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E: HiY: Mishlks & (Pulmonary artery hypertension, PAH) J&—Ff™ 5 1 & A= d B EREm,  H R MIeA G
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i, FRATHEAT T AR AN L R LA 0 il TRRUST W, RATRATHX AR o E N 7. e
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Abstract: Objective: Pulmonary artery hypertension (PAH) is a life-threatening lung disease without effective
therapeutic agents. Necroptosis plays a key role in the pathogenesis of PAH. We therefore investigated to identify and
validate the potential necroptosis-related genes in PAH by bioinformatics analysis and experiments. Methods: Firstly, the
microarray data of PAH (GSE15197) and necroptosis-related genes were obtained from Gene Expression Omnibus
(GEO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) database. Then we used the bioinformatics methods to
identify the differentially expressed genes (DEGs) between the normal lungs and the lungs of PAH patients and extract
the necroptosis-related DEGs. Enrichment analysis and protein-protein interaction (PPI) analysis were performed to
screen the hub genes. Module construction and co-expression analysis of hub genes were also conducted. Key
transcription factors (TFs) of hub genes were obtained by using the TRRUST website. Finally, the experimental mouse
PAH model was performed to verify the expression of hub genes and key TFs by gRT-PCR. Results: A total of 16
necroptosis-related DEGs (10 upregulated genes and 6 downregulated genes) were identified by comparing the normal
lungs and the lungs of PAH patients. ClueGO and KEGG enrichment analysis demonstrated these necroptosis-related
DEGs were involved in positive regulation of nitric oxide biosynthetic process, programmed necrotic cell death, positive
regulation of chemokine production, necroptosis, and NOD-like receptor signaling pathway. 7 hub genes were obtained
by cytoHubba, including BAX, XIAP, TLR4, TNF, HSP9OAAL, FAS, and TNFSF10. qRT-PCR analysis confirmed that
expression of Bax, Tlr4, Tnf, Hsp90aal, Fas and Tnfsf10 were significantly upregulated, while the expression level of
Xiap was not significant in mouse lungs with experimental PAH compared with normal mouse lungs. Conclusion: Our
study identified 7 important hub genes related to necroptosis in PAH, which could be used as potential therapeutic targets
and provide new insights into further mechanism study for PAH.

Keywords: Necroptosis; Pulmonary Artery Hypertension; Bioinformatics Analysis; Gene Expression Omnibus;
Hub Genes; Transcription Factors
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I Trizol 75 AR/ BRUITZH 2L PR LS RNA.
HU 1 pg RNA, #% cDNA & 7 & Ui 1T cDNA
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£ Hi. 7£ StepOne Plus %4t (Applied Biosystems, Grand
Island, NY) EffiHiEH SYBR green & & iiE4T
qRT-PCR. BEDHAG MBI YT HI ILZE 1. KA 27287 3%
JE R R AEX RIA R . 18SIRNA fEAN S .

® 1 51
HE 4 Elkz L2l
Tnf F: GGTGCCTATGTCTCAGCCTCTT,; R: GCCATAGAACTGATGAGAGGGAG
Bax F: AGGATGCGTCCACCAAGAAGCT; R: TCCGTGTCCACGTCAGCAATCA
Xiap F: GGCAGAATATGAAGCACGGATCG; R: CACTTGGCTTCCAATCCGTGAG
Tlr4 F: AGCTTCTCCAATTTTTCAGAACTTC; R: TGAGAGGTGGTGTAAGCCATGC
Hsp90aal F: GCTTTCAGAGCTGTTGCGGTAC; R: AAAGGCGGAGTTAGCAACCTGG
Fas F: CTGCGATTCTCCTGGCTGTGAA; R: CAACAACCATAGGCGATTTCTGG
Tnfsf10 F: GGAAGACCTCAGAAAGTGGCAG; R: TTTCCGAGAGGACTCCCAGGAT
Pml F: GTCTAAGACCCAACCTGTGGCT; R: CTTCATGGAGCCGACTGTCTGA
Spl F: CTCCAGACCATTAACCTCAGTGC; R: CACCACCAGATCCATGAAGACC

2.9 giitawr

K F GraphPad Prism 3 fFHI R (B 3.6.1) 3
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GSE15197

