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[ Abstract] Individuals who reside at high altitudes for extended periods or those who visit these regions briefly
frequently experience high-altitude response, which triggers a series of physiological and pathological changes in the body,
ultimately causing altitude sickness. One of the most critical features of high-altitude environments is hypoxia. Recent
studies have demonstrated that hypoxia-inducible factor 1 (HIF-1) plays a central role in mediating the body's response to
hypoxic conditions at high altitudes. HIF-1, a heterodimeric transcription factor composed of an oxygen-sensitive subunit
a (HIF-1a) and a constitutively expressed subunit p (HIF-1p), directly regulates the expression of multiple target genes,
thereby modulating various physiological processes essential for cellular adaptation to hypoxia. According to a substantial
body of research, aberrant expression of HIF-1 is implicated in the pathogenesis and progression of various diseases,
including altitude sickness, cardiovascular disorders, neurological conditions, inflaimmatory diseases, cognitive
impairment, immune dysregulation, and cancer. In this review, we provided an in-depth examination of the structural
characteristics and regulatory mechanisms governing HIF-1 expression, discussed its downstream target genes, and
highlighted the inhibitors currently under development. Additionally, we summarized the pivotal role and underlying
mechanisms of HIF-1 in the development of altitude sickness, particularly its regulatory role in the pathophysiological
processes of high-altitude pulmonary edema (HAPE), high-altitude cerebral edema (HACE), and high-altitude pulmonary
hypertension (HAPH). Through a thorough examination of the role of HIF-1, we aim to provide a theoretical foundation

and potential therapeutic targets for the prevention and treatment of altitude sickness.
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Fig 1 Mechanism of HIF-1a expression in response to oxygen

HIF-1a: hypoxia-inducible factor 1 alpha; HIF-1p: hypoxia-inducible factor 1 beta; bHLH: basic helix-loop-helix; PAS-1/2: Per-ARNT-Sim domain-1/2; TAD:

transcription activation domain; PHD: prolyl hydroxylase domain; VHL: Von Hippel-Lindau; HRE: hypoxia response element.
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Fig 2 Regulatory mechanism of HIF-1 expression

Ni: nickel; Cr: chromium; Cd: cadmium; As: arsenic; Zn: zinc; U: uranium; PHD: prolyl hydroxylase domain; PI3K: phosphoinositide 3-kinase; mTOR: mammalian

target of rapamycin; EGF: epidermal growth factor; V-SRC: virus-sarcoma; NF-kB: nuclear factor kappa-B; NOX4: nicotinamide adenine dinucleotide oxidase 4; Ref-1:

redox factor-1; IGF-1R: insulin-like growth factor 1; IRS1: insulin receptor substrate 1; ING4: inhibitor of growth-4; HIF1A-AS2: HIFIA antisense RNA 2; PKA-AS1: PKA

antisense RNA 1.
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Fig 3 HIF-1 is involved in the pathogenesis of many types of high-altitude diseases

PDGEF: platelet-derived growth factor; NOX4: nicotinamide adenine dinucleotide oxidase 4; PPAR-y: peroxisome proliferator-activated receptor y; Nur77: orphan

nuclear receptor; VEGF: vascular endothelial growth factor; ET-1: endothelin 1; TRPCI: classical transient receptor potential channel 1; Nrf2: nuclear factor erythroid 2-

related factor 2; HO-1: heme oxygenase 1; IL-1: interleukin 1; IL-6: interleukin 6; LDH: lactate dehydrogenase; EGLN1: egl-9 family hypoxia inducible factor 1; ENaC:

epithelial sodium channel; GSH: glutathione; SOD: superoxide dismutase; ERK: extracellular regulated protein kinases; TGF-f: transforming growth factor beta; MMPs:

matrix metalloproteinases; CLDN: claudin; OCLN: occludin; EPO: erythropoietin; GATA1: GATA binding protein 1.

9, FURAIE R S A AR SRS S0 it i A5 i . 98 B
PG ARy B n . AT EAE LN, B TR R R AT 0
R, H R AE A AR, YRR TR T R X
B, KA A AR S 2R R B, S LA e AR ECHR
o XFMICAIEE SR HBIEHIF- 1l #8, JEM5]1 &
— RINE A5 F A0 0 . FEHAPH R B B,
HIF- La 380 T LAE Ry —Fh 3 i 1 S iz, 5 B AL A4 g X
TSI, LB 2 ) ) TS, S0 3 oy A i 3 7 A
Sk PR 114) FE SR A R

