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1.1 EEKFFEE  Annexin V-FITC/PI 4l L 4
TR I R & B e i A A R A IR A R
O ok i R (HNO,, 0 2% 200) Al 30% XU K
(30%H,0,, 7 Hrall) N B R A5 F E 254 1 f
23R B2 7] 3 Western blot it 2 = 223050 H b
I 2= AR A BR A F] 5 TRIzol 1R ) ) R 0t 145 P
B MR B A PR D 5 SRR B i 4R AL T
(horseradish peroxidase, HRP)Fric (¥ H y P -3- W iR
i &0 B (glyceral dehyde-3- phosphate dehydroge-
nase, GAPDH; 525 : 60004-1-Ig; 1: 8 000) HL47 |
V5 A ) 1 AL i 1 (superoxide dismutasel,SOD1)

%5 . 67480-1-Ig; 1: 1 000) . SOD2 (66474-1-1g;
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1:1 000) BHT I T 20T = 18 A= My H R A RS W 5 4
TR B H K o 5 AL W) 1 4 (glutathione peroxidase 4,
GPX4) (45 :T56959; 1: 1 000) FAfi Mg F 3 LI 45
2R (L) A R . Clin-CP-QMS-1f{ & T
FOr AL (AL BB FQ1 A R A BR A R L 260k
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coupled plasma-mass spectrometry, ICP-MS ) #& il
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o, Bt R S E=0xV/m, Hid ¢ RE S R4 T
R (pg/L) , V RFE 8 B ARFL(L) , m AR
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SUE T 4% 22 5 W3 FH Y 20 20 18] e T [ 24
h, A A Y) L 4 HE Y00 )5 830088 WgE
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PREFAER IR b0 5% NG A= Wi P4 1.5 h, B4 58
JJE FH TBST YRR 3 U, 4K 10 mine 7E 4 CAMFT
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U, BRI 10 min, B 5 BERRERAUAS .
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#£1 RT-qPCR 3|55
Tab.1 Primer sequences used in RT-qPCR 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

IR, Cu /N BUE BESR & S ARES Control ZHEE T 2.2 /IRESHEHERGLER  WA4U/NRE I
(P<0.05) , #2757 B it R BRI B . TeC- ATAHBURBESAKG Ar , 2 HE B 45, Control 417N 1Y
twh6 YL 2 B I Th A T 2 & AKX T Contol 4, B B/NVE VH/NEOIB ST IC S, #5145 . 5 Con-
ZERA G F R X (P<0.05) , 5 Cu A F , TgC- trol ZHLAH EE , Cu 4 A1 TeCiwh6 2H /)N R AT ULAL 2 Ry
twh6+Cu Qﬂgﬁ]ﬁ%/g%?g&@@_ 05), shmkmy,  BRRPEEIE, B/NERAIE CH /N e R

TgCWhe Jf T (G5 o 40 U et gt ik 20 9 CusiLATEL , Cu + TeCnh6 0/ BUFFIRE A 20
W) SR B4 T LI 2.

$QEEu
2.3 PIFBRNMMATE HA2UhHdasE
e t%%ﬁﬁ%%%%ﬂtoﬁ%ﬁ$ﬁ%%ﬁ
e . Y e IR 7E DL BB T IS An i R T
§;30_ == ) AE,,nﬁﬁﬁizﬁ,iﬁ(Lnnﬁﬂza<53.5012.6>$Htt,cuza
g T - 8T 20 MO %K (119. 0£20) FT TgCiwh6 41 (78. 57+8. 4)
z * # £ (P<0.05) , 1fii Cu+TeCtwh6 41 ¥ T 41 i %%
g”' = (88.36:19) ik T Cu 41, 2 5 A G it 2% & X (P<
§ 0.05) (WLIEI3.4), Z5H R 58 Xt B Mk it 4
gm- P14 JB 2 oA A0 B T
§ 2.4 /NR'GHEAPEREHREPXEEHEK West-
0 ern blot Z5 R X 45 41 /)N BB I 42010 1 SR O 2 1

Control Cu TgCtwh6 Cu+TgCtwho6
E1 FSFHEHNMNREHERESENLR

Fig.1 Comparison of kidney copper content in each group

K A3 AT, 5 R R, 5 Control 41AH L, Cu 4 | TeC-
twh6 2415 I P (19 SOD 1 & F RIS BTV, 22 5 A

“P<0. 05 vs Control group; *P<0. 01 vs Cu group. %I‘I‘Mix (P<O 05 ) Iﬁ Cu éﬂjﬂ Hf. Cu+TgCtWh6 H
Control Cu TgCtwho6 Cu+TgCtwh6

x 100

x400

B2 ®BHANRBHEHERBEER
Fig. 2 HE staining results of the kidneys of mice in each group
Black asterisk : The occurrence of localized pathological injury in the renal tissue; Black arrows: The occurrence of inflammatory cell infiltration in the

renal interstitium.
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Control Cu

TgCtwho6 Cu+TgCtwh6
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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 %K 1335 T8 (P<0. 05) ;1 4 41 2 [f] SOD2 %
BT AR . 5 Control 414H Lt , Cu ZH Fl TeCtwh6
2H I 2H 21 b GPX4 HE R R IA K T I (P<
0.05) ; ] Cu+TgCtwh6 41 GPX4 #3544 ff LM, 225
HET2FE X (P<0.05), WIS,

