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Research progress on function of apolipoprotein Al and its
mimetic peptides and the relationship with retinal diseases

CHEN Zhuting, HU Jie, HU Andina
(State Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-sen University, Guangzhou 510060, China)

Abstract The pathogenesis of retinal diseases is complex, involving with oxidative stress, pathological angiogenesis and lipid
deposition. Apolipoprotein Al (apoA1) and its mimetic peptides have anti-inflammatory, antioxidant, reverse lipid
transport and angiogenesis regulation functions. The safety and effectiveness of oral use of mimetic peptide D-4F
have been confirmed in both animal and human studies. Therefore, D-4F is the most widely studied at present.
In recent years, apoAl and its mimetic peptides are closely related with diabetic retinopathy, age-related macular
degeneration and other retinal diseases. In this article, the molecular structure, production and distribution, main
physiological functions of apoAl and its mimetic peptides, as well as the latest progress on the relationship with
retinal diseases were reviewed.
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5 25 F Al (apolipoprotein A1, apoAl) g % &
BEAO (high-density lipoprotein, HDL) ) 3= B 25 [
DifeE A", ApoAl MILBHIK LA Sk . bk .
A A R T L R I A R A P A
UE S ap o A 1B 4L IR BE &% 411 1 I 968 8 A 145 . apoAl
TERL I 2% 2 804 70 A1, I HoapoA1RE I [m) #4212 1)
PSS PR S5, k2 400 A i e O AR D AT i
FH o P T B AR P (age-related macular degeneration,
AMD) [ #EJ& . X478 apoA L TE RE RN 1A I L i
PRI Y —FRBT ) SR E . ASSCMapoA 1 B H ALK 1Y)
SrFER . AR . EEAE IR KO AR
Do JEE 2 o AIF 9 B R E R AT T 2RI, BTEN
PRI JIEE 5 1 3 7 4 A 1 S I

1 ApoAl R HEIMKAI & F 4

ApoAlJEHDLIY FE 454 K ThagHE 1, h
2430 FEERA AL, H B P AL HE 10 FRAE PR
P SR R e S5 K, FEapoAl 5 5 B A AH EAE FH op
RIEFEINEES, BRI R apoAl LA PR . HT
Ak 3 s IR T RO I A A B E R, B
K A I PR, F R 35 o H ARG o3P KL L2
ke 2y, (A R I i 32 31 T B o

ApoA IR IR & — IS 38 1o #4) 8 PR 2% 1 o R e 45
LA lapo AL IR B 4% iz DI RE MY Z Rk, LA IE
BASFREAN . Sa RmmRE, 3E G0 R
Bt JE T K b N R (F) 5% 5 Y B
H, apoAlfI K> M2F, 3F, 4F, SE, 6FM7F,
SIS UE W 4F M SEFA R NG PE, Hd4FRy A
Vi 1 B e o ELERAR AR M B o 4F R DL ER
e e -ZFE R (L-4F) 847 ig - & HE R (D-4F) & WL,
H AT s e o izt WA BoR L-4F il
D-4F P [A] 3 S A UG & 5 UREPE, (B T L-4F
7 W38 0 5 R R K i, AN RE OB, i
Wy 1B JED-4F 1) E WAL, sh 9258 S AR
B YR SE T D-4F H IR AE T8 2 4 v b A Stk
D-4FJ&—Fl 1 18 D-E BB A A BL, f 541 F
BRI, H = FapoA-1, (HBAT F 5 IR IR
Pk, D-4FL HA HapoAlZBRIMHLR . Hiidfb.
T 2 32 o e A4 AL A A A T

2 EREST

ApoAl FE A AN AL, I AE RIS

KB, apoAITEML M A R4 73 A, JfF HAEM
W 5 25 [ B (retinal pigment epithelium, RPE)
B EE . M P HD LA S B R & H (low
density lipoprotein, LDL)il I RPE I Bk iE
j{%ﬁi(class B scavenger receptors, SR—B) %MEE%T
J&HE # 1% (LDL-receptor, LDLR)# A LM
5%, B S A% 3 300 0 JIEEHG Al DX, R R IR &Y
G G552 /K (ATP-binding cassette transporter Al,
ABCAL1)., SR-BI. SR-BIIFICD36JE% HapoAldr®
(¥ 0 190 55 P9 A IR 330 4 3 1) S i A 1 O EAR Y
M R, ABCA1FlapoAlE A T 4 28745 40 i 2
(ganglion cell layer, GCL). RPEFIFLIRIGIRAZ 25N
Bt, SR-BIMISR-BIIF 2 %E i TG CLADEE3Z &4k
B, ABCAT1HMlapoAl7E M 4 W B H 14 2 157 2 A 4R
P JIEE PA A TR ST B R B e i i 42

