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FHUNE VRSP & R, B SR AR
J5 BILAAR 8 e AR SR TR, I % i F2 AR i il —
FE S . HFE T (cuprotosis ) J& — Fh A [6] FHLZE E
Y BT A A0 SE T AL AT AL e S =
BRBRTG A (tricarboxylic acid cycle, TCA cycle) H HIiE
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P 20 B LA K 22 90 1 K A B DA O
BET I, AZ AT SR A A A /) Bl A 5 A A
IFGIAFKERATY S B AL Chinesel 4 TgCtwh6 #
Fr 1, BAEERSE 5 I8 BUBGe xR sE T AL B9
PERT, S48 7 B RS 28 T R BOm AL 5 157 32 T
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1 #R57EE

1.1 EERKFFLEF  Annexin V-FITC/PI 4 g 4
TIN5 & A T8 T A R R A R 5 —
2R 5 Wi il TR (HNO,, I 2% 20) Al 30% XU 7K
(30%H,0,, 70 Hr4l) S NI 05 F 2542 1414k
2FIR A B F] 5 Western blot Fi g = 24475 4 A b
L ARPTRHE A RS 7] s TRIzol i 57 14 H R 5t v ME
e R B AT BR 2 B 5 BB 3 S A W Tl
(horseradish peroxidase, HRP)Fric (4 H i -3- W iR
i = B4 (glyceral dehyde-3- phosphate dehydroge-
nase, GAPDH; %% %5 : 60004-1-Ig; 1: 8 000) HLHi | %
T E AL W) 5 AL [ 1 (superoxide dismutasel,SOD1)

45 :67480-1-Ig; 1: 1 000) ,.SOD2(66474-1-1g;1: 1



< 128 R EAKFFIR Acta Universitatis Medicinalis Anhui 2026 Jan;61(1)

000) FAFE I F 2RI — 8§ A=) AR A BRA Al 5 IR
e H RBK i % Ak 9 B 4 (glutathione peroxidase 4,
GPX4) (585 : T56959; 1: 1 000) FAHL I T 3 45
B2 2R (i) A BRAE] . Clin-CP-QMS-1f{ 7 G
F oM A (A BB BN A= MR A BR A R, 5k
iR (T8 [ LEICA 2~ /), i 5853 et B it
(25 E LR CAFD) |, b K 2 H P R 55 R A (T R
BEEETFERAR) ), LKA (i K RE A v B PR
A)) A RGN (31 Bio-Rad /A ] ) , LightCy-
cler®96 S 4¢  E i PCRAY (B2 [N ] ) o

1.2 SLIEZhWFNEER  7~8 JE b CSTBL/6 /N
BRIV 1 AT 5 5 36 s BB A R /) (A 7= 1]
%' : SCXK2019-0004) . = JE H Chinese 1 {34 JEH
I TeCrwh6 FR A2 F S ) IR M AL Y 2 00 T s 5K
B ELNROR . SIS ZER K
SR FHZE 5143 (LLSC: 20211187 ) 4tk 735 IR (&2
T RL 27 S 50 s 40 ol FH AN 7 B 7 ) ) A 1L A%
PAT .

1.3 /MEREBHE 180 H 7-8 JH il C57BL/6
WP /D R 1) 35 1 AR S 36 SR B ALY 43
44 : Control 2 .Cu 4 .\ TgCtwh6 ZH Hl Cu+TgCtwh6 4H .
Control ZH A JE& e H.FH 518 1F 5 1)k FIZK % ; Cu 41
460 d i & AL 1 g/kg N T A RHRT 0. 19% 5
A A 7K 1) 7 3 TgCrwh6 4156 0 K2 G% 25~30 4~ TgC-
twh6 £ 4E I 1E # 1R R K B 3% 5 Cu+TgCwh6 21/
Yt 25~30 > TgCtwh6 148 I H % 2% 60 d i F & 54
B4R 1 g/kg I TARREAT 0. 1% EALAR K 1 3% . BF
A /INRAESS 60 RIUM FIAE G 225255 5397 o
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coupled plasma-mass spectrometry, ICP-MS ) #& il
INBEEALETE A4/ RE A2 Ll
ARGV 3 UK, DR AR T I PR, TR A T A (RIS TR -
IR =21 1) 7F FLERI AR A TR A SR 2
JH Clin-ICP-QMS-1 {2 70 28 43 A A I e -3+ 5340 oo
Ko, It R S E=CxV/m, Hd ¢ hRE 4 e
R (ng/L) , VR e AR BL(CL) , m R i
H(g)o

