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Screening and validation of key genes for hypoxia-induced renal inflammatory reaction in
mice by transcriptome sequencing and bioinformatics

XU Xintong, LONG Qifu, HU Ying, JIA Ruhan,MA Ruxue, YONG Sheng
(Department of Basic Medicine, College of Medicine , Qinghai University, Xining 810016, China)

Abstract Objective To screen and validate the key genes involved in hypoxia-induced inflammatory reactions in mice using transcrip-
tome sequencing and bioinformatics. Methods C57/BL6 mice were bred at altitudes of 4 200 m and 400 m,and mouse models were con-
structed for the plateau hypoxia (HKT) group and the plain normoxia (PKC) group. Kidney tissues were aseptically removed after 30 days,
renal pathological changes were analyzed by HE staining,blood gas analysis and renal index changes were measured in the mice under
hypoxia. The kidney tissues of mice in the HKT and PKC groups were analyzed using transcriptome sequencing, key genes were screened
using bioinformatics technology , and these genes were verified using real-time quantitative reverse transcription PCR (RT-qPCR) and Western
blotting. Results HE staining showed glomerular atrophy in mice in the HKT group compared with the PKC group,and a decrease in blood
gas analysis and renal index occurred in mice exposed to hypoxia. Transcriptome sequencing analysis revealed 3 007 differentially expressed
genes (DEGs) in the HKT group , of which 123 were inflammation-related DEGs (IR-DEGs). GO and KEGG enrichment analyses of IR-DEGs
showed significant enrichment in inflammation-related signaling pathways,such as cytokine-cytokine receptor interactions and chemokines.
The results of the protein-protein interaction (PPI) network construction of IR-DEGs showed that six hub genes ,STAT3,TLR7,CD68,
NFKBIA ,LEP,and APOE ,were identified ,and the mRNA expression of these six genes was upregulated according to RT-qPCR results,
which was in agreement with the results of transcriptome sequencing. Western blotting showed that CD68 ,NFKBIA , LEP, TLR7,and APOE
expression was upregulated while STAT3 expression was downregulated. Conclusion STAT3,CD68,NFKBIA ,LEP,TLR7,and APOE are
the key genes involved in hypoxia-induced inflammatory reactions. A hypoxic environment induced inflammatory reactions in mouse kidney
tissues by upregulating the expression of TLR7,CD68,STAT3,LEP ,and APOE.
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WAREEA BRA 7liz A luminaill 7375 5E A
1.6 DEGs7H7

BRI 5 L DESeq2 % K K 3 15 i B 9E 47 43
Br, B P < 0.05 Hllog,FCI = 0fE K i EDEGs 4 32
B BE i HRIE S @ ClusterProfiler ¥ DEGs#EA73%
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tion related genes,IRGs) o DEGs SIRGsZCHERAFIR-
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1.8 IR-DEGsHY & 1 51— 11 51 AH B.AF JH (protein-
protein interaction , PPT) X444 5 Hub 3 [Fl i

{8 FISTRINGE 45 % (htip : //string-db.org/) FICy-
toscapeX 4:3.9.1 (http: //cytoscape.org/) 73 HTIR-DEGs
AL R R PP 45 1) A1 FH CytoHubbadffi £
Pt KAE A H U (maximum elique centrality, MCC) .,
BRI 243535 57 & (edge percolated component, EPC)
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HEA4 HT 1007 B AL, SR 5 O 3R A5 HE 44 HT62 /Y
FEP A HubE A
1.9 SEHE S5 5% PCR (real-time quantitative reverse
transcription PCR, RT-qPCR) ¥

ﬁﬁHPrimeScriptTM RTJZ %% 5735 & & ilicDNA,
Ik HITB Greenttk & %< 615 #4TRT-qPCR, B-actin
TE N NS, Livakik 157 2 NmRNAA X G5 4, 5
PR B UL, 20 WL SR 1A 5 P AL SR TB Green”
Premix Ex Taq " 1 10 pL,dH,0 6.4 uL,cDNA 2 pL, 1E
[ S 1] 5 | 145-0.8 wLo
1.10  Western blotting il
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Tab.1 Gene primer sequences