3 ApoAl R R HEHAKHITh e

3.1 fEf#% iz

HDL Sz apoAl Al 3 o JIF [ B 3 iz, % JIEL ]
A DA [l A R i 2 1 a0 A 00 2 8 A IR 1 ) JE
FHEME, /0 I [ Y SRR, DT K 4 i A5 R
PR o 3 7ol i 45 P 4 A P S S 2 T e O i et
1B RSB o [ EE AP R S A ] A0 A s Y A —
A, ABCALTEH [ W41y 11 & HE G AR Y
B R S I HDLFILDL A] 3@ 3 RPE_E Y SR-Bs il
LDLRIF ARLMER . RPE/M#LDL, FlHlapoAlFil
#JEHE HE (apolipoprotein E, apoE) 41 /5 % £ Ig
HARRURL, WL ABCARE I8 150 I B K A2 7%
[] Ji7 (interphotoreceptor matrix, IPM). fEIPMHT,
el 5 R I 1 UKL IEL ] P gt G A 7% il K% R [
P e ¥ 25 A0 B P SR BCE Z 9 R B, e, A
e 4 N B FUBORLAE A TR, SR-BsHICD36
YERZZAK, e IRAERPEFIGEAZ 2% 2 A1k %12
SR-BsFICD36-47 Bl T 1ifi 6 4 A6 IR o 5 i s 4 g S5
Kio Miiller 20 it n] BE 16 % 1% FI % 2 RPEFMDLIE 2
o B G 25 1V MORE DT TR FE AR . B, RPEIL AT
i 73 AP 5 2 A P R e R I R AUA (] ]
G P A AR5 -2 . Apo AL Ay 00 19 5 P4 i Jt

W s 0 G EE N R, RS BH 1E IR T A A0 ) AR
AR
3.2 ;iEW

S A L PRI T AT 2 B TR R Y
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JE o AR D) B AR M — BB L R B M R R AR O T
MR 2, MIVEZIRET, 02 2 A AR D
1% (F2 2 TIROG A0 B A0 B ) FIE [ B g i o 32 2Dl
A ALY FE ], Bl AR AR Y 1R BT A g 0 i LA A
SR EEEDY . BFTERYRI . apoALBR T 3 R 4% 5 ML
W 5PN Y i B, TG I B B AL, i R — A AL
P9 T SR BR ) . 4F K AR IT RE 08t 2 /D B IR
o3 /1N BRUBE D A o 4 AR AR R Y. HD LT A4k
‘fﬁ%[ﬂlfﬁi’ﬂ’ﬁ@i@@l(paraoxonase 1, PONI)EI/‘JIj]ﬁlé
HYIMHK, PONLEAGP; IEAEE/LRE S, H 2
TE JAE T 33 K B A5 B 24l S AR A I 2k s
HDLERH B FH A 5 A5 70 5 R85 48 (9 B8 ) 23 %
fiX, TMiapoA LBl AR4FRE K 05 45 Fh Sl P A1 (1)
HDLYJfE, X FapoAlR U k4 F B 45 & 1k i
JRARE J143 60 L, apoAl Bk 4F 1T fE7F
NS e VS S R E =R AR G e
YERTS

3.3 Mk

4FRE 5 S 1b W i AR 7 12 S 4R 1k ) s o
TG, BAPREMT . ApoAl ] /b b 2 B
(Iipopolysaccharide, LPS)I}@%E"J%E&@O Daig‘rf[m
i apoA 1B ALK 4F A B 1 LP S| A9 I 7 1L 4
FREPER AL o 3% AT BE S 4F e HELPSTEHD LAY E fif
M- B N3 R LS LPSiE T i — LA
4 B2 (nitric oxide synthase 2, NOS2)HH 3¢ ML i
g 12 K. BEAM, apoAlflapoAl B IK4F
TE S AE AR T BE 0% 36 Ao 410 ) 5 A% 40 o A / 5 6
Roe AT 1M 4 W 20 M 5 B AL R AE D, Smythies
AROURE L 4R AR 3E S I Y AR AN VR T e A
i (monocyte-derived macrophages, MDMs) - 5 fi
20 i AR T A2 A B S R R T MD M DI RE , AT RE S
AR A HG ) BT ST R T A O