2.5 /MRS RESESE T8 X E E ) RT-qPCR #& il
£R it RT-gPCR A 7 #T , 5 Control 441 L,

Control Cu TgCtwho6 Tgthhﬁ
u

Cu 4 F TgCtwh6 4 MTF1 . CDKN2A FEH ) mRNA 3
IR 2 T E (P<0. 05) ,{H Cu + TgCtwh6 411 Cu 21
Z B ZRTGI2AE L. 5 Control HAH EL , Cu ZH 1)
GLS FEH Rk W 3 N (5 Ca A EL, Cu + TgC-
twh6 4 GLS ik i (P<0.05). 5 Control HAHEL,
Cu 2 A1 TgCtwh6 41 ATP7B i mRNA £ ik i 2% 1
(P<0.05), H Cu + TgCtwh6 £ 5 Cu 41 AH Fb 223506 /0
(P<0.05) (#l6), Z55FKH, 5P dURe a8 ko3t 4 i
/N IEZL S GLS LATB7B JEIR ik .
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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 [Control
= [ Cu .
E TgCtwh6
L Cu+TgCtwh6 P
% 2 N u+1gCiw %
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22 * ek s %
ek sesksk /
. N
MTF1 CDKN2A GLS ATP7B

E6 &A/NINFRMTF1,CDKN2A,GLS.ATP7B #) mRNA &ik Lb
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.
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A FTRE . SODAE A= Wik N F 2 1 i A AL g, 78
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B4 J@ B TSR], SOD T H L BRI 851, SOD2
HERE T AR AR Bon R Y SOD1 &
H 2R IAUE 1 SOD2 22 570 i 3 1: , iIX Al g 5 SOD
MAF MR SR ITRS S A XK. SODLRILE
il 7KV 2Z [ A AR 52 4= i A BAE i A3l o MTFL
ZEVEE SOD1 YRR eAh, i ad i ] A Ak
N PR EERE I SOD1 ik . 5 I HUBYL AT G 1 3
M BT A AL R S5, a1 JH SOD i 23k I
XRS5 I8 JURET A 7R 8S0D1 %
KRR, 5B 51 B EAE R MR 22455, ]
AE T B 0 4 B 19 5 G M A3 I A5 5 38 i P[] 417
il BARBLH A R R . A BE R —Fh E 2 AR
WHRRL 3 1 & LR #5328 B 11 ASCT2/SLC1AS ¥EA
S, 75 2Rk A T GLS Ak 1 I 22 52 1 s Ak
DR . M4 2 R AR AR AU T 78 v 0 4 4 Ak
0 5 - DR AR A I O ko
N W AT G <o € I = A S OB
(ccRCC) BYMFFE ! | B35 104 JifvJgs R IE i 2 40 2 1]
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)50 A8 AH OC Bk R 6 IR 7 8 22 57, CDKN2A [ 3R 3k
o E LI, Mg E A 5 A 1 (ferredoxin 1,FDX1),
A PR WE M S- & Bt 7% # B (dihydrolipoamide S-
acetyltransferase , DLAT) , i F 12 & 1 i (lipoic acid
synthetase, LIAS) , GLS S UK T 1E # 221, 4l
L3 o A 532 4R 1 SLC31A 1 #E A4, I o 4
AR LA ST BB HAL PI HEEE  455 . SAi
i 3k A K OF-BF, ATPTA T ATP7B M I 1o /K 3
AT 25 2y B 0 v, B 5 ok o 1) 4 O e 24 Ho
RIS FEARBEIE T, TgCtwh6 B ATk &2
i T By /D B I GLS 3R35 R I8 M ATPTB 3%
ik R WAL AHED Y UG AT X AR AE T
FHOCHE K (GLS . ATP7B) W 1 T304 19 ' JIFE P il AR 38
A RES 55 I8 HONE A AR P S i 0 5 MR R 0 0
A B ik 5 1 (dense granule proteins, GRAs) A1l
FEtRAR L 1 (rhoptry protein, ROPs ) 55 X AH 5 3 i 14
[l Fz R ¥ A 56 . HAMhin FDXT . DLAT | LIAS 55 A B
FERDG R FE T AHOCHE A AT e 2 5 Horpr, LK
B TRt — 2L W5

25 LAk, 5O RGeS IR IEZH 2L GLS
BLR RN W ATP7B B K 3k, 8O 1 £ AL
POIRZS , 15 /N VB IR AP 9 B Al 3T 5
HH 559 Hd i+ P A R AR IR Y i i A
A DCHIR I HE TR .
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Abstract
neys of mice. Methods

Objective  To investigate the effect of Toxoplasma gondii infection on copper metabolism in the kid-
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+TgCtwh6 group, and the pathological manifestations
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The role of S100A2 in the progression of colorectal cancer
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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 STO0A2 be-
tween CRC patients and healthy individuals was analyzed using the GEPIA2 tumor database. Western blot and
qRT-PCR were performed to compare S100A2 expression levels in CRC cell lines (HCT116, SW480, Caco-2) and
normal human colonic epithelial cells (NCM460). Immunohistochemical staining was conducted to assess SI00A2
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 ST00A2 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 ST00A2-knockdown HCT116 cell lines to investigate the role of ST00A2 in tumor proliferation in
vivo. Tumor tissues from 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. ST00A2 knockdown significantly inhibited CRC cell proliferation, migration,
and invasion capacities. Downregulation of SIO0A2 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 GLUT5/KHK expression in xenograft tissues.
Conclusion  Downregulation of SI00A2 inhibits CRC progression by modulating fructose metabolism in CRC
cells.

Key words SI100A2; colorectal cancer; fructose metabolism; facilitated glucose transporter member 5; keto-
hexokinase

Fund programs Tianchi Talent Project for Young Doctors in Xinjiang Uygur Autonomous Region (No.
2025TCYCHYS) ; Natural Science Foundation of Xinjiang Uygur Autonomous Region (No. 2021D01C185)
Corresponding author Ma Xiumin, E-mail: maxiumin1210@sohu. com

(B4 1327)

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 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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