— 84 — BEXRERKFFIR 2026 £5 51 5% 1 8 (Journal of Chongging Medical University 2026.Vol.51 No.1 )

JERBWESE DOIL:10.13406/).cnki.cyxb.003779

Iz #A B m Al =S 2 IR A HT PLCG2 Kk 1)
LR

GURR, FRAERS, W X, FEZ K MK
(%Eﬁjc%li%fﬁfn%mli%éﬁ,ﬁr 810016)

(4 Z B8 FHEZ KB A RSG5 82 T B0/ UM 2 U F BT A /K- i 28 4k B W g AR S BRI X0 /) Bl AL fE
o EHERE R I SEM LA . 77 5% B CSTBLI6 /N LA 51 5 F 400 m 14 200 m AWK 1R13% , 30 d J5 JCTR HCH IRNEHE T2 R A01E
W2 25T L85 e 2 RACEE BT 2 RACRBE G2 RAUGLA, 007 22 5 3Rk 2 RALKBOF AT ARG B A0, R 2R
PeAB A 20 2 2 5 B 2 B AR P 2 B ALRBE 2 FALGL R BB H 20 510 1 457.2 9823 373, Horr 1 100 M1 & 1 A
2 089 Zk Al E HZ RAAKE , 2 255 Al d iz RACOL AR o 78 251 22 S A WA A B O 0 v R 35 ) 69 22 S K2 RALAIKER
Forbrae MBI BRI 1, 23 MM KB RIA TR . G X 22 S 3Rk V2 R AR IR B I (4 2 11 BT GO T B R 43-# & B e
JEUAR S 2 v 25 S N R I S 2 5 AN M A 2R 0T R A e R AR G, RUAR L IR 5 RE A 21 42 5 (kyoto encyclopedia of
genes and genomes, KEGG ) 3 [ & 4 43-#1 & 90 25 57 3R 3k B 11 o I 28 4 3] 22 24 3% 6 28 11 B8 (mitogen—activated protein ki-
nase, MAPK) {5518 1% \RAS 3L K ¢ 1% (rat sarcoma viral oncogene homolog, RAS) {5518 B& A 28 P9 43 W 98 (neuroendocrine tu-
mor, NET) {5538 [, PRI 38 [ v s 2 AT 3600 , & S AR B Cy2 (phospholipase Cy2, PLCG2) & R ik W& T (P=
0.022) , 1Mt /MR A7 A= A 4 R 7 324K o (platelet derived growth factor receptor, alpha polypeptide, PDGFRA ) 25 [ 32 34 7K - | ¥# (P=
0.045) W HE B A2 TVA 2H (phospholipase A2 group TVA, PLA2G4A ) & 1 £ 35 /K ¥ & 118 (P=0.015) ; & 5E K F A A K
(interleukin, IL)-1R (P=0.009) .IL-6(P<0.001) .IL-12(P=0.014) Fl /{5 IR L. I - (tumor necrosis factor—alpha, TNF-a) (P<
0.001) # mRNA Kk 3% Bl 8518 a2 R A2 27 0 M R AR B2 52 T B0 D BUMUIEH ZUrh 8 1 RA 22 e 19 2 T HLD
BN A5 A, B SRR AR PR i el MAPK {5 53 % RAS {55 18 B A NET {5538 % P 2R B 1 A /N
SR ZH 2L b PLCG2 YA , E T S B i 22 G D RERRL A A S AT S B A2 A o

[ R8R1R [z R AL 27 5 AR5 U 5 S e S 5 RAE

(RES%S]R392.1 (cEkiRER A

Molecular mechanism of high altitude hypoxia—induced PLCG2 expression

inhibition: a study based on ubiquitination modification omics study

Chen Xiaochen,Li Jidong,Wang Xiaojun,Hu Ying ,Xu Yuzhen,Yong Sheng

(Department of Basic Medical Sciences , Qinghai University Medical College )
[ Abstract] Objective : To explore the changes in protein expression levels in mouse spleen tissues caused by hypoxic exposure using
ubiquitination modification omics, and to elucidate the mechanism of the impact of high altitude hypoxia environment on immune in-
flammatory response in the mouse spleen. Methods : C57BL/6 mice were raised at an altitude of 400 m and 4 200 m, respectively. After
30 days, the spleen was removed aseptically for ubiquitination modification omics study. By identifying ubiquitinated proteins, ubiqui-
tinated peptides, and ubiquitinated sites, the differentially expressed ubiquitinated peptides were analyzed , and bioinformatics analysis
was conducted. Results : The total counts of ubiquitinated proteins , ubiquitinated peptides, and ubiquitinated sites identified by ubiqui-
tination modification omics were 1 457,2 982, and 3 373, respectively. There were 2 089 quantifiable ubiquitinated peptides and 2 255
quantifiable ubiquitinated sites identified across 1 100 modified proteins. A total of 69 differentially expressed ubiquitinated peptides

were detected during the screening for significantly differentially
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modified peptides, of which, 46 modified peptides exhibited up—
regulated expression and 23 modified peptides showed down-—

regulated expression. The gene ontology functional annotation analy-

4 52 B4 B - hitps://link cnki net/urlid/50.1046.R.20250225.1752.009 tinated peptides revealed that the differentially expressed proteins
(2025-02-26) in the high altitude hypoxia group predominantly involved in the cel-
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lular process, biological regulation, and immune response. The KEGG pathway enrichment analysis indicated significant enrichment of

differentially expressed proteins within MAPK signaling pathway, RAS signaling pathway, and NET formation pathway. Consequently,

validation of key proteins in these pathways revealed that platelet derived growth factor receptor, alpha polypeptide (PDGFRA) (P=