3.4 BATMEERK

I8 A B 8 76 TR A LA 1 S Al IR BB 1Y
[IREROPUN e ol (1= ey ] 5 N 1
RN . A A BREIEM . I RSN
AEEWAAB B P B A0 A 14 AR B R 3
SVEM . fEIEE AT, PUAR AR 4 A 6l
PR 5 e i A5 AR R DR =2 ) S i S i 0 9 A
BAR, BT R MG o A AR
T, B RAE SRR TR RO, S EUR L
S B 4 a0 A A B

3.4.1 AR A B M b A R

A B fle o A S 0 0 A8 A B T A 1 BT A
P 26 I M R A2 B BR ), AU R 5 oK Z 1)
B VA, BE S B SRS S BRI 2 SO AR I
B, BFEP L. apoA1BERS AL E A B I
AR TE/ANEUT, A IR i B R K apoAl
i T apo A1 Xy Al i 6 35 & S8 b 9 B A 46 Jifg
(endothelial progenitor cells, EPCs) B (38 fin
PROMIFFE IR T, HDLRIEL A 4 i RS . 3
Pz TR K S apo AT AT HE /N BUS
o I ARSI v Y T AR LA R RO 8 R g UL G 4 il
B RO RIS IR i AR R B e T
SR-BIFE I 19 M4 A Il /8 A= R g R T o 5 B 2
BUGHEE, 7ESR-BIEE A @Bk U, fiErHDLJR 5 %
TR L P S . PR IR IR0 B R g
TS 3 B SR-BI shRN AR ER 1 ] kS R85 T rHDL
W /NEIL . A, SR-BIEEAI RIS, A8 5
apoAli TG RGN EPCs I N, kg5
0 S Frapo AL3E 1o I i 38 R 52 PR A FE A R 1l 45 A=
JICFR WL A
3.4.2 Hphl M A R

RS 7[R 7 A T A o | =1 A N [ I o 1 2
MAEEREER RIS SRR, AFWSEER
e 1) RAEANML N T/ Ak D 7 X A R A i 4
FIIERS B9 ELHEEE W 5 2) (A T, A4 Ik 20 i
HR ) 6] S E B SE A, T o3 R AR I A AR
+, I N A K T (vascular endothelial
growth factor, VEGF) . B4 o 2F 4k 4 il A= 1 A+
(basic fibroblast growth factor, bEGF). g IRILIA
F-a(tumor necrosis factor a, TNE-a)Flk7 41 ifl- 5 15
211 i 5 7% ) 34 K T (granulocyte macrophage-colony
stimulating factor, GM-CSF)Z:5 o P .
FEGLNE M RAEAL B, apo ALK (ETC-
6:42) R [V ARG L A5 290 JiE0 286 PR 0 - 10 40 g 1) 286 R
T o /N BB Bl K JE LA 0L AR A A T
apo AT BT A A ALY . ApoAt B HAR DLk fil
0 5 L T 9 LA AR N

3.5 ]l B A R

RAE FVA AL D A IR ) kA R R R R R
FEAEH o apoA1 S HAALL K By B b Jeg vl & 7E
Z PRI I h AR 2 T 5 E, AR R R
55 fi 1 M 9 RN O SR AT D-4FIRYTY WE S N
Tt A% T L R DN R TR R T AR U 5 o
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TR R gk ik apo Al Bl L L [N B
TR 22 o 2 2% 980 R0 I 96 A0 B IS Sk R bR SR R
W, 1 P R apo A1 DI AT AH R A RICR B f R i 4t
/\apoAlﬁﬂI/J@jﬂ:HEP@%%ﬁEK, PE Rl R
R AN A/ B 775 R B ApoAl iy It R ik
AL DAREAS T g R B, v T e S R B S0 /D R
B A7 3% R Y R MR LR IR , I I W IR R
(lysophosphatidic acid, LPA)RBEM 3G L 4E A= h
PR R Su R IR AN S B R B, 4F Rk
RERZ W & MK LPAA SN SR A A K, IR i
AR IN S /N BUBL A o i 3K A LPAJK S . LPA
445 R 5 1] BE & ap o A VB DL 1 B g % 2 B HIL
HlZ—. GaoZM"Hil, apoAlRIIKL-SERI /L
AP g A AR B, T I I VEGF /b E GF 3 1 44
B TR RNRZE, DL OB I A P R 40 A A
JE L, L-SFi&#H VEGEHIbEGFEE S 1Y Al I 32 K
VEGFR2FIEGFRIFIPLTE, DLR T IEfE 58,
Tk SR, apo ALK AL AT LA 25 BRLPAFE Y
A TS VRN BT, A T AR AN Y R B 4H A/ 4
F, TS BB 2 1R (A VEGFR2 FIFGER1) ThBERY
ORI ) 2 RE P A A o

