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= ES5HM: xR, NIRRT SAS 7645 B i & B R R AR, WSS BT A
" microRNA (miRNA) 235 5% 0] G855 73 B R FC 3 25 VI AH G . 28 5% 1 0138 & TCGA B4l 2 73 i & 3
miR-520c-3p A 45 E i R AT e, H 5 WG AMHIE. SR, miR-520c-3p /&5 25 1 N FRER AR AT
o L, ARUFTREELES BT A S miR-520c-3p 1335 5 TR R A8 56 R
Fik: NG IR AERE, RN B alifb g E A T A0 . A I A 3k I miR-520¢-3p J5, £
BT AR S 2 e A BRI A R T . NIRRT L LR e A A, [T - [U-PCT A 4 i
B AR, 0 R 3% 43 AT 3 B R A W AT AR B 9 iz o ) miRNA JP 8 43 B A8 AL 2 T B BT R A
miR-520c-3p HI TN REIR ) .

G3R . 1RKA miR-520c-3p J5 , 45 EL A T 40 I G S R O B W YRR S Ak KT R R L AL
PR TR (¥ P<0.05); H - (U-PC) WA FRE, RmCcirEREE (mt0) WS I, s
e IR R AR IE (m+l, m+4 Al m+5) B> (3 P<0.05) . 7E @ik miR-520c-3p J& , 4% 11 M5 9 1 4n it
B R L2 S M AR AL (3 P<0.05) o i #2558 35 fIG miR-520c-3p X 45 B 1 9 40 M 1) 1 3R 15 BR 3 6 1 8.
(¥ P>0.05) . miR-520c-3p A LUSE [ ALK N AR 2844 1 (MPC1) mRNA 3'UTR (P<0.05), i 3Kk
miR-520c-3p J& , 45 E M T 4 b MPC1 9 mRNA 5 2 (UK B 8RR, SIS miR-520c-3p J5 W AH f2
(¥ P<0.05) . TCGA B B4y Mr s el , IR 3K MPC1 19 &5 B i (R 3 TR 525 (P<0.05) o @i AIG
MPCL J5, &5 ELI 9 T 20 B 0% DY TR R 4L Ab AKOT- B S A AIC . FLIR ™ i BH b 3 o . S GE AR ) 3 I S g0 (3
P<0.05); HI,- [U-PCT @R IR)E . RARICFr R ER (m+0) TEMUIE MPCL 1 45 B 7 i 1T 40 i vh
WA, TR B RRER AR T (mel . med Alm+5) BRI (3 P<0.05) . [A] B B A% miR-520c-3p FI
MPCL J&5, &5 ELlade T A0 DI R AR UMbk 7 . LR it . AR RE ) ¥ 0 W AR fk (H4 P>0.05) .

518 . 25 B miR-520c-3p (19 18 R 18 5 0 22 M HUF A1 56, HALH] AT BE & miR-520c-3p HE 7] MPC1 8 4%
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Abstract

Key words

Background and Aims: Studies have shown that changes in the metabolism of pyruvate play an
important role in the occurrence and development of colorectal cancer, and abnormal expression of
microRNAs (miRNAs) in colorectal cancer stem cells may be closely related to pyruvate metabolism.
The author's previous analysis of the TCGA database found that miR-520c-3p was upregulated in
colorectal cancer and correlated with prognosis. However, it is not clear whether miR-520c-3p is
involved in pyruvate metabolism. Therefore, this study explores the relationship between the expression
of miR-520c-3p in colorectal cancer stem cells and pyruvate metabolism.

Methods: Human colon cancer cell lines were selected, and colorectal cancer stem cells were isolated
and purified from them. Changes in the proliferation ability, pyruvate oxidation levels, and lactate
production in colorectal cancer stem cells and colorectal cancer cells were detected after overexpression
or knockdown of miR-520c-3p. Cells were incubated with - (U-"C) glucose, and mass isotopomer
analysis was used to trace the fate of glucose-derived carbons. MiR-520c-3p functional substrates were
analyzed and identified through miRNA sequence analysis and genetic approaches.

