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NCX-4016 represses the atherosclerosis in diabetic atherosclerotic mouse through inhibition of RAGE
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Abstract : Objective To investigate the protective effect of NCX-4016 as nitric oxide (NO) donor in type 2
diabetic atherosclerosis model mice and explore the underlying molecular mechanism associated with the re-
ceptor of advanced glycation end products (RAGE). Methods A total of 10 type 2 diabetic atherosclerosis
model mice were obtained by crossing apoE-/- mice and db/db mice. Atherosclerosis induced by high fat diet,
and all the mice were divided into experimental group and control group. Experimental group was given NO
donor drug NCX-4016,control group was given equivalent normal saline. The area of aortic root atherosclerot-
ic plaques in type 2 diabetic atherosclerosis mice were observed by oil red staining after 4 weeks. Western blot
analysis was used to detect the expression levels of HMGBI1,NF-kB p65,RAGE and inflammatory factors. Se-
rological levels of SRAGE in model mice were determined by ELISA. Human umbilical vein endothelial cells
(hUVECs) were treated by NCX-4016 with or without inhibitor of eNOS,PKG. Then,inflammatory signaling
pathway proteins,inflammatory factors were determined. Results Compared with that in control group, the
area of atherosclerotic plaque in the aortic root in experimental group reduced significantly (P<C0. 05). There
was no significant difference on serum sRAGE level between the two groups detected by ELISA. Compared

with the control group,the expression of RAGE and NF-«kB p65 in aortic root plaque tissue in experimental
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group decreased significantly,and the expression of eNOS increased, with statistical significance (P <C0. 05).

At the same time,the expression of local inflammatory factors TNF-a,11.-6 and 11.-13 decreased significantly
(P <C0.05). Compared with NCX-4016 alone,expression of NF-kB p65,RAGE,IL-18, TNF-«a increased signifi-
cantly (P<C0. 05), whereas no difference on IL-6 was observed after eNOS inhibitor + NCX-4016 treatment
(P>0.05). Expression of NF-kB p65,1L-18,11.-6 and TNF-a increased significantly after PKG inhibitor +
NCX-4016 treatment (P<Z0. 05). Conclusion NCX-4016 could significantly inhibit the expression of RAGE in

hUVECs in vitro, which could repress inflammatory responses under high glucose stimulating conditions,and

play a protective effects in diabetic atherosclerotic model mice.

Key words: NCX-4016; atherosclerosis;
AT AR Sk, TR R R0 R R P g K H AT
S I R ) 560 75 SR BT B R T A A
AT T (L H: &0 2R KO A R A TGy [ R AT R R
T Sl bk RE A Ak S — B bl i AR R R I A RE
BEH R VLR G B8 P A MR . TR R L&
KRALBERL 7= ¥ Z K (RAGE) 1 4 K 8K 7% b 1y — Fif
A 2R 32 A L HE B bk e B B Ak 1 R o i 4 R AL
il BB I WA IS E WS AU S 5 T 3 Ik ok
RERE L B 3098 A, e 48 T MG 0 BE B g i R,
iFF 5T 2 B0 a0 0o 3 DR B B B 4 T 5 A PR RS B A5 O ik
FEAIE RAGE 3k, nT B 58 410 11 2 Jok 086 4 A 1k 50 B 1) T2
B I RE E M BE R X U] RAGE 42 7 ¥ 36 bk ok
FEREAL P T 7R G A, N LTI BEAR &% W 5 3 ik
o RERE A A I & R B SR Sl ok o A R Ak 1 R 4 By
B AR I 4 BE A8 M S TS IR S R LA P B 4l Y
WA R, — AR (NO) E g — il 21 2 1Y 1 45
ok T, 0 AT 5 IR ER TR G & 1 A HE R B IR Y
(cGMP) [ A= Ji, Fol DA il cGMP T 1%, 5 B0 48
Wk, i — 25 0 A Y iR A . R, NO & —
Tt 3 bk ot A% B A 0T 0 M T2 B o9 TR P R
HEHEESHY LG T E 2% NO k254 NCX-
4016 XF 5 Z B8 (LPS) A T 1) K BN 2 & I E 2 A 1
BT RAE T L AH A X R A5 R LA 0 o B i
B Ik R B A B e 1) T B A A T OBLAR Bk
Ui FAR H AT E A AT R B A P B RO IR R
W EH  AGEs/RAGE 3 fif i a2 41 i 4 fiz 28— 481k
RAWE (eNOS) M PN TEYE NO A9 7= A4 il 1E 5
(T 2 1A M PR B 800 2 2 . (H 2 & A7 7E RAGE-
eNOS [ 1E S B, B AMNJE M 4D 78 NO 2 T2 75 fE
i 38 3 4 RAGE A5 1% [8 78 %0 5 4 0 38 % [7] i fig
HERUE eNOS 35 B35 in . Ml & #2 Bt 9 R sl ik o
BEREALAE A SR AR A0 0, e, ARSI 4R T
NO 7] DL B 0 145 RAGE ik K, R IEH 24
FH & 328 1 0 561 s ik 546 A B Ak 0 R AR5 L A SR E S T
B HA NO Xt gl ok o A 8 1k B 36145 9 B2 40 i o RAGE
FEIR TR TR T B AL A sh ks B 1k 1Y) B 35 2 it
B Y B AR AR
1 #HRE5FZE