Gene Primer sequence Length (bp)
B-actin Forward,5’-CATCCGTAAAGACCTCTATGCCAAC-3’ 25
Reverse,5’-ATGGAGCCACCGATCCACA-3’ 19
NFKBIA Forward,5’-CTGAAAGCTGGCTGTGATCCTGAG-3’ 24
Reverse,5’-CTGCGTCAAGACTGCTACACTGG-3’ 23
STAT3 Forward,5’-AATCTCAACTTCAGACCCGCCAAC-3’ 24
Reverse,5’-GCTCCACGATCCTCTCCTCCAG-3’ 22
TLR7 Forward,5’-AAAGCCCTTTACCTGGATGGAAAC-3’ 24
Rreverse,5 -TCGTGATGGAGAAGATGTTGTTAGC-3’ 25
CD68 Forward,5’-CCTCTTGCTGCCTCTCATCATTGG-3’ 24
Reverse, 5 -GGCTGGTAGGTTGATTGTCGTCTG-3’ 25
LEP Forward,5’-TCCTGTGGCTTTGGTCCTATCTG-3’ 23
Reverse,5’-CCTGGTGACAATGGTCTTGATGAG-3’ 24
APOE Forward,5’-CGAGGGCGGCTGGAGGAAG-3’ 23
Reverse,5’-TGCAAGTGCATCATCGTTGTTC-3’ 22

TR /N BUE IR 20 s | S i R e b B
Je B W, BCATR I G R IR EE . 30 pe/ AL
FE Bl e FLUK BRI, 5% A=W AT 3514 BRI
ARG —Pi4 CHEE =5, BB In AR =4t
FIRMFE 1 he ECLAL R G (A, fff FIEE I AR
Z4: (B:EVILBER BIO IMAGINGZY 7)) MEZ 46
EAFREWES , KM Image) 4 E A FE A&
L1l S

K HISPSS 2704 {1 it AT 86 20, T BORER
HIx £ s8R o 240 HEBCR HISTHEAR RS . P < 0.05
RZERAEGIEE L

2 #R

2.1 24U/ HEGL BSR4 R

45 L o, 5PKCAL L, HKTAL /) BB /v ek
W S 2240, 3 i IR AR /N RV IR 2R A=
s BETACAE . DL T 1, HPKCAL H 5, HKTZH /N FRUA R
B AR AR B0 B2 N R (P < 0.001) LBk
SR B B oR, 5PKCA LA, HKTZ /) FLPaO, |
Sa0,34] B 3 T [ (P < 0.001), 7 B 480 30 4y 4 0
HR LA,
2.2 R A R A

Xof B 53 L I 46 SR R AT T S DAL & B, PKC
ZH RTHKTZH Hh ik 38 5 09 32 4K 43 o) o D s 5040 1Y)
95.19%.90.45% ([E12A), Tfii H &4 FE A 19Q2041Q30
53 5911>98.1%1>94.64% (2B, 156 BH AL AR (1) I ¥ %k
3t R O L I A B R, v TR S0
Bre
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A, PKC group; B, HKT group.
E1 28/MREMRARAHERBER
Fig.1 HE staining of kidney tissues in two groups of mice

F2 FBHEEFIEHMOSSWERILE
Tab.2 Comparison of renal index and blood gas analysis between two groups

Group Kidney weight (g) Body weight (g) Kidney index (%) Pa0, (mmHg) Sa0, (%)
PKC 0.064 = 0.003 22.602 +0.990 0.283 = 0.008 94.115+7.715 95.612 +1.136
HKT 0.045 + 0.002 19.283 +0.538 0.223 = 0.008 63.563 +7.187 81.565 +£2.792
t 10.250 5.904 10.390 5.795 9.187

I3 <0.000 1 <0.001 <0.000 1 <0.001 <0.000 1

HKT group PKC group
I Clean reads (21 331 371,90.45%) [ Clean reads (21 359 902,95.19%)
Containing N (5 942,0.03%) Containing N (5 022,0. ()2%)
Low quality (2,0. 00%) Low quality (0,0.0 0% A
| Adapter related (2 245 154,9.52%) [ | Adapter rehted(l 074 116,4.79%)
98.5 e e
98.0
97.5
97.0
= (20
9.5 5
96.0
95.5
95.0 vw
94.5
I ANNCIN N I

A, percentage of clean reads in the HKT group versus the PKC group; B, percentage of Q20 and Q30 for each sample.
B2 JFEFHERET
Fig.2 Sequencing data quality assessment

2.3 DEGsUiik M & HmHr Rk FD PKCAH A 327 A ik N ,PKC‘:’E
W I 2H 20 5 25 S R HKTA A1 0964 %F  FIHKTZL A 12 3267 3 36 3k K A (KI3A)  FL %
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i 126 13 007DEGs, Ho 1 3494 K 3k iR,
1 658K 3k N (KI3B) o KEGGHH # & 42534
LW, DEGs 35 & 4 F1L-17 .PPAR .mTOR ,AMPK ,
6 1005 FMA B L 32 A4 A5 A AE B2 1w AH OC i (14

4A) o GOE L4 HT /R , DEGs = B4 #ii 76 A= W it
TR AZ BB R A A ML oy R R R L R A
K ORI AR S5 40 55 (K14B)

2.4 IR-DEGsTiE LR & 4504

HKT vs. PKC |
551 @ Up
50 - ® Down
HKT PKC | e
451
40 - .
- 354 °
= 30+
a0
1096 12 326 327 £ o5
20
15
10
.
54
04
-8 -6 4 -2 0 2 4 6 8 10 12
A log, FC B
A, Wayne diagram; B, expression profile analysis of DEGs.
E3 DEGsHffik
Fig.3 Screening of DEGs
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A,KEGG enrichment analysis of DEGs; B, GO enrichment analysis of DEGs.

