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Abstract: Acute mountain sickness (AMS) is a clinical syndrome of multi-system physiological
disorder after acute exposure to low pressure and low oxygen at high altitude. Quantitative
proteomics can systematically quantify and describe protein composition and dynamic changes.
In recent years, quantitative proteomics has been widely used in the prevention, diagnosis,
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treatment and pathogenesis of many diseases. This review summarizes the progress of
quantitative proteomics techniques and its application in the prevention, diagnosis, treatment of
AMS and mechanisms of rapidly acclimatizing to plateau, in order to provide a reference for the
pathogenesis, early intervention, clinical treatment and proteomic research of AMS.

Keywords: quantitative proteomics; acute mountain sickness; plateau acclimatization; biomarkers;

hypobaric hypoxia

Fo A b s T AR R P S
P . B N TR Z I E S, B PE X
ZUTRITGE R, R A I DX A A
Fh 2 RGE N TR S R 2 500 m
PLER, ®RAVSKEAE, AR E. &8
it = JRHIR L 57 A i ARAE AR A 2 v D
(acute mountain sickness, AMS)[Z]Q AMS K2
oA, HHAWRR . FERE, AT
™ B AT &% R AR R il K M (high altitude
pulmonary edema, HAPE) . & J& i 7K Jif (high
altitude cerebral edema, HACE)5% & Y 5[5 ,
BB A

PRIRIRE . R, W AEREAE FE L 1
AISHRIK . ARk, ERE A EOR
BT EREB, B Z TR,
ROLik e B E A AP EARTE AMS HFEyHF
FEHERE, Xt AMS B ARPLE] . BT IR
BT LR AMS i — 20 8 1 Bl 22 e BT
HEE S, Wik, AE®R T EREARHAY
BRI AMS 1 Bl i2ia A et & 2T i b
AR M e, o e B A B O AR S ik
17 TR

1 EEEORAFNFRHRE

E AR SRR T 1995 42 Williams
P, RANIE . A2V A W AR B — A 2 B A
F KM TR RN, i OB s 4y
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- LR ) Bk B T R © 248 0 i 9R 8 1
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HeppyFi TR, HuEE, &EA A=
FEE SN RAE R E R, e 2
S AT () I SR AR B e A R E R A s
R, A DR B 2R EOR 4 S e
AR o g (1), e 5 FEAFE D=
o0 %A H K 5T 102 Sy 32 Y S 3 4 S
W 7 AR/ 22 B g W B R (selected reaction
monitoring/multiple reaction monitoring, SRM/
MRM)PVHI L8 BF a8 €A T B 0] 5 3% 45 /25 40 B
J 1% Sk 3 B SFAT RN W I 4% R (parallel reaction
monitoring, PRM), DA e 5 T B0 A AR it R B
B BT A B BSR4 (sequential
window acquisition of all theoretical mass spectra,
SWATH-MS)H AR, 58 1) 2 & A F5 AF AR i
RAbRiCE R, ARRRiCE B R E E KR
43 R i B B (spectral counting, SC)JE & Al & T
5 & (extracted ion chromatogram, XIC)/E &, %
05 B RE AT AL AR TR B, (HR T B T 5L
WA . ANEREEE . B, mE A
RPBHER . H W AFRICE &7 B4R bR
1€ (stable isotope labeling with amino acids in cell
culture, SILAC; neutron encoding, NeuCode) . 1.2%
Fric (isotope-coded affinity tag, ICAT; isobaric

tags for relative and absolute quantification,
iTRAQ; tandem mass tag, TMT)#l i f# #x ic

("*0), Hrh SILAC 1 ICAT H FH— 2% 1% & ik A7
ERET TRAQ Ml TMT J7 k% Fi 443 18 ik
frE 0, LL SILAC AR MR hRic ik A
B B R e, (G AR LR AR
brid, 23 H TR & A ML ST b i 4 i Fn
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Quantitative proteomics techniques
based on mass spectrometry
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Figure 1 Classification of commonly used quantitative proteomics techniques based on mass spectrometry.
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Figure 2 Numbers of quantitative proteomics literature: counting the total number of relevant literature
based on the keyword “quantitative proteomics” in PubMed database from 2007.01.01 —2021.12.31.
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(1) FERETI AR 22 5 2 S i JUSO K
A SRR SR ER . AR i O g S
JEAHE, Yang S5 7€ f HUAL T g J5UE A REFI 2
P v L S N L i X 0 I i 2 ik, A B
FFIE o [AEEEAHFERE 1 A 4 (inter-a
trypsin inhibitor heavy chain 1/4, ITIH1/ITIH4)
AR R, Lo 4538 2 40 i K14 51
G3HT R T AR L X SN AR 22 1] 1Y
M3 AL PR i, B85 T 75 Fh e Sk nY 4 g
DRI~ i i 30 ek 60 T R e v i S 1 & e~
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R R B AE KA 455 #H 6 (insulin-like
growth factor binding protein 6, IGFBP-6)7K - .
FEAL, M, MEEMHEEN Al (serum
amyloid Al, SAAI). Dickkopf FiK#HE H 4
(dickkopf-related protein 4, DKK4)FIF 42 17
Z K A (interleukin 17 receptor A, IL17RA)ZKF
B S T2 AN ZES K-, Padhy 4§
R AR PR IO T AR AU 32 T 5 R R
MK EARA, RIAEEEO AL
(apolipoprotein A-1, APOA 1)7E Skt 4 B L
EERIL, M3 AMbrAE R AR 1
(paraoxonase 1, PON1), HRE R izHEH
(transthyretin, TTR)FI4F bt H Ik A AL P 3
(glutathione peroxidase 3, GPX3)7E k4 i 52 K
R e s, X BB P 0 2 Tk KSR BT LA SR
P O 40 o A e D 2 AR 52 A,
oA v B N e v i S g ) G Sk B AR T
Al RE .

