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Relationship between single nucleotide polymorphism
of apelin-APJ system gene and diabetic retinopathy

SHI Yu, XU Yi-Dan, DING Bo, LIU Yuan, CHEN Li-Xun, CHEN Chun-
Sheng

[Abstract] Objective To investigate the relationship between single nucleotide
polymorphisms of apelin-APJ system and diabetic retinopathy. Methods According to
the cross-sectional survey method,885 patients with type 2 diabetes were enrolled from
July 2017 to July 2018. The patients were divided into two groups according to the inter-
national clinical classification criteria for diabetic retinopathy (DR) ,including 346 pa-
tients in the DR group and 539 patients in the non-DR (NDR) group. Laboratory exami-
nations including eye examination,body mass index ( BMI) calculation,blood pressure
measurement , fasting blood glucose (FBG) test,blood biochemical indicators and blood
lipids were performed in both groups. The genotypes of apelin gene rs3115757,
1556204867 ,1rs3761581 and APJ gene rs7119375 and rs9943582 were obtained by Tagman
@ MGB probe quantitative PCR method. Differences in genotype distribution and differ-
ences in genotype distribution between different sex groups were compared between the
two groups. Logistic regression was used to analyze the correlation of DR with 5 SNPs
of apelin and APJ genes. Results The duration of diabetes in the DR group was sig-
nificantly longer than that in the NDR group whether males or females (all P =0.000).
The distribution of allele frequencies of the three apelin genes in the males and the NDR
groups was statistically significant (all P <0.05). There was no significant difference in
the distribution of allele frequencies of two APJ genes between the DR group and the
NDR group (all P>0.05). There was no significant difference in the distribution of 5
SNP loci allele frequencies between the DR group and the NDR group (all P >0.05). Af-
ter adjusting age, BMI, and FBG, logistic regression analysis showed that patients with
rs3115757-C, rs56204867-C, and rs3761581-A mutations were more likely to have DR
than rs3115757-G, rs56204867-G, rs3761581-T, respectively, regardless of males or fe-
males (all P < 0. 05). Conelusion The three SNPs of apelin gene, rs3115757,
rs56204867 and rs3761581 , are involved in the occurrence of DR.

[ Key words] apelin; APJ;single nucleotide polymorphism ;diabetic retinopathy
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SNP) L5 4 k% AL W B2 9% % ( diabetic retinopathy, DR) XA, HiE By@srL. 82017
47 AZ2018 47 AthN2 AHE IR EF 885 4], 578 DR B IR ls R & B Ar A 5t 8 o 47
448, 2 % DR #1346 4], 4F DR(non-DR,NDR) 28539 4], #2035 47 R34, it LR B35
B, F R A S L A, AT R AR AT R R RS, RAZE PCR 7
B3R AF apelin Z& F 153115757 ,1s56204867 .rs3761581 F= APJ Z F rs7119375.1s9943582 4 5 A~
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1E4 R E, A B SRR PR 1 N B i 2. 85
12, 6% N A RALIERR R, B0 E 28 2030 4F, 42
BRWE PRI 8B NBCFF A 4. 39 4, BE IR & 9 1 B
AET R, BUTRE PR3 A 5 I &0 A A 0 38 A A T 3
Tt PR R g A DR 22 R B B IR 2K A [R5
Fr B i et 2 BL R AR o AH GBI R , a8t fE
PR 25 A0 PR 1 s vh BT A 4 FH o 30% ~ 50%
ANASORE PRS2 93 AR B ast A% e, T ELARE PR 9 1 ™
BRI T IR ST AR B AL YD
JRI7G A0 ) 5% 7% ( diabetic retinopathy , DR) I JK
UL .22 e W — oW B s T I A8 5 R, i PR E IR
FEERIA BB K M PR XA 0t A5 R L A 32 i
EE LR A5 A 0 A R T AR it A, AT R AR
HRINEE & I B ALK T B N RS R ECE T
MR , L8 U0 %) A BRI TS AR Wl . A BIF 9 3R
apelin J HAZ A APY JE PR FRA% 1 R 2 51k (single nu-
cleotide polymorphism, SNP) 7£ 2 BUM PR G M H A I
BRI B A R AR L&D R
E T apelin-APJ ZZeH SNP B4, (H H #if [ P 41 5%
T apelin-APJ 24t SNP 5 DR 3¢ R 540, ]
AT, IR AT
1 BRSHE
L1 —fgse BWrmmersy. DAFREE 2017 47 H
%2018 4E 7 A4 WHO BESRIT IS Wibs ' B2 1 2
RUHE R S5 885 IR AT xS 4, Horp 55 332 i,
2 553 fil, AKHHE 2002 4 DR E Bl R 53 RS R 8
#/7 M3E DR (non-DR,NDR) 2H 5 DR 2. NDR £
539 {5, Hrp 55 168 1] £ 371 4] ; DR 44 346 {5, Hirr
5 164 i Az 182 fii, ANAFRUE : BAE DRI TCHE S
K F WA PR B AF S =50 %5, 8 R 9 s 2 = 10
a; JC DR DAZMRHAB ARG AE o HEBRPRUE : A 2 BUHE
PRI 5 A HA ™ B 4 By g sl S M I e . A
L e T e (o A R | s B BN R i i S
FHNE R