1.5 HARB-FRL(HE)FEE HAH/NRE A
UE T 4% 22 5 WS FH AL 21 20 1) b [ 24
h, T A iR F 48 HE Y2 (0 )5 s R g
' O g B AR

1.6 PIZEEWNZMAAT F4ME Annexin V-FITC/
P2 ALY T 0500 3 150 I A, X k2 28]

Fr 2 B KT NS L Annexin V-FITC il 10
uL, PLS (AT e 60, S 3 B v, 8 T IE E 2O
B TR

1.7 Western blot # il 45 21 /N BB Ik 41 21
RIPA 2L U FE IR 11, 28 BCA JE 55 A 1/4 {AFR
(1 5x 8 FH_EAEZE PR, & J@ i 100 C3 10 min.
TGI8 2, 1 BT it 8 e A 1R - R A T Y
JKEHL UK (SDS-PAGE) 73 5 J& , FH AR THE AR e 2 7 21 i
PREFAEZR I b0 JH 5% BIR A Wi P 1.5 h, B 5E
J8F P TBST YERR 3 ¢, 5 10 min. fE4 CHMET
5 GPX4 (1: 1 000) . SODI (1: 1 000) . SOD2
(1:1000) .GAPDH (1:8 000) —Hi 7 & &5 , H
TBST PEE 3 K, 41K 10 min. 75 % A& F TR IET
Jit sz 7 43 5l 9 B Pt HRP-conjugated Goat Anti-
Mouse IgG (H+L) (1:10 000) Fil HRP-conjugated Goat
Anti-Rabbit IgG(H+L) (1:10 000) 1. 5 h, TBST % 3
U, BER 10 min, 55 BER AR SRS -

1.8 RT-qPCR X ffl RT-qPCR £ AR K1 /N L&
2l 21 4 )@ 1T % % I 1 (metal regulatory tran-
scription factor 1, MTF1) | 4 Jfd J&] 1] 2 1 A4 4 3
I A+ 2A (ceyclin dependent kinase inhibitor 2A ,
CDKN2A) A 2 Bt 1z it (glutaminase, GLS) .ATP fif
Hi %% iz B (ATPase copper transporting beta gene,
ATPTB) ZE Y mRNA kK- 519 LIl AT
TR (F 1) o TRIzol 3% $ B4 41/ BUH JIE 2 21
RNA, fdf FH Ui 58 3 66 B TN i RNA B3 2 T
37 SR cDNA T4 . 10 pl. RT-gPCR J b7 {4
% :2XSYBR Green Pro Taq HS Premix 5 pL.cDNA £
2 1 pL. Premix F 0.3 puL . Premix R 0.3 pL, JCF/K
FMEZE 10 pLs SR & :95 °C 10 min T, 95 °C
10's, 60 C 30 s, 2L 40 AF 3 . 2 TN SN
GAPDH 73 #t PCR £ 2%, It o 2 Jy vk 314k
AR FIR K o

1.9 SZitFAE PSS ERE 3k, i
F Image) # A X} Western blot 45 R #1743 4t , {fi H]
GraphPad Prism 8. 0. 2 #4174t 1127 43t AEE]
5 2HL 18] PO AT T BR PR 2R T 22 93BT, 281 1) 7 T4 L Ao
H LSD (least-significant difference )-t 55 , Lk P<0. 05
NEFHGEI 7L

2 #R

2.1 MEBHEAESEMNICP-MSHMER K
o H R BE RS 5 LS /N U IR 2 A, TCP-MS A6 245
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*&1 RT-qPCR R 5|#1F 5!

Tab.1 Primer sequences used in RT-qPCR analysis

Gene Forward primer (5'—3")

Reverse primer (5'—3’ )

MTF1 ACACCTTCGTCTGTAATCAGGA

CDKN2A CGCAGGTTCTTGGTCACTGT

GLS CTACAGGATTGCGAACATCTGAT
ATP7B CATCAGTGACGCCATGACAG
GAPDH GGTTGTCTCCTGCGACTTCA

CTGCACGTCACACTCAAATGG
TGTTCACGAAAGCCAGAGCG
ACACCATCTGACGTTGTCTGA
TCATCCCGCAGAGCACACC
TGGTCCAGGGTTTCTTACTCC

R, Cu 2l /N BUE R4 5 & AH ¢ Control 4134 i
(P<0.05) , $&75/)N U i 2 AR ) TgC-
twh6 JEGL 21 P JIE T 4 A ST R & B (KT Control 26, H.
Z S G E L (P<0.05), 5 CuZHAH 1L, TeC-
twh6+Cu ZH T &R & & T FE(P<0.05) . 4R K],
TgCtWhe Ja& 4% n] B2 A 2 28 /1 B I 20 239 4] 7K
o LIE L,
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Fig. 1 Comparison of kidney copper content in each group

*P<0. 05 vs Control group; #P<0. 01 vs Cu group.