4 ApoA1 K E 530 BX 7E 47 I B 5 s v Y Y
RIK

4.1 ApoAl1 J EiE#HIBK 5 #E BR 7 R ) AR 95 22

A0 BEET A 1L % (retinal neovascularization,
RNV ) 2 G 55 35 58 P 0 BR s A0 1) JBE i 78 78 T4 1Y
2 Fi SO P IR 5 A0 2% )0 B 0 AR L R BT
VEGF 245 ) (1) bf FH B R b ok 38 1 /3 i ),
{HATE A7 309% ~ 50 % B 15 JR 95 PR I J5 955 4% (diabetic
retinopathy, DR)E & X HIVEGFIRYT IG5 # X
R FU, BeAh, BIVEGEIRIT i B LRI E A2k
U SR BE VT 55, 25 AW RICR & F 4,
Ht, AOHEHERIBITRNVEZ 2 AT
TRYT KM . D-4F B8 18 /W PR K BB A b Je
NP VE R R R s PR v
IR BRUASE AR 1 1 il ¢ B i e, N R R A
Rk, g e, (ED-4F XTI 5 57 B 14 A
FHARA I RGE . AN, apoALBUIKL -SFH
VEGF M bFGFRIFH A K8 . 1T R F4 28 DL S AT Il
BN AN IR K, B I VEGFHIbF GFifs &
[ H B 32 R VEGER2 FIEGER1 L K2 F I 15 5 18 4 11
WG Apo AL R BA T X9 AL D) 1L P

MG TR . WUE AR VEGER KB,
T2 DO BNV ap o A 17K SF- 15 DR ™ T2
A, (HSimo2E S FEDRIB H BB K, DL S b
R AR Fr 400 O G 00 28] 1 488 5 7K OF- B ap oA,
T apoALTEALM B P HT 48 . riafb . 3 ) 4 iz i
FE AR PVE T, AR A X i ap o A T 3 /&5 1T RE S X
DRAY— Rl AR B AL . T 0 AT P o B 3%
A A A -5 11 RS S 8 5 BRE /K Mok AR 35 1 4 DXL 448
A 2%, (H 5 DRAYIEFE S 56 M DRI & ' TE G .
T2 25 A RERH IEDRAY & JEEY, ik, %FTDR
BE, UR LI P R I A A AL AT RE B R
ML 1 i apo Al K BN B E . A2 H AN,
apoA 1 i F ik Al HEJE DRAYE I F 1, 0 W s =
iapoAIE@ﬁ%ﬁﬁf&ﬁg%ﬁﬁﬁﬁﬁggﬁﬁ%m}ﬁ
RANR TR (B2 ), M5 | & DR,

4.2 ApoAl R HEHEHIKS AMD

AMDZ & ik B AR NBUH I —A 5 IR
JRHE A DIF/EAMD I 2R HLdI P B2 CEZE, £207
HRIESE R, KIEdrusen B2 AMDUE 10 5 KR N
ﬁﬁﬁ?[sﬂo B drusen B0 MG ER I 7 FLK )2
A Bruch i 22 5] 41 Mg A8 5 f4 e kPR TTORR BT ok
druse ) 32 B WA 2 BB 43 O AF I RPE SR U5 1)
KB RS Apo AL A LIRSS P il J a0t 1) 5
B OCHE RN R, REAE R 1R A BT A A IR i AR
F, RudolF45 78 /N BB Y vl 1 B8 38 1A P4 7 5
apo Al B KL -4F, JEM T L-4FREME {2 Bruch
TR 235 ) PR 0 A A v K R AT Bruch SE i ) 24 38
VR . [IREHL, WO B R ST L-4F, AR
AR KK B Brach NS KR /L, M4
MRS, XS SR R W], L-4F /2167 AMDH
— AW L)