(2) BLENEDT: Lu SR ITRAQ JE i J5 ¥
FOAE T A v it S g T 52 AR RN R ) i 5 2
FBA, ABUBEREME . —ORRIGPS . E AR A
AH DG HE 1 7E 2Pk v Dt SO TS 52 B b S 2
ik, WRMZE AR P ATERe AU 225, [
FRF T 52 N 3 3 el 2 8 1 B ) R i - LT B
RREARRE L IHAE , X/ S e v D S e o
LU Julian S35 AR FRICE B R T
B P A St ve I S o S 52 A A B A1 J] I
EEH, RBAAVEARERER . o
FHALYITE 6 (peroxiredoxin-6, PRDX6)., 7Bt H
JK AL GPX ML AL 1 (sulfhydryl
oxidase 1, QSOX1)7E 5 B A Bt i e & |
WAL A TEG N, 2P A S 2 1)
SR 3 2R SOk & B A R iU
i B R AR A I O 1 R T S BN R A
KA I R FE B 5 K AR 2k v I S g 22 (R Y
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K ZA T 2 ) NFEREA i — 25 W1

(3) fERbr &Y. Kalpana HIBAE LIk
PRICE i, R T 2k 4 200 m AHEAI
PIE N S A, BRI AHEAE 4 200 m
7 d ZJa, MER P ROMEIEAR . SERE AT
PEO B A G SR B R AE I AR, RN a-
I B2k (alpha enolase, ENO1). kR EE 6
(carbonic anhydrase 6, CA6), WARIBESEN
(prolactin-inducible protein, PIP), #f T=i5 5K
2 (apoptosis inducing factor 2, AIF-2)A Mt
Z R B A0 5%) Cystatin S Fll Cystatin SN &,
VERT AR 20k 5 A S I i Wb
SRME S5 LT Hi A A 1 A Ak B LA PN
H: K [H ¥ (vascular endothelial growth factor,
VEGF) U2 & IR W 1 R 7R, o S50 56 iE
PE— 25 W Sk = SO B8R I Y VEGE =
Fak, I H L RN 2o e S ) R
LIEASE, 4@ VEGF af LIRSy Stk i J5 S
I AR Z Ak 0 A b s Y, I i 5
VEGF (1) 7 5t F1 200k 5 J5t 5 I A AH DG 1 1, 9
Viktor F BAIESZPH, 4k, Yang 5FiB¥ER T 53 44
SHEE R HE, A b 2k D SN Y I R EE B
NI R VoA ket S (TN U s = DA ek iasan
Pr. 250k, Pl %, i EEAR
4@ 15 (ADAM metallopeptidase domain
15, ADAMIS5) . ®F B H i M B = M
(phosphoglycerate dehydrogenase, PHGDH)Fl i
Joi IR FE R F 2 (K HH G [ -F 2 (tumor necrosis
factor receptor-associated factor 2, TRAF2)43 %l
FAAE S0t v e B iy i D4 P L 0 e 2 B
EEL L7907/ e
2.2 =IRAf7K b

HAPE J2& — Rl & Bz A= i 19 A 0 5442 il 7K
Jir s AR ARG AU | it I -~ B IR, S B
HMRAENHO IR AE , ™ H M AR SS . HAPE
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HANMEG B2 7k, (A5 BV st te A0t ox
i) e LAAS B 253647, HAPE 9 LR 51
Sz BT WU IR R AP 45 s W OG5, BEGYT
HAPE 1 5 & S U2 BRI 20 ok e, AT LA
AR . A7 B8 IR AR - . 75 R
AP TIRIT T,

P JNE NS FE HAPE [ CHERI 2 .
Ahmad %38 i AR Ar 10 it 5 i & B 2R A
(haptoglobin, HP)MIZJF# 1 APOAL 7 HAPE
R AR A R AL ORAE 6 B
HAPE fEE I 6 FlfdHREEE i, i HHE
PRICE R L, &I HAPE B P s Bk E 1
k1 % %% (immunoglobulin kappa 1 light chain,
Igkl) . Il 3% %% 8k & 1§ & (serotransferrin
precursor) Fll o iR 25 [ il 410 1] 551) A OC 2

