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WE B WAL S EN S100A2 fE45 Ei (CRC) BT IMIER &5 CRC 4ifl
FEARE R R T Jdah iR £diE 2 GEPIA2 3 43 HT S100A2 7 CRC & 3% Fil{e B N RErh
MIRIEZ R . #id Western blot A1 qRT-PCR 4341 S100A2 7 CRC 4y & HCT116. SW480.
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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 S100A2 in colorectal cancer



(CRC) progression and its association with fructose metabolism in CRC cells. Methods
Differential expression of S100A2 between 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
S100A2 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 SI00A2 downregulation on CRC cell proliferation, migration, and invasion.
Western blot and immunofluorescence staining were employed to analyze the impact of S100A2
knockdown on the expression levels of fructose transporter 5 (GLUT5) and ketohexokinase
(KHK). Intracellular 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 S100A2 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
S100A2 expression than normal colonic epithelial cells. S100A2 knockdown significantly
inhibited CRC cell proliferation, migration, and invasion capacities. Downregulation of S100A2
suppressed the expression of fructose metabolism-related proteins GLUT5 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.
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member 5; ketohexokinase
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“iE s (colorectal cancer, CRC) & FZHIEMEMBE 2 —, HERAEMPRY K— 575
oS A FAL I, 45454 B S100A2 (S100 calcium-binding protein A2, S100A2) # S100
EAKEWEER G, HAEmE IRk, vl FE=RBIEE AP, flan, ¥R S100A2
P E B AT B8 5 B 0 — a7 kBl BEAk, S100A2 ik S i sk b R I AN )
5 B T2 s B KA LA P A AR A7 IR DG . ST00A2 il I\ -5 Mz it 440 a8 88 40t £
WIS TS, RERLERA KL

SRR A2 20 1) — a8 1 BB RS, B 3 BhE I RBE 12 B 1 5 (glucose transporter
5, GLUTS) % N4 M, SCHRUMRIE FH = GLUTS {233 CRC & . MBS (ketohexokinase,
KHK) 2 SRR b 158 — PRI, 0 7813 0 GLUTS-KHK 76/ 5 CRC 4 A fr) 4%
R 2 (¥ T AR RN = PR R ARG IR P R FEOCHREAEF . ARTT, 9GF S100A2 55 CRC 41 B4R 1 1)
KAWTLIRNIFL . ZH 7@ e CRC 41l T S100A2 (3L, WIHHE T CRC
S100A2 5 RPER IR R
1 MRS
L14RAR. AR EARY F

A CRC #fiffg 5 HCT116. SWA480. Caco-2 LA A N 1EH 45 b Bz 4H i 52 NCM460 240 F
[E ATCC A#]. HCT116. SW480 Ll K NCM460 41 it fi il 5 109%fi2F i Al 1% -5 55 &
TR RPMI1640 5 723555, Caco-2 Al FH & 2000621 ILiF « 1% 7 -HE 5 IR & M
1% T A AR [ DMEM 3597 52597, 18 H 4 Ji S it BALB/C #RE (f&Jfi = 16 ~ 18 g)
T AL 5T DR AR A R o BT /)N BRTE BT SR R RER 2 I B IR EE Bt SPR s sie it 28 Y i&
REEFR— G, BN = O B S AN RURAD, oI = AR 80 R 35 2 5
IESREITF AR, NRAER N 5 AR, RREZN 18-20 g. AW TSR0 7 SRS iR
B RE R A B Jem i Jeg B e s DR 4P AR B2 B 2 e (A5 . IACUC-20250305-44). 10 fi] CRC
FRE 0 A G HJ 55 L) ok 1 T 5 I R OK 2 IR TR R B, R A ) SR B R A5 R B 6
ZRALHEAAS: KY2021052635), B M4 BMIERE .

