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Research on Novel Biomarkers of High Altitude Pulmonary Edema
YUAN Mu,XING Wei, XU Xiang
(Central Laboratory of Daping Hospital,Army Medical University,Chongqing 400042,China)

Abstract: Objective To study the potential biomarkers of the occurrence and early progression of high altitude pulmonary edema, and to further
provide a theoretical basis for the pathogenesis and early progression of high altitude pulmonary edema.Methods The human gene expression profile
GSES52209 was extracted from the GEO database. R software was used to screen differentially expressed genes (DEGs) between the high-altitude
adaptation group and the high-altitude pulmonary edema group within 48-72 h after rapid entry into the plateau in the data set. GO and KEGG were
used to explore the mechanism of the occurrence and early progression of high-altitude pulmonary edema. The MCC algorithm of cytoscape software
was used to identify hub genes. Lasso—Cox regression analysis and ROC curve analysis were used to predict and verify diagnostic markers. R software
was used to detect the relative expression level of hub genes in the data set. Networkanalyst and cytoscape software were used to identify miRNAs and
hub miRNAs that interact with hub genes.Results A total of 216 DEGs were identified, of which 196 genes were up-regulated and 20 genes were
down-regulated. GO and KEGG analysis showed that DEGs were mainly related to metabolic abnormalities and oxidative stress. A total of 7 diagnostic
markers of high altitude pulmonary edema (ARRB2, RPLPO, JAK2, ICAM1, ESPLI, RAD54L, SEC61A1) were screened out. Combined with gene—
miRNA network, hsa-miR-335-5p, hsa-miR-16-5p, hsa—miR-149-5p and hsa—-miR-615-3p may be hub miRNAs related to the occurrence and early
progression of high altitude pulmonary edema.Conclusion ARRB2, RPLPO, JAK2, ICAM1, ESPL1, RAD54L, SEC61A1, hsa-miR-335-5p, hsa-miR—
16-5p, hsa—-miR-149-5p and hsa-miR-615-3p may be important biomarkers for the pathogenesis and early progression of high altitude pulmonary
edema. ARRB2, RPLPO, JAK2, ICAM1, ESPL1, RAD54L and SEC61A1 may be early diagnostic markers for high altitude pulmonary edema.

Key words: High altitude pulmonary edema;Pathogenesis;Diagnosis;Biomarkers;Key hub genes;miRNA

o TR AR 3 DX S DR A T 5 7T BE AR s Ul K i
(high altitude pulmonary edema, HAPE ), X &—F7E

SEIUE : 1REARR 0 B O AR B 2 i B R R ) B3Rl (G
5 :2019CXJSB017); 2. PR T 4T 2 0 25 el 3 R e S5 Bl IR 17 2
LI (45 : KYYJ2020009)

PEFZ R 3 H(1991.10-), B IR A 0k, EEMF
ST e 7 0

WIHIES R (1972.9-), 5, Zm B 4 5T 51, E2NF
[ e BTy T o

12

e J L DX R AR A DL A, LA R A5 T R
TR R A REA SR P e UK b A A
B SR B SN K i, J e J DA B A A Fif
(] B 7K AR PR AN B, X 8B R 2 W RS, &
PG AR . BT, HAPE 195 B W2 5L Tilm R R
BB B e R, W RO IR RIS
VR B 2RE, S5 HAPE AN[HIRL, B,  UI A
BRI HAPE J835 ookl 357 1) A Wb -5 ok
P4 e DA 7 P DA T e 3 R T, A 0 9 AR



536 B 15 W
2023 4 8 A

AR R

Journal of Medical Information

Vol. 36 No.15
Aug. 2023

EMERF

A YIRS/, REMEE R, HAR T RE S
o S K R eI T I R Rl R ROR
MTHRRAYIREDY, EWE R e 2%
T Z BRI RS AT A RS
BEI7 03 s B A e 23 AL A R A bR
Py, R GEO A 245 7 5 17 v S 2 A0 g D A 7
2l A ) 22 57 R IAFE A (differentially expressed genes,
DEGs) FIAKX A K ], %) DEGs #17 GO il KEGG &
BT, R e DT K e 4 i AR LA, R A MK A
HAE B gene—miRNA 125 Hff 1 $IE ] X A1 L R A1
WAL miRNA , T4 5 5K I TE i A= P bric ) o