4.3 ApoAl REEIAKE HERABER
ApoALREMSIN BT K ARSI I K JE e

PlapoA 14 [ 0 sk 4 B HD L9 A8 (A Sy — Fb
HATIR ST 5 1 1 25 ) 28 4 Bl T Dk 28 I8 A4 1 48
(choroidal neovascularization, CNV)JIRIT . W5
FW . FEBOEE S HCNV/N R AL b AT
PU LA A= 78024 ) e e i JE 1) B AR AR AR L S
(OINAVETST S Wl T N { W -8 i T S U G R
FrapoAlIWIFF RN, RA MRS T I K E A
Sy DIV 46 152 6 A0 1l - (0,38 1 B 2 A PR otk
b, AL 1 R 2 5 O IOk 28 M A 2 ) B
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B R 1 ap o A 17K T 558 B4l FL VR4 00 o ot 5 LA
KRy K P BB R R, B R apoAl
K LR R mﬂ%ﬂﬁ%%%%%ﬂ%ﬂﬁ%ﬂ@gﬁﬁ
AR E

5 Z5iE

i LTk, apoAl MHBIMUKHA SR | i
A L 31 A o AL R P N o B T L A A A
EHT, %Yé‘ﬂ?%ﬁiﬁt‘ﬁﬁﬂﬁﬁ%*/\ﬁ?’*ﬁEI’J
251 . ApoAIBLUIIKD-4F B A 73 1 J5 - OE
AN B & o S QU P SR e T“ FH&TE
7o HATR TrapoAl K HARBUIAE L W [R5 o 1)
WA XA b T R BT SR AE P48 A= 1l A 1) 2
AE, i n M apoA 1 B ALK A XTI )Y DRA
R, A BGR YT HAHT A M RO B
B AR A P K BELE T AR A R O R
5, [R] At R B 4 T IR AT S apo Al Sz HASE A
JUK B A W 2 D e S AR LA

Sk

1. Delk SC, Chattopadhyay A, Escola-Gil JC, et al. Apolipoprotein
mimetics in cancer[ J]. Semin Cancer Biol, 2020, [Epub ahead of print].

2. Barter PJ, Nicholls S, Rye K, et al. Antiinflammatory properties of
HDL[J]. Circ Res, 2004, 95(8): 764-772.

3. Robbesyn F, Augé N, Vindis C, et al. High-density lipoproteins
prevent the oxidized low-density lipoprotein-induced epidermal
[corrected] growth factor receptor activation and subsequent matrix
metalloproteinase-2 upregulation[ J]. Arterioscler Thromb Vasc Biol,
2005,25(6): 1206-1212.

4. Tserentsoodol N, Gordiyenko NV, Pascual I, et al. Intraretinal lipid
transport is dependent on high density lipoprotein-like particles and
class B scavenger receptors[ J]. Mol Vis, 2006, 12: 1319-1333.

5. Prosser HCG, Tan JTM, Dunn LL, et al. Multifunctional regulation of
angiogenesis by high-density lipoproteins[ J]. Cardiovasc Res, 2014,
101(1): 145-154.

6.  Gao F, Vasquez SX, Su F, et al. L-SF, an apolipoprotein A-I mimetic,
inhibits tumor angiogenesis by suppressing VEGF/basic FGF signaling
pathways| J]. Integr Biol (Camb), 2011, 3(4): 479-489.

7. Rudolf M, Mir Mohi Sefat A, Miura Y, et al. ApoA-I mimetic peptide 4F
reduces age-related lipid deposition in murine Bruch's membrane and

causes its structural remodeling[ J]. Curr Eye Res, 2018, 43(1): 135-146.

10.

11.

12.

13.

14.

1s.

16.

18.

19.

20.

21.

22.

23.

Schultz JR, Verstuyft JG, Gong EL, et al. Protein composition
determines the anti-atherogenic properties of HDL in transgenic
mice[ J]. Nature, 1993, 365(6448): 762-764.

Tan JT, Ng MK, Bursill CA. The role of high-density lipoproteins in the
regulation of angiogenesis[ J]. Cardiovasc Res, 2015, 106(2): 184-193.
Stoekenbroek RM, Stroes ES, Hovingh GK. ApoA-I mimetics[]].
Handb Exp Pharmacol, 2015, 224: 631-648.

Navab M, Anantharamaiah GM, Reddy ST, et al. Apolipoprotein A-I
mimetic peptides[J]. Arterioscler Thromb Vasc Biol, 2005, 25(7):
1325-1331.

Bloedon LT, Dunbar R, Duffy D, et al. Safety, pharmacokinetics, and
pharmacodynamics of oral apoA-I mimetic peptide D-4F in high-risk
cardiovascular patients[ J]. J Lipid Res, 2008, 49(6): 1344-1352.