(inter-alpha-trypsin  inhibitor family heavy
chain-related protein, IHRP)ZR ik 1 ; £ 4k ke
11 3 (hakata antigen, FCN3)Z 1k F P S|
i iTRAQ Fric & i & H 4l = F B A
HAPE & MRS Mg E A4, kIR
B RIEMEHE AT HAPE & F R ET A,
25 S BB Toll #E5Z 14 4 (Toll-like
receptor 4, TLR4)/F /4 4 4iE [ vy 3 3 /& HAPE
RAEMEENLN, $E 1 HIF-1/TLR4 {5538 %
A fE B iR HAPE [ i AREY,

TEAR ST T, Gl 4 HAPE [
SN S A i A A R IR E S, KR
H 71 B AR H 11 APOAL Fl APOA4 (4742
&5 HAPE WIREAEA K, S ENTSFT LME
i HAPE & 78 XU 1) I 3% 26 b 7 20 e ok
Kalpana [ BAFFAE bR IC € & 85 H B4 22 7 vk
PRGEAR AR O Il R py i 5, % B S AR
SR TOAH G 28 1 15 2 A AT 4 4 495 AH
K, IF Hak— P00k 1 A8 Ak 0 B R 1R A
i 1A1 (sulfotransferases 1A1, SULT1A1)7E /= Jit
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K R BT ARET P B E m RSB, BAEN
HAPE 2 Wibr & ¥ i 112 Az i o
FA BN AEYIREY RS AL
HAPE WFUE , PAR KU 43 )2
2.3 SRk

R o 5t S B o U, AR R A B A
JEHERY 2%, HTEFENLIA 20%m &Y. mA
T PEH N R B 5 B e O T B 21 A
AN S5 R AR K b i) =8 2SR R P g D K
PRI R Sk . MKk RTR R IE BT E
RRBERTSE . H T T FE BN HACE S
(A4 R AE B0 G F AR IE . HACE B RBI2 W H
308 3 iR AT T G S R A 2 U R A 7 )
Wro BEAGHEERIEM A HACE Mk, (Hli T4
PERR 1 2 801 G0 T AN RE ST RV REARTRE 4, PR R
W ANG Y BOCE S, KRR B R i
PRI, G0 8 1 AL B RE A
a4 T AN REBC 5 PR AR T 2 A0 XURS: 2645 F

TEMFSE%T HACE. HAPE LK Stk
07 A6 AR IS R AT E A B 2 2 S LR
RIMBNGE 1 APOE 7] /2 HACE 45 b5
B, Zhang S HE T AR EAR SR K b oK
FRURSEARY 38 50 A Rl ) Al 2 J2 BB AR A 7l
PricE s R, KIS S F1Lis
HEF ATP S EETIRER) 10 FpEE (1 5 & & & AR B
AR, FBAR AU i B4 A Lok A R 5T 2H )
A 28 LA 20 o458 17 1) D R BT AR
TEMZHZrR N [] A DX S0t il AR SRR M AN ]
Kalpana [ BA & 31 &Pk B 5 Bz it e A i
MR E A = R OH o R A B
(glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) . # B H wh B’ & i i 1
(phosphoglycerate mutasel, PGAM1) . a-/& 1L
g ENO1 DU R H AL fLlf 1 (superoxide
dismutasel, SOD1)¥7K - 2 7 Fifg B 4L
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BRIV D 4 2% Bl SR AU,
JoT e 20 200 i AR M RO R 4Rt T 4
RIS, BEoT i — 2 SILAC a2 & 4K A i
HAE B T 2SN S HT22 41
w2 A AR Ak, B A i AU 2
i P Bl R AL K- 3 R 1, o HIF-1a B9 S652
i ., BNIP3 [ T86 o7 5 B R Th A8 M B b 14 it
I H R B2 e S R B Ak I 4 S 3 AE 0L 7
PR A8 1 2 Ak 300

3 REEARAYESH#EE
] FRAL 61 4 58 #y L A

SR IR > Ml AR S AR AR
BN S 21 s i o0 G A £ R 7 ST ST VA=)
WO TAMER R . R . B R
B FFELT AAE UM G I . AR s
REJT . AAHAESREE . ACHTRRAE LA HG A & i
JE AT R BN, R AL R AT Al
o it 20 IR B A AR Tyl A3 BL I B A TR T
Bro FIPEREAHLG, SRR T MW . R .
2H 2 S5 A WA B vh R 1 B RRAE D SR AR S
PESE I B, e I e I ) IR WL v R
FHLEEH.
30 SEFEAME/MENEEERRYA
FR