TEBUESAE T, HIF- Lafy R Pk i om, it 5 H
b S5 PRI B AE AR P, 32— 28 O T X I i IR 1Y
PEEEVER . B, HIF-1a0] DL5 NF-k B R AEAH & 54 A
TFIERUE G, 2 4 R B 23K, DATT i il
HAPHIY & J& ., A1, HIF-1odd n] L o i 45 4R T
RE, s AR RE AR, AEBREUARE T, HIF- 1o 153
Y T it R DG B 1) 2R 35, 1208 200 DA A 80P I B 1) I 4R
W, DAAERFRERL AL, SRV, SRR I 4 AR RBAE AT
LRy ST A T e O VYN IS v < S A 2 e A
PRIy R Bk RS0 Ak L B 384 0, TE— 5450 55 Bl L2 P
YA T RE, N HAPH A E ™,

HWFR R, fEHAPHE (041 21rh, HIF-1a3Rik
3 A, R UL R NVEGE . PDGFS 2 3 F
A, XA b 5 0 Y 7 R A VDA O, il
— JRURIF 5 38 3 # T HIF- 125 [H RS /DN BRASE RS 101 7 i 4
TR, R BLHIF- 1o e i 055 PN B 20 v ) B 8 AT i 5
PDGF-BRYZ Ik, Al #F178 vyi it 21 ok (s BRAE LA, JF- 44
3 BV 378 it /N 2 BT Ve UL (SMLC) ) A A7 RIS ™
e R RIS W], SRS T, HIF-1a7ESMCHLZH
Jit RS PR R e, (R T LG BE AN A4k, SR T HIF-
Lot i i /657 2 98 v ) o A

FAN BT o, ot PR DL o V4R AR A PR B 1 KRR
R AL AR S F7 10 i 3 bk -F- 1 LA (pulmonary artery
smooth muscle cells, PASMCs), 454 8] &t 1 2 & ik ik
B, Al DL 55 BB S PASM Cs 3 5, I Wi # HIF-
1a/NOX4/PPAR-yHll (3T, T HAPH Y ™,
Ak, NLRC37EHAPH £ il il B SMCH g 2 35 T 4, 3
it FI I NLRC35E K] i B /I BB AU 1 i — 2B R 48 7
NLRC3#k2k Al B4 IKK/NF-kB p65/HIE-1af5 518 %, ¢
HETPASMCs I8 5 . A ik 9 B2 48 i (human
umbilical vein endothelial cells, HUVECs) T, 1Tl



6 3

A G5 SRS T DR LAE U R4 P AL AR R AT e 3k 1429

RAESINE, TR T 10048 S8 FTHAPH Ak Je

FE o — TUAF 58 v, 8 B TR B /0 BRUASE AR R R T
10%E AL, Z5 BRSNSl bk P Bz 403 (human
pulmonary artery endothelial cells, HPAECs) I A\ Z&fili 5
JokAF- 3 WL MY (human pulmonary artery smooth muscle
cells, HPASMCs) P35 5%, R AR 11 BT 2H 2 43 B & B,
Otud6bli FE kG AN AT HIF-1a, Otudébjit—Fh %Kiz K
LT, e IE i L BRHIF- 1af7Z FARic, i Re b,
AT A K A 0 B PN 08 7 A B ) . FE B R AR
Otud6b i XN, FEHIF-1afF 2HNE AL, PEE s
TN ZE-1(ET-1) MIVEGFRIZ IR, IR T P B 4 46
BRI E I, HEShHAPHAY & J&Y, [Fit, 7AWtk
B, RhoA/ROCKAF 5l % I 5 HAPHRY & 4= Fll Ak i
YA, RhoA/ROCKA 538 2 1A 7 40 At B e d HE A
20 47 ) T AR AR, BB S Sk VT LR AR 1 B
(MLCK) Fl LIk 2 1 i R il 4 1) 7. 561 (MYPT 1) , fie i
JULH B 27 2k 00 3R 5 R s 25 1 R Ak, 5 B0
T S 0 £ o 43 0 AL R Y TR L R B AR A A
T, /N EUI B kP Rho AFITROCK Y 34 1, 11 71 41
RhoA/ROCK{F 53 % Al i 2 FEIRHIF-1a iy 3R 35, Wb
TRPCUFITRPCG6IE i 3 [ 1Y 235 AT g, 1 1 9a /0 248 i
P Ca™ LA, 10 2l Jok 26 98 0 i 4 W 4, D2 HAPHLTY
i /N
3.2 HEMKh ( HAPE ) 5HIF-1a

