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[ Abstract | Background and purpose: Rectal cancer occurs on the inner wall of the rectum, and metastasis-associated in colon

cancer 1 (MACCI) can promote drug resistance in colon cancer cells. This study aimed to investigate the effect of MACCI1 on
oxaliplatin resistance in rectal cancer and its mechanism. Methods: Biosignal analysis of MACC1 and TCF7 expressions in rectal
cancer tissues and signaling pathways enriched for MACC1 were carried out. The expressions of MACC1 and TCF7 in rectal
cancer cells and rectal cancer oxaliplatin-resistant cells were detected by real-time fluorescence quantitative polymerase chain
reaction (RTFQ-PCR), cell viability was detected by cell counting kit-8 (CCK-8), and cell proliferation was detected by cell colony
formation assay. ECAR values, lactate production and glucose consumption were detected by Seahorse Biosciences XF96. Western

blot was used to detect the expressions of glycolysis-related proteins. Dual luciferase reporter gene and ChIP were used to validate
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the regulatory relationship between MACC1 and TCF7. Normality test and homogeneity of variance analysis was performed on
the data of each group by GraphPad Prism 8.0. If it conformed to normal distribution, one-way ANOVA or #-test would be used
for inter group comparison, otherwise the comparison between groups would be conducted using Wilcoxon rank sum test. Using a
two-sided test, P<<0.05 was considered statistically significant. Results: MACC1 and TCF7 expressions were upregulated in rectal
cancer, and knockdown of MACCI1 significantly inhibited the viability of rectal cancer drug-resistant cells and the ICy, values of
different concentrations of oxaliplatin treatments, as well as reduced the proliferation ability of rectal cancer oxaliplatin-resistant
cells. Overexpression of MACC1 was able to promote the proliferation and glycolytic capacity of rectal cancer cells. Further studies
revealed that the transcription factor TCF7 existed in the upper reaches of MACCI. Besides, this study analyzed the data from
Cancer Genome Atlas Program (TCGA), and the result showed that knockdown of TCF7 was able to attenuate the promotional effect
of overexpression of MACC1 on the glycolytic capacity and oxaliplatin resistance of rectal cancer cells. Conclusion: This study
demonstrated that the TCF7/MACCI axis could promote aerobic glycolysis and thus oxaliplatin resistance in rectal cancer cells.

The findings suggest that targeting the TCF7/MACCI axis or inhibiting the aerobic glycolysis pathway may be a novel therapeutic

approach to inhibit oxaliplatin resistance in rectal cancer.
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1.1
111 EEmie
H Ak Caco-2. SW480, SW837,
NIEH B b B4 R FHC LA K IR ¥ 40 i
ZHEK293 TN F 5 6 4L 7Y 55 57 4 O 8 L
( American Type Culture Collection, ATCC) .
112 XA 5ME
TR ( dimethyl sulfoxide, DMSO )
A & Selleckchem 2 /), BYbFI41 1 H
F[ESigma/sFl, oe-MACC1, oe-F4%HF7
( transcription factor 7, TCF7 ) K H: [ %} 8
R BRI R LA e A BR A H], PolyFast
Transfection Reagentis il A1 il 571 2- i 4 -D-
%t (2-DG) W H 3 [EMedChemExpress/A
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TRIzo il g 1 3¢ H 28 3K C i /R B A W]
Primescript RTFIE 7] & FTB Green® Premix
Ex Taq'VIlg B H K Takara/y &, ¢ 0] TR
( bicinchoninic acid, BCA ) K illia55] & M) H 3¢

[E ThermoFisher Scientific/\ ], Wi AIfk 7 &G
& RS AMACCIHLIR I A 3¢ E Milipore A
", i AB-actin, RITAHK2, Rbi ATCF7HL
&L K Simple ChIP®Enzymatic Chromatin PR
W) H & Cell Signaling Technology/A ], iR
AL YIS RIC I E P RgG (HAL) W [ 9
Abcam/AF], 4RI & (cell counting kit-
8, CCK-8) g H HADojindo/A ], Seahorse XF
W TR i iR & 26 E AgilentS ),
2] WG I €300 7] 5 A L R v i) 0
R ERHLABRAF], PolyFast Transfection
Reagentiffl|I ] 3 I MedChemExpress/ 7 .