0.045) and (phospholipase A2 group IVA, PLA2G4A) (P=0.015) protein expression levels were significantly up-regulated , while

( phospholipase Cy2, PLCG2) ( P=0.022) protein expression level was significantly down—regulated ; the mRNA expression levels
of inflammatory factors interleukin (IL) =18 (P=0.009) , IL-6 (P<0.001) , IL-12 (P=0.014) , and tumor necrosis factor—a (P<0.001)

were significantly up—regulated. Conclusion : The ubiquitination modification omics analysis, with the aid of bioinformatics analysis,

found that high altitude hypoxia environment inhibits the expression of PLCG2 in the mouse spleen by changing the protein modifica-

tion levels in MAPK signaling pathway, RAS signaling pathway, and NET formation pathway. This in turn leads to dysfunction of the

body’s immune system and inflammation.
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BRI 2H 2R AR 1) 2 FAIL A

AW 5T R 12 R ACB M 4 2= B AR 3 /s B
WELH R 1, R B e SRR AR A T R i 69 4> 22
SRR R B, I Hax s 22 5 Rk iz RAGKEL
BH 2 & £ 7 MAPK {5 538 [ . Ras {5 538 [ Al NET
JE G B AR IE , MAPK {5530 5 75 48 4 41 Y

HEGE TS AR SN LA K A1 3 R 4 oh & 4
ZLAE ™M, MAPK {5 %5 i % i Ras—Raf~-MEK-
ERK {5 5 0B 2 1, B[R] P 40 B 1 2 K o4k L
TR & E S5 N 25— 22 91) T B2 0 40 B A L 5 0 B i
L T ERK Uiy 2% ERK X AL 4 A
F IR A HURE 0. ERKGHE B LR
IV ) 3k B TR S RRE L RRE R T R A R £
ARG PIR L VI, 7E ERK G % 7, Ras 7824
RS R, Ras {5 53 BRI E AR AR L2 04
FHALAE , 500 ML A PR 28 KU 56 5 8 S50 1 %
AR EAT T, NET I A5 #MA B I 2 A&
YLLK A B G g PR A 5%, I O NETSs i 1 i
35 200 B TL—18 B4 7= A R ] 22 84005 Th17 20 AR A iF
RAE I Z A P i A A R SO e
AU A W] 7 2 A0 E 4R 1 MAPK  Ras AT NET JE
B 3 253 Y S R RIEMI G . N T i — R AR
A8 53 MAPK | Ras Il NET JE /808 8% & 412 %
A5 B4 FHILT 228 G 5 H SCER B PLCG2 &
H: B R84 PDGFRA Fl PLA2G4A HEA7 2 H %1k
R

PDGFRA % ith 32 {4 1% 2 19 9 it 2 11 5% 0% 1) 1l
By, SR AR ZE A fik & PDGFRA — B4k A1 [ W R
1k, BOHE F (S 5 0 %, B RAS/MAPK/ERK i #
PI3K/AKT if 4% . JAK/STAT 38 f% Fll PLC-PKC"™', 53
FE AN IG5 AFIG AR 22 . PDGFRA i i 5 He[m] IR
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T AR 235 45 R 2 4 JFL s S AL TG 12, 65 LR L 1
BLAA PDGF (s) 25 4 BB B0 , I 9815 41 i 43 24 Fn s
FE2 BFSE 2, PDGFRA & — Fl 28 i i) JiUs RE [
FE AR 28 B TR v e R R T AR AT LAY T
25 J SR 1 0 JRY ) O LR R R A4 R Y — A T
Je bR RE AR T R, AR A R B,
I E Wi 5 20 PDGFRA 2 H Rk K L, R
PDGFRA X} R Ji# 1Y PLCG2 . RasGRPs 25 & 4 i 341G
Y B4R, I 3F Ras {5 530 BRAIVEH]

