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Abstract

High altitude pulmonary edema (HAPE) refers to a type of non-cardiogenic pulmonary edema that
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occurs when people in the plains or lower altitudes quickly enter the plateau above 2500 m due to
lack of oxygen to supply the body’s needs. Pathogenesis is currently believed to be related to the
presence of a large amount of pulmonary fluid in the alveoli or pulmonary interstitium, resulting
in increased pulmonary blood volume, pulmonary vasoconstriction, increased pulmonary artery
pressure, increased pulmonary capillary permeability, and decreased liquid clearance of alveolar
type II epithelial cells and other factors. Recent research results suggest that in people with high
altitude pulmonary edema, reactive oxygen species (ROS) are produced in large quantities in the
body under hypoxic conditions, and mitochondrial dysfunction will cause autophagy. This article
will review the research on the correlation between mitochondrial autophagy and high altitude
pulmonary edema, and provide a theoretical basis from the mechanism of mitochondrial auto-
phagy participating in the occurrence of high altitude pulmonary edema.
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1. 5

TR A AR M CHIEREE =R 2 RR, RERERA. AR RER SR &R R
4000 m, FA 3 RMUSE R AR IREE, = 2E L R BN R, KA IR AUNHEF I 60%,
MEARENON R %, IMRPIR P A R S BR = RN 2 BB m 0, o e R T g G i 1
ANFREEE G, e Em A R AT R . SVERREE T 3700 m mifEik s, Sk S R KM (high altitude
pulmonary edema, HAPE) R %N 0.4%~2%; HAPE /& & 5P LS. HiE, KZWiEaE, e
FAAIRIE, A ISR IR TG S d 1] ARSI BN T SR AR B BRI, T Bk i 302 40 g gt
1T EIFR ) T2 B, HThREZEFLZ M7 i OC 8 . FF AR SACIR A 1E B Ve S =8, el
IR ROS 15 S iUk b B 0« Zeobifk B Wi — U ) 81, BIE 24 i bk B A BT Or4r It 4u i,
TARLAR B W R e B2 AT e e 3 1. BRI T AR Zobi A4 | W2 HAPE A L I OGS TS o Bl 2hs
A R 5 s S A S B AR DG 23 AT BAZRIR

2. &NFEE
2.1. ZhiEBEAEX

TERZAT, BoRiidoR g IR T A EP IR R ATP IR0, BB & & H e AR R, TE NI T
T i i B P AL RS B RN IR AT A AR KRR, SRS SRR A ) A A iE B (2], Rk B R
(mitophagy) & AR+ B4 T RIS, WFEMEFETSER B & 7 W SRR LR, &R AT A
FRAG I B 1 R AR ) AL X — 2 2005 4 HT Lemasters [318 4R, FRIEVLE. BR4&. #E
BEEZ . WER. AMEVERILERIT, 40P Rk DHRESR IR B A KT ROS [ ERLAR 4 X0UZ i 25
MBI, HET VAR RRR & R, R T R 2, DMRAIELRRAR D REIEH A 4%, By k4
Wit — D0, ERERLIR A AR E -

][l
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2.2. RIFEBEMERTIE

B B RLARAE S WS B R ZARA, U5 AR SRR A W R 9 A, K T ML B BB A G 7 s R A
P 1A AT A WA (R OB, 5 15 VA I A R 15 T R0 I WV A, I A I AR A 0 30 R i
R[4] FENARRBR FERIERE R, 2RI AT RS IE . JRFE . 32 X AR B MBI 2o 14k L K 1
EAMEIAT BRI, B XL EPERI I 2, AORR B R SRS, T I H R SR R
XL BRI B0 7 B R A