Necroptosis

CHMP2B TNF XIAP CHMP4C
EIF2AK2 TRPM7 CYBB HSP90AB1
FAS TNFSF10 HSP90AA1 SPATA2L
TLR4 IL33 JAK1 BAX
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KEFRIC. (b) SRIEHETA T ARG 2 7 Rk SE R 4k B
14 GSE15197 S5IRAUAH R FHIREM AL, VLK IR
PEPR T I 22 FRIE 2R I
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R 2 AE PAH A A2 o 5 R BEAR S 1 22 R 3R A B A
Gene.symbol | logkFC adj.P.Val Gene.title
Upregulated genes
CYBB 2.5228657 0.000396 cytochrome b-245 beta chain
BAX 2.3728499 0.00269 BCL2 associated X, apoptosis regulator
XIAP 2.0856471 0.000667 X-linked inhibitor of apoptosis
TLR4 1.8343313 0.000219 toll like receptor 4
JAK1 1.5799934 0.0016 Janus kinase 1
HSP90AB1 1.3554205 0.000743 heat shock protein 90 alpha family class B member 1
CHMP4C 1.1510553 0.00445 charged multivesicular body protein 4C
EIF2AK2 1.0690987 0.00234 eukaryotic translation initiation factor 2 alpha kinase 2
SPATA2L 1.0359355 0.0471 spermatogenesis associated 2 like
TNF 0.7470438 0.0159 tumor necrosis factor
Downregulated genes
TRPM7 -0.8631701 0.00276 transient receptor potential cation channel subfamily M member 7
HSP90AA1 -1.0637412 0.00437 heat shock protein 90 alpha family class A member 1
CHMP2B -1.2158323 0.00441 charged multivesicular body protein 2B
FAS -1.3358365 0.00021 Fas cell surface death receptor
TNFSF10 -1.4552821 0.00461 tumor necrosis factor superfamily member 10
1L33 -2.0870165 0.000184 interleukin 33
d C KEGG pathway
TNFSF10 BAX Salmonella infection
7 NOD-like receptor
7 // / EIF2AK2 signaling pathway
//% / /%/7 Necroptosis® -Iogw(P.value)
/ //7/ ’ TRPM7 Measles v %E
A [ /‘/ 10
/ //},/ Lipid and atherosclerosis G;ne number
~" | HSP90AE Leishmaniasis | &
e o
/J/ Influenza A o
P /\////‘// ke o
epatitis
=33 i
- I Hepatitis B
="
§ ~CYBB JAK1 Apoptosis
CHMP4C————CHMP2B 2 enrichment

b

positive regulation
of nitric oxide
biosynthetic process

Fold enrichment

/

////
TRPM7 AT Z BIF2AK2
TLRE
HSP90AB1 - \iis3
TNR /
e
FAS
oo}
BAX
TNFSF10

2 16 Fi S5 IRBEEE T4 26 (1) 22 7 ek 2 R ) R (-2 AR ELVE T 2% 2 & 4270 T« (a) 16 2Rk i S ERE M VE T A SR I R
EA-EAMEERMZ. (o) FIH Cytoscape 1 ClueGO 351 GO term M EAEH ML, HAEEFEZERM GO term # 5
HEIR. GO, ZERAM, (c) 16 MAIEHEE T HRZERFKIEZELINK KEGG FHEMHT. BB KK/ RN RIER P HE,

AR BRI FE R R T B B TR AR
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23 TR ST EH K i AL v 72 SR SRR T2 2 ]
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F Cytoscape #J& | 25 &1 F 0 KT 0.4 IR H-EH
AHEAE 2, DR SEARBSRFEE I T2AH O¢ 722 e 3R A 2k
R [ A AR OLE 2a). SR/EHATE Cytoscape
() MCODE #4532 — /M &% BB ) L R, A
5 8 AN M 15 4534 (LK 3a). MCODE #:[Alf)
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a /JAK1
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8 nodes 15edges, P <
score: 4.286 FAS 7AP
EIF2AK2 \NFSHO
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b c KEGG pathway
TLR4 Necroptosis @
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3.4 RAREH KL E S 73

