37 1 Vol.37 No.1
2024 2 Acta Medicinae Sinica Feb. 2024

DOI: 10.19296/j.cnki.1008-2409.2024—01-002 . .
* EXPERT FORUM -

( 212013)
» “333 » . “
” o / A) Al
: Science
o (5 wmol/kg) Synergy H4
( MDA) B Ca™ DNA
GO KEGG Reactome
RT-PCR.
o Ca™* o
934 687 247
4 Ppp3caPlcg2 Vavl  Cd247 o
Ppp3caPlcg2 . Vavl . Cd247
; DNA ; ;
1 R995 TA : 1008-2409( 2024) 01-0009-09

(31071030 31271272) .

shihf@ ujs.edu.cn.



1 37

Analysis and identification of differentially expressed genes related to

spleen immunity induced by cadmium exposure in mice

RUAN Jiacheng SHI Meilin MA Haiyan SHI Haifeng
( College of Life Sciences Jiangsu University Zhenjiang 212013 China)

Abstract Objective This study aims to explore the effects of cadmium ( Cd) exposure on spleen tissue
damage and gene expression and explore the underlying molecular mechanisms of cadmium
immunotoxicity. Methods A single subcutaneous injection of CdCl,( 5 wmol/kg) was used to expose the
mouse model. The Synergy H4 hybrid microplate reader was used to detect malondialdehyde ( MDA)
content in spleen tissue and Ca’*content in human B lymphocytoma cells and the differentially expressed
genes in the spleen were identified by DNA microarray analysis. GO enrichment KEGG sinaling and
Reactome pathway database were used to analyze the immune related functions of Cd exposure interference.
RT-qPCR immunofluorescence and Western blot were used to differentially expressed genes. Results Cd
exposure interferes with the autophagic function of cells causing Ca**homeostasis imbalance and enhanced
oxidative stress in tissues. There were 934 differentially expressed immune-—related genes including 687
up-regulated genes and 247 down-regulated genes. Cd-induced four key immune genes ( Ppp3ca Plcg?2

Vavl Cd247) regulated the innate and adaptive immune systems. Conclusion The expression changes of
key immune regulatory genes ( Ppp3ca Plcg2 Vavl and Cd247) induced by cadmium exposure may be
the molecular mechanism of their immunotoxicity to mouse spleen.

Keywords: cadmium; DNA microarray; immunotoxicity; differentially expressed genes

(Cd) o DNA
1
2
3
1
= 1.1
T B Ramos B ATCC
M- ; RPMI 1640 Hyclone ;
CD4" T 5 : ( MDA)
Wistar CD4*T s : ( FBS) .Fluo-3/AM,
- DAPI

1

AceQ Universal SYBR qPCR Master Mix HiSeript III

° RT SuperMix
: RIPA
; ~BCA

clOo



37

( ) ; PVDF
; LC3B \p62 B-
Actin CST : ECL
Synergy H4
: One Drop® OD-1000 -
Applied Biosystems QuantStudio 3 PCR
: Bio-Rad
; Tanon
1.2
15 ICR (8
20 g) 3 5 & ( 0):
0.9%
5 pmol/kg
10 pmol/kg o 24 h
24 h 3
(3-MA) 10 mg/kg 24 h
15 s -80 C
( SYXK 2018-0053) -
1.3
0.4¢ 3 mL 65%
5 mL ICP-AES
o ICP-AES
200 kPa 1.5 L/min
15 L/min 15 s; 1 5s
2 10 s 30 s
15 r/min 1 kW; 214.439 nm.,
1.4
0.1¢g RIPA
1 mL 4 °C 13 000 r/min 15 min
BCA o
Synergy H4 ( MDA)

MDA 532 nm,
1.5 Ramos B Ca®*
1 x10° / B ( Ramos B)
12 (5 pmol/L)
24 h ; RMPI 1640 (
) I pmol/L  Fluo-3/AM
RMPI 1640 ( ) 1 h
37 C; 1x10* / 96
Synergy H4
Ca™* 488 nm
535 nmo. Ca™* o
1.6
RNA ( )
Illumina MouseWG-6_V2
@D Diffscore -13 13
o Diffscore Diffscore =