1 BZREFHE

L1 m ik i DEGs f%5E ] R #4419 GEO-
query 3441 (R AS 4.0.3, http://r —project.org/ ) M
GEO %4 ¢ (http://www.ncbi.nlm.nih.gov/geo ) H T %
mRNA 3 )5 H 4 GSES2209, Bdide At
AR 2~3 d PAIE I e JEURIT A A g DAt K 4 4
SR . T R ARG limma” 6 4 51 B 0 4R
R DEGs, F “geplot2” 1 il 7E kb K, H
“pheatmap” FLHITEIIA , adj. P<0.05 Flllog,FCI>1 fY
FEBAA N & DEGs.

1.2 DEGs B & 4201 L 4% DEGs 2 75 28 ¥ o
metascape ( https://metascape.org/ ) , Y $£ custom anal—
ysis £ Enrichment H' GO Molecular Functions GO
Biological Processes GO Cellular Components #/l
KEGG Pathway 73 M7 545 A & 707 D AE A= Wi
i AAMIZH 53 3 FarbrE) GO 20 Fl KEGG 434
1.3 25 A -8R A FAE FH (PP 1928 1) 2 57 FIAK 241 3
MIYETE  PPL 4Bl FHAES 3k (https://en.string—
db.org/ ) HEAT , 1 FH AR {H>0.4 R PUA PPL X, H]
“igraph” 2| PP1 M4 & SR, H cytoscape 1A
#HSr — A FETF DEGs 19 PPL 45, i 1R 1
CytoHubba ffi {4 MCC % 3 i 7+ 5 K [7] DEGs

PR Y ) DEGs OMXALSER

1.4 TR A UEIZ W AR AR ) S 3R R K- [
B AT glmnet” 1, BB FEURIR SRk PR SR A s
AT Lasso—Cox [ 50ATT , ff 4758 S ik i g
ISR, A TS WbRIE ) A . 8 “pROC”
AL XTI AR A RR A BE R AT ROC 54T, I 1]
“ggplot2” £, %f 45 R AT Al AL , il 2 T 1 (area
under the curve, AUC)>0.7 BRI BN HA R4
BT (B P B R 4% BR A by o4,
T RIEFWEME B 553477 & “Sangerbox 3.0”
T 2 AR IR B 2 i R U RS 2 P 2 AR AR
ICHIEE R ZRIBACT I LA, GEit2# 40 Frk T ¢
K5, P<0.05 BN N 22 A Gt Lo

1.5 fEH FAHRAL LA 9 miRNAs %5 fifi FH 7R 28 ™
vl networkanalyst 3.0 (https://www.networkanalyst.ca/)
AHICHE miRTarBase v8.0 4 2 45 % 5 HX 41 JE A
YEFI miRNA, £ cytoscape3.7.2 AR EA]
SRS AR ELAE T, AR GE miRNA S XA EE A
VEFIR B E XA miRNA

2HR

2.1 DEGs Y %UH WAk BEAN 4 52 L% 5E 216 4>
DEGs, Ht % DEGs 45 196 4>, T DEGs A 20 4>,
W1 ZFFEPN KN WL 1A; FENHREF,GL
hTe A R 4H, G2 O HAPE 41, WA 1B,

2.2 DEGs & HT GO /i R ,DEGs 2 5
THL 3T AR I i i s . IR AR
WA G FUIRAE T RN BRI I 1 2 1 TR
20 e 0T S A R R S B AR D RE A G, ILIAL 24
KEGG 38 % 53 H7 7% , DEGs £ 2 Fiid % h i 42, £
i cAMP (55 . HARSFIRMER B, 4- A
P AR BRCR BEOMR 20 M AR KR G il
FWEHT B BesE AL s % , WLIR] 2B