Jochen VA BAFI AR AR , 5 75 BE 4 4 1
(30 min 1 60 min)% &z T A [Fl¥E4% 55 (2 400 m
Fl14 500 m), BF5E2MEEEE AR ISR 2 1 5
AR 2 400 m TR R AR SAH, IR Bk
AT, fEME P A 10 MEAMSERE N
Ax . HH LY 2 F (serum albumin, ALB).
M2 H i BR ¥ B8 (phosphoglycerate kinase 1,
PGK1). il % b5 W(catalase, CAT). kg it i
CAl 3% M, M#NREH APOE, =i H
S LA GAPDH ., #MA Clq W3 A/B
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(C1QA/C1QB). #EIfil fiff )i (prothrombin, F2)FIZ
£E &K (clusterin, CLU) 3% L, XL FEHS
BRI  BEIMAE YR . 4 500 m K
FEAA, DO B E AL A B A
30 min Al 60 min, & & & B4R TR,
R SN ) 4 0 22 S 2 1 AR50 R 2 S R
BEZ S0 o [RIRE A AR A A, RS 1
BAD 4 875 m HFHRAR R 9 h )&, T 32 AR Ea iy
J5 B M A B A A5 SRR B, LT BE A A A
P (serum amyloid P-component, SAMP), =
FE A K B R AN F2 8 I 2 (insulin-like  growth
factor-binding protein complex acid labile chain,
IGFALS), #MARLS C7. HEWES S RER 2
(mannose-binding protein C, MBL2), #J5 & H
APOC4 ., IMIFHEMFEE T SAA4, BIEEN
APOC!1 F Il % ¥ 1 & 96 A (von  willebrand
factor, VWF)J2 i J5 ~J IR (1) 56 i 2 1 1),

— AL A (nitric oxide, NO) &4 5 R >
AR (B2 Padhy 51 Txl i J v AR E
Fri % iTRAQ & &t 2 B 20 40 Hr , & B> kst
51K T NO A pliil gt A G s Ay 2% B,
SR MY 5K . B A s R AR ) A5 e
REGSCEEIATT . A Gangwar Z54fF 5 A& BR8] B
PEAR AN R T DU i itk g S bRt o) i, i 3%
SE A 1 A s v BE R L 2, ) Ek AR
IG5 & T C W4 F(C-reactive protein,
CRP). MG TEM I H SAA LR 206 8 1
TR SRS T R R, B
P01 AR AR AR5 5 ) SR AN ML S8, i
i i e > Rt
3.2 SEMREARE. HEANEEEAR
HEMR

PRYE . MRS MAR EE, BATRAE T (8|
A E O SRR, A R LU
BB AR A FER S DA R O% B3 1 3 o7 P A
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B, N BAA A PR RN e 4 B8 11 J3 4 2 oy FHAE
GRS OCTT . E B RO I SR Bk
PR P 04 N B3 (1 PR YAEE 14 S 40, Parati 251k B
PRI f# 2 (urea mediators, UMOD)FI al-$i
[1 /i (alpha-1 antitrypsin, A1AT)7EERIGEZEE A\ HE
o R, PP, MR e SRR
ALAT J& HAPE &R 1, ATAT (9 24
TR 22 0 0 15 P 2 i B4 B 1 A5 WA A LA
BRI BRI Rk, BRISEEE ARET ALAT
TR REAEHE NO Y A= BRI I A5 &7 5K A AL A B
TOE IV R A4S . Kalpana H1BAR ] 2DERYA
iITRAQM™ I |8 R4 vk, IR ARE
S AN R R R e B D e Rk N 7 e
U i SN A SRR, R R T A A O
A ENOL B35 A%, W5 7B I Ak 2o A 1) Dk
DI e I > Ml B B AT, MR AR BT A
X — &5 LRI P 4 45 S AR 4 . Vandana 251
3L IPA (ingenuity pathway analysis) /4%t &
JEOE I A Nz 8 1 ik — 2500 #, B LXR/RXR
(liver X receptor/retinoid X receptor)#{i% . a1k
WISOWAF & DA K NO 77 A i B 5 Dt > IR 1 26
ST IR, X S R I BE B RN e i A A
PR 2k i I > e b &4 BRI
33 SEMEAHMARMNIEENE
EEAREFEMR

Vigano Z5*Udi ] 2DE 77 1 & 1 FL i Ak 2
Fe T 4 559 m IBSATE AL E A R4 225,
Hp R oEOEH T RHBEE, QiFk%is®
. ZRMRIE . A RO A BERR b 2
A X BEAEAE CXER #F28/NH A Louise A1 BA
A3 BN BE S BR RS ) F U2 B L RITSE AL B AR 2%
PF R &R WL 48U 53 A9 B UE B0
FE = R B2 AR, =R I AN AR AL B R 1k
R Z2 B0 1Y) 3 BE AR = iR L IX REAG, IF HAE
e vt Vv B R A W R, R W R I B et
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TEATRIT B, %4 Fh g B FAE PR A 1Y o
R A SE , 4R AMS B2 A RE J1 424t
TA SRR SR, AL ROR A L, AMS

&: 010-64807509

()2 1 BT 2H A o SR i ZE R 0, TSR AP e —
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P IReRERT , BORALTRIERCh R 2%, T H T4
T B R —, RO R A A A . KR
H2F, RMAFEAILES, 288 248
fiEbT AMS H9 B (3) A B BE S &
T 9 V5 FE AL T X A B B AR AR I 23 1 S )
s, Wik, fEZMHEFEESHEA/ME S
Tk e e, HA A B E s
2EFRAE AMS WF5E B B ZE 1) .