Qin S, Kamanna VS, Lai JH, et al. Reverse D4F, an apolipoprotein-
AI mimetic peptide, inhibits atherosclerosis in ApoE-null mice[]J]. J
Cardiovasc Pharmacol Ther, 2012, 17(3): 334-343.

Li X, Chyu KY, Faria NJ, et al. Differential effects of apolipoprotein
A-I-mimetic peptide on evolving and established atherosclerosis in
apolipoprotein E-null mice[ J]. Circulation, 2004, 110(12): 1701-170S.
Du L, Qu X, Zheng H, et al. Reverse apolipoprotein A-I mimetic
peptide R-D4F inhibits neointimal formation following carotid artery
ligation in mice[ J]. Am J Pathol, 2013, 182(5): 1932-1939.

Yao S, Tian H, Miao C, et al. D4F alleviates macrophage-derived foam
cell apoptosis by inhibiting CD36 expression and ER stress-CHOP
pathway[J].J Lipid Res, 2015, 56(4): 836-847.

Simo R, Garcia-Ramirez M, Higuera M, et al. Apolipoprotein Al is
overexpressed in the retina of diabetic patients[J]. Am J Ophthalmol,
2009, 147(2): 319-328.

Small DM. Mechanisms of reversed cholesterol transport[ J]. Agents
Actions Suppl, 1988, 26: 135-146.

Skinner ER. High-density lipoprotein subclasses[ J]. Curr Opin Lipidol,
1994, 5(3): 241-247.

Tserentsoodol N, Gordiyenko N V, Pascual I, et al. Intraretinal lipid
transport is dependent on high density lipoprotein-like particles and
class B scavenger receptors[ J]. Mol Vis, 2006, 12: 1319-1333.

MR, BOKF. ATPHS & G iz 1AL BRI RSN ], [ AhEE
2R REIRRE SR 2 2002, 22(6): 599-601.

YE Huijun, ZHAO Shuiping. ATP binding cassette transporter
Al and cholesterol efflux[J]. Foreign Medical Sciences-Section of
Pathophysiology and Clinical Medicine, 2002, 22(6): $99-601.

Girotti AW, Kriska T. Role of lipid hydroperoxides in photo-oxidative
stress signaling[ J]. Antioxid Redox Signal, 2004, 6(2): 301-310.
Mackness MI, Durrington PN. HDL, its enzymes and its potential to

influence lipid peroxidation[ J]. Atherosclerosis, 1995, 115(2): 243-253.



434

MRB}2£ 4R, 2020,35(6) ykxb.amegroups.com

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3S.

36.

37.

Morgantini C, Imaizumi S, Grijalva V, et al. Apolipoprotein A-I
mimetic peptides prevent atherosclerosis development and reduce
plaque inflammation in a murine model of diabetes| J]. Diabetes, 2010,
59(12): 3223-3228.

Mashiba J, Koike G, Kamiunten H, et al. Vasospastic angina and
microvascular angina are differentially influenced by PON1 A632G
polymorphism in the Japanese[ J]. Circ J, 2005, 69(12): 1466-1471.
Van Lenten BJ, Wagner AC, Jung CL, et al. Anti-inflammatory apoA-I-
mimetic peptides bind oxidized lipids with much higher affinity than
human apoA-I[J].] Lipid Res, 2008, 49(11): 2302-2311.

Dai L, Datta G, Zhang Z, et al. The apolipoprotein A-I mimetic peptide
4F prevents defects in vascular function in endotoxemic rats[ J]. J Lipid
Res, 2010, 51(9): 2695-2705.

Smythies LE, White CR, Maheshwari A, et al. Apolipoprotein
A-I mimetic 4F alters the function of human monocyte-derived
macrophages[J]. Am J Physiol Cell Physiol, 2010, 298(6):
C1538-C1548.

Risau W. Mechanisms of angiogenesis[ J]. Nature, 1997, 386(6626):
671-674.

Tso C, Martinic G, Fan WH, et al. High-density lipoproteins enhance
progenitor-mediated endothelium repair in mice[J]. Arterioscler
Thromb Vasc Biol, 2006, 26(5): 1144-1149.

Seetharam D, Mineo C, Gormley AK, et al. High-density lipoprotein
promotes endothelial cell migration and reendothelialization via
scavenger receptor-B type I[ J]. Circ Res, 2006, 98(1): 63-72.