El4 DEGsHILS

BEEE T

Fig.4 Functional enrichment analysis of DEGs
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) FHEmsemble £ 88 /22 i 15 tH 760 1R Gs, DEGs
HIRGsH 22 4, 34 1234 R-DEGs (JK5) . IR-DEGs
PEATKEGGE 4 40 T 45 S i /R, IR-DEGs £ % & 4
T 240 B PR -2 B R 52 (AR B AVE T A R 45
JEREAH A Sl % (KI6A) o GOB e B
7 IR-DEGs 3= SE7E A W3t 5 19 S RE SN 15 JAE
N2, 4 R 43 1) 4t LA A A R0 A A R 43
DiRemta b 7456 A 745 & B 2w 4R (F
6B) .

&
0oL = II 1§ Number of genes ‘
o:ﬂ 5@ ‘ 1) Differ gene =
‘ \

. Rich factor (0~1)

DEGs TIRGs

E5 IR-DEGsf#it
Fig.5 Screening of IR-DEGs

P

0.002 0.004 0.006 0.008

Description
@ Cytokine-cytokine receplor interaction
Chemokine signaling pathway
Viral protein interaction with cytokine and eytokine receptor
Complement and coagulation cascades
® Coronavirus disease-COVID-19
© Aleoholic liver disease
Staphylococcus aureus infection
Neuroactive ligand-receptor interaction
Calcium signaling pathway
Neutrophil extracellular trap formation
@ NOD-like receptor signaling pathway
@ 1117 signaling pathway
Chagas disease
@ Legionellosis
Leishmaniasis
Th17 cells differentiation
Insulin resistance
Adipocytokine signaling pathway
Pathways in cancer
Acute myeloid leukemia

A
Classification
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I 8— 10 P
' 100 60
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! 4 w D
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A,KEGG enrichment analysis; B, GO enrichment analysis.
E6 IR-DEGSINgEE &S T
Fig.6 IR-DEGs functional enrichment analysis
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2.5  HubJ& R ik

1| FHString B 4% 1 £ 37 TR-DEGs HI PP £ 9 £
TS BOR123, T ECR264 (FITA) i i CytoHubba
RS0 R 3FIAN R H53 530 43 ) i HhHE 44 i
10 (7R BEI, S BR J AR AR e T S s AR A3

(signal transducer and activator of transcription 3,STAT3).
J8 2 (leptin, LEP) % [H F—B il ] [l F-o (nuclear
factor kappa-B inhibitory alpha, NFKBIA)  Toll¥ 32 1K7
(Toll-like receptors 7, TLR7) . #X I§ #& F1E (apolipopro-
tein E, APOE).CD68 61Hub £ [H (IK]7B) .

A, PPI network map; B, hub genes.
E7 IR-DEGsHIPPIF4FHubEE ik
Fig.7 PPI network and hub gene screening in IR-DEGs

2.6  HubJ& N K E

RT-qPCREZINZ5 53 R, 5 PKCAL L # , HKT4]
STAT3 NFKBIA ,CD68,TLR7 ,LEP, APOE mRNA%
K FIE (BP < 0.05, KI8A), I H ALK ik a5

£ 57
w
& $okok PKC
2 4 -
E Bl HKT
= 3 ok
QZ: — — Rk g
24 _—
E T
RN L 1 B
E T
<
o

42x10°
36 x 10°
35 10°
19 % 10°
NFKBIA [ - 35 10°

STAT3 [ == o = *» == 383x 10’

TLR7 [== = &= — = ==] 127x 10’

C

e S Ay 45 S — 20 (KI8B) . Western blotting:
45 5 7R, SPKCAL H 48, HKTZINFKBIA \LEP |
TLR7 .CD68HIAPOEA &3k % LM, MISTAT32E
F2#G5 % T (P <0.05, 18C..8D)

4] B RT-qPCR
3 3 RNA-seq
4
E
1-
0-
C Q& & &
DL WYY
SO 5
044 2 x
T;‘ I PKC
< 0.34 L . HKT
.E _T _ T
2 0.2 ]
g
‘%0.1— - =
< :
0.0-
PRI\ SRR
» O W 9
B N\ ¢ < b

A,RT-qPCR results of hub genes; B, results of hub genes compared with transcriptome ; C, protein expression of six hub genes; D, quantitative analysis of

protein expression of six hub genes,* P < 0.05,** P < 0.01,*** P < 0.001.

