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[ Abstract] Objective To explore the mechanism of spleen tissue inflammatory response induced by altitude
hypoxia in mice. Methods C57BL/6 mice were randomly assigned to a plain, i.e., low-altitude, normoxia group and an
altitude hypoxia group, with 5 mice in each group. In the plain normoxia group, the mice were kept in a normoxic
environment at the altitude of 400 m above sea level (with an oxygen concentration of 19.88%). The mice in the altitude
hypoxia group were kept in an environment at the altitude of 4200 m above sea level (with an oxygen concentration of
14.23%) to establish the animal model of altitude hypoxia. On day 30, spleen tissues were collected to determine the
splenic index. HE staining was performed to observe the histopathological changes in the spleen tissues of the mice. Real
time fluorogenic quantitative PCR (RT-qPCR) and Western blot were conducted to determine the mRNA and protein
expressions of interleukin (IL)-6, IL-12, and IL-1P in the spleen tissue of the mice. High-throughput transcriptome
sequencing was performed with RNA sequencing (RNA-seq). KEGG enrichment analysis was performed for the
differentially expressed genes (DEGs). The DEGs in the key pathways were verified by RT-qPCR. Results Compared
with the plain normoxia group, the mice exposed to high-altitude hypoxic environment had decreased spleen index
(P<0.05) and exhibited such pathological changes as decreased white pulp, enlarged germinal center, blurred edge, and
venous congestion. The mRNA and protein expression levels of IL-6, IL-12, and IL-1p in the spleen tissue of mice in the
altitude hypoxia group were up-regulated (P<0.05). According to the results of transcriptome sequencing and KEGG
pathway enrichment analysis, 4218 DEGs were enriched in 178 enrichment pathways (P<0.05). DEGs were significantly
enriched in multiple pathways associated with immunity and inflammation, such as T cell receptor signaling pathway,
TNF signaling pathway, and IL-17 signaling pathway (P<0.05) in the spleen of mice exposed to high-altitude hypoxic
environment. Among them, IL-17 signaling pathway and the downstream inflammatory factors were highly up-regulated
(P<0.05). Compared with the plain normoxia group, the mRNA expression levels of key genes in the IL-17 signaling
pathway, including IL-17, IL-17R, and mitogen-activated protein kinase genes (MAPKs), and the downstream
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inflammatory factors, including matrix metallopeptidase 9 (MMP9), S100 calcium binding protein A8 gene (S100A8),
S100 calcium binding protein A9 gene (S100A9), and tumor necrosis factor a (TNF-«), were up-regulated or down-
regulated (P<0.05) in the altitude hypoxia group. According to the validation of RT-qPCR results, the mRNA expression
levels of DEGs were consistent with the RNA-seq results. Conclusion Altitude hypoxia can induce inflammatory

response in the mouse spleen tissue by activating IL-17 signaling pathway and promoting the release of downstream

inflammatory factors.
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qPCRIZ N 554495 CHIAEHE30 5395 °C 55, 63 °C 60 s, TiF
FR40K P 45 95 °C 10’5, 65 °C 60 's, 97 °C 1 s¥ifit; 37 °C ¥
30 s, LAB-actiny N2, R HI2 720k HRA DG A
mRNAMX k&, 555 LKL,
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Table1 RT-qPCR primer information

Gene Primer sequence (5'-3") lfr:;g;;tp
B-actin F: CATCCGTAAAGACCTCTATGCCAAC 25
R: ATGGAGCCACCGATCCACA 19
IL-6 F: CCACTTCACAAGTCGGAGGCTTA 23
R: TGCAAGTGCATCATAGTTGTTC 22
IL-12 F: GGAGCAGCTGTTGATGGACCTA 22
R: AATCCAGAACATGCCGCAGA 20
IL-18 F: TCCAGGATGAGGACATGAGCAC 22
R: GAACGTCACACACCAGCAGGTTA 23
IL-17 F: AACTCCGTCGCCATTCAGCAAG 22
R: ACACAGGTGCAGCCAACTTTTAGG 24
IL-17RA F: TGAGCTGCAGAGTCAAGAATAG 22
R: CATGCAACACAGGGACTAATTC 22
IL-17RC F: GCTTCTTACTGTACCTGCGTCCAG 24
R: CTCTAGCGACCACACCTGAATGC 23
ACT1 F: CCAGAGCATCGGTTCACACTTACG 24
R: CCACTGAAGGAGTCTGCCAAAGC 23
TRAF6 F: GAAAATCAACTGTTTCCCGACA 22
R: ACTTGATGATCCTCGAGCTGTC 22
TRAF3 F: GATCTGGAAGATCCGTGACTAC 22
R: TCCATCAGCATAAGTGTCACTT 22
TRAF4 F: CGAAGAGAGCTGGAAGAACTAT 22
R: TTGTAGCCGTACTTATGCGTAT 22
MAPKS F: TTGAAAACAGGCCTAAATACGC 22
R: GTTTGTTATGCTCTGAGTCAGC 22
MAPK9 F: GCAGGTGGCGGACTCAACTTTC 22
R: AAAGCAGCACAAACAATTCCTTGGG 25
MAPK13 F: CAGCCTTTTGATGATGCCTTAG 22
R: TGGGACTGAAGTTTGAGATCTC 22
TAB2 F: ATTTCAACAGGACCTCGAAAGA 22
R: GGTGGCATTGGCTGAAATATAG 23
TAB3 F: GCAGCACCAGAACCTATT 18
R: TCTTGCTCGCTGATGTAA 18
RELA F: AGACCCAGGAGTGTTCACAGACC 23
R: GTCACCAGGCGAGTTATAGCTTCAG 25
MMP9 F: CAAAGACCTGAAAACCTCCAAC 22
R: GACTGCTTCTCTCCCATCATC 21
S100A8 F: CTTGAGCAACCTCATTGATGTC 22
R: GGAACTCCTCGAAGTTAATTGC 22
S100A9 F: GGAAGCACAGTTGGCAACCTTTA 23
R: GATCAACTTTGCCATCAGCATCA 23
LCN2 F: CGCTACTGGATCAGAACATTTG 22
R: CTTGCACATTGTAGCTCTGTAC 22
TNF-a F: ATGTCTCAGCCTCTTCTCATTC 22
R: GCTTGTCACTCGAATTTTGAGA 22
CXCL5 F: TGATCGCTAATTTGGAGGTGAT 22
R: TAGCTTTCTTTTTGTCACTGCC 22