PLCG2 & —FP 5 A5 5 5% 2 Wl , = 5 9% [ b
PRI AT 530, RE S TR ) 2 MR L A A4, R A
1L w5 B PIP2 (1-W i Bt 2 -1D- L% -4, 5- — 95 1R )
BEAL A 1D-JIUEE -1, 4, 5— =B A W H- 3, 76
4 2% 18 32 R AE 5 i P R G EEE I . PLCG2 i
A B TP3 AN B 5 AR5 45 5 P A % B Ik B2 40 i 2L 1
0 & B 45 3 AP R R =k N R R B,
PLCG2 J&—FP 52 /) B 40 i 8757 X+, 7€ BCR 5 5
S 0E, B 402 R PLCG2 5 B AN #E L B
AHEAE P, CD19 & BCR/PLCG2 {5 5 5 G &2 & 1K
B B R AY , HTE B AR S B B S e
PRAE VRS TR A GV E ™Y, Ak, PLCG2 XF NK
20 X A A T SR AN L 1) S ] SR T L iR S
5 Z2 95 0 B 3 A AT . B A AR s R
PLCG2 55 Mg i IR B J 98, 9l a2 Sy A LR
Je8 R 25 i 9 10 S 88 AH DG BE K27, Chan JM A5 & i
/N A Bt 983 (small—cell lung cancer, SCLC) H' PLCG2
eIk 5 B A R UG, PLCG2 i 223k 1 i g
B SR A I E 2 IF HAE SCLC I vh %5 58
R EF AR Ak | S ) e P B 20 L 4
FEIZRHA 5 52 R M PLCG2 i 2 ik W AR S A 56
PLCG2 JJ g Ffid 55 S e B B« I B i i e AN
P 2RI T PR S — RGN A O I R I,
PLCG2 S /N B SR HLAA 1E 80 i RE R 4i i, (3
FeeRT il 34 04 #5318 & . ID- LB -1, 4, 5- — @R &
R 58 A R A8 A DR B 1 A2 4, B ) PLCG2 A3 Bl
TR Y7 i O AR PR Ak, PLCG2 X 4
BANMI & &L H B, PLCG2 B4k Al i il B 41 i %
B I RE A B A5, 51 I 77 S 8 BR AR 1 KRG,
S EUARGE N M e D Re S, H PLCG2 1Y 5
WRIAEFHA G RIETEBIR LA, A5 A
MR 285 T PLCG2IZ RALB M /K- B @ Fl, 2R
FI IR 327 i AR AR R B 3d o 2 R A&
T B S R AR T PLCG2 A 23K, 52 328 40 M 76 AL
HGE A LG R S BUR e R T e A Al

PLCG2 %555 Ras—Raf-MEK-ERK 344 5 24800
PLA2G4A , PLA2G4A 7K fiff BEER Mg , DA R T 22 AN Mg
FIURG 105 2 A6 A DU 2 , 10— 20 A A 11 =M | I
FRHGH MR R , 2 V8 T RAE S R & 1 3h
F125 VL B s et A 2 B AR ok B b R HE AR
F L HR G i 4R R 4 i T IR 2 8 s S
PLA2GA4A J2 B Jou £ G5 5 g 2 00 S BE ] 39 A, iF 52
FH R A | RN SRS R - ok e 40 o w9 s
A2 S BENE B VR AR IR 1 5 R 200 AR e 4
L 5 8 0 o) PR i RN T W i Tl A2/ 4R
AR AR 2L A6 A DU R /K f AR T i T
SN B RS M DI AR SR, E— 2N TORS
Pl AT LI 1 KU, A ST & B, PLA2GAA 1) R ik
T P A i 28 0 200 B 6T B s B, A gl i P 7
V51 ROS A i , Ml ik 4 7 1A i o 1o 4 Ak e 4 aE
T2, Sarkar CZEP7& I, 76 M 28R 17 9580 L B4
P 5 47 R ifi 2 R XU, PLA2GAA B35 P A ik
I8N, I 5 AT AN AT A 5%, (i =
BIT TR —DH WG TS . AR5 R B, &
FURAESMET /N ERMAEZH 219 PLA2GAA BB 13k
KPR HRR R AR RS T s R ZEALATR
iE S A o PR ARSI — 25 A T 4 R T
TR, e AR A5 5 40 - IL-1B . IL-6 . 1L-
12 M TNF-o i mRNA ik i i 2 1R, SR (IR 2
#& T /N BUMLIE 2 20 H B0 9 i S 1

g5 LT AR ST i 2 R AL 2 A AT
T4k 2 T /INRIRIE 2, R 22 R RB T R
AR R BT I 1) 2 1 0 f 3 4R 7F MAPK {5 5 3 It
H Ras {5538 P F1 NET 5538 ¢t , 48 7~ (I i aa
FEUF 5 e T30 B 2R G A DG S R A T
Ak, 1 — 25 X 3 % DGR B AT I IE , &5
AR R AR A B ot 17 R AL B 2 2E PLCG2
K H T W& 1 (PDGFRA 1 PLA2G4A) ) /& 11 32
TR, RS G A b 3 AE A A S S R T
A FHUAR G RE RARE RSB ) & A 5 38 3 X RAE R 7
FIR A EIE, R R (IR A 5 B S BB R 2R
SiE SN R A o AR ST SR R AR 1 g R a0 L
JUE 20 2 4 2 T RE 11 52 ) B 9 1 2 7 1) T R B 4
P 1 S
FlzEZE A 1R R R 25 nh
YEBRBAR PRI HFOr R T SEREHRIT TR I8
B S AR ORI TR IR - SC B A 5 W1 PO s 1
FB IR SO A S S i S
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