%1 DRZH5 NDR AN OELHFIELL R
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1.2 7k
1.2.1 —fge s MAREDARE o v A

SRS S 6 ik s, B E] PR S min 0 — T, ELE
M 3 RIBCE YB3 By AR TR B
8% (body mass index, BMI) , ZHX Snellen . ] F 46
AT, AT BT AT S R TSR (5 IR AR A A

1.2.2 XWEWE s Il B E i ki 5
mL,%: 3000 r » min~' .0 10 min J5 B0 R, %
SC-150 4x [ Bl A=A 73 B A (AL 505 15 ek BB K
B BRTTAT ] ) A A3 JH [# i ( total cholesterol , TC) |
HAh =15 (wiglyceride, TG ) \ BEAL 1ML £ 8 F ( glycated
hemoglobin , HbAlc) 55 i Ifil ## ( fasting blood sugar,

FBG) /K-,
1.2.3 apelin-AP] R ERF S5MEEN RAKR

56 = H AR B A B Rl AR /N 5 4 il 5 P 4
DNA 5 $2 B 7] & fl 32 DNA, 7E ABI 7300 Real
Time PCR Y #% I % F] Tagman® MGB #{%} % & PCR
T, Kl rs3115757 ,1s56204867 . 1s3761581 Fl1 APJ
FLPH 17119375 159943582 J 5 AN {37 4 il JL B 43 780
DL A B A 1 B AR 5 Rl i X 2R R 17 B 3
2

1.3 Zit=#sbiE  ffi ] SPSS 19. 0 Geit# k4ot
BlE ORI & s RN, SRS AEA ¢ KB
THECTERER AR (n) BUE 2 50(% ) o, R X°
Ky, 15t 4% i W 5 B K 35 R ] Hardy-Weinberg
(HWE) F-4i§7: . apelin-APJ 2% 5 4~ SNP 5 DR [
FZ K 0 Logistic [B1IH 431, K /K : a =
0.05,

2 HR

2.1 DRZH5 NDR A AOELHEELLE gt
WS, B DR AR R A FE R4 NDR 4 I 35 SE
(¥375 P=0.000) #h,DR 2H 5 NDR 20 B & 4R 0k
415 EFIKIE \BMI FBG \HbAlc TG J TC /K- |, 22
SRS AR (30 P>0.05), W& L,

