer cell differentiation/invasion and metastasis ]
and apoptosis inhibition Colorectal Female cancer — B B
cancer

3 Oxidative stress and inflammation ]
reproductive

system cancer Ovary 4{ Potential biomarker for diagnosis and prognosis/therapeutic target]
cancer Cell cycle and proliferation

[ Diet related microsatellite stability ]

Abstract Apolipoprotein E (apoE) is a critical molecule in lipid metabolism, which also plays important roles in
the occurrence and development of several kinds of cancers by regulating processes including cell proliferation,
energy metabolism, oxidative stress and innate immune, efc., and shows influence in patients’ response to
treatment. Therefore, apoE has become a potential biomarker and treatment target for cancer. Further research of
apoE will help us build deep and systematic understanding of etiology of cancer to promote the prevention and to
develop new therapeutic strategies for cancer. In this review, we introduced the properties of apoE from the views
of biophysics, biochemistry, molecular biology, evolution and epidemiology, in which we demonstrated the
similarities and differences among the structures of 3 subtypes of apoE; we also recapitulated the role of apoE in
the genesis and development of cancers in main types of malignancies including gastric cancer, colorectal cancer,
hepatobiliary cancer, melanoma, pancreatic cancer, efc.; we summarized the relationship between apoE and the
hallmarks of cancer, highlighting the position of apoE in immune system and its critical role for understanding the
different nature of immunological background of cancers originated from different organs, and discussed its
potential value for application as tumor biomarkers and therapeutic targets by demonstrating the structures of its
subtypes. We further discussed the possibility of transferring the drug designing strategy of “structure corrector”
from neurology to oncology.
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