Control Cu
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2.2 INRBHEHELEER X454/ E T
ATLH BV AR Y, 4 HE 44 {9 )5, Control 2H /) FLAY
BANE B NERIE S TC S HEFI S . 5 Con-
trol ZHAH L, Cu 4 F1 TgCtwh6 21 /)N BT WL 4H 41 )= 3
) 5 R MR B /INBRAR TE B /N A A B R
5 CuHAHHE , Cu + TgCiwh6 4 /N BB IE 48 1 40
FRLR S s R A BT . LR 2,

2.3 PIEaANARBTLE 42 hiidadsm
it AR A S AN T XA /N BB IR AT
PLYL €8 I 75 5 % W e T A I 1 H 5004 it o8 11
M, gt 7R, 5 Control 41 (53. 50+2. 6) A LE , Cu 4H
JHT- A (119. 0+20) F TgCtwh6 41 (78. 57+8. 4)
% (P<0.05) , MM Cu+TgCiwh6 41 I 1= 40 My %%
(88.36+19) ik T Cu 4l , ZE R A Gt E L (P<
0.05) (UWLIKI3.4) . BRI BB M 2o 5 4
(RIS i A PR T O

2.4 MNREHEAPEREREPEEEEH West-
ern blot £ X452/ BUE WE S8 A0 I SAH 56 25
R 3 B, 45 R R, 5 Control A AH EE , Cu 4\ TeC-
twh6 21 B IEH Y SOD1 & [ Rk AKF BT, 25 A
Gt X (P<0.05) ;5 Cu A L, Cu+TgCtwh6 41

TgCtwho6 Cu+TgCtwho

2 EHEMREHEHELRBER

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

black asterisk:

cell infiltration in the renal interstitium.

the occurrence of localized pathological injury in the renal tissue;

black arrows: the occurrence of inflammatory
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Control Cu

TgCtwho Cu+TgCtwh6

B3 SANMRPIEEER x200
Fig.3 PI staining results in each group x 200
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Fig.4 The number of apoptosis stained with PI in each group
*P<0. 05, “"P<0. 001 vs Control group; "P<0. 05 vs Cu group

SOD1 % F12¢35 T 8 (P<0. 05) ; 1M 4 41 2Z [H] SOD2 3%
IATCE B2 AR . 5 Control 4 AH H , Cu 2H Al TgCtwh6
20BN 2H 2 GPX4 HE Y 3R I8 K T R (P<
0.05) ; 1M Cu+TgCtwh6 21 GPX4 F ik A JF Fill, 25
HGit#E X (P<0.05), WA S,

2.5 /MRS RESESE T8 X E E K RT-qPCR % Ul
SRl RT-qPCR K 4347, 55 Control ZHAH Eb

Cu+
Control Cu TgCtwh6 TgCtv&{(h6
u

Control Cu Tgthhé TgCtWhl?
u

Cu 241 Fl TgCitwh6 41 MTF1 .CDKN2A 3K i) mRNA 2
IR 2 NI (P<0. 05) ,fH Cu + TgCtwh6 41l Cu 2l
ZESTGITE XL, 5 Control AL, Cu ZHAY
GLSHEHRIL B E T, A5 CuHAH I, Cu + TgC-
twh6 2 GLS ik 8 (P<0.05). 5 Control HAAH L,
Cu 4 Fil TgCtwh6 41 ATP7B i mRNA 33k 2 % |
(P<0.05), H Cu + TgCtwh6 415 Cu 0 4H H 26 1k 082>
(P<0.05) (Kl 6). 45 RE], 5 IE R RS BE ok
#H/NR B NEH SR GLS . ATB7B B[ 33k

3 Wig

S A A N A AR R A, AR A I Y
A5 JBCARAC IR T e SR AL T B R s 2
I 3 A0 B ) A A . DR AT AT 5 R
S RGN BRI Z A HA NS R
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Fig. 5 Comparison of the expression of SOD1, SOD2 and GPX4 proteins in each group
"P<0. 05, “P<0.01, ""P<0. 001 vs Control group; "P<0. 05 vs Cu group
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3r [EControl