1.2 BWfE B¥air

FE IR BE 5 GEPIA2 3G Chttp://gepia2.cancer-pku.cn/#index) #1452 S100A2 #£ CRC
B SERAT P RIAE R, FE g R
1.3 CCK-8 525y

KRG JE A B 1% 5X 10° ANMFLEFN T 96 FLrh, /3 AIFERSFRMEE 12, 24, 48, 72 h A
AL 10 uL (1) CCK-8 k7 ( LR AT B, 4R&BeirE 2h. K5, HEERRMX



T 450 nm P KA EEUS ALY OB S Coptical density, OD).
1.4 Western blot Sz

XTSRRI, ] RIPA 2U# (L3 s KA ZURM M 3K
BEA. BEATESBBTERTYE, S SDS-PAGE Bl ik B, i3 PVDF K (3£
Millipore A %)) E. #i T, HI 5%t NG 4= 94f 1 PVDF JI 2 ho JESHELFI—HIAE 4 °C
NI EER . AEES ZHER R NS 1 h. &E A ECL 5 AL (L EFEE AR
BHATER . W TEMAGCRIEER, H RSO UG IO, FHBHER RT
BENL_EF0 o WS, SRAF AR A 2 5 B A FE D IR S A R VR 2R A EED SR R . A ST BT
FH#T B-actin $iLfA& (1: 5000). $t SI00A2 ik (1: 2000) ¥4 H £ E abcam A#], Hii KHK
Pk (1: 2000). $HT GLUTS Hifk (1: 2000) ¥4 H 3= [E Proteintech A+l FHif P (1:
5000) W H D FRL4E/R A F] .
1.5 MRRIR L

Kot JeJ5 I AR T 6 FLAR Y, FHLAFEL 60%, 7rkBiaRdt, HJOH 10 pL Biie
SAEANMF IR, BlEE O, SRS DA IS R R B 4k SR 74, 43 56 0 h Al
55 48 h fE G T W BRIk 1 i AR
1.6 Transwell 222524

W Qe JE OGS A R B0, MG R R BT R . AR5, B4l 1X10° A/
FLIMA 244 Matrigel JiEH) 24 fL Transwell 8 (EEFETAR)D E=H, FEMA 700 uL
& 10%aF IS A e Rt R Ak . 48 h Ja il 35773t M 4% R RERC 40/, 0.1%45 5%
Gt 4, PBS BB Wik 3 I, £ WAEE N LI 4t itk S100A2 F) HCT116 A1 Caco-2 CRC
Fakt a1 i 2 R A 122 A Al
1.7 qRT-PCR

MRYEHIERT B, [ TRIzol 377 (Biat Vazyme AR &H4IEA NRA. A5,
{4 Fi§ SuperScript IViR7) & (35 H 222 KA T X RNA BT #65% [ B, 3545 cDNA. 7£ 7500
A PCR X (£ H ABI A7) E, {# ] ChamQ SYBR gPCR Master Mix il & (B 5t Vazyme
2 H]) XF cDNA i#4T gPCR, 31574 {1 GAPDH % 7K1 I3 — b Ah B 44 5 PR S 7K1
HHEHE ST WL 1

# 1 gRT-PCR 5| ¥ 5

Tab.1 Sequences of gRT-PCR Primers



Name Primer sequences (5' - 3")

Forward: TGTGGGCATCAATGGATTTGG

GAPDH
Reverse: ACACCATGTATTCCGGGTCAAT
Forward: CAGCGGATAGACGCACACAA
S100A2
Reverse: GCCACATCTTTGCTGACAAAC
Forward: GAGGCTGACGCTTGTGCTT
GLUTS
Reverse; CCACGTTGTACCCATACTGGA
Forward: CTAAGGAGGACTCGGAGATAAGG
KHK

Reverse: CATTGAGCCCATGAAGGCAC

1.8 GRA LY

A5 A 0 B0 R /R B K[ 3 1) CRC 4 2R B g 55 AL URE AR AT Gl LA RN o 9 it
4%% F H R [ 52 20 min, 0.1%TritonX-100 i@i& 10 min, S100A2 Hifk 4 °C FIFELR, —
L 37 °CTIEE 2he FHVEHIEIRAE Y. I 50% )4 I 75 B M 1 PH 2 G £
1.9 BREHRAMR

f% S100A2 JERIFIETHF KL (shS100A2-#1. shS100A2-#2. shS100A2-#3) J [
XML (shS100A2-NC) HIMERE H i B _bilg 5 H R A F] . TR FF A W3R 2. 1%
RSB, B8 d S R IRIR S, INE HCT116 41 Caco-2 4lME: ik & .
25t 0.01 mg/L "M (LB R RATD TR g s (K40 vk .