1 RFAMCC HikxHEE R SHEAR 10 (0 hub BRBAITIESHF

Rank Name Score Rank Name Score
1 ARRB2 11 5 ESPL1 6
2 RPSA 7 7 GNG13 5
2 RPLPO 7 7 GNRHI1 5
2 JAK2 7 7 RADS54L 5
5 ICAM1 6 10 SEC61A1 4

13



36 HH 15
EERE 2023 4E 8 A

BEAfR Vol. 36 No.15
Journal of Medical Information Aug. 2023

@ Up-regulation

~ bl ;1|\nm‘r
.r i
2 ’II'\I ]

L 1
[ RPLPO | 1sl:un\v.|

~Log,, FOR

_____—-
= e

Log; (fold change

:A:DEGs [ K LLE]; B: DEGs [k [A]

1

,_FI'_F‘!—'P+FL||

e H%‘l; I'* =!
£ra

RIS
bl

i

|

DEGs H¥E

Al

GO0:0015318: inorganic molecular entity transmembrane transporter activity

G0:1990763: arrestin family protein binding
GO0:0030879: mammary gland development

GO:0005345: purine nucleobase transmembrane transporter activity

GO0:0034599: cellular response to oxidative stress
GO0:0000902: cell morphogenesis

G0:0007162: negative regulation of cell adhesion
G0:0050796: regulation of insulin secretion

GO:2000147: positive regulation of cell motility
G0:0010656: negative regulation of muscle cell apoptotic process
G0:0019226: transmission of nerve impulse

GO0:0007212: dopamine receptor signaling pathway
GO:0071417: cellular response to organonitrogen compound
GO:0007389: pattern specification process

G0:0042401: biogenic amine biosynthetic process
G0:0048854: brain morphogenesis

G0:0098552: side of membrane

GO0:0030331: nuclear estrogen receptor binding
G0:0019955: cytokine binding

G0:0055080: monoatomic cation homeostasis

| |hsaD4024; cAMP signaling pathway

hsa04929: GnRH secretion

hsa05214: Glioma
hsa05164: Influenza A

00 05 10 15 20 25 30 35

-logl0(P)

A GO BB KEGG &4EMT

B 2 DEGs i GO #1 KEGG E&EH

hsa04928: Parathyroid hormone synthesis, secretion and action

hsa04935: Growth hormone synthesis, secretion and action

2.3 PPI M 45 i pg st S A A FE I i 28 2 A Cy-
toscape #E1T PPI 43 M FIAT #AL (& 3A), AR 4f B 1~
XA R 5 H e 22 AL AR A8, e AR
RB2.RPSA .RPLPO.JAK2 .ICAMI .ESPL1 .GNGI3,
GNRH1 .RAD54L . SEC61A1 A] VE X4l # H (1A
3B), XL R AT RE X g S K i A8 e A R
A AR

2.4 WA IC W T BE A4 2 ] Lasso-
Cox [MIH5E 7 MAKA FL A HRR s 7 DT RE A 12
Wr %% #4949 bR 7 %) ARRB2 .RPLPO JAK2 .I-
CAM1.ESPL1 .RADS4L F1 SEC61A1(& 4A Kl 4B),

14

Lasso—Cox P15 88k J&— Fi 2 sy A 780 1300 A Wy b e
Wi F % o DR by s SRR K o B B A B A/

H TG UL A RC iz Wil . 25 T ROC
£k EAT B4R R B0 E . IR T AUC, T A
HEYIFRCHIRY AUC $>0.7(F 4C)., HIitk, B 74
FEH ) mRNA FIAE R S0 A D br 4 B 5
= P2 W (B

25 bR iC Y RIB I 5 eSS N A A
HAPE 21 ARRB2 .JAK2 .ICAM1.ESPL1 .RAD54L I
SEC61AImRNA ik [ 1# , RPLPO F ik T ¥, U
K 5.