L1 ShWoRiE 2 BUBE R 3l koo A i A B L/

advanced glycation end products

N apoE-/-/NR A1 db/db /N BRAR K ZL 22 B 10 H L, H
B R E S Y T . 45 T R IR IR B R IR 5 T 0
Jok o R A Al A Y L Sy R SE S A A BR AL A 5
AR N RAR R &S T 5 me/g B bk 5
NCX-4016,2 d 1 W 454 4 J& ., IR 4T 5 &4 W
EROKES .2 d 1R FEE 4 M.

1.2 FZEH ABr#R kN R 4 i & ChUVECs) 1y
AL EHAEYREARAR ., NO k254 NCX-
4016 HA 2 K% STEFANO FIORUCCI #4252 56 %=
m L RAGE. HA M A F ()-18. M E B R EEA
BI(HMGBD) | #% #% 5% I F-«kB (NF-kB) p65 . IL-6 . Jif
JREIRFEH F (TNF)-a P H Abcam 2 &l (3£
E), PKG ##I57 TK5823 g A # = KAV AR AR
] /N B T M e OB A 2K R ) 32 AR
(sRAGE) ik 5 958 W B3 35 CELISAD A5 ] 28 571 45 1
AR s AR A R A A i s L &R o1k ™
Yrbr e i AGE-BSA 1 F BioVision (J}22) 4 ¥ Bl
HIRATH,

1.3 ELISA 9 sRAGE /K 45T W5 4/ UM ;
Wb 4 JH )5, RE/D R MR A . # B ELISA £ U
A AV B XN BT sRAGE 7K JE 47 #:00 L F1)
FHAR M 8 ST bR I 265 5 SR FHORLBT S O A id A= 9
ROMABAR S ALY S &9 TAEW .37 CHEHE 30
min, A TMB & €3 5 #1788 ) 1 5 57 B 75 i
B ASC b 0 W 5 B CADEL AR B A {ELFE A 7 if £ oK
HAR I B9 75 sSRAGE 7KF

1.4 FSh KR L, g B Hem APy 7E
AT 950 4 NCX-4016 37 J7 FXT B2 A B &R K i
B4 JE G AR FE PR AN R, 2 R B, DD BR O E S, B EE
B KRS SV T —20 ‘C OCT AL H#5F) dr, O
W1 Z K mELEY) A, [ Sl kO R T
I TR 80 pm MU —5K U] i, L2 HL 6 7K I T 7] — %k
R B YR T80 CukFE - A7 . F s IR FE i A
T £k BRE B 3l £ 92 (0 25 AN R . (D vKE B i B e =
T 1 hs (24 % M EE R E E 10 min, K& T
JKVE 2 R, B IR 5 min; (3)60% SR EEYE 30 s; (D ih
21O JeIR YLt 18 min; (5)60 % RN EEYE 30 s, B T
JKEE 2 R, IR 5 ming (6) Fr R E P 44 #% 10 min;
(7) H3kK ¥k 5 min, 2B T /KPE 5 min; (8) 5 & Y