HAPEJE —Ff ph 2k B it S0 PE il i 45 Wi 4 5 1R 1 I
VPR R 7K i, 2 e T b SO E S A v 1) — i, SR
il 52 2%, S HIF-1aff) 55 R UIAHC . #F5E R,
IR T HIF-1a7K P 1Y T+ 55 & HAPE RS (9 5 22 A YA
Yy, A a2 WiEfE (AUC=0.87), MBI BEE N
86.45 pg/mULAT, H AR FRE 5% 43 53l k80 % Al
81.45%"",

FERAN LB, B HUVECS B 55 T B AT,
200 60 388 3 NF - B 11 38 A 1 0 00 7 A i 98 IR B PR 7 -
a( TNE-a), BEM G HIF-1a, 2 S EVEGERY =L, 12
HEMAFE R o 85 —TFFE T, K RCE fE— 4
TREVICHERR P, BE48L7 620 mBA i34, & BRAIR SR I BE 3

TEHIF-1aff 5% 5%, fE8F 742 R 40 A 7 4nIL-1p. IL-6.

TNF-afIVEGE 7=, 3 S 20 i IR 1Y K ik, 53K
I AL A A, VAR TR A50B AL, BT R
T HAPERYJE RTINS,

) 245 245 2 531 X HE T 5 2R B, 24 1 i 2 s 2
ok 428 22 Tl PR e e AT A2 M, E AR ] T HIE-
U5 530 [, ZEHAPEM B iA v m 32 B A AR

WFFEN SR AU, TR 04 1 e [ i
HA RS S HIF-1a SOH R s g At 25
SR, o T R 2 v Y S A A3 R A A S b AT o)
HIF-1af 23k, s/ 2 405 57 1 BE s, DA T R K
HAPEM KRR o AR, Sl S 50t 98 B 232 5 R 42 i
FEIRTT I K BAEA A0 = ¥ R B 5 rh 2 9L M TE AR AY HIF-
VoK -, il 98 AE S vy BH I8 U 2, il V0 V7 ok o I 2 42
o BFSE N B 3 X HAPE S8 3 19 Jili 40 83RE A 347
RNA ¥, 5454153 Hr /R, HIF-1ofE HAPEH i i 2 i
BNIP3L, VEGFA, ANGPTL4HMIEGLN I A AH S HE K (1)
Fik, RIFODIER, FEAEEGLNISEH, Hgntt i &
FPHD2/EHIF-1af EEJH N F 22—, FEHAPERH
o, EGLN1Y3RIAACT i 2 TR, 3 30HIF- 1 e PRI
TG PR R, SEAR T A . eAh, RSN B
HAPERE (W IMEAEAS A T4 BE PR 4 F 3 Ab o0, B T
£/~ 5 HIF- 1afF 53 B AH G CpGAL i it 5% H L4k .
LB T 1 AR S AN T HIF- 1ol KI5 7K,
5 A L A F R R B VARG . TR EE T FAY
#57~, EGLN 1) CpG A &3 HH Je Ak 43 A FE AR M HIF- 1a Y
CpGAz s AL /0 A5 THin 21 ITHAPERY XU, 5% CpG
V7 5 Y 22 5 B Ak 430 A 5 1l 2% PHD 27K S R A1 & i 204
FEE (SpO2) K ARG, IS SHIF-1al(E 1%,

RS SzgeH, B AT b R A (AEC) 288 TR 4R
F85(1.5%0,) 24 h, 2554 /s B 4207 5 (1 HIE- 1o 12 90 il
b Rz B3 B (ENaC) A TE P, B 2 PR IRENa Gl i /Y T L
R, Wl B A, 5 G [ I 0 N R K o AR
U2, U0 B3 T B, S AR v 9 ) AR T 2 K
BFHE S, SE—25 IR T M ) Sk RGeSl fili i <A SS
e o 7 H AR SR IAE AT B E — 25 4 5 dle A0 il ot 01
46, FEMHAPER LA, FlHh, it Sprague Dawley X
B #8 THL7 620 mifE4K &5 £ 6 h, B 5 5 W HIE-
la/VEGFR KGN 1 5 Brad Ak, BEAR 1 P S AL 5]
(GSH, GPXH1SOD) , Nrf2 FTHO- 17K -, 5 F it 22 1 1
PEW) BT A B VL S5 A B, (A5 il 1 SE 2 2 b o 3
1 X K R T AT AL B, B 7T N 5K B, P
REAS A RO I 20 2L A A 1, FEAIRHAPERY & A 3%,
$ERHUEAL BT T RE SR HAPER 1A i — > T 82 )5 )15
3.3 S/ERKM ( HACE ) 5HIF-1