# 2 S100A2 FHRIEFHRBRLF5

Tab.2 Sequences of S100A2 gene expression interference plasmid

Name Primer sequences (5' - 3")

CCGGCAAGTTCTGGAGGAGATGAAACTCGAGTTTCATCTCCTCC
ShS100A2-#1
AGAACTTGTTTTTT

CCCGGCAG-ACAAGTTCTGGAGGAGATCTCGAGATCTCCTCCAG
ShS100A2-#2
AACTTGTCTGTTTT




CCGGACCACTGTTCTCTGTTAAGAACTCGAG-TTCTTAACAGAAC
shS100A2-#3
AGTGTCTTTTTT

1.10 GRETGRE

W 4 P A 2 B IR I R85 7% 36 ho AT 4% 5 FHE 1] 72 40 i 20 min, PBS 1k 3 1%,
FH A 0.1% Triton-X 100 1 PBS VAR TE = il Fi#ESHML 15 min, PBS ¥k 3 . K4
5L M AE 37 CTHEEHEHE 30 min. W1 GLUTS —Hi, R 4IM/ER & 4 CTH
B EZB—PUGE, KA PBS ik 3 . WS 4, JRKAITE 37 C TR
H 15h. 4015 KHK —4ii% & 120 R 5 R0 GLUTS —Hii & ARl SR80S, 40/ PBS ¥t
% 3. ¥4 DAPI Beta il (RN FR4ER A F]D MG, # & 5min. &5, #40MH PBS
Pk 3 WK, FERBUTOEAR K (EEZEER AT BATHE M, ERRETOL M (%
F AR R . 0 T AR AT I S s e g, e LR R D) S Bt
TG, (EIRER BB TSN,
111 BRI

18 X 4 Jii% BALB/C HEVERR R TAIFRIEE PR a5 0, &R 1. K5 s
1) HCT116 ZHfud% 1>10° /AN REFp TR TR T, ARARHPh 20 f e o R P A [R] K 4R B
53 M: sh-#2-nude 41. sh-#3-nude ZHA1 sh-NC-nude 2, M41% 6 H. #EFH 5 K, Fra#H
BRI R B W R A SRR, RFDRASI T . Bl 3 S, AbAEE)
PIFSE BB R, VRAT-T-80 CUKAH 4 .
112 FpEEERN

AR 345 P S B o8 5 M (R SR (5 mmol/L) A2 i 40 B 10005 9 4k R B SR A,
FERFFRAOEE O h FIEE 48 h (MR & B ATT & (AU REE AR @& =R 017714k
B IS b R .
1.13 Giit%abs

P SBe A 3 X, Bl LA X £ s o, A SPSS 22.0 #4443 #fr, idid Graphpad Prism
8.0 B2l geit B . il t ke A P25, One-way ANOVA HLH % 4H## . P<<0.05
NESFAGEE .
2 48R
2.1 S100A2 ¥£ CRC HRE&RIE

WA ZR GEPIA2 ¥ 5 , 3775 S100A2 7F CRC 3 Flfk fE A\ A9 ZRIA 1 L » ST00A2



7E CRC BFHhE XK THEEAE (P<0.05) (B 1A). % 10 5l CRC MM 2
S 52 L0 V) P AT s Ak, 45 SRR S100A2 7 CRC A m#kis (B 1B). #HL CRC
ZH AL R A NCM460 412 RNA F1EEH, 73517 gRT-PCR F1 Western blot 734t (& 1C. D),