+ 1936 - MIBEF 5K 2022487 A% 19%% 14 W

Lab Med Clin, July 2022, Vol. 19,No. 14

WY 4 min, 228 FK¥E 1 min; (9) T4 )5 2l H b &
F5(10) Leica Y65 WA 45 T WS I 40 IS L >R FH Im-
age Pro Plus B 8B BEH A,

1.5 fpEdifede b T WL 3 ik ok B i Ak BE By
RAGE Kk 0L, 2k H A58 00 Yy A 2 K I 3= 3 Bk AR
T UKV B RAGE % 3 15 7K S K57 L A5 %
WD) FHPRRIALIKET R B EER T 1
h; (2)4% i B R I E 10 min, 28 F/K % 2
Y BFR 5 ming (3)5% M B A 1 hs (O fim—4t
4 CEE I G BERRER 22 vl (PBS) ¥k 3 K, BHK 5
min, MEZLEADEE ZFHi (1 = 5000 EIRMH 1 h; (6)PBS
Y 3 KL, AR 5 min, fill DAPICT pg/mL) 44 10 min;
(HPBS ¥ 3 K& 5 min, R4 H i A (8)
Leica 2¢ % i 0B T W28 148 B, SR H Tpp6. 0 EIMZR %K
AT IR BEAE 1155

1.6 4HMo B 9% K 4B hUVECs T 25 mmol/L
DMEM & 05 55 75 3 o 20 %6 i 4 1078 1R & J5 43 51 355
I 10T & R B A0 M g AR AR BT Al
Mumh &R 2= 80U A4 A 1 pg/mL LPS i T R E
WG 6 hJ5 . 20k 4 4 He R Oy 3 kAT AR TR F
. (1) PBS Ab32H % 1 PBS #E4T AR B ; (2)NCX-4016
HFRHH 5 pmol/L NCX-4016 #E47 4L ; (3)eNOS 1)
il 3] -+ NCX-4016 41K /1 100 pmol/L eNOS # il 51 .
5 pmol/L NCX-4016 #E47 4k 25 (4) PKG 11 il 51 +-
NCX-4016 442K F 1 pmol/L KT5823 il 5 pmol/L
NCX-4016 #EATANE . A 40 Hd S50 Y 9847 3 Yo sr
HERELE,

1.7 Western blot 380 R Western blot 4
WP 28 /N B 32 30 kAR 5 41 21 f hUVECs ' RAGE,
NF-kB p65.eNOS. IL-18.1L-6 , TNF-a % #H %} 2% ik 7k
. R RIPA Zfi i 482 B 4 4l 21 8 & 1, IF
BCA A &Ml EE AW EGFH MR REED R
10% SDS-PAGE 438 it 1, 3% 60 V 40 min,90 V 150
min 1558 31T 8 1R K, H Uk S8 B A R 5 A
PL 350 mA.120 min i 5% 4% & AR % 2 PVDF &
LA 5% BSA B AW PVDFE RN E 1 h, % &
RV BE R — Pt TAEW AT —PUEH .4 Cab . &
E—PUTAEW . 0 TBST ¥EME 3 K. &K 10 min J5 .
124 000 ELBIIMAA N 4T, ZRHEE 1 h, £
THUTAEW, ] TBST BERE 3 %K, B IK 10 min, BT
PVDF [ I FH 0 /K 4% i B 2 11 7K 43 o o8 R A ECL
TAEMW (A e BWERBIRS D, EREEF 2
min 5 B0, R H QUANTITY ONE $ {443 ¥ 5 A
0 IKIEAE . LA B-actin VBN N S 3158 A 5 HH X 3%
K,

