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Tab.1 Sequences of qRT-PCR primers

Name Primer sequence (5'-3")
GAPDH F: TGTGGGCATCAATGGATTTGG

R: ACACCATGTATTCCGGGTCAAT
S100A2 F: CAGCGGATAGACGCACACAA

R: GCCACATCTTTGCTGACAAAC
GLUTS F: GAGGCTGACGCTTGTGCTT

R: CCACGTTGTACCCATACTGGA
KHK F: CTAAGGAGGACTCGGAGATAAGG

R: CATTGAGCCCATGAAGGCAC
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Tab.2 Sequences of SI00A2 gene expression interference plasmid

Name Primer sequence (5'-3")
shS100A2-#1  CCGGCAAGTTCTGGAGGAGATGAAACTCGAGTTT
CATCTCCTCCAGAACTTGTTTTTT

CCCGGCAGACAAGTTCTGGAGGAGATCTCGAGAT
CTCCTCCAGAACTTGTCTGTTTT

CCGGACCACTGTTCTCTGTTAAGAACTCGAGTTCT
TAACAGAACAGTGTCTTTTTT

1.10 SEHRLFE B 4000 A e B 25 I Jf
RiF2 36 ho fii FH 4% 2 5 B 5 [&] 22 40 fd 20 min, PBS
e 3 W, I & A 0. 1% Triton-X 100 1 PBS % 1

shS100A2-#2

shS100A2-#3
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5,50 ) B 1 S100A27 CRC HE&RIE
<ZC Fig. 1 S100A2 was highly expressed in CRC
Oé A: The GEPIA2 database was used to analyze the difference in SI00A2 expression be-
g tween CRC patients and healthy people; COAD: Colon cancer; READ: Rectal cancer;
E 1k Red: Patient; Black: Healthy people; B: Immunohistochemical staining was used to analyze
.E the difference of SI00A2 expression in CRC tissues and corresponding paracancer tissues X
5]
E 40; C, D: The transcripts and protein levels of SI00A2 in three CRC cell lines (HCT116,
SW480, Caco-2) and normal colon epithelial cell line NCM460 were analyzed by qRT-PCR

NCM460 HCT116 SW480 Caco-2
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and Western blot; "P<0. 05 vs Healthy people; *##P<0. 000 1 vs NCM460 cells.
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Fig. 2 S100A2 knockdown inhibited the proliferation, migration and invasion of CRC cells

A: Western blot verified the low efficiency of SI00A2 expression in HCT116 cells and Caco-2 cells; B: Cell proliferation activity was detected by

CCK-8 proliferation assay; C: Wound healing test was used to detect cell migration ability X10; D: Transwell assay was used to detect cell invasion abil-

o Aok

P <0.000 I vs shNC

ity x20; P <0.001,
hE41M  https://www.cnki.net

group.
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Fig. 3 S100A2 knockdown inhibited fructose metabolism in CRC cells

A: The expression levels of GLUTS and KHK, which are related to fructose metabolism, were detected by Western blot; B: The expression of

GLUT5 and KHK in each group was detected by cellular immunofluorescence X40; C: The concentration of fructose in the supernatant of fructose-

cultured cells at O h and 48 h was determined;; ~“P < 0. 001 vs shNC group.
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A C
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ku
B 5. GLUTS 55
5 | a2a KHK 3
= 1.0
‘%‘) sesksksk .
= ey oty B-actin 4
g 05
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4 S100A2 BRI CRC PRI i A A< Fn R AR K 15
Fig. 4 S100A2 knockdown inhibited CRC tumor growth and fructose metabolism in vivo

A': The subcutaneous CRC tumor was removed from the back of nude mice three weeks after the inoculation of tumor cells, then weighed and photo-

graphed; B: The weight change of the tumor; C: Western blot was performed on CRC tumor tissues of nude mice to analyze the expression of GLUTS

and KHK; D: The expression of GLUTS and KHK in CRC tumor tissues of nude mice in control group and SI00A2 knockdown group were analyzed by

immunohistochemistry x40; “"P < 0. 000 1 vs shNC-nude group.