REFERENCES

(1] 2, By, 5, $md, £ arEm

SRS BAR D). b 25 H R A, 2021, 37(1):
26-30.
HUO Y, ZHAO AP, LI X, LI JZ, WANG R. Animal
models of acute plateau disease[J]. Chinese
Pharmacological Bulletin, 2021, 37(1): 26-30 (in
Chinese).

[2] LUKS AM, SWENSON ER, BARTSCH P. Acute
high-altitude
Review: an Official Journal of the European
Respiratory Society, 2017, 26(143): 160096.

[3] BOYS EL, LIU J, ROBINSON PJ, REDDEL RR.
Clinical applications of mass spectrometry-based

sickness[J]. European Respiratory

proteomics in cancer: where are we?[J]. Proteomics,
2022, 23(7-8): €2200238.

[4] WASINGER VC, CORDWELL SJ, CERPA-POLJAK
A, YAN JX, GOOLEY AA, WILKINS MR, DUNCAN
MW, HARRIS R, WILLIAMS KL,
HUMPHERY-SMITH 1. Progress with gene-product
mapping of the Mollicutes: Mycoplasma genitalium[J].
Electrophoresis, 1995, 16(7): 1090-1094.

[5] VIDOVA V, SPACIL Z. A review on mass
spectrometry-based quantitative proteomics: targeted
and data independent acquisition[J]. Analytica Chimica
Acta, 2017, 964: 7-23.

[6] ANKNEY JA, MUNEER A, CHEN X. Relative and
absolute quantitation in mass spectrometry-based
proteomics[J]. Annual Review of Analytical Chemistry

B<: cjb@im.ac.cn



3602 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

[10]

[13]

(Palo Alto, Calif), 2018, 11(1): 49-77.

ROZANOVA S, BARKOVITS K, NIKOLOV M,
SCHMIDT C, URLAUB H, MARCUS K. Quantitative
mass spectrometry-based proteomics: an overview[J].
Methods in Molecular Biology (Clifton, N J), 2021,
2228: 85-116.

ONG SE, BLAGOEV B, KRATCHMAROVA I,

KRISTENSEN DB, STEEN H, PANDEY A, MANN M.

Stable isotope labeling by amino acids in cell culture,
SILAC, as a
expression proteomics[J]. Molecular
Proteomics: MCP, 2002, 1(5): 376-386.

GYGI SP, RIST B, GERBER SA, TURECEK F, GELB
MH, AEBERSOLD R. Quantitative analysis of
complex protein mixtures using isotope-coded affinity
tags[J]. Nature Biotechnology, 1999, 17(10): 994-999.

LAN YT, ZENG XY, XIAO J, HU LB, TAN L, LIANG
MD, WANG XF, LU SH, LONG F, PENG T. New

advances

simple and accurate approach to
& Cellular

in quantitative proteomics research and
current applications in asthma[J]. Expert Review of
Proteomics, 2021, 18(12): 1045-1057.
HULTIN-ROSENBERG L, FORSHED J, BRANCA
RMM, LEHTIO J, JOHANSSON HJ. Defining,
comparing, and improving iTRAQ quantification in
mass spectrometry proteomics data[J]. Molecular &
Cellular Proteomics: MCP, 2013, 12(7): 2021-2031.
ZE, IR, PR AZSE D A TR R IR
] s EZAEE, 2020, 22(4): 1-6, 50.
JIANG Y, ZHANG PM, HE FC. Current situation and
trend of human proteome project[J]. China Basic
Science, 2020, 22(4): 1-6, 50 (in Chinese).

B, v FEAR PR BT T R e AR 2 o D A 0
RFAET]. X EZRE, 2017, 15(7): 22-24.

WEI JT. Investigation of incidence of acute mountain
sickness in tourist population at high altitude hypoxic
and cold environment[J]. Journal of Community
Medicine, 2017, 15(7): 22-24 (in Chinese).
ZUBIETA-CALLEJA GR, ZUBIETA-DEURIOSTE N.
High altitude pulmonary edema, high altitude cerebral
edema, and acute mountain sickness: an enhanced
opinion from the High Andes-La Paz, Bolivia 3, 500
m[J]. Reviews on Environmental Health, 2022, 38(2):
327-338.