1.8 SGiiF2phb e R SPSS21. 0 e it # ik kA7 5
PR R GE it o, RIER AT E TR 2 £5 2K,
A R ¢ /., DL P<<0.05 NS R X,

2 5 R
2.1 XTHRA 550504 = Sl AR SR RS TE AL g X
HEL /)N B = 3 J R 0 sl ik ok A s A B ke T AL B 8 52
Yo eH UL 1, X RE AR S48 20 /N BR B0 ke A A Ak B e T
UG 3 2h ik AR 0 1w AR B 43 g Sk (25, 62 & 3,34 %
(37.43£3.56) %0, ZFA LI L (P<<0.05),

g, T 5 B RS

TE A X IR B s dl .
1 AANMREFNRRBUILEHE

2.2 XS SCE A E g kR B B 41 4
RAGE RJE {5 7 i i 8 1A 985 A 7 K OF Lt 3
Western blot & 25 R 7R , 5 Xt B4 Lb &% L S2 56 2H /)N
FE BRI A RAGE K H il 4 0 15 5 3 B 22 1 f
&AE R AH 6 22 35 7K SF- B G R AL UL 2A, S5 XTI
2 ER, SER 2 S KR BB 41 21 N RAGE #il NF-
kB p65 FHXF K K B B D . eNOS A1 X 36 3k K SF
Wb, 22 F 94 Gt E S X (P<<0. 05) 3 4 HMGB1
HHARIBKFIE, ZR TG E L (P>0.05), I
Bl 2B, [FIEF, 500 A e, SE 5 4 TNF-o IL-6 .11~
18 AKSF B B /b, 22 R ¥ it 2% & L (P <<0.05),
WA 2C,

2.3 BEIRIE B Ik ok HE A AL /N B sSRAGE il i 2% 7K
S ELISA K 45 51 &, S2 56 40 5 xF B 41 1 35
sRAGE /K43 %1 2 (2. 82 0. 19), (2. 44+ 0. 20)
ng/mL, W4 #2255 R4 ITH2# 2 L (P>>0.05),
2.4 NCX-4016 &b HEXT = B0 B & LPS 5% )5 1
hUVECs f 21 i 5 5iE {7 538 i 8 1 L 90E R 7 R 3k K
SER SR 5 PBS Ak B4 H K, NCX-4016 41
NCX-4016 Ab # #2327 = 0§ ¥ M LPS 5 5 1Y hU-
VECs J5, % ] Western bolt &4 1 40 g 4 5E {5 5 i
% B RN SE TR R A B0, o HMGB1 #3576
B ek 28 (P >>0. 05) . RAGE M NF-«B p65 ik i
FEAIR(P<<0. 05, 3), 84 I F 1L-18.1L-6 Al TNF-«
FIRM BT (P <<0. 05, 4), 5 NCX-4016 4
i, eNOS Ml #] + NCX-4016 41 1L-6 235 7K F G W]
B (P >>0.05), 0 NF-«B p65, RAGE, I1.-18,
TNF-a kKPR I &, ZR A5 EE L (P<
0.05,/8 5.6), 5 NCX-4016 4 k%, PKG 1l #15] +
NCX-4016 41 NF-kB p65.1L-18,1L-6 Fil TNF-a 3 ik
KAE BB, 25 A ST E E L (P <<0. 05,
E 5.6),



BHHREFSIEKR 202257 A% 19 %% 148

Lab Med Clin, July 2022, Vol. 19, No. 14 e 1937 -

Popiitizh SCIG4R
| —— - — RAGE
S e NF-« B p65

T S GB1

—

NF-a
W— - IL-6
IL-1p
- eNOS
A — — B-actin

CN 4
s S
¥ A
& g & \"&
% Gl 3 R
KN
& & & &

R —— S— G
. — . . TG
— i — — B 065
— e

B 3 AREMNFHRARAE hWUVECs EREBEREAD
Western blot #& il 45 &

B -actin

o &
\&t’% &
@»% 6‘6&) &”‘3@ "’g‘%
B 4\~"X Q’;" t’ﬁ
& ® & &
- L e— — =1 B

T T T W -octin
& 4 AERENNFHARXLE hUVECs FRERFH
Western blot #& il 45 B

: T T
0 o--i-i.rl L Ill

IL-1p  TNF-a IL-6

5 NCX-4016 41 4, © P<<0. 05,

B 5 RGN FRFRXLE hUVECs FREREF
KELE

I PBSALIELH

B NCX-40164H

1 eNOSHINEIFI+NCX-401 648
PKGHNsH 57+NCX-40164H

ERRAKT
2 9 o

o
o
1

1. 54
[::: PO
3 St

1o

RAGE NF-«k B p65 HMGB1 eNOS

[i::: PO B
€3 SR

IL-1p IL-6 TNF-a
TE A & BB FR Western blot #2455 5 B Sy x M8 241 15 52 4 41 3 3 B SR BE S 4 81 RAGE . SUAE (5 538 % 3 1 L C A X A 5500 Al

