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A Preliminary Study on Toxoplasma gondii Interfering with Copper Metabolism
Pathways in Mouse Kidney
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Abstract Objective To investigate the effect of Toxoplasma gondii infection on copper metabolism
in the kidneys of mice. Methods A total of 80 7-8-week-old C57BL/6 female mice were randomly
divided into four groups of 20 mice in each group after one week of adaptation, including Control
group, Cu group, TgCtwh6 group and Cu+TgCtwh6 group. Mice that were not infected and fed
with normal diet and water were used as the Control group; Mice fed with 1 g/kg of copper
chloride processing diet and 0.1% copper chloride water for 60 consecutive days were used as Cu
group; Mice infected with 25-30 TgCtwh6 cysts (one of the predominant genotype Chinese 1 in
China) fed with normal diet and water were used as the TgCtwh6 group; mice infected with 25-30
TgCtwh6 cysts and fed with a processed diet containing 1 g/kg of copper chloride and water with
0.1% copper chloride for 60 consecutive days were used as the Cu+TgCtwh6 group. ICP-MS was
used to determine the changes in copper content in kidney tissues. Hematoxylin-eosin (HE)
staining was used to observe the pathological changes of mouse kidney tissue. The number of
apoptotic cells was observed by Pl staining. Western blotting was used to detect the protein
expression levels of glutathione peroxidase 4 (GPX4) and superoxide dismutase (SOD1, SOD2).
RT-gPCR was used to detect the mRNA expression of cuproptosis-related genes. Results
Pathological manifestations such as inflammatory cell infiltration in the Cu group and TgCtwh6
group were seen under the microscope, and the inflammatory infiltrating cells of the renal
interstitial were reduced in the Cu+TgCtwh6 group, and the pathological manifestations of
glomerular tubular structure were improved. The number of apoptotic cells in the Cu+TgCtwh6
group (88.36+19) was lower than that in the Cu group (119.0#20). Compared with the

Cu+TgCtwh6 group, the expression of SOD1 protein was down-regulated, and the difference was



statistically significant (P<0.05). TgCtwh6 infection could restore the down-regulation of renal
GLS expression and the up-regulation of ATP7B expression caused by copper overload.
Conclusion Toxoplasma gondii infection can interfere with the copper metabolism pathway in the
kidney of mice, improve the kidney damage caused by copper overload, and provide new clues for
the treatment of copper overload disease.
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60004-1-1g; 1:8000) Hipi. H#Ji SOD1 (&5 : 67480-1-Ig; 1:1000) . SOD2 (66474-1-lg;
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1.7 Western blot A
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KH qRT-PCR FE AR M /I 5B 2H 2R 7 43 g 1 717 % 5% [F1§~ 1(metal regulatory transcription
factor 1, MTFL1) | 4 Jifa Ji I 2 3 (st 1tk S i X1 - 2A Ceyclin dependent kinase inhibitor
2A, CDKN2A) . 25 & Bk 1% ( glutaminase, GLS) . ATP #4441z p(ATPase copper transporting
beta gene, ATP7B) JE[A[ mRNA Fix/K¥. 5I¥H LEAET AR (R 1) . TRIzol #4ig
BN REIEAZ RNA, ISR AN T E RNA B EEJF I il cDNA
FFALM . 10 ub qRT-PCR W44k %&: 2xSYBR Green Pro Taq HS Premix 5 uL. cDNA it
1 uL. Premix F 0.3 uL. Premix R 0.3 pL, JEEEKANEZE 10 ul; RMNZAH: 95 °C 10 min Fids
£, 95 °C 10's, 60 °C 30 s, 3L 40 IXAEHF . F T N ZH K] GAPDH 73#1 PCR 4528, JRilid 244
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Tab.1 Primer sequences used in real-time PCR analysis
Gene Forward primer (5'—3") Reverse primer (5'—>3’)
MTF1 ACACCTTCGTCTGTAATCAGGA CTGCACGTCACACTCAAATGG
CDKN2A CGCAGGTTCTTGGTCACTGT TGTTCACGAAAGCCAGAGCG
GLS CTACAGGATTGCGAACATCTGAT ACACCATCTGACGTTGTCTGA
ATP7B CATCAGTGACGCCATGACAG TCATCCCGCAGAGCACACC
GAPDH GGTTGTCTCCTGCGACTTCA TGGTCCAGGGTTTCTTACTCC