_ B ES
fiitr DR#1(n=164) NDR#H(n=168)  tfi P DR#1(n=182) NDR#H(n=371) i P
AR/ 64.51 £8.47 62.74 +8.91 1.854  0.065 64.81 +8.53 63.90 +8.86 1.149  0.251
SR T 4T 15.87 +5.10 13.18 +4.58 5.059  0.000 15.91 +5.17 13.94 +4.60 4.540  0.000
W45 )/ mmHg 139.51 +8.60 137.85 +8.10 1.811  0.071  138.64 +8.73 137.49 +8.24 1.512  0.131
#F3KE/mmHg 89.38 +8.24 88.60 +7.98 0.876  0.382 88.42 +8.10 87.55+7.71 1.226  0.221
BML’kg - m 2 24.85 +3.01 24.98 £3.20 0.381  0.703 24.70 £2.89 24.64 £3.91 0.184  0.854
FBG/mmol « L~ 10.31 £5.10 9.28 +4.84 1.888  0.060 10.08 +5.04 9.35 +4.71 1.673  0.095
HbAlce/% 9.15+2.64 8.76 +2.50 1.382  0.168 9.24 +2.70 8.81+2.52 1.841  0.066
TG/mmol - L~ 1.86 +0.81 1.80 £0.78 0.688  0.492 1.89 +0.83 1.83 +0.80 0.819  0.413
TC/mmol - L 5.28+1.14 5.16+1.15 0.955  0.340 5.33+1.18 5.27+1.17 0.565  0.572

71 kPa=7.5 mmHg

2.2 apelin-AP] REEFERMEMEEZE DR A
F1NDR ZHE95 % apelin JEH 47 T X e ik |,
apelin JE[N ) HWE 38 A& 85 K5 560 07 2otk rp k4T

1M APJ B A Al A 55 (& b it 47, apelin: rs3115757 |
apelin; 1s56204867 ., apelin; 1s3761581, APJ.
157119375 (APJ:1s9943582 HfEAr & 3L A, HAE DR
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ZHFN NDR 2H & B Z 8P A 75 6 HWE P
(DR #H:x* =0.51,P =0.48;NDR #:y" =1.38,P =
0.24) , W2k NHEEA B RHARIARE, Bk
apelin 3£ K fJ 3 4~ SNP % 7% {v/ /& 13115757,

1556204867 J 153761581 S5 {vi J& [F 4 K 7E DR 41 5
NDR A i EZRHAERITHE X (R P<

0.05); APJ L[ 2 4~ SNP % 45 fif & 1s7119375 .

1$9943582 ffuﬁ@lgﬁﬁ}:r DR 4 5 NDR 4 [a] 43 fii

ZESFE GRS (¥ P>0.05) o LRy S 4
SNP AL v i FE 07 5 PSR- 75 DR 2155 NDR 41 [&] 73

fi 22 PRGBS (395 P >0.05) , L2,

2 apelin-APJ] R EF B &L EE 7 DR HF1 NDR AR5

3t J; «
PR 7Y
DR 4 (n=164) NDR 2 (n =168) t 1 P 1A DR ZH(n=182) NDR 2 (n =371) t{H P 1A
apelin;rs3115757
cc - - 27(14.84) 22(16.86) 13.734 0.001
CG - - 69(37.91) 178(47.98)
GG - - 86(47.25) 171(46.09)
C 89(54.27) 25(14.88) 57.101  0.000 62(34.07) 108(29.11) 1.408 0.235
G 75(45.73) 143(85.12) 120(65.93) 263(70.89)
apelin ; 1s56204867
cC - - 38(20.88) 48(12.94) 6. 606 0.037
CT - - 78(42.86) 189(50.94)
TT - - 66(36.26) 134(36.12)
C 48(29.27) 81(48.21) 12.538  0.000 78(42.86) 145(39.08) 0.723 0.395
T 116(70.73) 87(51.79) 104(57.14) 226(60.92)
apelin :1s3761581
AA - - 69(37.91) 100(26.95) 32.291 0.000
AC - - 71(39.01) 234(63.07)
cc - - 42(23.08) 37(9.97)
A 118(71.95) 89(52.98) 12.729  0.000 104(57.14) 222(59.84) 0.367 0.545
C 46(28.05) 79(47.02) 78(42.86) 149(40.16)
APJ 157119375
AA 3(1.83) 29(17.26) 23.816  0.000 20(10.99) 45(12.13) 6.276 0.043
AG 64(39.02) 47(27.98) 78(42.86) 119(32.08)
GG 97(59.15) 92(54.76) 84(46.15) 207(55.80)
A 36(21.95) 50(29.76) 60(32.97) 122(32.88)
G 128(78.05) 118(70.24) 2.638 0.104 122(67.03) 249(67.12) 0.000 0.984
AP]J :1s9943582
TT 21(12.80) 30(17.86) 2.023  0.364 20(10.99) 33(8.89) 0.687 0.709
TC 61(37.20) 64(38.10) 84(46.15) 171(46.09)
cC 82(50.00) 74(44.05) 78(42.86) 167(45.01)
T 54(32.93) 62(36.90) 58(31.87) 126(33.96)
C 110(67.07) 106(63.10) 0.578  0.447 124(68.13) 245(66.04) 0.241 0.623