= 5 TR T B B 2 2 P S IR L S O IR e B, T P <20, 05,
2 MBASIWATHRRMBAL RAGERECESEREAMKERTKELLE

Il PBSAMIELE
2.0 = NCX-40164H
[0 eNOSHIEIFI-NCX-40164H
ix 5 £ % ¥ PKGHIEIKI+NCX-40162H
o o4
ﬁy 0- T
=
. 5- “’ll i
0. M= Y :

HMGB1 RAGE NF-«k B p65
.5 NCX-4016 4l . * P<<0. 05,
6 AEMES T AR AAIE hUVECs Ja & IiE 8 5§

EAKELRE
3 it it

AR RAGE 78 3 ik o A 8 b 1 72 b 19 4 A 5
KT KRFKE ., RAGE 1] 5 HMGBI | i 35 3 fh &
K=Y (AGEs) . S100/%5 ik 2\ -IE M A H L™
HEAZAEARY A, WG L P38, NF-«B % {5 5
S 1 w1 2 ST s e O =1 0 e
1 e TNF-a % 95 7K L 78 5 B 203 ik
55 AR 5 b B0 B O S 0 R 1 2k R v, R M A B
1) AGEs il & 5 H 78 R 5E 40 i A9 52 40 i b i
RAGE HHE5 &, W06 9 0F 8 B% IF B B E [H -, i
SN PR RT3 Ak B A%/ 50 40 M 25 8 E 40 A L e 0
BB R E M A N BT, E— 25 42 R R g M
KBk 6 RE B Ak (0 % 28 L KBRS B A BIF ST IE 52
RAGE 5 apoE & K 0L B /)y B 2l fik o) A 0 Ak B B 1
U B AR T apoE-/~/ B, [A] B, >k H sRAGE X
apoE-/~/INFRIEAT T, i 2k H 5 4 0 RAGE 19
VBRI AT LA & 30 5] 3 Rk ok B B Ak B B ) T R B2 e 1)
BEHLR BEREY L AN I R B 5 & BRI 3 sSRAGE
K V-5 A BR8P TR O 0 O L R R A AR G
XA I $E 7R RAGE 76 8 kol RE i AL iy it R h e T
REEFER . R, B BH 3 fkots BB AL RAGE (335



+ 1938 - I EF 5K 2022 87 A% 19 %% 14 #1  Lab Med Clin,July 2022, Vol. 19, No. 14

BLE TR R T RAGE 7K 1197 3 B 8% R B 18 30
ok 583 A AR A 1) — 2R W AT IR AR

RAGE 17 41 % B F1if5 5 8 W0, 4 0 % RAGE
FERIKXF NG L& B, AR IS BRIl 5 Bz jk Ak, 3
M 20 4B R IR T R L 5 2 A RAGE 78 8%/ H
W 290 6 P Rz A0 L S L4 M 45 22 Bl 40 i Y OE R 4R
FRAME T B RAC. HA 7 RAGE Ry A% 2 o % H
g W (a4 SP-1 5 NF-«B) i& 1k i), %5 & A
RAGE A #ik# £ RAGE i8] 4 0 40 i 3% 1
fI i RAGE Fl sSRAGE, i % 1 AGEs i85 = iR 3] 32
T IS I AT LA B R O IR R W] TR
X, i RAGE 9 mRNA 57 £ 8 A8 1 3k , o] DLFE 7§ 3
I if 3R AGEs, 38 4 PR 45 Bt 28 M A7 i 45 36 1 92
5518 B . RAGE {55 B 06 5 o A S 06 A
(ROS) . 1% 1b T Ui NF-«B, A2 JF 9 P 50 1Y & J& , i R
i 0 AT BRI HMGB1 5 S100/45 BikL 2, jx b
W7 % S RAGE Ziksmt ", A#F5E & 3.
X FRZH (4 apoE-/—/INEUFT db/db /)y BB 24 52 B 3 3
Jok A S 1= A B Sk 1% 2R JRE 40 A 28 BRE LRV L 3 B A
FABZRIC LKL T NEIIREA 2 [ B, X E 4
apoE-/-/NERFN db/db /)y B B 2% 22 KR 3 2y ik AR S 2
2N RAGE Rk BT SN T REAS 4
AAE2 5T RAGE IFREHY .