YANG J, LI WH, LIU SY, YUAN DY, GUO YJ, JIA C,
SONG TS, HUANG C. Identification of novel serum
peptide biomarkers for high-altitude adaptation: a
comparative approach[J]. Scientific Reports, 2016, 6:
25489.

http://journals.im.ac.cn/cjben

[16]

[19]

(21]

LU H, WANG R, LI WB, XIE H, WANG C, HAO Y,
SUN YH, JIA ZP. Plasma cytokine profiling to predict
susceptibility to acute mountain sickness[J]. European
Cytokine Network, 2016, 27(4): 90-96.

PADHY G, SETHY NK, GANJU L, BHARGAVA K.
Abundance of plasma antioxidant proteins confers
tolerance to acute hypobaric hypoxia exposure[J]. High
Altitude Medicine & Biology, 2013, 14(3): 289-297.
LU H, WANG R, LI WB, XIE H, WANG C, HAO Y,
SUN YH, JIA ZP. Plasma proteomic study of acute
mountain  sickness  susceptible and  resistant
individuals[J]. Scientific Reports, 2018, 8: 1265.
JULIAN CG, SUBUDHI AW, HILL RC, WILSON MJ,
DIMMEN AC, HANSEN KC, ROACH RC.
Exploratory proteomic analysis of hypobaric hypoxia
and acute mountain sickness in humans[J]. Journal of
Applied Physiology (Bethesda, Md: 1985), 2014,
116(7): 937-944.

JAIN S, AHMAD Y, BHARGAVA K. Salivary
proteome patterns of individuals exposed to high
altitude[J]. 2018, 96:
104-112.

A, TR EIE, SRAE. Sk TR SN I R AE )
PR YIEFERIERT]. PUmARHL, 2020(5): 54-55.
YANG LJ, QIANG BDZ, GUO W. Preliminary study
on clinical biomarkers of acute altitude sickness[J].
Tibet Science and Technology, 2020(5): 54-55 (in
Chinese).

WINTER C, BIORKMAN T, MILLER S, NICHOLS P,
CARDINAL J, O’ROURKE P, BALLARD E,
NASRALLAH F, VEGH V. Acute mountain sickness
trekking to high altitude:
correlation with plasma vascular endothelial growth

Archives of Oral Biology,

following incremental
factor levels and the possible effects of dexamethasone
and acclimatization following re-exposure[J]. Frontiers
in Physiology, 2021, 12: 746044.

YANG J, JIA ZL, SONG XY, SHI JL, WANG XR,
ZHAO XIJ, HE KL. Proteomic and clinical biomarkers
for acute mountain sickness in a longitudinal cohort[J].
Communications Biology, 2022, 5: 548.

SWENSON ER, BARTSCH P. High-altitude
pulmonary edema[J]. Comprehensive Physiology, 2012,
2(4): 2753-2773.

EICHSTAEDT CA, MAIRBAURL H, SONG I,
BENJAMIN N, FISCHER C, DEHNERT C,
SCHOMMER K, BERGER MM, BARTSCH P,
GRUNIG E, HINDERHOFER K.
predisposition to high-altitude pulmonary edema[J].

Genetic



®iER Z/EEEARAS TS ERMRNRAHE 3603

(28]

[29]

[32]

[34]

High Altitude Medicine & Biology, 2020, 21(1): 28-36.
EICHSTAEDT CA, BENJAMIN N, GRUNIG E.
Genetics of pulmonary hypertension and high-altitude
pulmonary edemal[J]. Journal of Applied Physiology
(Bethesda, Md: 1985), 2020, 128(5): 1432-1438.
LUKS AM, AUERBACH PS, FREER L, GRISSOM
CK, KEYES LE, MCINTOSH SE, RODWAY GW,
SCHOENE RB, ZAFREN K, HACKETT PH.
Wilderness medical society clinical practice guidelines
for the prevention and treatment of acute altitude
illness: 2019 update[J]. Wilderness & Environmental
Medicine, 2019, 30(4S): S3-S18.

LUKS AM. Do we have a “best practice” for treating
high altitude pulmonary edema?[J]. High Altitude
Medicine & Biology, 2008, 9(2): 111-114.

AHMAD Y, SHUKLA D, GARG I, SHARMA NK,
SAXENA S, MALHOTRA VK, BHARGAVA K.
Identification of haptoglobin and apolipoprotein A-I as
biomarkers for high altitude pulmonary edemalJ].
Functional 11(3):
407-417.

BB, WRAR, mEREL. UK i i i S
SEWFFE[I]. MRCE R 24, 2012, 37(1): 31-33.
LUO YJ, CHEN Y, GAO YQ. Study on plasma
proteomics in patients with high altitude pulmonary
edema (HAPE)[J]. Medical Journal of Chinese PLA,
2012, 37(1): 31-33 (in Chinese).