10sgn( 1,,,,~1.,) loglO( P) . @ | Avg/Signal
| = / |>2 P<0.05

1.7

( >2  P<0.05) NCBI Entrez Gene
( http: //www.ncbi.nlm.nih.gov/gene/)
o DAVID( https: //david.
nciferf.gov/tools.jsp) . GO
~logl0 P
20 . KEGG
P
10 KEGG o

Reactome ( https: / /reactome. org/PathwayBrowser)

o

1.8 RNA RT-qPCR
Trizol RNA
One Drop® OD-1000 RNA .
1 g RNA c¢DNA
PCR  ( ABI7300 ) .

e 11



37

B-Actin
o Ct
1
(5-37)
Cd247-F CAAAGCCAGCAGAGACTCCA
Cd247-R AGCAGAGTTTGGGATCCAGC
Ppp3ca-F GTGAAAGCCGTTCCATTTCCA
Ppp3ca-R GAATCGAAGCACCCTCTGTTATT
Vavl-F TGTGAGAAGTTCGGCCTCAAG
Vavl-R CAGAGCAGACAGGGTGTAGAT
Pleg2-F GTGGACACCCTTCCAGAATATG
Pleg2-R ACCTGCCGAGTCTCCATGAT
Actin-F AAGCTGTGCTATGTTGCTCTA
Actin-R GTTTCATGGATGCCACAGGA
1.9
Ramos B RIPA
4 °C 13 000 r/min 15 min
BCA o 40 pg
12%
o PVDF o
PVDF 5% LC3B.p62
B-Actin (1:1000) 2 ho
PBST 3 10 min;
(1:4000) 1h
PBST 6 10 min; ECL
1.10
o PBST(0.1%  Tween 20 PBS)
3% BSA ; p62 4 C
(1:50);PBST Alexa Fluor 568
IgG( 1 : 200) 1 h DAPI

e 12

IX73

~ o

1.1

SPSS P<0.05

MDA

24 h
0.124 43 pgl/g

0.004 72 pg/g

1A .

MDA

14.504 nmol /mL
1B .

0.221 09 pg/g
(P<0.05)

12.713 nmol/mL
7.997 nmol/mlL( P<0.05)

CA. : B. MDA :

" P<0.05,
1 MDA

2.2 N GO KEGG

934
247
GEO: GSE128931,
GO

687

~ ~

2A o
35
o KEGG

11
2B
P53

24

2C



tA. GO ; B. ; C. KEGG
2 GO KEGG
2.3 3A o
61 4 Ppp3ca-
72 21 Plcg2 . Vavl .Cd247 B T

0130

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



37

o STRING

2.4

Reactome

I P62

e 14

F. Cd247

2
Ca™”

Ppp3ca Vavl

4 Cd247 3C~F
3B o
| B.
; C. Ppp3ca . D. Pleg2 L E. Vaol
" P<0.05,
3
Ca®" LC3Bdl P62
Ramos B
4A
LC3B- 2-APB
3-MA

Plcg?2

o

4B~C o
Ca™
IP3R
5D o



TA. Ca™* Reactome ; B. p62 p62
DAPI ; C. LC3Bdl P62 D,
Ca™ " P<0.05.
4 Ca™
3 10
1
N . LCa™
4

CD247 CD3¢. CD3H. CD3Q. CD3Z.
. 15 .

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1 37
IMD25.T3Z  TCRZ CD3¢ o B VAVI
T B . VAV1
. . Ca™
2, CD247 kB o
BT VAVI Ca™
CD247 Ca™
. CD247 T o
b, CD247 o
T o
PLCg2 C ( ) °
B » PLCg2 4
B . . Ppp3ca~Plcg2 Vavl  Cd247 T/B
. B PLCg2 JTLR o
o, PLCg2 LCa®
. PLCg2 4 5-
1 4 5- o
Ca®™ ER PLCg2P3-
Ca™* LPS 4
o PLCg2 Ppp3ca-
Ca™ B Pleg2Vavl . Cd247
TLR o o
3 a PPP3CA
Ca* /
o 1 LIGY YANLJ CHEN X M et al. Phytoremediation of
Ca* T . cadmium from soil air and water J . Chemosphere 2023
. . 320: 138058.
B . 2 GENCHIG SINICROPI M'S LAURIA G et al. The effects
T of cadmium toxicity J . Tnt J Environ Res Public Health
T 7 hen ™ 2020 17( 11) : 3782.
INFAT  TLRA4/MyD88/NF—B 3 HOSSEIN-KHANNAZER N AZIZI G ESLAMI S et al.
The effects of cadmium exposure in the induction of inflam—
’ mation J . Tmmunopharmacol Tmmunotoxicol 2020 42( 1) :
PPP3CA e
° 4 QUKC WANGZY TANG K K et al. Trehalose sup-
VAVI T presses cadmium-activated Nrf2 signaling pathway to protect
- VAVL  Rho against spleen injury J . Ecotoxicol Environ Saf 2019
GTP ( Racl.Rac2  RhoG) 181 224-230.
- VAVl  GEF 5 .