PR DI REAS 4 DL B2 U PE NO 20 Ry 32 B AR
9 N B IR NO LIS I ROS 7K F- L F i N Bz 48
it 5 T 288 B 40 1 3 0 PN B 40 i A L AR E R E AN
it 755 BRI 0 45 A F B koo AR A A 1 R A L R R S B
Jok s RERE AL 10 2 R B BET . NO R 259 B 4 WE
SEA] DLFE Sh LR il LPS A 5 /4 P 7 2 I E
RVERN . NO HER K HoAth 20 P9 2 T E AR 2 (1 259
Can i 77 28 245 %) 24 0T 38 58 B 48 RN 30 i Bl ik o A B
TRRY BERRDS AR SR L BIFSE & BT 25 K A Kk &
A0 BP0 ) 78 CACED 25 25 1y vl 4100 i1 3 ik ok A 5 £ 2
Yo RAGE #3355, H X RAGE #9300 i 4/F i 78 1t 2%
259 B 3 o ok ok AR R AL b R PR T B AR, Ui
RAGE fE Jy—F 5 B 9 R 5E {5 5 38 B 78 7 AR 30 ik ok
REREALIE ol oA 8 Y RS ot —
TR, NO RGPl T BA 2 BB R 5
AL /N B Bl Jis R A A 1) 1 2 [ s s B EG T i A o
RAGE ) # A #£ i85, H A % W RAGE L i
HMGB1, 4k NO fit {4 25 9 vf L)@ i 30 i RAGE
F35 0% RAGE X eNOS 235 19 8 22 45 F A2 #F
eNOS Fak B, Wil 72 4= NO P PR A B0 1E S i3t
RO, R AE A ZE R AN S hUVECs 3256 b 35 3%
NO # A PKG 4061 50 B i3 5 . NO ft ik 254 n]
P s il RAGE 3K, 185 RAGE Xf eNOS % ik
(B T A L A2 33 eNOS 3k 38 hm, AT 77 24 NO
PR A B IE S B R R . 5B Ah AR 5 AR & B
NCX-4016 #Mi RAGE & 11 3R 35 19 [7] B, I 2K 34 i i

H sRAGE 7K, BB NO fit{& 259 F b E % NO il
i ELEE 6 RAGE 9 %% 5% i A A % 5% 5 98 45 AL 1
(RNA 858 BB RIER . BLAMNRBE ST KBS 1]
eNOS # I, B3 H PKG 15 5 8% F 2 S 50 1L-
IBRYRIBEMA BN, H - HEZRHRI#E XL
(P<C0.05), Ut BI4 H PKG {5538 B4 2= 05 0] 15 Hb
il NCX-4016 MyPL R R4 EH . vl AR JE A 2 NCX-
4016 YEk NO i, 88 m 7 4MEPE NO f#h 78,
FBAHKIE T eNOS M il r 80 NO A A &2, i
PKG #sil50) W E 0 H T NO B Fif s 5@k, 5
HNO & Be, H B3 i IR s B T NO B4t %

ZE LT, ARBER & BT NCX-4016 7] LLE N
NO fEARZG Y 7E 2 RUGE IR 2l ok ok A A AL A A /N B v
KA koK B AE AL OR3P PE . AMTEE NO 43+ 7] LU
YEH EWHES 4 F, LL cGMP/PKG & i1 1 & 72 17
= RAGE M %% e f ik, A B & RAGE T g F
eNOS Ry t/EH B A RN NO 7+ IE K
TR e A R YU R YU sh Bkl RERE AL AE FH . % W5
HE—2 B80T NO FEBU 5 AT sh ik o A 5 1k o i
FAEM UL T NO 7T LUK T cGMP/PKG i% 12 [F]
Af e AT A5 VR S50t 9 VB - A6 08 R s 2 ik s e e
A AR R b A LA BE RAGE B 3238 Z P N
RAGE 1E #0550 Bt 20 ok 56 B 8 AL 36 7 32 448 T 208
ik,

2% 3k

[1] WRITING G M,DONALD L J,ROBERT J A, et al.
Heart disease and stroke statistics—2010 update:a report
from the American Heart Association[ ] ]. Circulation,
2010,121(2) :e46-e215.