1.9 BEMEERSHT



B SEBR M A 3 Ik T image J 34T Western blotting 45 5147 70 #r,
GraphPad Prism 8.0.2 {47 Gt 22 At AR ], & dHIA) LU B fdt P B DRI 3R 7 22 2 i, 4L

W59 EL %K B LSD(Least-significant difference)-t #4%, LL P<0.05 NZ 54 4iit%5E L.
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2.1 /NREESSER ICP-MS Rl 25 532

KR Ao i 4 R BB A 5 T/ BB T B B, ICP-MS Rl 46 R, Cu 41/ BB k4
FrREAHEL Control 43N (P<0.05) , $7R/IN BV Ik AR A i 2 il Bl TgCtwhe ek G4
JIE A A e RS EACT Control 2, HZERASIEE L (P<005) , 5 Cu 4L,
TgCtwh6+Cu 141 LR & & R % (P<0.05) . 455K, TgCtwhe BEYsn BRARHD L3/ R

HELH R IR 7K P W 1.

B 1 B/ SRR B
Fig.1 Comparison of kidney copper content in each group

#E: "P<0.05 vs Control group; #P<0.01 vs Cu group.
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X %20/ BB IEREAT ZH S0 B R Y, 4 HE Ju(f 5 IS B Control ZH /) B 1 /INEF
B NERIE A G R, 55 . 5 Control 41AHEE, Cu ZHF1 TgCtwh6 ZH/)N R ] WL4H 2R =
HE (A R MR, B NERARTE . B NET SR BRI 5 Cu 4LAHLL, Cu + TgCtwh6 41

ANEE TR R AR I R, R R A T . LA 2.



Conrol Cu - TgCtwh6é Cu+TgCtwh6

B2 BANREE HE g R

Fig.2 HE staining results of the kidneys of mice in each group

7E: black arrows: the occurrence of inflammatory cell infiltration in the renal interstitium.

2.3 PI Jetata il 4 B Ja T3

WAL p i R 2 i AU SOBOR S AN T . A AN RV AFHEAT P LRt
T TSI T B B A L, 45RO, 5 Control 4 (53.5042.6) AHLL, Cu 4L T4
Mi% (119.0420) £l TgCtwh6 41 (78.5748.4) 142 (P<0.05) , ifii Cu+TgCtwh6 2V T4 iy
#r (88.36H9) kT Cu 4l, ZERAFIFFEEN (P<0.05) (WK 3. 4) . ZREKHP T
SR T e P B 2 A L T

B 3 F/MR P B gt F200
Fig.3 Pl staining results in each group>200



B 4 F4/R P R EmATHE

Fig.4 The number of apoptosis stained with PI in each group

7E: "P<0.05, ""P<0.001 vs Control group; *P<0.05 vs Cu group
2.4 /N RUE AR R R P 8 H I Western blotting 4552

X8 /0N BB AU RO DG R LRI A BT, 45 SRR, 55 Control ZEAHEL, Cu 4.

TgCtwhé ZH'5 i 1) SOD1 & HERE /K- B, ZRA SR L (P<0.05) ; 5 Cu 4AH
kb, Cu+TgCtwh6 #1 SOD1 F ik Nl (P<0.05) ; M 4 40 [A] SOD2 ik J6 W B it A%
5 Control ZHAH Lk, Cu ZHAI TgCtwh6 2H ' HEZH 4 GPX4 & A RIRIE/KF N (P<0.05) ;
Il Cu+TgCtwh6 2 GPX4 &isA pr Lill, ZRA Gt 7E L (P<0.05) . WA 5.



B 5 &4/ SOD1. SOD2 il GPX4 & BN RIEE K
Fig.5 Comparison of the expression of SOD1, SOD2 and GPX4 proteins in each group
HE: "P<0.05, "P<0.01, ""P<0.001 vs Control group; *P<0.05 vs Cu group
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HE# /N RUE 420 GLS. ATB7B JERI ik .



K6 #4/NR MTF1, CDKN2A. GLS. ATP7B ] mRNA Ri& i
Fig.6 Comparison of mMRNA expression of MTF1, CDKN2A, GLS, and ATP7B in each group

HkK

7E: "P<0.05, "P<0.01,""P<0.001 vs Control group; *P<0.05 vs Cu group
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