[ Cu

TgCtwh6

oL Cu+TgCtwh6

Relative mRNA level
3
*

0
MTF1 CDKN2A GLS ATP7B

6 &ZH/NRMTF1,CDKN2A GLS.ATP7B i) mRNA R iX b3
Fig. 6 Comparison of mRNA expression of
MTF1, CDKN2A, GLS, and ATP7B in each group
P<0. 05, "P<0. 01, P<0. 001 vs Control group; *P<0. 05 vs Cu group

HAN KA R a2 R AT T, R
N BN T 2 — = R A 4 T s
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P EE B V)5, TeCwh6 8% s BE A% 2% fift 4 2 28 5 30
G B A AN T . GPX4 & —Fh SC A bT
o A Yt , FL S T RE R R A e H R AE S Bl
PR > B LG i Jt o S Ak, DA T £ B &4t i A 1) 5
PES AR FRHAERE T A R T CPX4 1Y
H WERE RN AT . ASAIE T e R AR R
GPX4 K- 2 B (A A 5B HUR YL Je |, H3kk
AR . SODAE A= ik N 2 1 i A AL, 78
FLAZ AW R 4 SOD1.S0D2, — 3% X BIAE Tl
()4 J8 B T ANTE], SOD 1 H.Cy B FIAR 25 1, SOD2
RELE T AR AR B B U SOD1 &
F 2k 28 | 1 SOD2 25 5+ 76 I % , 3X 1l BB 5 SOD
MANFEM R SR IT RS A K. SODLERILY
i K S 22 () A7 6 2 2% O AR EL VR 4 T 38 5 MTF
PR FE SODT Ay FRIRIY o BeAb, i i T e A Ak
N Rl 0 SOD 1 ik . 58 HUBR G vl 0% 16 &
4 ) P B B R S, B A I SOD [ Rk LA
YRR . 58 JURE B A 7R 2 BS0D1 %
KRG, BB IE U5 1 B M B IR 2245 5%, ]
Al VD K B4 B T 1 3 4 MR I {5 5 38 B R
il BAARDLRIA R . 4% S eI 2 — b 3 2 4
PR, i it & KR % 45 B 11 ASCT2/SLC1AS ¥EA
YR, I 7E 2Rk A gk GLS Ak 1 I 22 52 1 B Ak
BRI MFRAZ IR AT o R o 4 5 E b
R 7 - R O e AR A I ROR ko
il R A N <o SIS = v AL i LB
(ccRCC) MMFFE ! v | 8035 1) T Jeg R I i 2 4L 2 (1]

{18 6] AR A OC ik PR R A AAE 22 5%, CDKIN2A [ 3835
3 ETb Mk UL 1 (ferredoxin 1,FDX1), —
2 NE Wt M S- & B % # W (dihydrolipoamide S-
acetyltransferase , DLAT) , B2 ik & A i (lipoic acid
synthetase, LIAS) , GLS S I T 1E # 4l 211 . i 3=
L3 1 4 15 48 1 SLC3TA L F A, JF 5 i i 4
PEAR LA ST REAY HAB PTI PR 12455 . 40N
8 ok 2 K F-BE, ATP7A I ATPATP7B MR 1T 55
IR LA 28 B Sh B ey v, B 2 ik Y 5 O e 2 0
ot 20240 f A8 FEABEGE 1, TgCwh6 J& gL AT
Yk 524 3T BOR N BB IE GLS 36 35 R I8 A
ATP7B 3k B, W)L 75 8 HURL 5 n] Jd aod
XFERFETAHSEHE I (GLS \ ATP7B) f) = HiL i 35 1 O
PRI, AT RE 5 55 1 SO i 2 A A ok A 19 4 B
B 4T WA B OB & 1 (dense granule proteins,
GRAs) filfE R K & H (rhoptry protein , ROPs) %5 X 4
ST MHE R A5G . Ffbn FDX T \DLAT \LIAS
SEARMFTEAR WY L5 JE T AR G L A AT gt 2 5 H
H, BRHLA Rt — B 0FE .

