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[ ABSTRACT ] Aim To investigate the effect of hypobaric hypoxia on macrophage necroptosis and atherosclerotic
plaque instability and explore the underlying mechanisms. Methods Mouse bone marrow-derived macrophages were i-
solated and cultured, and divided into control group (21% oxygen concentration) and hypoxia group (3% oxygen concen-
tration).  After 48 hours, cell necroptosis was detected, and the expression of cell necroptosis related proteins was deter-
mined by Western blot.  Healthy male ApoE™~ mice were randomly divided into control group and hypobaric hypoxia
group.  After the intervention for 16 weeks, the plasma lipids and inflammatory cytokines were measured, the areas of ath-
erosclerotic plaque and necrotic core were evaluated by HE staining.  The content of plaque collagen was detected by Mas-
son staining.  The number of macrophages in the plaque and the expression of necrotic apoptosis related proteins were de-
tected by immunohistochemical staining and Western blot. Results Hypoxia induced increased necrotic apoptosis of

macrophages (P<0.01), while necroptotic inhibitor necrostatin-1 ( Nec-1) reduced hypoxia induced cell death (P <
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0.05) ; hypoxia leads to a decrease in the expression of adenosine deaminase acting on RNA 1 (ADARI) in macrophages
(P<0.01), and an increase in the expression of Z-DNA binding protein 1 (ZBP1), phosphorylated receptor-interacting
serine/ threonine-protein kinase ( p-RIPK3) , and phosphorylated mixed lineage kinase domain-like protein ( p-MLKL) (all
P<0.01).
not change significantly (P>0.05), the plasma inflammatory cytokines ( TNF-a, IL-1B, IL-6 and MCP-1) increased (all

Compared with the control group, the plasma lipid levels of ApoE™" mice in the hypobaric hypoxia group did

P<0.05), the area of atherosclerotic plaque increased (P<0.05), the area of plaque necrotic core increased, the content
of plaque collagen decreased, the number of macrophages increased, the expression of ADAR1 decreased, and the expres-
sion of ZBP1 and p-MLKL increased (all P<0.01).
DAR1/ZBP1 expression in macrophages, activates RIPK3/MLKL signaling pathway, promotes macrophage necroptosis, in-

Conclusion Hypobaric hypoxia causes the imbalance of A-
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creases the area of plaque necrosis core, and leads to increase instability of atherosclerotic plaque.
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Figure 1. The effect of hypoxia on macrophage necroptosis(n=6)
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Figure 2. The effect of hypoxia on the expression of necroptosis related proteins in macrophages(n=6)
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Figure 3. The effect of hypobaric hypoxia on the levels of plasma lipids and

inflammatory cytokines in ApoE™" mice(n=10)
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Figure 5. The effect of hypobaric hypoxia on the number of macrophages and the expression of necropoptosis related

proteins in atherosclerotic plaque of ApoE™~ mice(n=10)
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FEPERG N BRARC O I 4 RE R B 46 J8 AR 1 88 ( matrix
metalloproteinase , MMP ) A JH:2f 234111 ] [ F ( tissue
inhibitor of metalloproteinase, TIMP ) f%) 3& 1A - fif B
SRR S5 5 3l ook e B AN AR i LA AIL A ot
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KIE 4,

Sy BEHEA BRI A% O M 2R 41, &)
PRABEH S Ty 2 A 2T 4 RE A 24 R R T B, 2 2tk O
A I = B B BR M A SRS TR
BRI HIOR: S SO A BEHANTR S F1 5 P B BB B
RN T RS UESE, A YR ST R T AR
SlIK A FE BE B PR FEAZ O 19 T8 1 Fn i Jie v e #5 T
SR, 5 200 e B30 7 1 1 =, S0M A A b T | 2
MR AR TE B K, e S A e 54, 5 RS 40 B PN 25
BRI, HE— 20355 K 9 N 5 TE S A B A 0 4t
KA T Wt F2 o, RIPKL  RIPK3 B H W)
MLKL /&2 5 40l i 3K 56 1 98 1= /Y & 8 43+, 1M p-
MLKL & o7 % 248 Ja A5 %) PR 000 - bl T &4 B vy 5 6 e
SR AUV T B OGP IR ] B 4 B A SE PR
JHT AT I 20 D IR AEA% O (R TR B, 384 0 20 Bk sk A B
(84 5 P, TNF- i 3 34 3% RIPKI/RIPK3/
MLKL 5 EANMEIRTErEH T, a2 PR, Bl 48 Al i
it EGLN1/pVHL #4215 RIPK1 1% 1%, #Emife st T~
TE 20 L R B M O T RN S 1 kAR I B Bk U
RIPK1 & VER I A SRl 1 2 7 & B TNF-o/
H*@%%%%Mﬁ 1 (tumour necrosis factor receptor
1, TNFR1 ) 8 R SCELAY  AHFF 5 & B, (R 4A 51
FEE A p-RIPK1 .p-RIPK3 Fl p-MLKL 263k
i, S 355 g 20 SR B0 R TR 5 FE A R AR R
B ApoE ™ /N BUIML T TNF-o 45 48 i A 7 7K T
151, B Kok A A 1 B e IR FE A0 T AR Y I 14, 3%
B J5 g e /b T BRE B b I A0 5K A p-
MLKL (3R S 23, $&s I AR AT fig i ik
P RIPK3/MLKL {5538 i, 18 7 W5 40 i SR8 14
JAT, S B AERE AL BEHOR R PRI ; TNF-a
FIRIPK1 AT RS 5 T IRAEEE RIPK3/MLKL {55
A AR X S TR T A A — R