HACESE— P A S0 (W i, 51 i i) 22 8 s J
TR BA IR B VI SE . HACER) & A ML P K il 3 IR
PR i R0 R E A K ) IR ) AR L 5 S0 P AR R
HEIT S 1A wK e, wF5E 3R, HIF-17EHACEH 3 1
SRR e o T 3P AR S SRR 00 TR A0 P HTF- 1Y
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/NS, Il AR 52 T-8% O MR A #3596 h, BT & K
HIF-1afJi#436 2% L8 T VEGF, TGE-BHIMMPsHYy ik,
XSS R VR FH RSN T 1A B i (blood-brain barrier,
BBB) (Y Z 1, (2 E T WG/ b i &2 2B

G 10175 PN B2 240 A BB B A T B4 AR 4y, Hm Rk
I ' 9% % 205 H (W0 claudin ., occludin) AN ZLR & 45 B
(ncadherin), LA K ZREGEE A, BT THEITAH
TRE, T4 VP 0 0 5 BG4 . A —Tse s, BFSE
N GO IR BRI R I PR B 4 L 5 8 T 1% 0, AR AU A 5
oh, B IR AR, A5 AR IR ARG 55 T HIF-Lay iR
E IR, R T BB AR I S M, IR T I 2R
BRI K, Se X S EBBBEB I IN, HeAh, A5
FH, (PR DR A AR IR AR HEHACESh )
BEAYEE, N8 75 L 2 of U8 1 7] 75 52 1 41 i (stem cells
from human exfoliated deciduous teeth, SHED )& ¥ 7] LAiE
TN HIE- 1a 5 A ERK (S 538 B%, M/ MR B4 i p M1
RIS AT AR E M2 TR Ak, DT 20 22 A HA CERAE IR
3.4 HfttsRMBSHIF-1

WA 2P A = S 1 4 A T B ST HIF- 100 &5k
HKPARDE . Herbd i W2 18 M e 1L (CMS), JEHT
I AR A 5 | R 9B . HIF-13R3IA FICMSIY &
A B ARG, H T EARAE AT A B R A, S U 4N i
Vb 25 S 2 T v, 0 v i R A ™ B R, R
FW, AT RIS S CMSHEAR, 72/ BB rh 3
U TR S 2 B AT S, B T A TR AR
AT LGl N R HIF- 108 3238 KF, #2IWEPO. VEGFLL
K Gata- 1335, FB0H0E i 21 40 j F i 21 8 11 955
S b, DT 0 3 L 40 ) 21 4 2R Ak, B EETT
BN R CMSEEIR YA 5% F-Bt o

I3 — TG XSO AR R i — 204 7R T CMSHY 43
FHLH . ZITEHSE T 14142 5%, 5704 CMSE
F171 44 fa X IR, S8 3 X 5294 55 S S ISR 21 41 it 3 5
AHOCHYFE R HEATRE 1 U 7, & WPIBK-AKT . JAK-STATA
HIF- 155 B AECMS I R A2 & SR it SCAVE ] . axdk
3 [ 14 5 RS T R 2 A e R A R CMIS I Bk
PR DA, X SERIF ST 25 5 0 BR A CMS 1) 358 £ L At 2
BETEELRR, HNTFLBIETT RS 28 T BB IR

4 BRFHETT SHIE- 1S

R LRI BT R T SR — R A VA A, 5 R
E R HEREEE  DRT B, AN R L) K 25
VRIT AR AT . BT A R A A 2 DA
S PG IR, B FEFE ALK AP RN TR, S S 21

18 B FPARE A, LA B AE B FH 259 40 2. TRk i A
iy FE KA SR T 7 R R AR ) o X T S = R TR
7, BEARMESR . SR RN 25 IR T IR DB, TN e D )
A R BRI BT AR 1 Jr S R, 2B,
PR B AR 28 AR 2 40 R A Y B B R BT
H F R BTA T B MR I SRR, 45 S AR Y RZ5 )
Tk, DA AR ) SRR T 3 A 3

TE = JE BRI, SRR — A E SR A FRPR R,
HIF- LAE I 1 B A B 48U SO0 g i 5 OGS A 6. EL T,
CF & Z R HIF- 10 IR, it 2800 . 2P 0IR S
7, 2 T X HIE- LA IR, e g | Bl
P S5 R B P AE I DR B T . R BRI
HIF- 504 47
4.1 INGFUEDIHIF