[2] HARJA E,BU D X,HUDSON B I.et al. Vascular and in-
flammatory stresses mediate atherosclerosis via RAGE
and its ligands in apoE-/- mice[J]. J Clin Invest, 2008,
118(1) :183-194.

[3] PARK S.YOON SJ.TAE H J.et al. RAGE and cardio-
vascular disease[ J]. Front Biosci (Landmark Ed), 2011,
16(2) :486-497.

[4] BUCCIARELLI L. G, WENDT T.QU W, et al. RAGE
blockade stabilizes established atherosclerosis in diabetic
apolipoprotein E-null mice [ J ]. Circulation, 2002, 106
(22):2827-2835.

[5] YANG Z,MING X F. Recent advances in understanding
endothelial dysfunction in atherosclerosis [J]. Clin Med
Res,2006,4(1) :53-65.

[6] LIH U,HORKE S.FORSTERMANN U,et al. Vascular
oxidative stress,nitric oxide and atherosclerosis[ J]. Ath-
erosclerosis»2014,237(1) :208-219.

[7] FIORUCCI S,MENCARELLI A,MENEGUZZI A,et al.
NCX-4016 (NO-aspirin) inhibits lipopolysaccharide-in-

duced tissue factor expression in vivo:role of nitric oxide



BHHREFSIEKR 202257 A% 19 %% 148

Lab Med Clin,July 2022,Vol. 19,No. 14

+ 1939 -

[J]. Circulation,2002,106(24) :3120-3125.

[8] HUANG J S,WANG K,ZHANG J.et al. Effects of nitric
oxide and antioxidants on advanced glycation end prod-
ucts-induced hypertrophic growth in human renal tubular
cells[J]. Toxicol Sci,2009,111(1):109-119.

[9] LINDEN E,CAI W J,HE J C.et al. Endothelial dysfunction
in patients with chronic kidney disease results from advanced
glycation end products ( AGE)-mediated inhibition of endo-
thelial nitric oxide synthase through RAGE activation[ ] ].
Clin ] Am Soc Nephrol,2008,3(3) :691-698.

[10] KIERDORF K,FRITZ G. RAGE regulation and signaling
in inflammation and beyond[]J]. ] Leukoc Biol, 2013, 94
(1) :55-68.

[11] ROUHIAINEN A, KUJA-PANULA J, TUMOVA S, et
al. RAGE-mediated cell signaling[J]. Methods Mol Biol,
2013,963(3):239-263.

[12] WU F,FENG J Z,QIU Y H.,et al. Activation of receptor
for advanced glycation end products contributes to aortic
remodeling and endothelial dysfunction in sinoaortic den-
ervated rats[ ] ]. Atherosclerosis,2013,229(2) :287-294.

[13] LAZO M,HALUSHKA M K,SHEN L,et al. Soluble re-
ceptor for advanced glycation end products and the risk
for incident heart failure: the atherosclerosis risk in com-
munities study[J]. Am Heart J,2015,170(5):961-967.

[14] BRETT J.SCHMIDT A M., YAN S D, et al. Survey of
the distribution of a newly characterized receptor for ad-
vanced glycation end products in tissues [ J]. Am ]
Pathol,1993,143(6) :1699-1712.

[15] BIERHAUS A, HUMPERT P M, MORCOS M, et al.
Understanding RAGE, the receptor for advanced glyca-

tion end products[J]. ] Mol Med,2005,83(11) :876-886.

[16] LEWIS P,STEFANOVIC N,PETE J,et al. Lack of the
antioxidant enzyme glutathione peroxidase-1 accelerates
atherosclerosis in diabetic apolipoprotein e-deficient mice
[JJ. Circulation, 2007,115(3) :2178-2187.