A BB R R A RNIRIEAR . ARk, B X
AR i P R TR AT S, A0 5 1 g e 2 e S
H SR T IB 2 B 5CE  SRBEACIE D 40
RE A A T ke 2 — , TR R 0 M i 4 5 1R
RN R i R rh R AR AR

AR S R R A B b S 2 — o SR R
AR MR A A T SR BRI 5 O B BE 5 SR il R
240 i 2ok B IO S5 v Y BE R ) T O i 2 g
AR AR o iR 40 M 3 = sl i Y A AU AR
T, DL A S 60 AR AR BRI AR 5 R SR O
i e 20 L 8 B R A % O 7 A AR R
A 5 bR A A AR R R R A O o B R
R AE RS B2 S BUIR RS 255 A 1 XU
G R JHE 2 S B0 Bl R e A 1) AR A R
A7 I RN SE R H R B, 1 SR S A ek 2 ik

https://www.cnki.net

Jifra A J o SR, SRR I O 0 e 0 e LA % g
21 it iy 8 s SRR QB A AR DD AL RIS R 5 4 T A
FREACHTE CRC PR b B R4 T BRI, 3%
FE 1k CRC 40 M vT LATE 37 04 Bl R 15 v o 3 i e SR A
AR, o 2 A I A5 A TG BR A S B, LUFF
9 A M e A, A I R 5T R B B R
B TIN5 3 3 CRC &9 % IR FE R 18 i A 5%,
It B S R LR &% CRC.

GLUTS &5 S Pk 12 Ml A IR 2 1, ) SR b
()R A3 = A S . BFgE 2R B, GLUTS iy ad
JE 2235 AT LA 2 e 4 SR A 13 o, 38 n 4 i
fe R, LUE 2F by #F i€ . 7E CRC Y, GLUTS &
78 B KOE 635, GLUTS-KHK Bl 5 4 S At 5t
A% 1 98 CRC 4N i 3 78 ALy 7 it 251 L i GLUTS
005 550 58 6% 10 ) CRC 40 i 3 5 1% RS A B



o [ %71 B

ZEAKRFFIR Acta Universitatis Medicinalis Anhui

2026 Jan;61(1) + 139 -

FEUOHRIE , GLUTS A1 5 (4 SR A A 16 51K 3 e 40 i 33
A AT USROS KHK 1 3R 35, X 32 78 GLUTS X g
SRR 2 1 T REVY T 2R 5 =

HEFEN M, S100A2 XF CRC B A 15 #ir
H 5 CRC Mg 80 i) o e 12 i HA AR G . T
FLRHb 1, S100A2 33 i 2% 3k 1T LUAE 4 1T AT
CRC B E TSI &Y . S100A21E WS L4E A E M,
AT 3 2o 8 Y A A PN B KT S T R ) i A
PRI 2 S R RE A A X R T BB R VY & T GLUTS
BN H HM S5 GLUTS K8 F kA AH S FE A
Li et al'"™ &5 0] LS R AR GE A0 256, S100A2 1] LA
3 o R T AR % 45 85 1 GLUTL By 3R 3R 18 i CRC
1 AR e A, 0F I O 0 PR R . ARBIF Y 4
B, S100A2 A] LL3d & 98 45 GLUTS/KHK %t 4 5
CRC 40 it S0 A5 i, fE F b 0F 8 . SR MT L A
X ST00A2 W] §% Wi GLUTS (9K ik , i 75 Btk — &
Bt 25 LAk, AR50 45 5 S100A2 5 CRC 4
JL SR A = ] A B R AR AL T — AR, T A
T ZHZRAFTER TN EERR R , MG R CRC YR YT Al
12 WA %) JEL

[1] Barresi V. Colorectal cancer: from pathophysiology to novel
therapeutic approaches[J]. Biomedicines, 2021, 9(12): 1858.
doi : 10. 3390/biomedicines9121858.

[2] Sugino H, Sawada Y. Influence of SI00A2 in human diseases
[I]. Diagnostics, 2022, 12(7): 1756. doi: 10. 3390/diagnos-
tics12071756.

[3] LiC, Zhu D, Cao X, et al. Knockdown of SI00A2 inhibits the
aggressiveness of endometrial cancer by activating STING pathway
[J]. J Obstet Gynaecol, 2024, 44(1): 2361849. doi: 10. 1080/
01443615. 2024. 2361849.

[4]  Zhang Y, Yang X, Zhu X L, et al. S100A gene family: immune-
related prognostic biomarkers and therapeutic targets for low-
grade glioma [J]. Aging, 2021, 13 (11) : 15459-78. doi:
10. 18632/aging. 203103.

[5] Yan]J, Huang Y J, Huang Q Y, et al. Transcriptional activation

of SI100A2 expression by HIF-la wia binding to the
hypomethylated hypoxia response elements in HCC cells[J]. Mol
Carcinog, 2022, 61(5): 494-507. doi:10. 1002/mc. 23393.

[6] Yin A, Shang Z, Etcheverry A, et al. Integrative analysis identi-
fies an immune-relevant epigenetic signature for prognostication of
non-G-CIMP glioblastomas[J]. Oncolmmunology, 2021, 10(1):
1902071. doi: 10. 1080/2162402X. 2021. 1902071.