N7 EFEA-EAMHEAEH MR LR, R
IR T cytoHubba 17 7 %L, 152] 7 HEAHT 10 A7
PIAR AR (L3R 3). A5 i 4 B 22 ik 7 4>
WOLMRA R, @FF BAX. XIAP. TLR4. TNF.
HSP90AAL. FAS F1 TNFSF10 ( W.I&l 4a). B4k, @it

GeneMANIA ¥ 7 3Rk 151 B X 21 356 K] 1) 6 3R 0K X 4%

(ILPE 4b) . S5 R, XU AR ILE— AN E &1
FBA-FEAMBAEHAME, PEEAERN 43.25%, L3
EASMIER 26.83%, HFRIEHRN 16.89%, TN
12.07%, PR EAEZN 0.95% (W& 4b).

2% 3 HEA T 10 £ MR L 3L A

MCC MNC Degree Closeness Radiality Stress EPC
TNF TNF TNF TNF TNF TNF TNF
TLR4 TLR4 TLR4 TLR4 TLR4 HSP90AAL TLR4
TNFSF10 HSP90AAL HSP90AAL HSP90AAL HSP90AAL TLR4 HSP90AAL
FAS TNFSF10 TNFSF10 XIAP XIAP XIAP TNFSF10
HSP90AA1 FAS FAS TNFSF10 TNFSF10 TNFSF10 FAS
XIAP XIAP XIAP FAS FAS FAS XIAP
BAX BAX BAX EIF2AK2 EIF2AK2 TRPM7 BAX
EIF2AK2 EIF2AK2 EIF2AK2 JAK1 JAK1 BAX EIF2AK2
JAK1 JAK1 JAK1 BAX BAX HSP90AB1 JAK1
HSP90AB1 HSP90AB1 HSP90AB1 HSP90AB1 HSP90AB1 1L.33 1L33
a 10+
7
5_
2
0-

—— \|CC
s VINC
s Degree
s Closeness
s Radiality
S Stress
—— EPC

10 5 0

@a

HSPOAA1
| |
[DIABLO]
2]

o

ol

Networks
Physical Interactions

Shared protein domains
Co-expression
Predicted

Genetic Interactions

Functions

positive regulation of cysteine-type endopeptidase activity
involved in apoptotic process

regulation of cysteine-type endopeptidase activity involved in
apoptotic process

regulation of cysteine-type endopeptidase activity

positive regulation of cysteine-type endopeptidase activity
positive regulation of endopeptidase activity

regulation of endopeptidase activity

positive regulation of peptidase activity

4 MRAFED 208 MK BRI 3L 2% . (a) 4ERERoR, i Cytoscape M 7 MLkt 7 MESMXAZER . (b)idid

GeneMANIA 4341 Hub 3[R 7 H LRk LA,
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HTF TRRUST $d 2, FATTRBIA 12 Na] eI ix Sepx 41 5L K R 1A ¥ % A 1, .45 RELA.NFKB1.SP1.
STAT1. EGR1. NFKBIA. PML. ATM. ATF2. SPI1. JUN. TP53 (UL 5), iXtbdLEkFIHI4e W% 4,

5 Hesg K TIRIEML . Fe R tbnis, AKX A B tbnic

R4 XA HE R ) R B SR IR T

Key TFs Description P value Genes
RELA v-rel reticuloendotheliosis viral oncogene homolog A (avian) 2.04E-08 $ﬁi TNFSF10, BAX, XIAP,
NFKB1 nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 2.11E-08 '?ﬁl)i(slz(lltﬁp TNF, FAS,
SP1 Sp1 transcription factor 1.93E-07 E:é(  TNF, TNFSF10, XIAP,
STAT1 signal transducer and activator of transcription 1, 91kDa 2.94E-06 BAX, HSP90AAL, FAS
EGR1 early growth response 1 3.38E-06 | TNFSF10, TNF, FAS
NEKBIA _nuc_le_ar factor of kappa light polypeptide gene enhancer in B-cells 2.01E-05 | TNFSF10, FAS

inhibitor, alpha
PML promyelocytic leukemia 2.01E-05 BAX, TNFSF10
ATM ataxia telangiectasia mutated 2.72E-05 FAS, BAX
ATF2 activating transcription factor 2 5.82E-05 FAS, TNF
SPI1 spleen focus forming virus (SFFV) proviral integration oncogene spil 0.000221 | TNF, TLR4
JUN jun proto-oncogene 0.00127 FAS, TNF
TP53 tumor protein p53 0.00153 FAS, BAX