Applied Biosystems'™75005Z i} 5¢ ) i a3
AW 5E R N (real-time fluorescence quantitative
polymerase chain reaction, RTFQ-PCR ) 12 .
Multiskan FCHEFFRY I H € E ThermoFisher
Scientific/A 7], Seahorse XF64H LA m & 2 HriX
W F 26 [ Agilent/A 7, 20 Ak ~r & B AR
W 19 A R AR A PR A F
1.2 EWERESH

A 5 v filt FH s o 2 D 20 KT 31 R0 ( The
Cancer Genome Atlas Program, TCGA ) | %
I A 2 s RN E R BT 2750

(normal:10, tumor:167 ) , ZJa4hH ki E

e H B E R W MACCIHITCF7 ( [logFC|>
1, FDR<<0.05) '™’ ffif|Gene Set Enrichment
AnalysisZMTMACC 1T 7E 1Y 5 R AR BT & 438 12
o %% 55 X7 moti A4 A2 JASPAR F I 55 MACC1
GG SRR, I Tmotifi s AT
1.3 HfaEs

NH ¥ Ak Caco-2 . SW480, SW837,
NIEH B W b Ez 4 M R FHC DL K A B 40
ZHEK293TH¥ I H 2 EATCC, Caco-24iffl
TEEagle’ sl U 75 17 755 ( minimum essential
medium, MEM) F1i3%, SW480HISW8374

i e Leibovitz’s L-15K5 3 Kb 3%, FHCHNM
TEDMEM/F-128% 3 5 537, HEK293 T4t i 78
Dulbecco’s modified Eagle’s medium ( DMEM )
BB R, BRSO 10% M R A 1l i
( fetal bovine serum, FBS) 1% %5 2 M5k
HRIRAW, YFE3T °C. COMBUMEI 5% 2
MG T R

fii FHDM S O %5 fiff 1 B8 ¥ 1) 1 32 ¥ 338 i e 2
(0, 0.5, 1.0, 1.5f12.0 wmol/L ) FF&eibH &
Fdes LSS, 1A iR i R R AT 24 240 e R
SW837/L-OHP '"*' |
1.4 RRaEES

i FHPolyFast Transfection Reagentis i sh-
NC/sh-MACC1., oe-NC/oe-MACC1. sh-NC/oe-
TCF7RURLE e 2 B I AL N o B R B A ik 12
P00 2- )3 4 -D-# % 4 (2-DG ) B f#fEDMSO
i, PL10 pmol/L AR A 3 T st .
1.5 RNAREVSRTFQ-PCR#

K TRIZo A 70 B RN A #E 17 5 & 4
Bro SRIGHHEPrimescript RTFIIR 57 &5 5 &% %
A cDNA, ffifiTB Green” Premix Ex Taq " fE
Applied Biosystems'" 7500 RTFQ-PCRAY |47
RTFQ-PCRIUE . AHXT H i3 H 35 LUB-actinhy
WZ, 2 R T e

* 1 RTFQ-PCR3|#1F7%
Tab.1 RTFQ-PCR primer sequences

Gene primer Sequence

MACC1

Forward primer 5'- TTCTTTTGATTCCTCCCCTCA -3

Reverse primer 5'- ACTCTCATGGGCATGTGCTC -3’
TCF7

Forward primer 5'-CAAGCAGAGTCCAAGGCAGA-3'

Reverse primer 5'-AGGATCTGGTTGATGGCAGC-3'
P-actin
Forward primer 5'- GACCTCTATGCCAACACAGTS3 -3’

Reverse primer 5'- AGTACTTGCGCTCAGGAGGA -3’

1.6 FEHERENEE ( Western blot ) &
M2 IS, d T BCAR I & i A
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FUBHR B, 48 PR A T o S IR 4 2R T s Tt
JHetE e K (sodium dodecylsulphate polyacrylamide
gel electrophoresis, SDS-PAGE ) #4THLIk 5, Fii
JE R R M 3 LM (polyvinylidene fluoride,
PVDF) i I, HIBAEA-0S (5% ) HEADFS —HilRkE
W o ARG IS R o S8 A P R R ) — iR
2 ho SR A Ab 22 KOG S AR 9O b2 B
BB AR AR 1 2%

1.7 HPEiE S 5185EE

CCK-8 127 & A0 17 9 248 L B0 1) 1 Tf 245
PRI 25 R AIFAE R . AL PRJS AYSW837/L-OHP
A A B R TR 96 LR P, BEL4ES 0001 4H A,
310 pL CCK-8%S IR THi 0, 24, 48, 72 h
JE B EEA LA, 37 CHE2 h, PR
Fr450 nmifz KAIROGEE (D) {H. R T IFAl
EL I A T BYD R EA B 2454, FE96FLAR Hh A
FLEERNS0 000140 A, Fratfaleefs , FHib gk
JE (0, 1.25. 2.5, 5. 10, 20F140 pmol/L ) fiH
VR BRANM, 7E48 hJF A 10 pL CCK-8%
W, ARLLIRT2 h, ffiHMultiskan FCHE ARG
450 nmALHIDIA, FFITIIC(H.