Results: After overexpression of miR-520c-3p, the proliferation ability of colorectal cancer stem cells
significantly increased, while the levels of pyruvate oxidation significantly decreased and lactate
production significantly increased (all P<0.05). When cultured with - (U-"C) glucose, the unlabeled
citrate (m+0) in colorectal cancer stem cells significantly increased, while the higher-order citrate
isotopomers (m+1, m+4, and m+5) significantly decreased (all P<0.05). Conversely, after knockdown of
miR-520c-3p, the above-mentioned changes in colorectal cancer stem cells were reversed (all P<0.05).
Overexpression or knockdown of miR-520c-3p had no significant effect on the above-mentioned
indicators in colorectal cancer cells (all P>0.05). MiR-520c-3p could target the 3'UTR of mitochondrial
pyruvate carrier 1 (MPC1) mRNA (P<0.05). After overexpression of miR-520c-3p, both mRNA and
protein levels of MPC1 in colorectal cancer stem cells significantly decreased, while the opposite was
observed after knockdown of miR-520c-3p (all P<0.05). Analysis of TCGA database showed that
colorectal cancer patients with low MPC1 expression had poorer prognosis (P<0.05). Knockdown of
MPCI1 led to a significant decrease in pyruvate oxidation levels, significant increase in lactate
production, and significant enhancement of proliferation ability in colorectal cancer stem cells (all P<
0.05). When cultured with ,-(U-"°C) glucose, the unlabeled citrate (m+0) significantly increased, while
the higher-order citrate isotopomers (m+1, m+4, and m+5) significantly decreased in colorectal cancer
stem cells with MPC1 knockdown (all P<0.05). Meanwhile, after knockdown of both miR-520¢-3p and
MPCI1, there were no significant changes in pyruvate oxidation levels, lactate production, and
proliferation ability in colorectal cancer stem cells (all P>0.05).

Conclusions: The high expression of miR-520c-3p in colorectal cancer is associated with poor
prognosis, and its mechanism may be related to its regulation of pyruvate metabolism in colorectal
cancer stem cells through targeting MPC1, promoting the proliferation of colorectal cancer stem cells.
Colorectal Neoplasms; Neoplastic Stem Cells; MicroRNAs; Pyruvic Acid
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PR TR P2 4 38 3 A2 R e T 40 M > I ) 2% 1 L
LA U RSB A AR BN R 2 8000 1k i T L
IR/ OB CA NN A NS ¥ A N ) =ER = R )
77 R AR = W MR IR 1 (adenosine triphosphate ,
ATP) P10 SKTT, 98 A0 B DY IR 7R B i A4 B T
Fots 5 A e, BB FE R 1k o LR HE i 40 i
AR 3 AR IS N R H AR 4K 2 5K Otto Warburg
7E 20 it 20 20 4E A0 IR 1, BEFR O Warburg 24
I Z2 AL AR B T 9 AE A X AR ACH R, (H Y
A T 1 B0 IR 5 A0 T T R AR
14 Bl 722 B S A1 RN A2 1 3 22 988 E AR R R Y G
B, RARAS E R E0E, AT X — i R A
7 F K B RS AR D o microRNA  (miRNA)
JE— K RE 24 R 19~24 nt (14 P9 IR M IR 4 5 /) RNA
10 4o 48 6] 40 L A mRNA Y 3 A e 5 X, 51 % 5f
PN S T mRNA FE##E . Deng S5 HIH , miR-23a
LS H I T b gt R B R T2 558
A B8 TR A 18 DY TR 7R U6 %01 (pyruvate dehydrogenase ,
PDH) RYJCE , DT A2 298 /9 ATP HI T it 98 46 fifd
B o SR, 5 E W R A R R A AR Z R
miRNA Y 35 2 ], 33X B 2k 98 J2 75 52 ) 45 1 i
40 Y N R R A AT SR R R . AN F S 5T TCGA
BOPE 2 &% PR miR-520e-3p 16 45 H W e h 235 B,
I H. #5238 miR-520c-3p (I 45 H A i R B A R A1
fil5 . fH2E, miR-520c-3p J& & 2 55 N Bl 52 10 5
AERE ETI, AR B ER T miR-520c-3p 7
2485 i s T 0 L A O R A3 P PR E BIL A