[17] GRUTZMACHER C,PARK S Y.ZHAO Y.et al. Aber-
rant production of extracellular matrix proteins and dys-
function in kidney endothelial cells with a short duration
of diabetes[J]. Am J Physiol Renal Physiol, 2013, 304
(1) :F19-F30.

[18] HERMAN A G,MONCADA S. Therapeutic potential of
nitric oxide donors in the prevention and treatment of
atherosclerosis[ J ]. Eur Heart J, 2005, 26 (19) . 1945-
1955.

[19] LI H,FORSTERMANN U. Prevention of atherosclerosis
by interference with the vascular nitric oxide system[]].
Curr Pharm Des,2009,15(27) :3133-3145.

[20] E4 5580, IR A 55 0 FR v e IR 20 ok o5 4 A Ak 5 Sh )5
1L B A% 0 O A 26 7 ) 52 AR 3K 1 06 R AT 26 2
Wy HsE ma 4 g L] o RS DR s 4% 75, 2014, 22(5)
412-416.

[21] CALKIN A C,GIUNTI S,SHEEHY K J.et al. The HMG-
CoA reductase inhibitor rosuvastatin and the angiotensin re-
ceptor antagonist candesartan attenuate atherosclerosis in an
apolipoprotein E-deficient mouse model of diabetes via effects
on advanced glycation,oxidative stress and inflammation[ J].
Diabetologia, 2008,51(9) :1731-1740.

Clficfe B 31 .2021-11-23 & 18 H 1 :2022-03-25)

C 5 1933 0
nancy: setting the stage for mother and infant[J]. Am ]
Clin Nutr,2005,81(5):1218S-12228S.

[10] BOTHWELL T H. Iron requirements in pregnancy and
strategies to meet them[J]. Am J Clin Nutr,2000,72(1
SuppD) :257S-2648S.

[11] SHAN Z, CHEN L, LIAN X, et al. Todine status and
prevalence of thyroid disorders after introduction of man-
datory universal salt iodization for 16 years in China:a
cross-sectional study in 10 cities[ J]. Thyroid, 2016, 26
(8):1125-1130.

[12] HE L,SHEN C,ZHANG Y, et al. Evaluation of serum
ferritin and thyroid function in the second trimester of
pregnancy[ J ]. Endocr J,2018,65(1) :75-82.

[13] ZIMMERMANN M B, BURGI H.HURRELL R F. Iron
deficiency predicts poor maternal thyroid status during
pregnancy[ J]. J Clin Endocrinol Metab, 2007, 92 (9);
3436-3440.

[14] YU X,SHAN Z,LI C,et al. Iron deficiency,an independ-
ent risk factor for isolated hypothyroxinemia in pregnant
and nonpregnant women of childbearing age in Chinal J].

J Clin Endocrinol Metab,2015,100(4) :1594-1601.

[15] B bt i T CAEIRAN ™ 5 R IR IR 12 1B 45 B ) (58
2 0 B AR LT . AR Y O AR A 7R 2019, 35(8)
632-635.

[16] B sbuH, Ji TP w2 b XA R 10 2 s SR i 8 5 [T .
A PR AR, 2015, 54(1) 1 4-5.

[17] UNUANE D, VELKENIERS B, ANCKAERT E, et al.
Thyroglobulin autoantibodies:is there any added value in
the detection of thyroid autoimmunity in women consult-
ing for fertility treatment? [J]. Thyroid, 2013, 23(8):
1022-1028.

[18] ZHANG Y,HUANG X,CHEN Z,et al. Iron deficiency.,a
risk factor for thyroid autoimmunity during second tri-
mester of pregnancy in chinal[ J]. Endocr Pract, 2020, 26
(6):595-603.

[19] rrAeBE 2z ox Bl 77 B2 2 40 2. SR IR 00 2k Bk = 0 gl 2k 2 42 i
LIRIER ). A 7 B2 40K, 2014, 17(7) :451-454,

[20] WEETMAN A P. The immunopathogenesis of chronic
autoimmune thyroiditis one century after hashimoto[ J].
Eur Thyroid J,2013,1(4) :243-250.

Gl H #1.2021-11-12 1 H 1 :2022-04-03)