XoF 2 1 BE RSN, K 298001 40 A Y- Hil
TE6FLMR R, 0. 1.25. 2.5, 5. 10, 2040
40 pmol/Life AR 1% i BLYb FIBAALB2FE 2 . 41y
ERTKATT FHA% 1 22 3R W RS 1 2 T e 5, AR AR 2
AR R/ VR AR R PPAG A IS 7% T Wi R
1.8 #RESMERILZR ( extracellular acidification
rate, ECAR ) {EllZE

ECAR/H i FSeahorse XFARH I i 731
7| & 7F Seahorse XF 964 fifd 7 1 73 B {3 &2 o
PLEEFL1 X 10 41 il 422 Fh T Seahorse XF4I I R;
Fetrh, FELIM S, WKUKTE &5 E I R] A
ANHEFHE (glucose) | A ALBERR AL 7 5
& (oligomycin ) . WEF 01 ] 77 2- D G AG I
ECAR{H, %@ 1dSeahorse XF-96 Wave X fFuE
fTPEA, LimpH/minZérs .

1.9 FEERN. IBNE

SR AT 2 W B €300 7] 5 AR L R

TR 4 0 o A AR RN FLRR P A i . TR

B2, HRAaNE, HRHBCAKINT &I E B
PR EE, ARG R U B ER, el
N 7 A WP RN LR P A 1

110 FUERHEEEFENE

P b T DL R R 2 R I A A R W) g 2

SAHEER (wild type, WT) 3'UTRHIZEAE A

( mutant type, MUT ) 3'UTRIJMACC1JE s+ ¥
G pmirGLOZE G R Ml 5 ki . i i PolyFast
Transfection Reagenti® ¥ - 1A b9 Bk 4% G
ZHEK293THI . 48 hf, (HHER AT
PEICRMFE R 2R A

1.11  ChIP#&

i FH Simple ChIP® Enzymatic Chromatin IP Kit
KIMACCI S TCFTIZS &R . Faii A 1%%
FHWERE]E10 min, REHIA0.125 mol/L H 22,
IR G FE IR T CES minldZ¢ 1EDNA-HE
JASHE . 4R R A SDS AR (T i it
£ B I 3B st 2 G RS SN D A 2
S0 UL 5 AT TCFTHL A FIProtein GREZKIR A |
¥ DNA-GUR-EIRE G, Ve Sk G hRich
Target, HRATIgG PURMENEAPEX IR i@ I RTFQ-
PCRXJ A 4lifb I DNA R BElE A 7430 . MACC1JR
4B AR RTFQ-PCRE [ # Il 42,

#& 2 ChIP RTFQ-PCR3|41

Tab.2 ChIP RTFQ-PCR primers

Primer Sequence

Forward 5'-ATGAAATGCCAAAAGGTCTCCA-3'

Reverse 5-TTCCCAGGTGAGTGACAGTG-3'

1.12 Sit=4bE

W45 TECE A3l 7 B R B LAY £ s 3R
TN o WA LB AT IR AR 0 S T 25 55
Br, ARG IER A B o 255, W40 iR
FHERP R 5 22 0 Br sk B s AAAF &, D2 ]
IR H Wilcoxon BRI 5 o SR FH SN A6z 55
P<0.05hZESAGIFE L. AMGH a8
Y% FGraphPad Prism 8.0 ( GraphPad software,
USA) 17,
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Fig. 1 Upregulation of MACC1 expression in rectal cancer

A: Analyze the expression level of MACC1 in normal tissues adjacent to cancer tissues and rectal cancer tissues using the TCGA database; B: RTFQ-
PCR analysis of MACC1 expression in Caco-2, SW480, SW837, and normal rectal epithelial cells FHC. ": P<<0.05, compared with each other.
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RTFQ-PCRES IR R, TEBLYDFI S 24 241 ff 2
MACC1 3Rk 2 & T B i B VD R A AU A
Mz (E2A) o BlijE#sh-MACC1H; 4 = SW837/
L-OHP4IE R, 45K EM, MACCITESWS37/
L-OHP4H it 2 FMACC1 (38 3k B K Txf M 2H
(FE2B) . Ak, EMRMACCT YT 25 40 i A 1%
TR EALT X A TE S (KEl2C) o 5
TR L, sh-MACC 141 B i B v b R i 24 40
i (SW837/L-OHP ) My¥4%aAE J1 I sk 55 (&l
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SW837/L-OHP, CCK-8filZ55 k8, HxfHidl
HE, FEMACCI S SW837/L-OHPA i X Bk
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B 2 5 8 45 1 9 40 M B 70 R 5T 25 09 B
M, 4585, MACCIEHE/EGLYCOLYSIS
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SER G SRR IR B IEAH K (E3A. B) o A
WEgE S R, BRI R T R T 24 0 TR
2, WILIRATRER T B j 4 i v i b B2 % re
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ZH 1 SW837/L-OHPAH AL 1) 1% J7 B 25 3 m, i
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B E IR mSW837/L-OHPAH il ECARAE . FLR
A e DA R R A B E AR R, Tk — 2B n2-DG
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iDL R A RS AR R T (3D, E) o [AlFE,
1 F Western blotFa: I % fige 18 i i) e e 2
Fik, EREH, FFRIEMACCIEFHK2FR LM
B EW, InA2-DGH IR S R IEMACCT AL BERY
SW837/L-OHPAH il A HK 24K [ 3¢ 1k XK 52 2%+ I
AT (EI3F) o BbAk, 2-DGHNAJE &S5k 55
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Fig. 2 MACCI promotes drug resistance in rectal cancer cells