1 #MREFE

1.1

HCT-116 40 Ltk A T4z (dbst) AR
HBRAR (1585 RXI1525)., HT-29 41 i bkl [ %
I ORAEYRHEE AR AR (5245 iCell-h078) .
SW-1116 21 Jfl bR W 1 1 i 45 # A= ) BB A PR A A
5. 26-5140) . DMEM 15 3% 3L 0 [ Jb 5 28 3% &
FHEARAE (585 C11995500BT) . MPC1 4 ik
W ET M EEAY R ARAR (1855 42898),
GAPDH $it /A B 3L L R R 2588 (i) AR
A (585 . BCJ200003H) . miR-520c-3p 155 4 #)
(mimics ) I miR-520c-3p M1 i] %) (inhibitor) 1 db 5%
ERIITA . & MPCLMEIY (shMPC1) F1BH
XFREF 1 (shNC) By 12 %% 3 i 30 3H A 9 42 it |
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- LR A I 791 &5 I 1 b s 5 3 Al BB A BR A
Al (B85 . K-LATE) . 5 %5 05 & 0 ik 5 & 0 3 b
AN ERRHEABR AR (585 BQS118529-100T) .
CyQuant 2 Jitd 3% 58 1] % 157 & 04 1 ThermoFisher 23 ]
5. (€7026) . RNeasy Mini Kit 14 [ b 57 %8 ik {4
EiAEVMHEARARAR (85 74134) . @M &
cDNA 5 5487 & W B ThermoFisher 23 @) (185 .
4374967) ., SYBR Green I Master Mix 5 [ Jb 57 % R} 4
WEHEARAF (585 TSE203) .

1.2 FHik

1.2.1 afa 3 fe s 22 AR SCERUY, R G s
(R b R T 4 B BE SR 3 43 ) N HCT-116 . HT-29 |
SW-1116 41 il ¥k H 43 & 4 4k A 45 B W e T 40 g
¥k HCT-116CSC. HT-29CSC. SW-1116CSC, HCT-
116CSC. HT-29CSC . SW-1116CSC & T & 4 fh 4= K
K JC IfiL 7% DMEM K% 3& 3 f K% 3% 5 HCT-116 |
HT-29 . SW-1116 . 4135 3% T & 100 mL/L i 4 1fiL
5 7 DMEM 35 5% v o B A7 40 B 72 % 5% CO, 1Y
37 CHi M PR .

1.2.2 TCGA 4% B 35&o5#  MRIE TCCA Bk %
B 4E £ COAD Al
COADREAD, 7 J Survexpress [ #¢ H A5 i [H 5 % ik
FIR & 38 1) 45 E W 9 1B B I AR AR R DL o

1.2.3 MHHEALBR LS TN RS @M
FH L— L1 A 0 3 500 8 0 A7 00 o ) 4 0 3 e
T A I 3 7R 6 AT R K 5 LV R T 40 i HCT-
116CSC . HT-29CSC. SW-1116CSC 7E DMEM it A< 3%
FrRE R SR SR AR i T R 0% U W AR A R O
HEAT FL R B3 25 W5 5 B

1.2.4 Western blot 4% T g 985 T 40 Mo {li FH 24 f 22 v
i 50 mmol/L. HEPES, 150 mmol/L, NaCl, 10% Glycerol,
1% Triton X-100, 1.5 mmol/L MgCl, 1.0 mmol/LL EGTA ,
10 mmol/L 2 BEBZ 44 , 100 mmol/L F /L4, 1 mmol/L
WL L S (PMSF) R o A% a9 2 1 B vk 2
it BCA K 47 & Ak, IR #EATIH —fk b3, DU
B O 25 L Z [8] (8 FF ot 97 for 1E 22 o K5 X0 A i AT
SDS— 2R N 47 Ik Jie %€ e FL UK (PAGE) il %0 92 B3 .
FH 18% V9 45 Tk Jic B8 Joe 320 A7 b, O % 8 1) Y B
1% 19 0.45 pm Immobilon FL PVDF i |, 7 2.5% Y4
W BT 1 h L W R I AE & 7 0.1% Tween-
20 £ TBS 16 5 1Y 5% BSA 15 Wi T % B 1 4 S ME it
PRHEATREI . PR BT FH 2O L4 —Hr kAT 4,
F4# F LI-COR Biosciences Odyssey 2 Gt it 17414