55 36 B4 15 3] BAARE Vol. 36 No.15
202348 A Journal of Medical Information Aug. 2023 EMEESE

VE: A:PPL A EAEF W% ; B: DEGs HR41 3 1y 5658
3 PPI MEHEMBRAERLEE

A=0.11
124 1
o
i,
g ] ||’
if
i] I} i
HH*HU“nnuu-unnuungun ----------
* b A
ol
A B
1.0 =]
I__L__l 2
| &
o84 [ it
g | ] -
= 064 -
z = 3 -7
=z 7|
= -,
L i il ARRB2 (AUC =
= . — (AUC = 0.845)
] 12 — RPLPO (AUC = 0.857)
L — JAK2 (AUC = 0.853)
024 - — ICAM1 (AUC = 0.832)
- ~ ESPL1 (AUC = 0.815)
-k - :A&:;;#L nAucC= 0.845)
- 1 =0.928
0.0 - : P NICE D) C
0.0 0.2 0.4 06 08 1.0

1-Specificity (FPR)
12 A : Lasso—Cox [RIJ- 40 H G A 4 3L A ; B : Lasso—Cox [FIFFESTHE N AOTHIE ; C: ROC fhZRESIEIF 3L R A2 WisiH
4 SRR YR LN IIE

Giroup
® Conirol

*“‘ o ® HaPE

Expression

|
| l /| |
ARRB2 RPLPO JAK2 IcaMI ESPL1 RADS4L SECH1AL

5 7 N EWIRCH I RIZKF LB

HNEENE;
[ ]
I




536 B 15 W
2023 48 A

EMERF

Journal of Medical Information

E2EFR Vol. 36 No.15

Aug. 2023

2.6 gene-miRNA A4S M5 EE il i gene—miRNA
YEFE I PE 4 2 5 AE AR IC YV E R miRNA 8
F 3 gene-miRNA 4% & F 4 S X 3L FVEH
M HX A miRNA,7 A~ AR YR 10 9 B A By 1 9 45
miRNA UL 6. 76 7 DA Whnic ¥ b JAK2,
SEC61A1 FIl ICAM1 #% hsa —miR —335 =5p 4 % ,
JAK2 .SEC61A1 F1 ICAMI # hsa—miR—16-5p ¥z,

ARRB2 .ESPLI #l RPLPO #% hsa—miR-149-5p 4%,
ARRB2 .ESPL1 1 SEC61A1 # hsa—miR—-615-3p
o L EZ5 ATl hsa-miR-335-5p \hsa-miR-16-
5p hsa—miR-149-5p Fil hsa-miR-615-3p 1] fE N /5
JE K A BAR AL miRNA o B AT T7E 5 B il 7Kk i i) 2
FRHAE R v e R P EAEH

\.u\‘-ﬂl\i %

2 -mm b

oA TR S

"“""‘”%’_i?&m-x

07-50
m.—mialﬁ:ﬂ‘ﬁ‘"""m “w'w N
& *""""ﬂ’&m}x

a1 T 7
= Y . w-mﬁe*j'““g* % g 6 37 AP
s sy TS 0 , : | oo .
7 it L "'mfx -‘i?mag-a.us R me e L BT S
Haa siia o / Py s mietas S
710 | gl s ~ ol [
e il i w-:nlﬂn‘.'-.n o
s i “aciedsf
" ||/ it T
/ r M- 330 S
|/ N
__/ B i Silersz
e \werieizag (N
nabind | ||\