TE [ apelin ZERAL T X e @k b i 3 YRR TCAR NS DR 28 5 355 N T 23550 ( % )

2.3 apelin X HEZ{K APJ EE 5 /) SNP 5 DR By
KE  Logistic [8] 443 #7 Wox, #7448 BMI,
FBG J5, Lt B b 22 M, apelin FE[H 1) 3 1~ SNP,

GNIERF (B P <0.05), TigBEEELH,
APJ JER#EHF 1s7119375-A (rs9943582-T 28745 &3 Bt
[R5 F8 DR XU 5 485 7 A D B A 95 A 5 R 3, 22

PEHF 1s3115757-C | 1556204867-C | rs3761581-A Z& 4% SYTRFEITFE L (¥R P>0.05), WLFE3,

S HE DR 2 AR DR Y XU 17 B 0 g 3 485 45 A 7 BB 2R

%3 apelin X EZ{K APJ EE 5 4 SNP 5 DR fiX &

P SNP SR B1E PR X 1a OR 95% CI P{H

L apelin ;13115757 CC +CG(GG HZHM) 0.912 0.243 15.610 6.42 3.81~10.83  0.000
apelin ;: 156204867 CC + CT(TT HZH) 0.874 0.227 16.270 2.56 1.52 ~3.91 0.000
apelin ; rs3761581 AA +AC(CC HZIR) 0.465 0.174 7.648 2.06 1.32~3.24 0.006
APJ 157119375 AA +AG(GG JE]) 0.225 0.228 1.015 1.53 0.75 ~2.91 0.274
APJ ;159943582 TT + TC(CC HER) 0. 164 0.168 0.984 1.47 0.81 ~2.74 0.359

7 apelin ;1s3115757 CC+CG(GG HB ) 0.129 0.354 4.057 2.15 1.15~4.29 0.039
apelin : 1s56204867 CC +CT(TT HZH) 0.567 0.268 7.764 2.18 1.35~3.54 0.005
apelin: 1s3761581 AA +ACV(CC HZIR) 0. 826 0.342 10. 864 2.15 1.46 ~3.15 0.000
APJ 157119375 AA +AG(GG JyZ:8) 0.123 0.354 0.249 1.17 0.75 ~1.95 0. 684
APJ : 19943582 TT + TC(CC HEIR) 0.126 0.345 0.259 1.01 0.65 ~1.67 0. 684
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3 it $&7R apelin 5 APJ A] gE3L[A) 2 545 PDR 2748 1M1 45

DR &4 bR (82 v i UL 3 22 & i — i iR ER I
R, | R DR B S I 7K e i 3 3 A B ot 45, B
IR IE R, A5 A AE R D R B, R EUR
S WY T i AL, I 2 3 A BROR DR PR I 5
( proliferative diabetic retinopathy, PDR) , EE R K
LIS L 01 28 2T 2 P 8 1o
AN R AERFEFREBZ . 1993 4,0 Dowd
208 SR RN vE R 0 vk R B T — 4 5 A %
7% 2 1T 1K 1 (angiotensin type 1 receptor, ATIR) #H
IR 2 11 APJ, 1998 4, Tatemoto 2" SR B I [f] 2}
PR 5 B8 OO B 23 I b S IO 216 3 Y5
BLiA apelin, A% apelin JERIf T X Jefaffk q25-26.
3,5 3 MR FM2 NG T, AT E 2 A
AR BY, 4 apelin-12 | apelin-16 | apelin-17 %[10] o
AP] BEAALT 11 S Yo fk q12, 5% 377 DR LRI
B2 T IR G PRI Z AR R A Z — . AP)
JCA7 Y, 2 B Be M — TN apelin 32461 Liao
ST R apelin JEIR (1) rs3115757 {37255 v [
2 PENE R  BMI 25 U AH OC, CC 35 R AU AE v T 5 vy
BMI & (1% L9l 53 5148 GG 8¢ GC JEPRAIE i 1 1. 07
5129 £, WFFEIESE , apelin 7] D)4 E 4R 9 f155 14 B2
AR E AT R BANMAETE A . Qin 1 1k
S KRB, RS T, apelin-13 R4 ) JIE Jay 4 1
FEik £ @ PI3K/Akt #1 MEK/ERK 38 % 34 58 A1
IR PN 2 24 B Miiller 210 i PR DO 5 €2, 2R R 200 L )
WAEER . MAEWEARET , JUHZ S O o &1
() NP, apelin X DR (1% 52 i 5 45 %36 .