(http://(tancergenome. nih. g()v)
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1.2.5 mEREZ5H iAW PCHFRER &7 &
A 10% %A FBS B85 S e h ifE A7 1Y, 14 Ip 2201
2R B A A R Tt 1009% 85 A5 i o8 BC, T S — -l
WU B it o R/ 2 R 7% 2T B ) DMEM.
WK H 4, SRIGHNTE 15 mmol/L - (U-C) 458
i i 7E 60 B 100 mm 1Y & F A K F 80% 1.7, A
JE I PBS #hisk, & PCRYBE IR IR 6 he RIGHE
05mL 1:1 & HFE. KMREY T ER 3K,
P& AN B . G B O BR S R4 TR R, A
50 nmolL 1) 2-% X T2, 58478 KA A K HEACE )
M) LW, JFTE 42 CF A 100 L Y = B 3k ik S A3t
PR AT A2 30 min, il 5 Agilent 5973 it = & £5 K
) 75 556 ) 114 Agilent 6970 AR {4 3% 1 %48 81 9 1E 47
Oy MT o T A AR B O B R R] R BT A R R RRAE AR
FHSEFR e S EAT B0 0E o Ry T8 AN [R) R 9 A X
R B, AR G A R Y T RS
b AR SEAT R, IR A AT — 1k
JoT it (A A5 2R 43 A 3 A i T R A A
B AT RERCR () BC R TR 4 s kR, —4
BT RE T 0. 1. 2.2 PCJE T, Hdn=ft
IR/l S R 0RO G e a s R AR A1 7/ B ) |
MSDChem #1453 H7 &% A £ 43+ b Bir 43 Bk S5 19 15
BT, 4 M m+0 B m+n 09 BT A 5 & 7 47 2
B =E B, o m= VA AR ] PC AR S 0 A
SR 5 N B A R R A 2 AT R ROE, L
ZIRBI AR FEENEME, RiGHEAREENE
oyt

1.2.6 @i Fogn 2 A 7E bR R
24 L Seahorse ##fL ¥ |- 7E Seahorse XF24 23 #r4% I 3
AT R o T3 A e AL AR T i 1 S0 3 1 0 S 1Y
I s b 4 A R 1k % (extracellular acidification
rate, ECAR). M4UME7E S 10 mmol/L 7N B R 44 /F
hME—DF I R W B SR, i H A HAEE (oxygen
consumption rate, OCR) I & P4 i iR 1) S fk . X T
FR A 0 SE 5, AE S BT R 16~18 h, AEFLA 8 1A
41 it

1.2.7 RNA 4 B, miRNA R 5 F= 5% 0 & 8 £ &
PCR M 4J5 il 8 77 A9 U6 W1, {fi ] RNeasy Mini Kit A
2 i Fp 2 BCRN 264 B RNA . XF T miRNA U 5, 4
B 1Y L RNA 22 AR KL o X6 F S 1 26 ) a2
# PCR, i 7 % & <DNA 2 5 3t i 7 & & W
cDNA. FfiJ5, H LightCycler 480 SYBR Green I Master
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Mix #4750 PCR. Fir A O 22047 T 43K
1.2.8 a3 s K -F ey ml 2 4 i 1 AR 2 O A
96 LA H A L 43 3% 5 000 A~ BN L BEAT Y . 3 d
BE24 h AW 1 RIS FE 3L, HIPBSIEVE 2K, ARGk
FEAE-80 °C, WK F-H o i ] CyQuant 4t Jfd 3 5 I
E I A & B A, i ] Varioskan Flash 132 A AL
B o
1.3 SEitFEAbE

FH GraphPad 5.0 #4, 3 ib 50 A 28 07 22 43 H7 5
R 5 Ok A3 BT 45 L Z (B 22 57 . P<0.05 R 22 A1 4

-

2 & R

2.1 miR-520c-3p ik Xt 45 H T 4R AL A Y 220

i 2 38 BRI miR-520c-3p J5 L 45 FL W o 40 i
(HCT-116, HT-29. SW-1116) Ky 345 7K S 2 ¢ B
B (3 P>0.05) . i %35 miR-520c-3p J5, 45 H
W% % T 4 BE (HCT-116CSC. HT-29CSC. SW-
1116CSC) By HEFE /K- 0] W3 i (34 P<0.05) 5 fil
fik miR-520¢-3p J&5 , %5 B W% T 41 g HCT-116CSC |
HT-29CSC . SW-1116CSC A4 15 58 /K F B 8 FE AR (2
P<0.05) (K&l 1),
2.2 miR-520c-3p FiA 34 45 B i = T 40 i R ERER 4K