sa-lnw )
by s s i) 1

s PRt
129G
g P mnSa00
sz A o
* * Fa-=fe3ind-5p

T st

B

o mwml

R

e YRAT- 2o

T - miRNA SHRALEE R 2 A 1

| nsamnbdes

T 5

- ww L N n&a%""‘m »
rearrd ] | rep-mis38san-ER -5 a5,
b A RN

150 20 e THE 3
Fraadmingast

- ABS0-3p hanfmmrd i)
mh-wm L

E 6 Z#FricH gene-miRNA =M 4%

31Tt

REAF 58 UE B, 4K R LS 85 1 T AR
W (8P 22 Mt | B 22 Pt A3 2Bk ) Fl SULT1A1
S 1o SR AT K B (RS W A s i . SR, axX s
Yk X o ST 7K e ) S 2 W AT SR A R S
£, HHEA X miRNA FHEAAE S RNA 75 SR
Fili 7K Wiz W vh VR BB EAR 2D . ACBIF 98 3 5 5 1
216 > DEGs, H:t 20 4> DEGs %3k Fi#,196 4
DEGs 21K i, GO 1 KEGG & #0175, DEGs
TR A N S DI RE A E S E . A
AiFF 5T FHA N, foh 2 Pk Al 438 22 ] T il P9 2 A S 3
BEBEDIRE TRE, /INEURBERY AT H B0 =5 B Al 7K ik o PPI
Lasso—Cox . ROC 43 #7 {. 75 , ARRB2 .RPSA \RPLPO
JAK2 .ICAM1 . ESPL1 .GNG13 ,GNRH1 . RAD54L .
SEC61A1 A Gy e JE Al 7K i A7 12 Wi s8R 09 A=
FriC ¥ shsa —miR =335 -5p .hsa —miR =16 —5p .hsa -

16

miR-149-5p Fl hsa—miR-615-3p A fEJ2: i JEL il 7k
P AIAX 4] miRNA . A= pbRic ¥yl BELE i i K
Jib i A R v R AR
ARRB2 #IAN NS5 T B HIAN- S0 G & P
SRR REA , AT SR B R h 2 B aldad (5
?E@ﬁ”])‘gj( LB i 2 B1(Arrestin beta 1, ARRBI1)
—FE, RANSZIRUER & AT LA SR 2 AR SZ AR )
fiE", 7E NLRP3 S&5E/IMA RGP 584, ARRB2 EL
$5 NLRP3 454, il i il 412 4 20 A PRl ) ROk
FH R AE R B JAK2 A3 1 2R /M A R
20 b — I 4 LA i A PR R U 240 i £ v o
PR T2 PS4, EPO {2 4 it A il 2 1A (E-
PO-R)Fl JAK2 S0 21 40 g A= il iy b 75 1S, 1L-6/
JAK2/STAT3 {5 538 I 1 5| A e A4 19, JAK2 FE
PRI ) S0 L BE G B 20 S 5 FIA TR T, ICAMT J&—
335 T PN B 24t R f 5 240 5 T ) 2 S,



536 B 15 W
2023 4 8 A

AR R

Journal of Medical Information

Vol. 36 No.15
Aug. 2023 EMERE

ICAM1 [ FIRFERE T SIE AN A SE4E™, RPLPO J&
—ANEGIER LGt N R R B AL 2
K PO WHE™, ESPL1 & Z FiE A ibricdy , H
TE G AR rh b S AR T, ) 14 e 9 240 e ) 14
B SRR R 5 SEC61A1 FE &+ & 5
[FIVER , SECO 1A o i) 1 hy Z2 ol 4 Mo A i) A=
FRic@=2, 5T >, Rad541 i ik n] i ad ol
705 2 ) B0 R 240 S R A e i S B,
AR R B g (0 A bR e RS TR T RS . P2
KT Rl A 7 #14 IR T miRNA FIAX 2 LA
ZIEIOE AR, miRNA /AL mRNA R
Ff AT 1T BRI 3R3R . A SE 8 & B T hsa—-miR-335-
5p TE E A M e A VR, hsa—miR-335-
Sp WHEIERA AT LU 7 JE$ AKT/GSK3B 1551 %
RIS B IS S 5 AT, WS A B, LS A
A BEM 2 A ALRE AT mir—-335-5p T A S0 250
LRI BERE RS A T o hsa—miR—-16-5p ] J&$5 s
SERI RTINS o 73 A58 &™), hsa-miR-615-3p
550 M o A e T I B DK v R A A kTR TR
Ko hsa—miR—149-5p TEA& 4 FH ZE M it s A7 41 )
1L-6 ik, KIFM A MERRY,  HRTHR /3R]
o SRR K M & A S IR I TE G, S 4 i
BN R AR RN BRIE A, 5 IR AR A R [ 5 A
L, SRR, 33X 5 2Z BT — S,