A: The expression of MACCI in oxaliplatin sensitive rectal cancer cell lines and oxaliplatin resistant rectal cancer cell lines; B: Detecting the
transfection efficiency of sh-MACC1; C: Detection of the activity of rectal cancer oxaliplatin resistant cell lines after knocking down MACC1; D-E:
Detection of decreased proliferation ability of rectal cancer oxaliplatin resistant cells after knocking down MACCI; F: Detection of the ICs, value of
rectal cancer oxaliplatin resistant cells after knocking down MACCI. : P<<0.05, compared with each other.
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PR SW837/L-OPHAHN M I 1C 5o B WK & FI] IE
KV (EIBH) o EREEHRED], MACCLA i@t
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Fig.3 MACCI promotes oxaliplatin resistance in rectal cancer cells by regulating aerobic glycolysis

A: GESA analysis revealed that MACCI1 was enriched in glycolytic signaling pathways; B: The correlation between MACC1 and glycolytic marker
genes; C: Detect the cell viability of rectal cancer oxaliplatin resistant cells after expressing MACC1 and adding 2-DG; D: Detect the ECAR value
of rectal cancer cells after o0e-MACCI1+DMSO; E: Glucose consumption and lactate production in rectal cancer oxaliplatin resistant cells after oe-
MACCI1+DMSO treatment; F: Detecting the expression of key protein HK2 in the glycolytic pathway; G: Colony formation assay was used to detect
the proliferation ability of rectal cancer oxaliplatin resistant cells treated with oe-MACC1 and oe-MACC1+2-DG; H: Detect the ICs, values of rectal
cancer oxaliplatin resistant cells treated with different concentrations of oxaliplatin.*: P<<0.05, compared with each other.
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Fig. 4 TCF7 transcription regulation of MACC1

A: ChIPBase predicted transcription factors that bind to the promoter region of MACCI1; B: There was a positive correlation between TCF7 and
MACCI; C: The expression level of TCF7 in rectal cancer tissue; D: The expression level of TCF7 in rectal cancer cells and oxaliplatin resistant cells;
E: The binding motif of TCF7 and MACCI; F: ChIP and dual luciferase assays were performed to detect the key binding points of MACC1 and TCF7

in SW837/L-OHP cells.*: P<<0.05, compared with each other.
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Fig. 5 TCF7/MACCI regulated aerobic glycolysis pathway and affects oxaliplatin resistance in rectal cancer cells

A: Detection of transfection efficiency in rectal cancer oxaliplatin-resistant cells transfected with knockdown TCF7 plasmid, knockdown TCF7 and
overexpressing MACCI plasmid, transfected with overexpression of TCF7 plasmid, overexpression of TCF7 and knockdown of MACCI1 plasmid
rectal cancer oxaliplatin-resistant cells; B: Transfection of rectal cancer oxaliplatin-resistant cells with knockdown TCF7 plasmid, knockdown TCF7
and overexpression of MACCI1 plasmid, cell viability of rectal cancer oxaliplatin-resistant cells transfected with overexpression of TCF7 plasmid,
overexpression of TCF7 and knockdown of MACCI plasmid; C-D: Detection of ECAR values of rectal cancer oxaliplatin-resistant cells in each
treatment group; E: Glucose consumption as well as lactic acid production of rectal cancer oxaliplatin-resistant cells in each treatment group; F:
Western blot assay for the expression of key proteins in the glycolytic pathway; G: SW837/L -OHP cells colony forming ability under different
treatments; H: ICs, values of SW837/L-OHP cells under different concentrations of oxaliplatin; ": P<<0.05, compared with each other.
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