Prosser HC, Tan JT, Dunn LL, et al. Multifunctional regulation of
angiogenesis by high-density lipoproteins[ J]. Cardiovasc Res, 2014,
101(1): 145-154.

Tan JTM, Prosser HCG, Dunn LL, et al. High-density lipoproteins
rescue diabetes-impaired angiogenesis via scavenger receptor class B
type I[J]. Diabetes, 2016, 65(10): 3091-3103.

Tan JT, Prosser HC, Vanags LZ, et al. High-density lipoproteins
augment hypoxia-induced angiogenesis via regulation of post-
translational modulation of hypoxia-inducible factor lalpha[]]. FASEB
J,2014, 28(1): 206-217.

Feng Y, van Eck M, Van Craeyveld E, et al. Critical role of scavenger
receptor-Bl-expressing bone marrow-derived endothelial progenitor
cells in the attenuation of allograft vasculopathy after human apo A-I
transfer[ J]. Blood, 2009, 113(3): 755-764.

JacksonJR, Seed MP, Kircher CH, et al. The codependence of angiogenesis
and chronic inflammation[J]. FASEBJ, 1997, 11(6): 457-465.

Di Bartolo BA, Vanags LZ, Tan JT, et al. The apolipoprotein A-I
mimetic peptide, ETC-642, reduces chronic vascular inflammation in

the rabbit[ J]. Lipids Health Dis, 2011, 10: 224.

38.

39.

40.

41.

42.

43.

44,

4S.

46.

47.

48.

49.

Prosser HC, Tan JT, Dunn LL, et al. Multifunctional regulation of
angiogenesis by high-density lipoproteins[ J]. Cardiovasc Res, 2014,
101(1): 145-154.

Zamanian-Daryoush M, Lindner D, Tallant TC, et al. The
cardioprotective protein apolipoprotein Al promotes potent anti-
tumorigenic effects[ J]. ] Biol Chem, 2013, 288(29): 21237-21252.
Gkouskou KK, Ioannou M, Pavlopoulos GA, et al. Apolipoprotein A-I
inhibits experimental colitis and colitis-propelled carcinogenesis[J].
Oncogene, 2016, 35(19): 2496-2505.

Su F, Kozak KR, Imaizumi S, et al. Apolipoprotein A-I (apoA-I) and
apoA-I mimetic peptides inhibit tumor development in a mouse model
of ovarian cancer| J]. Proc Natl Acad Sci U S A, 2010, 107(46): 19997-
20002.

Ced6 L, Garcia-Leén A, Baila-Rueda L, et al. ApoA-I mimetic
administration, but not increased apoA-I-containing HDL, inhibits
tumour growth in a mouse model of inherited breast cancer[J]. Sci
Rep, 2016, 6: 36387.

Samadi N, Bekele R, Capatos D, et al. Regulation of lysophosphatidate
signaling by autotaxin and lipid phosphate phosphatases with respect to
tumor progression, angiogenesis, metastasis and chemo-resistance[]]
Biochimie, 2011, 93(1): 61-70.

Gao F, Vasquez SX, Su F, et al. L-SF, an apolipoprotein A-I mimetic,
inhibits tumor angiogenesis by suppressing VEGF/basic FGF signaling
pathways[J]. Integr Biol (Camb), 2011, 3(4): 479-489.

Zhang K, Zhang L, Weinreb R N. Ophthalmic drug discovery: novel
targets and mechanisms for retinal diseases and glaucoma[J]. Nature
reviews. Drug discovery, 2012, 1 1(7): 541-559.

Nguyen QD, De Falco S, Behar-Cohen F, et al. Placental growth
factor and its potential role in diabetic retinopathy and other ocular
neovascular diseases[ J]. Acta Ophthalmologica, 2018, 96(1): el-e9.
Kruger AL, Peterson S, Turkseven S, et al. D-4F induces heme
oxygenase-1 and extracellular superoxide dismutase, decreases
endothelial cell sloughing, and improves vascular reactivity in rat model
of diabetes| J]. Circulation, 2005, 111(23): 3126-3134.

Ning R, Venkat P, Chopp M, et al. D-4F increases microRNA-124a
and reduces neuroinflammation in diabetic stroke rats[ J]. Oncotarget,
2017, 8(56): 95481-95494.

I HIER, FEAR, 55, AR A-DO R PR T KL I L
A AN AT S S VEGERRIK B 45 I ()] Hh A SE R R
Rhuis, 2017, 35(7): 586-590.