2.3. ZRIFBRHTRIRR

T ST LR W I 7T K 2 B R AR O ) I A R LA, AL PTEN 5 53888 1 (PTEN-induced
kinase 1, PINK1)/E3 ¥z Z % #:8§ Parkin 245 . 2§ NIP3 & 4 X (NIP3-like protein X, Nix)i&4%. Mieap /M5
WA, ORIk BWRAH G FITEZRRLA B R TR TR AL, BURMEREAIER], fE— TR
AR A . A, PINKI-Parkin J@ES. 25 10 5 42t pRE R B RREEAI5K 71 & (1 RVEY 5 S e
B 1 (PTEN induced putative kinase 1, PINK1)F&IA TR, J&AFE T b P 5% A7 g 1) 22 2 R/ 5
QIR E OV, B 2R R S IE G B i DL K SR A P A T Tl R A ELAE P e AR R N R o 2
MR E AR, UAGEREILRIL[S] [6]. Parkin B (/200 M0 B3 2 RGN, EHZ RN TS5
A, AL W AR R AR 7] MERRIAZ S, Parkin # 2R LR Y PINK BERR AL, FEKE
SRR LA HME 8] [ AL L AR E B B T B3 | (VDAC-1)RAZ 3, Wik #rE |
FekH A p62\SQSTMI Friflyy], FFlid 5HUEMCE AR 3 (LC3)4E, BalEMMAEMK9]. B. NIX
N F@E . AT ME I NIX &Rk AW N Fz—, HFESWHETRE RS, 245 LC3 45
B G RLRARIEIE R G, NIMIERRZ MR, H SRR AR A[10]. C. Mieap /M 3%, #idt
Fe LK pS3 15 S Mieap 25 452 ROS 1, 4Z&kifk = ROS HK & A AL, Mieap 555724
TEBARRE AN 2 B B, X ZRRAR I RE I TIB B[ 11]. #5 BRI AVE R G NIAFELE, BRAET 12
R R SE AR I KR R AL, AT~ 2E (1) ROS LA BT, 245045 2R A R L A 1 73 I A R 40
P, SN2 R DR R R 1 IR IE B 28 5] S 22 Tl g N S A 114 i 07

3. EFEAH7K B & EHLE

WINFE, RRES T MUERE T, BT SMEsENASLZ] 5 R A2 M, S BSME i
A, IRCEE A, LR R RN, BRI S EOX AR . T SRR ) AR AL
AR M, LT E EHE

3.1. FhBhBKEEE

FEV 1A e SRR AR A 5 A SR I B S BB Mg, W BER-1 Bt 2, Sl i i &
SEANAR, T EUMBIK S ST (5 T e RN W R I R 1 $E P AT AR B St s, i e
BEZR-1 7K B A S A sl bk e i [ 12] 2 [ AR LRI R

3.2. EMERE MM

REAA B SRR ME FK R &y, 8N IARANIE L, BHME N BB DL LSR8 &
$EN, IS A BB SR R R 5, 3 B A AN AT R TR R B E R K .

3.3. BB T
I 6 A 10375 R e 0 i Na™-KC-ATP B [13], EEECIRE T, BT Na'-K'-ATP B A
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HIBN S T i Is DI A D e S B0, B T HERRAEARE N, ShA-PATHAT O, Al o B0 s LLAS 21035
B, 3 i K i R AL

4. ZNIEBEESS HAPE BFFHLE

H AT 5T I HAPE B R S5 N % 35 R 4 10 ) E 0 35 AH OC 324K o (estrogen-related receptor o, ERRa)
mRNA KIEFEE, Sk BRI E YIS 24 y LR F-1a (peroxisome proliferator activated re-
ceptor y coactivator-la, PGC-1a)FL R LRLARACHIN , AT SR ARLAR B & 8 F RS, 3025 14],
KEGEMEA . FHERR G RERR RS EABRAN. DNA %, RAHREE FHESIER, 2
KA HWE[15].