AR R B : QRS E T 7 AMARALSER |,
HEZRERNEA L LM QAR RABR, 752
i — 20 G PRFEA IR Z 4518 -

ZE TR TR A T A L 2 R T R
SRR AN ¢, Bk 7 AR
FHEAL miRAN X 5 JE il 7K S %) 2 A L A i g mT
REA FEEAVEM T mT REAE e B i 7K B i 7 f 40
1 TT HE A 5 SR K B BT T AR T A SR
S 30k
[1]Si L,Wang HJiang Y,et aLMIR17HG polymorphisms con-
tribute to high—altitude pulmonary edema susceptibility in the
Chinese population[J].Sci Rep,2022,12(1):4346.

[2]Gudbjartsson T,Sigurdsson E,Gottfredsson M,et al.High alti-
tude illness and related diseases — a review [J].Lacknabladid,
2019,105(11):499—507.

[3]Zhou Q.Standardization of methods for early diagnosis and
on—site treatment of high —altitude pulmonary edema [J].Pulm
Med,2011,2011:190648.

[4]Gordon —Rodriguez E,Quinn TP,Cunningham JP.Learning

sparse log—ratios for high—throughput sequencing data[J].Bioin-
formatics,2021,38(1):157—163.

[5]Mann M,Kumar C,Zeng WF,et alArtificial intelligence for
proteomics and biomarker discovery [J].Cell Syst,2021,12 (8):
759-770.

[6]Zhong Y, Xu F,Wu J,et al.Application of Next Generation
Sequencing in Laboratory Medicine[J].Ann Lab Med,2021,41(1):
25—43.

[7]Mellor A,Boos C,Holdsworth D,et al.Cardiac biomarkers at
high altitude[J].High Alt Med Biol,2014,15(4):452—458.

[8]Guo L,Tan G,Liu P,et al. Three plasma metabolite signatures
for diagnosing high altitude pulmonary edemal[J].Sci Rep,2015,5:
15126.

[9]Barker KR,Conroy AL,Hawkes M,et al.Biomarkers of hy-
poxia, endothelial and circulatory dysfunction among climbers in
Nepal with AMS and HAPE: a prospective case —control study
[J]J Travel Med,2016,23(3):taw005.

[10]Petrache I,Natarajan V,Zhen L,et al.Ceramide upregulation
causes pulmonary cell apoptosis and emphysema—like disease in
mice|[J].Nat Med,2005,11(5):491—498.

[11]Oda Y,Kanahara N,Iyo M.Alterations of Dopamine D2 Re-
ceptors and Related Receptor —Interacting Proteins in
Schizophrenia: The Pivotal Position of Dopamine Supersensitiv-
ity Psychosis in Treatment—Resistant Schizophrenia|J].Int ] Mol
Sci1,2015,16(12):30144—-30163.

[12]Wang H,Deng QW ,Peng AN,et al.3 —arrestin2 functions as
a key regulator in the sympathetic—triggered immunodepression
after stroke[J].J] Neuroinflammation,2018,15(1):102.

[13]Cao F,Huang C,Cheng J,et al.3 —arrestin —2 alleviates
rheumatoid arthritis injury by suppressing NLRP3 inflamma-
some activation and NF— kB pathway in macrophages [J].Bio-
engineered,2022,13(1):38—47.

[14]Javadi M,Richmond TD,Huang K,et al. CBL linker region
and RING finger mutations lead to enhanced granulocyte —
macrophage colony—stimulating factor (GM—CSF) signaling via
elevated levels of JAK2 and LYN [J].J Biol Chem,2013,288(27):
19459—-19470.

[15]He S,Wang T,Shi C,et al.Network pharmacology—based ap-
proach to understand the effect and mechanism of Danshen a-
gainst anemia(J].J Ethnopharmacol,2022,282:114615.

[16]Xu S,Pan X,Mao L,et al.Phospho —Tyr705 of STAT3 is a
therapeutic target for sepsis through regulating inflammation and
coagulation([J].Cell Commun Signal,2020,18(1):104.