7R S100A2 FE K 7E CRC 4 g H 1 % e AN IR Rk /K F3 B (P<0.01),
A B

Adjacent tlssue (4OX) CRC tlssue (40X)
X T ) PRl O &

& 1 S100A2 ¥E CRC HEiRE
Fig. 1 S100A2 was highly expressed in CRC
A: The GEPIA2 database was used to analyze the difference in SLI00A2 expression between CRC
patients and healthy people; COAD: Colon cancer; READ: rectal cancer; Red: patient; Black:
healthy people; B: Immunohistochemical staining was used to analyze the difference of S100A2
expression in CRC tissues and corresponding paracancer tissues; C, D: The transcripts and protein
levels of S100A2 in three CRC cell lines (HCT116, SW480, Caco-2) and normal colon epithelial
cell line NCM460 were analyzed by gRT-PCR and Western blot; “P<<0.05 vs healthy people; ##p

<<0.000 1 vs NCM460 cells.

2.2 S100A2 mifl3Wi T CRC 4HfEEFE. EBFREIEM: v 7R F S100A2 [HFRIAX CRC



HERER, PR T F25E Bk S100A2 ) HCT116 F1 Caco-2 4 fatk Kz FLRA P %) RE 41
Mtk (& 2A). CCK-8 szi4h &1, S100A2 mif/5, HCT116 F1 Caco-2 4 i B HE i 14 52
N4 (& 2B) . 41 RIR 9286 A1 Transwell S23645 R 5ox (K 2C. D), £ HCT116 48 Al

Caco-2 4iifig, sh HRIEFEFZZERE /159 T shNC 44 (P<0.001),
A



HCT116 (20X)

Bl 2 S100A2 B&MH T CRC 4. THARRIEH
Fig. 2 S100A2 knockdown inhibited the proliferation, migration and invasion of CRC cells

A: Western blot verified the low efficiency of S100A2 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; D: Transwell assay was used to detect cell invasion
ability; Scale bar: 100 pm; ***P < 0.001, ****P < 0.000 1 vs shNC.

2.3 S100A2 f&#H] CRC 4HMEFERE 5 shNC ZLHHLL, HCT116 1 Caco-2 4iiffidH sh 41
AR AR ISR 1 GLUTS Ml KHK RIA /KPR 3E FRIR (18 3A) . Al 5t i 45 21
TAHFEZE R (18 3B). S100A2 FfiR AT BEHIH] 7~ CRC 4HML R WEACE . BEJS, X Py 4Lt
AT AR A RR R B R 5 57, IR 9% 48 h J5 L v RO E . nf&] 3C 45 R R, 5 shNC
ZIAHEL, HCT116 4Hiffl (P = 0.0008)#1 Caco-2 4Hfl (P =0.0004) = sh ZH {4 i %o S 4%



] 3 S100A2 FfEH] CRC 4 B4
Fig. 3 S100A2 knockdown inhibited fructose metabolism in CRC cells
A: The expression levels of GLUT5 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; C: The concentration of fructose in the supernatant of
fructose-cultured cells at 0 h and 48 h was determined; *** P < 0.001 vs shNC.
2.4 S100A2 FfEIME] CRC Rt A A AT SROBEARIE it #32  Jht 0 240 0 1) 77 3 M AR B
CRC fipJR sy, Z 3 FJa e BT AR, W EMIEEE, Bon sh-#2-nude ZHAN

sh-#3-nude ZH4F 5 ) B E I ME T shNC-nude 41 (P<0.05) (& 4A. B). M sh-#2-nude 22



F1 shNC-nude ZHAR R IR 2 R rp 2B 1, #E4T Western blot 5236, 455 Eor, GLUTS il
KHK 7E sh-#2-nude ZH i 1 (2R 1& K FAL T shNC-nude 21 (& 4C). 4R SRR 4234 Fr
AT S e g tt, Box GLUTS Fil KHK 7E sh-#2-nude 4 [1%¢ s a7 5 55T shNC-nude