3.6 SIS PAH /N RAT X A ZE R fd
FHFHRRIEHAE

FATFIHT SRR (1005 B5-3 /0 B L il ik e
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Kl 6 KA qRT-PCR /7iZEIIESEEG 1 PAH /N BT X 41 55 D5
T IA K. qRT-PCR &l 25t PAH /NERAN
o & /N B AT 41 2 R Bax, Xiap. TIr4, Tnf, Hsp90aal. Fas.
Tnfsf10,Pml.Spl 1) mRNA 7K. AT £ 45 LL 35 {E4SEM
Fono Gt FEEM KA unpaired Student’s t f346. *P <
0.05 #IN AR EEN, **P<0.01, ***P <0.001.

4 PR

TERBFTH, FRATEEE T1E PAH K i f o 8 2
P ERTEMETI T A G R, AR 1R AR T
PAH & d #2 Vg (e w15k, BRI
JF ¥ 4E GSEL5197 HIRBUMET TR R 4R, MH AL S
IR1G T 16 N EIRFEPETI T A G 22 TR IR, Hrp
ALHE 10 A EVHZERAT 6 A T IRERR, XL SRR
TR 2 Rl R 2 MAFE BB A AR .
Ah, EHEITR, IXLEIRFEE I TR G £ R IA
HER FEH S —ANEEY G SO R IR 2P
IFEARRAET: . B 7 = A IR RS . IR T
A NOD FEZR{5 A XK. M, TAL@ET
cytoHubba 3k15 | 7 AN S BEHX 41 B ], 0. 45 BAX . XIAP,
TLR4. TNF. HSP90AAL. FAS 1 TNFSF10. t:4t,

BABE L2 T IR R (1 e DR R4 N 4% . B
AT T HREE S PAH /DR, IS 7 AR
[R] A 55 g 2 3% TR 1 SI2 06 4L RT 6 HRVZE /N BRI o ) 2R 5
Ko GERER, SXTHRAALI, SZIGH PAH /NG
th Bax. TIr4, Tnf, Hsp90aal. Fas. Tnfsf10., Pml Al
Spl HIFIA T L. SR, Xiap FMIFRIETLEEZE .
BRI T IRAF I — LE TR PR R G R , (HAHH 5T PAH
RAR BT EN L AL T8 WAR AT AT SE 2%

LU HER, REERET 2PN
— MR, WA A SRR U O R R, 5
LA O JULR I T 8 9 357 4 00 g 3 38 v R 25 B R
[19-22]. TR, BIFFT AR IR U R T A6 8 Y e R
BRI (COVID-19) [23], R MEREF4E1L (PP [9],
fish ke s (PAHD [14], A0 [10] 55 Bl 35850 1 &
At R IEE R . SR, PAH # Y E0m HLH
BRI . 5T PAH AR FEME T B3 E 4
THLHl, GO Ml KEGG &HHENMaE KM, RILIHER
TAHRERZ S 7 —8 B WS ot #2101 R
FE P PERSEA At T SR = AL W B % . RAE
PEJH TR0 NOD FESZAAE S il g . il ifi A5 b 88 Wi 4 2
PAH FIHIEZ —, &'SEMEBEEmARLD, HO0=
Ja AR IN[24] . MY 5Kk M AN TaG i — AL FOK T BE
2 HATHRH 1 PAH KL 2 —[25]. AR
T — 4L B AT 3OS CGMP A I8 ILSK 74 it
I VLG FE AT, BRI 3N ik BH /7 [26-29] -
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—SEIRBE A PE TE 5 T IR IA KT R A 2R A
[11]. BRIth, XECHFFTRN], 5 RORE RONAH I B RE P 1t
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FR IR TR0 R 7 o] S8 PAH il i B 44,
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HSP90AAL. FAS F1 TNFSF10, XUbL ki S 5%
ZAPFREE R . YRR SER 7 (TNFo) A& —FpK
BRI ST AN, HAFFAKPLE PAH B il B2 T,
W R Bt %5 TNFo B9FEIE/NR I T ™ &
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5, HWME B s HSP90AAL, FAS 1 TNFSF10
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