BT SE I, IR 45 518 2 I 15 | 40 i o
PRSP T P A T R 3R R A i S A7 T I 1) T
FE ML JAE N 5 458 BE B TE 18 RN 3 Jik o8 4 B Ak 11
PR 5 4% FEAE T ADARI Fi1 ZBP1 &40
JLT N R R R AZ A%, S 5 TR A S A
MBET | R AE MBS R IR (14 4 A & S ADARIL
AP FRE RS p150 A1 p110 238 1 FH S i ) sh 1
ARG 7 42 i, ADART p150 35837 T~ 40 Jfd Ji
o, ADART pl10 20 TAIMAZ D, T Bt oe 4
/v, ADAR1 7] fg 38 & /2 #F A-to-I 3 75 IncRNA
NEAT1 WFREYE , 2 5 S Kok A A Ak Mo i A5 95 5
R ZBP1 WA 5T PN A2 I8 E A% R ( Z-nu-
cleic acid,Z-NA) FIZEHi{& DNA ( mitochondrial DNA |

mtDNA) #I% J5 , i 4 RHIM %5 #4955 RIPK3 AH 56
1, /i3 RIPK3/MLKL A6 4 240 Jfd SR 58 14 0 1 Fi &
SiE ) ZBP1 B0 RIPK3/MLKL 15 538 % I A
WHT TNF-o F1 RIPK1 & 421 e — R 500 5%
UESEZ, ADARL 40 Y ZBP1 () 6 [ 9 35 K 1, 3
i Zo S5 BEH I Z-NA J005 ZBP1 4131 40 fd 31 4k
PR T ANARAE S 2 AHRSE KB AR S E
WEZH AL ADARID FRIKFEAR, ZBP1 3RIK 3G A0 7R 41K
FEARSA I EREE T, ApoE ™™ /)N BB h Jik ok e i £ B e
o ADARI Z23k08/0 1l ZBP1 ik B WA hn, 4275
ADAR1/ZBP1 3Rk K i {2 i#f RIPK3/MLKL {55 5 38
P TBCE TT R A SR 4R  E0 I 4 YR AR
PR B AR 2 PERE

SR, R EAR A S BE W40 0 ADART 23Kk
AT ZBP1 3R BE I i) HARAML ] 1 AT A AR EAR
AN E AN Y Z-NA Al miDNA A9 andal | H
T ANTE 2 AR A6 A E— 20 1) S 56 b 4k 2 o
58, AN ASHIFST A 23 41 i S5 56 T sl 455 A ) 2
PRV T e J AV He AV 48006T 3 Jok ok e B £ 19 5% e S AL
i, J5 SR8 A I R AT 5% E — 25 0F 5% o8 B AT {1 4
IEE T Sh ok RERE AL O L PR 10 & AR R R

2% A, B HIF-1a, TNF-a F1 RIPK1 %53+
BRI A1, A% FF 5% $2 7 A R A1 40 51k I 40 i o
ADAR1/ZBP1 FRikJfif , HL#:0%% RIPK3/MLKL {5
S R TT EE Z0 R AR R T, B B SR AT
RO TR, 5 B05h bk ok A B Ak B e R B4 8 PR3
FFE 2855 Ay e i 1l DX 3y fok o6 A e Ak o I 78 962 95
(R BTG HE AL T BE SR
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