5. ZR{ABIRFIE HAPE ROALE
5.1. ZeRifk B Sk 1 A i =W AE

BRI 1L 28 45 v bl R S I I S 4 e B SRR R SR A F [ 16] [17], BRFEERT, SRS
(FIZE R B W 2 & LL—Fh R4 ALHIAETE, R0k B S 30s 1o/ § W 8 [ 18], ATGS A1 BECLIN-1 (/%
ATG6 [FIJEY)) 2 B 15 T 2RI 5 W T AU SRR R 1, F ORI 40 B R ANE T AtgS &AM AT
DAY D WA A B0 S BITEFE R, S IDL AR 48 PR XS 6 26 BB A e, 30 T i) 0 R A T 25 R0 o 8 oK SR %o ik
M. Beclinl # ULK1 BRI, 715 I BY@EARIEVLES 3-BE(P1I3K)E R &4, 11 BB HE HEMH]
H BRI 19] A WU & RifE A ROS _EFH, (R FLANMI A A G B B 1 4285 3 (LC3) 1 ] 11 %% 4,
[F]i} 55 BNIP3 5 Beclin-1 52 4+45 4 Bel-2, 301H M Beclin-1 KF, &K ZRAR HW[20] [21].

5.2. ZRikBES ke E

HAPE SEUM MW tgsn, SIRM AN ERIRE T & ORI, 2 BMah ke K r /N, 3
KRG MIAEAEWTIE, The R AR, KA T AT, X1, 56 AL BB I AR ¢ T Bk, Qi
AR A M E AR IR AL ) BE AR, IX N P B2 4l (endothelial cell, EC)MGFEFE {1 £:Aitli, 73— 7T,
7Bk R R R I, A I &= 1 ROS 3800, S8BT gy sk —S A m =4, M
IR T Bk Rk FE[22]. Izl ik e s & AN KRR — F RS 2 R (asymmetrical dimethyl larginine,
ADMA)YEIAKF-FH i, Al @R 3R B2 1 2 (uncoupling protein2, UCP2) AR [ 7K1 Kif T 2k i
DIReRans, SIRZRR HIg. SRR B RKF T X323 PGC-1a AP HILEAC. LohifA Y&k
AR IR R R, A0S E T AA D= AEK, FRUOINEE 1Sk bk Rk g (23] [24], W
PRI
5.3. SNk B S R AER

HAPE (195595 ANBE RN LA S HE R A R TSR R AR B ATP & SRR, 40 5% T Ak 4 S Th R AH
X2 BN, oK A AN RS TR R MA, T3 B A AN B T A ORI A, K TE R LR RS,

R [25]. HEMTIR p- AL AN EAL BRI A A 2% B 1 PRt AR AU RT SR AH SR a5 # AN Th RE A 2, 3
BOHUARGH B RE R AR KT FEAR, AT TR 52 Wi i 74 375 B 2 [ 26 o

5.4. NFERSEADOEERT

I P % A=K X (vascular endothelial growth factor, VEGF), tH#i#R2 AFK ML 8% K T (vascular
permeability factor, VPF)2 (& MLE A S A A KK R 1, J5 I A R AR AR Rl S8ME . 702, fidk
I8 RGN . R 3 AR KR [27]. 858 S RF 1a (hypoxia inducible factor 1a, HIF-1a) % f2 5
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FKIETHANE T, 20 FMRCE R FIZ R+ AT, Zhifk ROS 4kl 2 5l 4k
R EWERT, WG HIF-1a I VEGF S8 YER 74 235 HiR, [ B4 i @E e, &5 m EIhhe
KRN, %53 HAPE [28].

6. /&5

v SR SR SR P ol R A PR B 7 A R ROS, 2R AR B I 3 X 352 4 2 R A4 1) B T 2> ROS,

LR SRR B RE A S R . BRI R e SR K b 2 TRV AT BE O RABAHRNAR DS, 00
FONAE BT Z A AR AL, 75 5 78 A SRR PRI IE SR A B S PR T Sk A R KT
715 AT AR TR ERIG T HAPE T AEHE 3
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