E8 HubEREIIE
Fig.8 Hub gene validation
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0B E B IR RO T R R AR R B
SR AT R AR

HE— 20 43 220 /)N B I 2H 20 o 21 2 R s
KL ARES S B S DEGs 3 228 HEAEIL-17
PPAR .mTOR ,AMPK , &8 Ifil 5 %Mz | B4 fid 57 14 45 &
i 2 I A S 46 45 DEG s 5 S R 28 S BE i 0k 1
1234MR-DEGs , KEGGHIGO & % 73 Hr 7% , IR-DEGs
TE 20 IR 1 | G0 BN (AT L 4 i IV 285 25 3 % Bk
EEE

A B 5T 38 o #e) EEPPIRY 4% 0 1% HISTA T3 NFK-
BIA .CD68.TLR7 . LEPFIAPOE 64~ J 8 %L K, CD68
& ELR A0 b ek i B TEOME 2R 1, VR B R4 i
(R ARE SV ERR AR ) o AR AR A B AT L a0 LR i
P FECD6SAE A AE AH OC HE IR ) R 3k , T BUHIE I
TR A AR AR FREE VR T LA S s A i e i
CD68%5 AAEAHSCHR &Y, I HLid ik b s Ak ke
AEHE2I 21K, BE— A g8 e i ) AR AR 3R ]
PLad it Z2 AL, i HIFE 5, £ 2ECD6STE W
AL T FRAR R T | R R LAY AT S . TLR7 3%
FEIR T BANM B SR AN b, 76 T P45 RAEAE
FH 5 TR 3 G EVE . TLR7:8 1 My D88 i 4 #%
RAEVER, SEARIL- 12 IR 364 , S8 i NF« B3 T4
() SO (i [ 1)1 O S R O SR E R s S 1
R P TLR7I S AT 75 S Th 1 R 40 S8 I 2, B
AR B DR, I A M, B A Y
Wi e 1 AR 25 R 7, AR A A S 8 o
TLR7 mRNA5 8 1 3RIB R HHAUAR J A: SAE B
B2 Fe ), AR 4L JTHIF- 100K 1 SR LEPSE [ 1)
BESREE , TR R LEPSZ (R 5 S AT BH3E , DT 1
T4 XS LEPAY W b . LEPH G U7 240 B 40 0 , 76
ST 2, LEPAE S R 5 200 B 5300 2 14 240 B R -,
(7] B B ARRIL- 1055450 28 0 A 5 1) 73 Wb o S Ah , A1 48 3R
S A 3 2 S P A B P R TR R FIR OS Y 7=
K| SR Y AR S ELEPAK T
PN IRAEGE T F IR LEPHF IR 5 F LR & A RIE

PR 2 Th BE A S 2 11 . WS ) e I, 7 {1 4l o
AR, AN 23 77 A KEEROS, AT ELAPOE
1) 2235 A 53- WA S 0, 35K T R e — o 40 L 7 o) 4 A
B N PE L] . APOE 3 50 48 4iE 2 W A ¢, #F
5% 2 %% BLAPOE T L3 8 1445 NF-« BAE 5 56 5
S 1 580 i 9 iE S, DT S BOR 28R A7 A8 o A%
AR ER EAPOE/K V- Thm , R WML EUE i 4 iR APOE
IKVAFS T AR UV

STAT3TE 2 i & S 1 H 28 4 555 Tl HA B 2
PERIPT, & th 2RI D TS , FE0E T4
1 22 Ik 2 45 A W 2 300 Y 3B AL BISTAT3 A HEIL-6
5 YH TN Y %k LLE S R RO A
53 BUSIE S i BE TG AL USTAT3 ] LA 5 F U TNF-a
RGN A ZE R BN IR R B8 R STAT3 mRNA
TR G2 B AR AR R R A, X e BRI AU
PRI BEfISTAT3 A A W R AL B L R A TS R 15
PRAE LY o NFKBIAFE A NF-«BI il 77 55 1l B2, 7E
KIHIRE T 5NF«B /RELE S YL = RIRGFHET
BB o 2 A SRR S B, NF-< B 2
P ENFKBIAZE 1 & A= IR AL 12 R AL TT R, B¢
UNF-«BE AY), Zead 5507 vE A A0 HaAZ , DNl & 45 R
A0 DX 75 PRV R A R AR
R AR N NFKBIAZE A FE 40 HINF«B
T AR AR J IR, L3 7 I S N e 47

Zg I fir it ,STAT3,CD68 .NFKBIA ,LEP, TLR7F11
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