c]6o



37

11

12

13

( ) 2022 32(1):80-83.
GUJ WANGY W LIUY M et al. Inhibition of autoph—
agy alleviates cadmium-induced mouse spleen and human B
cells apoptosis J . Toxicol Sci 2019 170( 1) : 109-122.
GUJ LIKD LIN H etal Cadmium induced immuno—
suppression through TLRdkBa-NFkB signaling by promo-
ting autophagic degradation J . Ecotoxicol Environ Saf
2023 259: 115017.
MCCALL J L. VARNEY M E RICE E et al. Prenatal
cadmium exposure alters proliferation in mouse CD4"T cells
via LncRNA Snhg7 J . Front Immunol 2022 12: 720635.
EBOKAIWE A P OLASEHINDE O CHIMEZIEIP et al.
Zinc ameliorates cadmium-induced immunotoxicity by modu—
lating splenic immunosuppressive indoleamine 2 3-dioxyge—
nase activity hematological indices and CD4"T cells via in—
hibition of cadmium uptake in male wistar rats J . Biol
Trace Elem Res 2023. doi: 10.1007/s12011-023-03752-7.
PEDRO E M DA ROSA FRANCHI SANTOS L F SCAV-
UZZI B M et al. Trace elements associated with systemic
lupus erythematosus and insulin resistance J . Biol Trace
Elem Res 2019 191( 1) : 34-44.
BONAVENTURA P COURBON G LAMBOUX A et al.
Protective effect of low dose intra-articular cadmium on in—
flammation and joint destruction in arthritis J . Sci Rep
2017 7( 1) : 2415.
CHEN D X LEI XY HU Y C et al. Advances in
CD247 J . Scand J Immunol 2022 96( 1) : e13170.
CHRISTOPOULOS P CHUNG I BOZORGMEHR F et

al. Deficient CD247 expression is a typical histopathologi—

14

15

16

17

18

19

cal characteristic of thymomas with cortical features J .
Histopathology 2018 73( 6) : 1040-1043.
BLAZQUEZ-MORENO A PEREZ-PORTILLA A AGUN-
DEZA.LACA M et al. Analysis of the recovery of CD247
expression in a PID patient: insights into the spontaneous
repair of defective genes J . Blood 2017 130( 10):
1205-1208.

LIYP CHENSB LIX C etal. CD247 a potential T
cell-derived disease severity and prognostic biomarker in
patients with idiopathic pulmonary fibrosis J . Front Im-
munol 2021 12: 762594.
PARKHS OH A KEUM C W et al. A novel likely
pathogenic PLCG2 variant in a patient with a recurrent skin
blistering disease and B-eell lymphopenia J . Eur ] Med
Genet 2022 65( 1) : 104387.

BRONTE V PITTET M J. The spleen in local and systemic
regulation of immunity J . Immunity 2013 39( 5) : 806 -
818.

SHEN X J] WENG CH WANG Y C et al. Lipopolysac—
charide-induced podocyte injury is regulated by calci-
neurin/NFAT and TLR4/MyD88/NF—«B signaling path—

ways through angiopoietindike protein 4 J . Genes Dis

2020 9( 2) : 443-455.

SHALOM B FARAGO M SALAYMEH Y et al. Vavl
promotes B—cell lymphoma development J . Cells 2022
11( 6) : 949.

:2023-10-17

o 17