NIy IE#E (Acriflavine) . #iFMEHE (Topotecan) | JiE:
# (Echinomycin) , YC-1, PX-478FIHI- 10255, X $bfb&
Yy e] LA B A I HIF- 18 (A9 2238 500 1, 4672800 BHLIS
HIF- 147 5 A0 5% s s A, S0 T 000 o) D 0 ek R 1 258, sk
DI AR B SR A BTSN ST 77
42 REF=YIFIF

NZEHE R (curcumin) . 2L (resveratrol) . 1%
BFILEREE TIRBE(EGCG) il i % (quercetin) 4%,
XL RIRA G PAEA P R AR, i Be i i
P THIF-1afy b il(5 5l B, API3K/Akt, MAPK4E, [f]
AN AL SR BE, M0 I HIE- 136 47,
4.3 $B[EHIF-1iE I8 B A &7

W MA%E K (rapamycin) MLY294002 (PI3K/Akt/
mTORIE EHNHI5]) . U0126 HIPD98059( MEKHNHil5]) | 4%
/R 1%75 % (Geldanamycin) F117-AAG (HSPOOM 5] ) 25,
X 2403 i e SRR [ HTE- 1o B35 (5 5407, BHLE
HBERR AL, MBI HIE- L3S AT geres>1, s Jm il
FILE Z2 T g AR v R B0 R A A B0 8 A RN I 52 A
4.4  EABHLH RS 7

n2-F AR S HE — B (2ME2 ), 3K S —Fffr P 5 e — e
FRGH), FEfS BT I HIE- 1o R B A S5, FRIE S
A AR RN AR B 5 A G RO HTE- LHESE A 6k . IEAR,
YIFEH] (Chetomin) n] il i TP HIF-1a 5 500G A 7
p300RY S &, Tl L% s T fig; 1885 1 K A (Bortezomib)
D) 38 3 12 HIF- 1992 3 AR i, 3F — 20 1 i FL A
BRI,

g5 LR, R 0 B TR A A SO AR 2 Y R 2y
P72 AL SR W, 38 R 25 B HIE- LI 57 558 243097
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HIF- U2 4R A SRR A M O N, 76 Mk S
I R PR SR . TEBREURAE T, HIF- 100l 5275 LIRS
SETFHER BN AN N, SHIF-1p45 &K i 5 — B A, kT
454 FIHRE, 06 — RVVEILH 5 . XL R 4
$SEPO. VEGF. GLUTFIWEREfR B, & 2L R4 i S it
SRR IE N . HIF- 178 /= U 1 & A % J rp A0
F 60, RIS RTS8 205 1) B AT S . AFSE R,
HIF- 1A R ARE P ) R IR D RB AR B35 25 5, U2
P B R U . IR AR X S22 5, A B T8
71N 1R LI 1 AL, I MR B IA B BRI A
BEAh, 1R R IR TR G B TE 75 1k A 4 DA I HIF- 136 4,
A RE A T i A7 S 00 e SO SR BT A SR . X fb G
PIAART A5 HIF- 1A 3 B0 , 30 B A 52 ma HL T Ui
175 530 JH, Vol A g T AR E IR o AR SR I A 9 I 2R 4R T
HIF- 15530 6 ARG A ML, 5 512 A AR [ 4120
AR S S AR . BORAT B T AR HIF- 140 Al 76
S22 E A A Z R E Y R . R, B X R E
SEAE R AT AR BT 6 B 1S ) A AFF 9 G FE . i,
o X e A R R R 1 LA AT, T L) A
T fEHIF-VZEAS R ] RUBE VR, DT EIE A6 35 B A
VINE

A, HIF- 15 HA (R 3 B 2 i) (AR HAE P
BRI . HIF- 1AM S SN2, 165 %
SiE | G SN AN AN M T4 R A )t R DA O
PRI, i AT HLIE- 155 H bl (6 14 28 SCIR P AL, 7T 68k s
I 25 B IR SR AR ) U o i, HIF-15 NF-«Bi#
% (A AR FT BE A HAPE FITH A CE 4955 Bt 7 v i 5]
SCEVEH, HE— DBk —BLA S R I R YT B LB
FORBE S . B2, HIF- LFE o R A 1 R 8 J & A kg vh
P BEEANR 2 . R IBIFTE N DS R A L
PR, IR 2 T HIE- LA PEAL B 1A S s, LA R
i SR A TS FHYRY 73R BE S A A R0 T

* * *

PEETBRAE  JHES S PN LI G T8 SCHE B o 4 . T AL B SR
RS e, ITFAE G ST SCRRE Bl 25, A WIS . BRI 1%
Y9G, IrAEE O AR BRSO AAT, BXPR 2R LRI
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