(7] ShenZ, Li Z, Liu Y, et al. GLUT5-KHK axis-mediated fructose

metabolism drives proliferation and chemotherapy resistance of

https://www.cnki.net

[8]

[9]

[10]

[11]

[12]

[13]

[15]

colorectal cancer [J]. Cancer Lett, 2022, 534: 215617. doi:
10. 1016/j. canlet. 2022. 215617.

ESE, TPRSC, L, 4. T PTEN/PI3K/AKT {77 1
PR B LT 2 B 1 45 A M i B AR FIALA ()], A rp R 2 2
i, 2024, 39 (12) : 6666-70. doi: 10. 1016/j. cmet. 2024.
10. 002.

Feng Y W, An Q W, Yang C Q, et al. Discussion on the
mechanism of cryptotanshinone inhibiting colorectal cancer based
on PTEN/PI3K/AKT signaling pathway [J]. China J Tradit Chin
Med Pharm, 2024, 39 (12) : 6666-70. doi: 10. 1016/j. cmet.
2024. 10. 002.

i e, MR EIARTE IR R BT h B e SR ()], %
BRI 2440, 2024, 59(8) : 1310-4. doi: 10. 19405/j. enki.
issn1000-1492. 2024. 08. 004.

Fu R, Sun B C. Research progress of macrosomia in tumor
microenvironment [J]. Acta Univ Med Anhui, 2024, 59 (8) :
1310-4. doi:10. 19405/j. enki. issn1000-1492. 2024. 08. 004.
Yan H, Wang Z, Teng D, et al. Hexokinase 2 senses fructose in
tumor-associated macrophages to promote colorectal cancer growth
[J]. Cell Metab, 2024, 36(11): 2449-67. e6. doi: 10. 1016/j.
cmet. 2024. 10. 002.

Martinez-Reyes I, Chandel N S. Cancer metabolism: looking
forward [J]. Nat Rev Cancer, 2021, 21 (10) : 669-80. doi:
10. 1038/s41568-021-00378-6.

Ting K K Y. Fructose-induced metabolic reprogramming of
cancer cells [J]. Front Immunol, 2024, 15: 1375461. doi:
10. 3389/fimmu. 2024. 1375461.

Yuan C, Joh H K, Wang Q L, et al. Sugar-sweetened beverage
and sugar consumption and colorectal cancer incidence and
mortality according to anatomic subsite [J]. Am J Clin Nutr,
2022, 115(6): 1481-9. doi:10. 1093/ajen/nqac040.

Huang X, Fang J, Lai W, et al. IL-6/STAT3 axis activates Glut5
to regulate fructose metabolism and tumorigenesis [J]. Int J Biol
Sci, 2022, 18(9): 3668-75. doi: 10. 7150/ijbs. 68990.
Whodarczyk J, Wlodarczyk M, Zielinska M, et al. Blockade of
fructose transporter protein GLUTS inhibits proliferation of colon
cancer cells: proof of concept for a new class of anti-tumor
therapeutics [J]. Pharmacol Rep, 2021, 73 (3) : 939-45. doi:
10. 1007/s43440-021-00281-9.

Liang R J, Taylor S, Nahiyaan N, et al. GLUT5 (SLC2AS5)
proliferation  independent  of
ketohexokinase [J]. Cancer Metab, 2021, 9 (1) : 12. doi:
10. 1186/s40170-021-00246-9.

Hatthakarnkul P, Ammar A, Pennel K A F, et al.

enables  fructose-mediated

Protein
expression of SI00A2 reveals it association with patient prognosis
and immune infiltration profile in colorectal cancer[J]. J Cancer,
2023, 14(10): 1837-47. doi:10. 7150/jca. 83910.

Li C, Chen Q, Zhou Y, et al. S100A2 promotes glycolysis and
proliferation via GLUT1 regulation in colorectal cancer [J].
FASEB J, 2020, 34(10) : 13333-44. doi: 10. 1096/fj. 2020005
55R.



+ 140 - I EAKRFFIR Acta Universitatis Medicinalis Anhui - 2026 Jan;61(1)

The role of S100A2 in the progression of colorectal cancer
Huo Yishan', Duan Xiangbing', Xu Xiaohui', Li Tao*, Ma Xiumin'
(" Medical Laboratory Center , Affiliated Cancer Hospital of Xinjiang Medical University , Urumqi 830011 ;
* Gastrointestinal Surgery Center, People's Hospital of Xinjiang Uygur Autonomous Region, Urumgi  830011)

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
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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
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.
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