SMI. TLRA {55 1 B AT B SR S A e J i 74 fie
S A R A T B AL SE (D). IR o A IR i i
TR 7R R R A A2 AR 3, 2019,

WU G. Hypoxia exacerbates inflammatory in high

& Integrative Genomics, 2011,

altitude pulmonary edema via the Toll-like receptor 4

signaling pathway[D]. Chongqing: Doctoral
Dissertation of Army Medical University, 2019 (in
Chinese)

YANG YZ, MA L, GUAN W, WANG YP, DU Y, GA Q,
GE RL. Differential plasma proteome analysis in
patients with high-altitude pulmonary edema at the
acute and recovery phases[J]. Experimental and
Therapeutic Medicine, 2014, 7(5): 1160-1166.
AHMAD Y, SHARMA NK, AHMAD MF, SHARMA
M, GARG 1, SRIVASTAVA M, BHARGAVA K. The
proteome of hypobaric induced hypoxic lung: insights
from temporal proteomic profiling for biomarker
discovery[J]. Scientific Reports, 2015, 5: 10681.
JIANG DR, LU HZ. Cerebral oxygen extraction
fraction MRI: techniques and applications[J]. Magnetic

Resonance in Medicine, 2022, 88(2): 575-600.

: 010-64807509

[35]

[37]

[38]

[40]

[41]

[43]

TURNER REF, GATTERER H, FALLA M, LAWLEY
JS. High-altitude cerebral edema: its own entity or
end-stage acute mountain sickness?[J]. Journal of
Applied Physiology (Bethesda, Md: 1985), 2021,
131(1): 313-325.

SKICIC, Bokmld, TEME. 5 5O K i 8 K A
B2 WS [I]. P E N A R AR, 2011, 27(2):
180-184.

ZHANG YY, DUAN RF, WANG H. The study of
plasma proteomic changes in a patient with
high-altitude cerebral edema[J]. Chinese Journal of
Applied Physiology, 2011, 27(2): 180-184 (in
Chinese).

LIJY, QI YT, LIU H, CUI Y, ZHANG L, GONG HY,
LI YX, LI LZ, ZHANG YL. Acute high-altitude
hypoxic brain injury: identification of ten differential
proteins[J]. Neural Regeneration Research, 2013, 8(31):
2932-2941.

SHARMA NK, SETHY NK, BHARGAVA K.
Comparative proteome analysis reveals differential
regulation of glycolytic and antioxidant enzymes in
cortex and hippocampus exposed to short-term
hypobaric hypoxia[J]. Journal of Proteomics, 2013, 79:
277-298.

ERBER LN, LUO A, GONG Y, BEESON M, TU ML,
TRAN P, CHEN Y.

phosphorylation signaling and reduces

Iron deficiency reprograms
O-GlcNAc
pathways in neuronal cells[J]. Nutrients, 2021, 13(1):
179.

SHARMA V, VARSHNEY R, SETHY NK. Human
adaptation to high altitude: a review of convergence
between genomic and proteomic signatures[J]. Human
Genomics, 2022, 16(1): 21.

SCHMITZ J, KOLAPARAMBIL VARGHESE LJ,
LIEBOLD F, MEYER M, NERLICH L, STARCK C,
THIERRY S, JANSEN S, HINKELBEIN J. Influence
of 30 and 60 min of hypobaric hypoxia in simulated
altitude of 15, 000 ft on human proteome profile[J].
International Journal of Molecular Sciences, 2022,
23(7): 3909.

HINKELBEIN J, JANSEN S, IOVINO I, KRUSE S,
MEYER M, CIRILLO F, DRINHAUS H, HOHN A,
KLEIN C, ROBERTIS E, BEUTNER D. Thirty
minutes of hypobaric hypoxia provokes alterations of
immune response, haemostasis, and metabolism
proteins in human serum[J]. International Journal of
Molecular Sciences, 2017, 18(9): 1882.

PADHY G GANGWAR A, SHARMA M,

B<: cjb@im.ac.cn



3604 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

[44]

[47]

(48]

[50]

HIMASHREE G, SINGH K, BHAUMIK G,
BHARGAVA K, SETHY NK. Plasma Kkallikrein-
bradykinin pathway promotes circulatory nitric oxide
metabolite availability during hypoxia[J]. Nitric Oxide,
2016, 55/56: 36-44.

GANGWAR A, Pooja, SHARMA M, SINGH K,
PATYAL A, BHAUMIK G, BHARGAVA K, SETHY
NK. Intermittent normobaric hypoxia facilitates high
altitude acclimatization by curtailing hypoxia-induced
inflammation and dyslipidemia[J]. Pfliigers
Archiv-European Journal of Physiology, 2019, 471(7):
949-959.

MAININI V, GTANAZZA E, CHINELLO C, BILO G,
REVERA M, GIULIANO A, CALDARA G,
LOMBARDI C, PIPERNO A, MAGNI F, PARATI G.
Modulation of urinary peptidome in humans exposed to
high altitude hypoxia[J]. Molecular BioSystems, 2012,
8(4): 959-966.