AWFFEI L 3BT apelin [z HAZ K AP] BLH 1 5
A~ SNP i 55 DR BYK &, &K B apelin JEH 1Y 3 4>
SNP {3f fi 1s3115757 . 1556204867 & 1s3761581 H] fE
JE DR A% SNP f ik i sl 2 —, HICHE 22 5% o 7E
PEE T AR (BMILFBG J5 , X} T apelin JEPH 11 5 , TG
WM, A 1s3115757-C | 1s56204867-C. |
1s3761581-A 58738 S KPR 2 R DR (1% JRURS: 24153 1] B
0 TG AR N B AR SO R K . 427K, apelin BE ]
ZAVEFTRES DR A A HLH A O, 5 B A Scik'™
RIEFAY G AR E R IE TR, Toie 5 Eid &
e, APT JL R AY 1s7119375 1 rs9943582 3% 2 M
FONIE R BN S AL R R 20 A |, 2R WA B e it
R ZERM, EIRETREEIR, LA apelin B [
(R Z 2S00k DR A0, i 524K APJ JE[EXT DR ¢
o 3BT AT BE N apelin-AP] R 4%t DR 5%
Wi 5 2 apelin 5 APJ IR fEFRIA RTS8, Iim R 5T
UESE  apelin 7E PDR £85I 3% 38 1A% P 1) 3k B b
e AR O R Y PDR R A 4 I
apelin-13 F1 APJ 18 52 58 B 3k, £F 4 5t b 2 2
LR 53F% 3k apelin-13 Fl APJ, H =35 CD31 7EfH
LZRIE, AR 3% mRNA ZKOPAEEF 4 1M 45 B b 3

BRI S 7 Saint-Geniez 251! 47 /1N U
D) B i 57 T SV, A 28 S B i 45 R 3R B, mse/ AP)
S5 IS A A 56, L2 S IR0 5 9 ThT I A8 174) € e
FHAE , WL apelin-APJ Z& %5 7] RE1E S — FP A2 1L
B AR T2 5 00 0 I A8 B AR i, R 9E T DR A
KA, Du 2 DR R ¥ 4> NDR 41 DR
20 \PDR 4, K 255 7R , I3 apelin-13 7€ PDR 41
BT B S TR 2 4l WL, apelin {2
PG B M 4558 A, ik 2 48 & 4 % DR [ PDR ik
B, ARWFIEE KL, DR 4 EH R R R B KT
NDR £, Klein 25 Bl 53 £ W], DR (%28 5 2 BBk
PRI R R S IEAH C R T 5 a & DR kA FN
38% ~39% ;J5FE R 5 ~10 a & DR KRBT E
50% ;— H. g #2812 30 a, W] DR & A= & 0] @& ik
90% , GASCEERILARY) A .

2% | ik, apelin 3£ 9 3 4 SNP 153115757 ,
156204867 153761581 5 DR () % A} & JE A % {8
AT 75 TR FEA AT IR 27 VR A, LAE— 2 50 E A
FELE R W H DR 9 & ML . apelin A9 42 1M 45 4=
BAE A HAE DR 25955 R0 W9 B 11 45 A6 B R I6 97
W EA BRI, APT CRRYT DR ARA A 5t 1) 8
S AR LA R APT B BHITRIIGYT DR,
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