H, IUE 7RSSR SR (E14D).
A B

&l 4 S100A2 R{E M CRC e A P A A SRBEA U
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 photographed; B: The weight change of the tumor; C:
Western blot was performed on CRC tumor tissues of nude mice to analyze the expression of
GLUTS5 and KHK; D: The expression of GLUT5 and KHK in CRC tumor tissues of nude mice in
control group and S100A2 knockdown group were analyzed by immunohistochemistry; ****pP <
0.000 1 vs shNC-nude.
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CRC R FEABMEMR 2 —, FEH AL N A& B m R B ARIEHR . TR,
A 0k ik R AR E 2 A AR NI T, AR S 0 A J R A A R e o B S B A P 3B 32 31 SR
O, SREACHHE AR E R I BB A —, EMRYIIAIEE . (22 MR S
A BB RO, A 7T TR A TR S100A2 7545 B i h i 30K 4 DL A S5 SRR ihE
HINK R, BIEMR S100A2 7E CRC #EJ& i 1 7L 7> T HL .

AU 2 IR AN AR L — o SRR A AR AR AL T R AP, SRR RE R R okl
S Py A P e SR P 5 v ) E VR A S - i 2 M e A A o e 4 P 2 s 1 Y %
AR RIS &, DA RSN B A R B A& B oK, TR o 40 P 488 B AL A3 A
(A RO BB 5 R I R AR R R B A OGN i b R RN R 2 S5
JE AR R B AL A UGN, AR A 5 35020 iR i 2 B0 B XU R 3R o A i DA R SEZ 361
PROAZ B, B0 FAE TN 2 (R R S o ARV, SRR iR R A e R 44
Ay SR E A B DAL D R 58 45 1 . RBEARIE CRC R R k5 1 24k
H, BeRe% CRC 40 v] LAYEHT OO S5 Hh B g A R E A, O AR IR S s BR 1
WE, DRI MR E . BeAh, IR SR, SRR R Y N 5 T CRC
FIRFRRIER NG 5, I DB 5 R L5 Kk 1% CRC.

GLUTS f iz R R 1, oo BB R A i i T A . o e ],
GLUTS (i B 21 T LA 2 i g 40t SROBE A Qde &, G An B e BRI, DA ik g gk g
£ CRC ', GLUTS /R F/KFRIA, GLUTS-KHK 4/ S FREC I e 63 3% CRC 41
PRI EA AN T 2, GLUTS #lifiRI se s 4] CRC 4B 3 e s MRS, 4 1k 7 1SR
18, GLUTS A3 i B A S Sl fih g 4 i 18 5 P AR KHK B3Rk, X478 GLUTS %f
iR ROBE A A S BEE I PT RV e 22 5 3

AWFEMIERY], S100A2 Xt CRC AATEME, H'5 CRC il gl i S iz i B A
FHRAE o B8 B A3t , SI00A2 1o B2 221 m] LA Jy THHTAITIT CRC &3 (9 115 A5 547 - S100A2
VEONES S G EE, PRG540 M0 3 55 2 17K -F RE T S M S S R DR e ¢ B, X
HAmraest et & 7 GLUTS FEH i HAth 2 5 GLUTS BRI IR ALK o filt 1) — Tl
Frl8lghE Jon] DLSCRE AR FU R 4518, S100A2 W] LU i 51 ) b5 2 8 0 GLUTL FIRIAH
T CRC b i s &, LR kR ot JiE . B FU 45 R W], S100A2 W] DL R 4%
GLUTS/KHK Hifiiff 5 CRC 4/l RS &, fedtygitie. SR, A% S100A2 tfiiY
Wi GLUTS [k, e/ PR . 45 BTk, AR5 Ry S100A2 5 CRC 4 i Ak
PR A R IR A T — Bk, JF HIX& B IRkIE —F Z AAFERDIREER R, K oImIR
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