PAVLICEK V, MARTI HH, GRAD S, GIBBS JSR,
KOL C, WENGER RH, GASSMANN M, KOHL J,
MALY FE, OELZ O, KOLLER EA, SCHIRLO C.
Effects of hypobaric hypoxia on vascular endothelial
growth factor and the acute phase response in subjects
who are susceptible to high-altitude pulmonary
oedema[J]. European Journal of Applied Physiology,
2000, 81(6): 497-503.

BLAKE GJ, RIFAI N, BURING JE, RIDKER PM.
Blood pressure, C-reactive protein, and risk of future
cardiovascular events[J]. Circulation, 2003, 108(24):
2993-2999.

JAIN S, PAUL S, MEENA RN, GANGWAR A,
PANJWANI U, AHMAD Y, BHARGAVA K. Saliva
panel of protein candidates: a comprehensive study for
assessing high altitude acclimatization[J]. Nitric Oxide:
Biology and Chemistry, 2020, 95: 1-11.

VIGANO A, RIPAMONTI M, de PALMA S,
CAPITANIO D, VASSO M, WAIT R, LUNDBY C,
CERRETELLI P, GELFI C. Proteins modulation in
human skeletal muscle in the early phase of adaptation
to hypobaric hypoxia[J]. Proteomics, 2008, 8(22):
4668-4679.

LEVETT DZ, RADFORD EJ, MENASSA DA,
GRABER EF, MORASH AJ, HOPPELER H, CLARKE
K, MARTIN DS, FERGUSON-SMITH AC,
MONTGOMERY HE, GROCOTT MPW, MURRAY AlJ,
GROUP CXER. Acclimatization of skeletal muscle
mitochondria to high-altitude hypoxia during an ascent
of Everest[J]. FASEB Journal: Official Publication of

http://journals.im.ac.cn/cjben

[51]

[52]

[53]

[55]

[56]

[57]

the Federation of American Societies for Experimental
Biology, 2012, 26(4): 1431-1441.

D’HULST G, FERRI A, NASLAIN D, BERTRAND L,
HORMAN S, FRANCAUX M, BISHOP DJ,
DELDICQUE L. Fifteen days of 3 200 m simulated
hypoxia marginally regulates markers for protein
synthesis and degradation in human skeletal muscle[J].
Hypoxia (Auckland, N Z), 2016, 4: 1-14.

B4, AR, RIEFE, B, mAH. KRS
BT PRI U AL AR [)]. A TR, 2022
38(10): 3878-3887.

BAO YJ, CHENG X, ZHU LL, FAN M, GAO YH.
Changes in the urine proteome in an acute hypoxic rat
model[J]. Chinese Journal of Biotechnology, 2022,
38(10): 3878-3887 (in Chinese).

#FARE, B AES, B, R, SR,
ROV AR DR T AR S R B/ B 0 3 5 i e
AR BT A 0T (0], REZEZE B A2 4R,
2022, 44(4): 291-301.

DONG HP, ZHONG ZF, LI P, HUANG P, TIAN HJ,
XIE JX, ZHOU SM. Memory impairment induced by
exposure to simulated hypobaric hypoxia and
phosphoproteomic analysis of hippocampus in mice[J].
Journal of Army Medical University, 2022, 44(4):
291-301 (in Chinese).

XIN JW, CHAI ZX, ZHANG CF, ZHANG Q, ZHU Y,
CAO HW, JI CY, CHEN XY, JIANG H, ZHONG JC, JI
QM. Signature of high altitude adaptation in the
proteome of the yak[J]. of
Experimental Zoology Part B: Molecular and
Developmental Evolution, 2020, 334(6): 362-372.
WEN WT, ZHAO ZZ, LI RL, GUAN JQ, ZHOU ZW,
LUO XL, SUMAN SP, SUN Q. Skeletal muscle

proteome analysis provides insights on high altitude

gluteus Journal

adaptation of yaks[J].Molecular Biology Reports, 2019
46(3): 2857-2866.

XIN JW, CHAI ZX, ZHANG CF, ZHANG Q, ZHU Y,
CAO HW, YANGIJI CD, CHEN XY, JIANG H,
ZHONG JC, JI QM. Differences in proteomic profiles
between yak and three cattle strains provide insights
into molecular mechanisms underlying high-altitude
adaptation[J]. Journal of Animal Physiology and
Animal Nutrition, 2022, 106(3): 485-493.

ZHANG Y, ZHENG XT, ZHANG YW, ZHANG HL,
ZHANG XY, ZHANG H. Comparative transcriptomic
and proteomic analyses provide insights into functional
genes for hypoxic adaptation in embryos of Tibetan
chickens[J]. Scientific Reports, 2020, 10: 11213.

(RX5T9 BT

E)

s