IL: interleukin; IL-17RA: interleukin 17 receptor A; IL-17RC: interleukin
17 receptor C; ACT1: actin related gene 1; TRAF: TNF receptor-associated
factor; MAPK: mitogen-activated protein kinase gene; TAB: TGF-beta
activated kinase 1/MAP3K7 binding protein gene; RELA: v-rel
reticuloendotheliosis viral oncogene homolog A (avian); MMP9: matrix
metallopeptidase 9; SI00A8: S100 calcium binding protein A8 gene; SI00A9:
$100 calcium binding protein A9 gene; LCN2: lipocalin 2; TNF-a: tumour
necrosis factor a; CXCL5: C-X-C motif chemokine ligand 5.
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Table 2 Determination of the spleen index of the mice

Group n  Spleenmass/g ~ Bodymass/g  Spleen index/%
PSC 5 0.067+0.005 22.276+0.784 0.303+0.030
HST 5 0.044+0.005 18.300+0.759 0.242+0.031

t 7.061 8.143 3.160

P <0.001 P<0.0001 P<0.05

PSC: plain spleen control; HST: hypoxic spleen test.
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Fig 1 Histopathological changes of the mouse spleen (HE staining)

PSC: plain spleen control; HST: hypoxic spleen test.
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Fig 2 Relative mRNA and protein expression levels of inflammatory cytokines IL-6, IL-12, and IL-1$
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PSC: plain spleen control; HST: hypoxic spleen test. ' P<0.05, " P<0.01,
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Fig 3 DEGs analysis and KEGG pathway enrichment analysis

PSC: plain spleen control; HST: hypoxic spleen test. A, Principal component analysis diagram; B, volcano map of DEGs.
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Fig 4 mRNA expression of DEGs in IL-17 signaling pathway

PSC: plain spleen control; HST: hypoxic spleen test. A, Relative mRNA expression of DEGs in IL-17 signaling pathway; B, comparison of DEGs and RNA-Seq

expression. " P<0.05, " P<0.01, " P<0.001, " P<0.000 1, vs. PSC group. n=5.
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Fig 5 mRNA expression of inflammatory factors downstream of IL-17
signaling pathway

’ P<0.05, - P<0.001, ™ p<0.000 1, vs. PSC group. n=>5. PSC: plain spleen

control; HST: hypoxic spleen test.
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b CXCL5JZ ML IR 55 B bt , 380 5 fi 32 Hh Pk 240
RIS LI RN KA, AHF5E 1 CXCL5 mRNA
Fik B, Y78 CXCL5 AT S RAE RV I K 4 . TNF-af&
—FPE SR ANNLR T, 76 RAE . MG GE AN oAb R b B A
HEAE . AT, m R RS T /) U 2H 21
TNF-aZik i, B HEUR A RIE RN . 75/ AL
20 B0 R U 2 AR R 9T v e BRARL I S5 2R . AR
WL 45 R 7R S100A8., S10049, LCN2HmRNA K ik HH1E
HSTHL B T8, W98 & B, LON2& —Fp 5 5E i,
A J5 38 SR AR AT AL . 5 S A R -8, AR HERAE
AR, S100A8/ A9iH 1L ¥ NF-kBfF 51l P15 /MK
J BTG AL I AR R 4 I F TNF-a FHIMMP-9 [ 7= 471
MMP-9 3 %2t g PR A0 B 530, 43 b ik 2 23 (i i 4
RAERN BT R IR, w JEAR A IAE T /) BRI 2 21
MMP-9 i, FRALEARIER N . VL EESREUR, &
JEAR AR A N IL-1715 538 2 N i 0E R 3238 L, &
SN L ZR AR AT I K A

25 Lk, e IR RS AT LUl o S IL-1715 538
%, SEE U SORE R TR, 175 N BRUMBUIE 2H 2L 90 I i
KA JEEk R R A T IRIIL-1715 5
T, R /N BRUMGUE 2H 2R 5 RE B & AE R VE FIAIL L, R
e ST AR IS X AR S I i A WL A 0 S e 4

* * *

YEE BRI KOTSRS 3RO A 5T, SR 5157
T SCHY RIS 352 55 0 PR 5 10, PRIDE SR B STRCHR o S AR AL T, 1 R
FSTIE T, BADEG DT PARION T B2 S i S 1. AT fEE C &
TN SO A AT, PR B R M AEAT I 48 i, IF IR 20 T
YRR BT 7 T 157
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