L5 L RTIA A ST A A 0N RS 15 B
5IE BURGLRE G TR IE A 4L GLS JE P SRIA AT
8 ATP7B JE [R5k , B8 1 AL B OIR A 9877
/N B TR ZH S e AR X AR S O] U i
T T A A AR IR T Q0 e 5 A DG
HETRIAR
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A preliminary study on Toxoplasma gondii interfering with

copper metabolism pathways in mouse kidney
Yang Jun"*?, Ren Chuanming®*, Liu Ming"*?*, Wang Kunting**, Chen He’, Cai Yihong'"’
('Department of Parasitology , School of Basic Medical Sciences, Capital Medical University , Beijing 100069 ;
*Department of Health Inspection and Quarantine , School of Public Health, Anhui Medical
University , Hefei  230032; *Anhui Province Key Laboratory of Zoonoses, Hefei 230032;
*The Second Academy of Clinical Medical , Anhui Medical University, Hefei 230032 ; *Department of
Clinical Laboratory , The First Affiliated Hospital of Anhui Medical University , Hefei 230022)

Abstract Objective To investigate the effect of Toxoplasma gondii infection on copper metabolism in the kid-
neys 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 con-
secutive 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 tis-
sue. The number of apoptotic cells was observed by PI staining. Western blot was used to detect the protein expres-
sion levels of glutathione peroxidase 4 (GPX4) and superoxide dismutase (SOD1, SOD2). RT-qPCR was used to
detect the mRNA expression of cuproptosis-related genes. Results  Pathological manifestations such as inflamma-
tory cell infiltration in the Cu group and TgCiwh6 group were seen under the microscope, and the inflammatory in-

filtrating cells of the renal interstitial were reduced in the Cu+TgCiwh6 group, and the pathological manifestations
(T 4% 140 )
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The role of S100A2 in the progression of colorectal cancer
Huo Yishan', Duan Xianghing', Xu Xiaohui', Li Tao’, Ma Xiumin'
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Abstract Objective To investigate the role of calcium-binding protein SI00A2 in colorectal cancer (CRC) pro-
gression and its association with fructose metabolism in CRC cells. Methods Differential expression of ST00A2 be-
tween CRC patients and healthy individuals was analyzed using the GEPTA2 tumor database. Western blot and
qRT-PCR were performed to compare S1I00A2 expression levels in CRC cell lines (HCT116, SW480, Caco-2) and
normal human colonic epithelial cells (NCM460). Immunohistochemical staining was conducted to assess ST00A2
expression in CRC tissues and adjacent non-tumor tissues. S100A2-knockdown stable CRC cell lines and negative
control cell lines were established via lentiviral transduction. Functional assays, including CCK-8, wound healing
and Transwell experiments were utilized to evaluate the effects of SIO0A2 downregulation on CRC cell prolifera-
tion, migration, and invasion. Western blot and immunofluorescence staining were employed to analyze the impact
of SI00A2 knockdown on the expression levels of fructose transporter 5 (GLUT5) and ketohexokinase (KHK). In-
tracellular fructose concentration was measured using a fructose assay kit. A nude mouse CRC xenograft model was
established using S100A2-knockdown HCT116 cell lines to investigate the role of SIO0A2 in tumor proliferation in
vivo. Tumor tissues {rom the xenografted mice were analyzed by Western blot and immunofluorescence staining to
evaluate the expression levels of GLUTS and KHK. Results S100A2 expression was significantly elevated in CRC
patients compared with healthy individuals. All three CRC cell lines exhibited markedly higher ST00A2 expression
than normal colonic epithelial cells. S100A2 knockdown significantly inhibited CRC cell proliferation, migration,
and invasion capacities. Downregulation of SI00A2 suppressed the expression of fructose metabolism-related pro-
teins GLUTS and KHK, accompanied by reduced cellular fructose uptake. In vivo experiments demonstrated that
S100A2 knockdown effectively inhibited tumor growth and decreased GLUTS5/KHK expression in xenograft tissues.
Conclusion  Downregulation of S100A2 inhibits CRC progression by modulating fructose metabolism in CRC
cells.

Key words S100A2; colorectal cancer; fructose metabolism; facilitated glucose transporter member 5; keto-
hexokinase
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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
SODI1 protein was down-regulated, and the difference was statistically significant (P<0.05). TgCtwh6 infection
could restore the down-regulation of renal glutaminase (GLS) expression and the up-regulation of ATPase copper
transporting beta gene (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 cop-
per overload, and provide new clues for the treatment of copper overload disease.

Key words Toxoplasma gondii; kidney; cuproptosis; Western blot; apoptosis; ICP-MS
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