[17]Xia Y,Hong Q,Gao Z,et al.Somatically acquired mutations
in primary myelofibrosis: A case report and meta—analysis[J].Exp

Ther Med,2021,21(3):193.

17



536 B 15 W
EUERE 2023 4 8 A

B B Vol. 36 No.15
Journal of Medical Information Aug. 2023

[18]Zhou Q,Cheng KW,Gong J,et al.Apigenin and its methyl-
glyoxal —adduct inhibit advanced glycation end products —in-
duced oxidative stress and inflammation in endothelial cells [J].
Biochem Pharmacol,2019,166:231—241.

[19]Bui TM,Wiesolek HL,Sumagin R.ICAM—1: A master reg-
ulator of cellular responses in inflammation, injury resolution,
and tumorigenesis[]].] Leukoc Biol,2020,108(3):787—-799.
[20]Andersen CB,Runge Walther A,Pip6 —Ollé E,et al.Fal-
carindiol Purified From Carrots Leads to Elevated Levels of
Lipid Droplets and Upregulation of Peroxisome Proliferator —
Activated Receptor—y Gene Expression in Cellular Models [J].
Front Pharmacol,2020,11:565524.

[21]Nie Z,Pu T,Han Z,et al.Extra Spindle Pole Bodies—Like 1
Serves as a Prognostic Biomarker and Promotes Lung Adeno-
carcinoma Metastasis[]].Front Oncol,2022,12:930647.

[22]Song R,Huang J,Yang C,et al. ESPL1 is Elevated in Hepa-
tocellular Carcinoma and Predicts Prognosis [J].Int ] Gen Med,
2022,15:8381—8398.

[23]Singh N,Sharma R,Bose S.Meta—analysis of transcriptomics
data identifies potential biomarkers and their associated regula-
tory networks in gallbladder cancer[J].Gastroenterol Hepatol Bed
Bench,2022,15(4):311-325.

[24]Guan Q,Zhao P,Tian Y,et al.Identification of cancer risk as-
sessment signature in patients with chronic obstructive pul-
monary disease and exploration of the potential key genes[J].Ann
Med,2022,54(1):2309—2320.

[25]Wang Y,Zhou T,Chen H,et al.Rad54L promotes bladder

cancer progression by regulating cell cycle and cell senescence

18

[J]-Med Oncol,2022,39(12):185.
[26]De Luna N, Turon—Sans J,Cortes—Vicente E,et al. Downreg-
ulation of miR —335—5P in Amyotrophic Lateral Sclerosis Can
Contribute to Neuronal Mitochondrial Dysfunction and Apop-
tosis[J].Sci Rep,2020,10(1):4308.
[27]Xu SJ,Hu HT,Li HL,et al. The Role of miRNAs in Immune
Cell Development, Immune Cell Activation, and Tumor Im-
munity: With a Focus on Macrophages and Natural Killer Cells
[J]-Cells,2019,8(10):1140.
[28]Zhang Z,Chen L,Xu P,et al.Gene correlation network anal-
ysis to identify regulatory factors in sepsis [J].J Transl Med,
2020,18(1):381.
[29]Miao R,Dong XB,Gong JN,et al.Analysis of significant mi-
croRNA associated with chronic thromboembolic  pulmonary
hypertension[J].Natl Med J China,2018,98(18):1397—1402.
[30]Yi E,Zhang J,Zheng M,et al.Long noncoding RNA IL6 —
AS1 is highly expressed in chronic obstructive pulmonary dis-
ease and is associated with interleukin 6 by targeting miR —149—
5p and early B—cell factor 1 [J].Clin Transl Med,2021,11 (7):
e479.
[31]Yuan M,Hu X, Xing W,et al. B2M 1is a biomarker associated
with immune infiltration in High altitude pulmonary edemalJ].
Comb Chem High Throughput Screen,2023 May 10.Epub a-
head of print.
[32]Swenson ER,Birtsch P.High —altitude pulmonaryedema [J].
Compr Physiol,2012,2(4):2753—2773.

Wckie H 39 :2023-06-09; &[] H 41:2023-06-18

St AR