TAN Chengye, SHAO Jun, ZHUANG Miao, et al. Inhibitory effects
of apolipoprotein A-I on biological behavior and VEGF expression of
human retinal epithelial cells in high glucose environment([ J]. Chinese

Journal of Experimental Ophthalmology, 2017, 35(7): 586-590.



BEHE T AL SIS RE S S BB C R ATt I BBkl , 45

435

S0.

S1.

S2.

S3.

54.

SS.

S6.

57.

S8.

Hu A, Luo Y, Li T, et al. Low serum apolipoprotein Al/B ratio is
associated with proliferative diabetic retinopathy in type 2 diabetes[]J].
Graefes Arch Clin Exp Ophthalmol, 2012, 250(7): 957-962.

Sim6 R, Garcia-Ramirez M, Higuera M, et al. Apolipoprotein Al is
overexpressed in the retina of diabetic patients[J]. Am J Ophthalmol,
2009, 147(2): 319-325.

Miljanovic B, Glynn RJ, Nathan DM, et al. A prospective study of
serum lipids and risk of diabetic macular edema in type 1 diabetes[]J].
Diabetes, 2004, 53(11): 2883-2892.

Zhang ], Mcgwin G. Association of statin use with the risk of developing
diabetic retinopathy[ J]. Arch Ophthalmol, 2007, 125(8): 1096-1099.
Sim6 R, Garcia-Ramirez M, Higuera M, et al. Apolipoprotein Al is
overexpressed in the retina of diabetic patients[J]. Am J Ophthalmol,
2009, 147(2): 319-325.

Curcio CA. Soft drusen in age-related macular degeneration: biology
and targeting via the oil spill strategies[J]. Invest Ophthalmol Vis Sci,
2018, 59(4): D160-D181.

Sarks JP, Sarks SH, Killingsworth MC. Evolution of soft drusen in age-
related macular degeneration[ J]. Eye (Lond), 1994, 8(Pt 3): 269-283.
Joachim N, Mitchell P, Burlutsky G, et al. The incidence and progression
of age-related macular degeneration over 15 years: the blue mountains
eye study][ J]. Ophthalmology, 2015, 122(12): 2482-2489.

Sarks S, Cherepanoff S, Killingsworth M, et al. Relationship of Basal

AT B WRERDS, #ATE, B 0. AR & 1 AL R HAS UK
L1 B2 5540 W P G 2R IR 4 JRE [ 7). HRAHA741¢, 2020, 35(6):
429-435. doi: 10.3978/j.issn.1000-4432.2020.12.01

Cite this article as: CHEN Zhuting, HU Jie, HU Andina. Research
progress on function of apolipoprotein Al and its mimetic peptides and
the relationship with retinal diseases[ J]. Yan Ke Xue Bao, 2020, 35(6):
429-435. doi: 10.3978/j.issn.1000-4432.2020.12.01

S9.

60.

61.

62.

63.

64.

laminar deposit and membranous debris to the clinical presentation of
early age-related macular degeneration[J]. Invest Ophthalmol Vis Sci,
2007, 48(3): 968-977.

Rudolf M, Curcio CA, Schlétzer-Schrehardt U, et al. Apolipoprotein
A-I mimetic peptide L-4F removes Bruch's membrane lipids in aged
nonhuman primates| J]. Invest Ophthalmol Vis Sci, 2019, 60(2):
461-472.

Chun RK, Shan SW, Lam TC, et al. Cyclic adenosine monophosphate
activates retinal apolipoprotein Al expression and inhibits myopic eye
growth[ J]. Invest Ophthalmol Vis Sci, 2015, 56(13): 8151-8157.

Yu FJ, Lam TC, Sze AY, et al. Alteration of retinal metabolism and
oxidative stress may implicate myopic eye growth: evidence from
discovery and targeted proteomics in an animal model[ J]. J Proteomics,
2020,221: 103684.

Suda K, Murakami T, Gotoh N, et al. High-density lipoprotein mutant
eye drops for the treatment of posterior eye diseases[J]. ] Control
Release, 2017, 266: 301-309.

Huerva V, Sinues B, Ascaso FJ, et al. Apoprotein A and A-I profiles in
subretinal fluid[ J]. Int Ophthalmol, 1993, 17(4): 185-189.

Ding N, Luo S, Yu J, et al. Vitreous levels of apolipoprotein Al and
retinol binding protein 4 in human rhegmatogenous retinal detachment

associated with choroidal detachment([ J]. Mol Vis, 2018, 24: 252-260.