59 B F2 i

i 6 1K B A AR miR-520e-3p J& , 4% 11 R 40 i
(1 PN A R S A K ¥ 8 B B AR R (3 P>0.05) o 3
7218 miR-520c-3p J& , 45 1 M 9 1 40 B Y DY R AR
fE K280 B R (34 P<0.05) 5 i fIk miR-520¢-3p
J& . 45 T A0 R Y N R R SR Ak K COE Y B B
F (3 P<0.05) (K 2A4) . - (U-PC) 7 %G 8 5%
I, RAMCAIFERRLE (m+0) 7ERE{E miR-520c-3p
(1) 45 B o 9 1 4 B b 35 B s /b (3 P<0.05) T
A R AR IE (m+l . med Flme5) X0 G 38
(¥ P<0.05) ;5 RAFICHFTFERE (m+0) 721
23K miR-520c-3p (14 45 B 1 J 1 40 L 2 B S 3 m
(¥ P<0.05), 1w B e R A5 iC (m+1 . m+4 il
m+5) ¥ R (3 P<0.05) (K 2B-D). i %
ik miR-520c-3p J& , 45 B 9 T 40 M = AR i 2L IR 3
WY WA (34 P<0.05) 5 @i fik miR-520e-3p 5, 45 A
W 98 1+ A i = A 0 FLER ¥ 5 s 2> (1 P<0.05)
(& 2E-G)
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—O0— X4
~— 0 miR-520c-3p mimics
~——&— miR-520¢-3p inhibitor

—O— fiEdl
18— miR-520c-3p mimics
—A—— miR-520c-3p inhibitor

E1  ZRRaigsEee e
Ji & e T M A KT

Figure 1  Cell proliferation assay

—O— xRl
~— 8 miR-520c-3p mimics
——&— miR-520¢-3p inhibitor

—O— X iHdl
8 miR-520c-3p mimics
~—A— miR-520c-3p inhibitor

—O— xRl
~— 0 miR-520c-3p mimics
——&— miR-520c-3p inhibitor

—0— X4l
~— 18— miR-520c-3p mimics
~—A— miR-520c-3p inhibitor

A-C: P FRREEAEmiR-520c-3p 5, 25 EAddn iy stk s D-F: i F&GA oIk miR-520¢-3p

A-C: Proliferation levels of colorectal cancer cells after overexpression or knockdown of miR-

520c-3p; D-F: Proliferation levels of colorectal cancer stem cells after overexpression or knockdown of miR-520c-3p

LRk
W miR-520c-3p mimics P<0.05
W miR-520¢-3p inhibitor Pf_(_)_‘OS 1

P05

AL —P<0.05 LR
9 miR-520c-3p mimics 9 miR-520c-3p mimics
W miR-520c-3p inhibitor W miR-520c-3p inhibitor

2 WA

[ RoriE]
W miR-520c-3p mimics.
I miR-520c-3p inhibitor

9 miR-520c-3p mimics
W miR-520c-3p inhibitor

[ RoiE] it
W miR-520c-3p mimics. W miR-520c-3p mimics.
I miR-520c-3p inhibitor

I miR-520¢-3p inhibitor

A R EEIR miR-520c-3p i, 45 EL AR ML L K 45 b T AR R AR S ALK B-D: i

FEIR BRI miR-520c-3p MO 45 B T4 R, - (U-RC) BabiRs 775 Bt F 0 Z iR EE (m+0, m+1, m+2.
m+3. m+4, m+5, m+6); E-G: iFFIRoLaifk miR-520c-3p 5, 4 B s T 40 0% ZLIR AN # 4 ik T

Figure 2 Acetate pyruvate assay

A: Pyruvate oxidation levels in colorectal cancer cells and colorectal cancer stem cells after

overexpression or knockdown of miR-520c-3p; B-D: Mass isotopomer analysis of citrate (m+0, m+1, m+2, m+3, m+4, m+
5, m+6) in colorectal cancer stem cells with overexpression or knockdown of miR-520c-3p after ,-(U-"C) glucose culture;
E-G: Lactate and glucose levels in colorectal cancer stem cells after overexpression or knockdown of miR-520c-3p

2.3 miR-520c-3p WEERE DT 5EE

Tt 26 1k 8 B miR-520c-3p J5 . 45 19 M T 40

© MR # EHBIFFEIH

I8 SW-1116CSC H Z Ffr & [A] 13 5% 5 oK F- 32 B /] 458
280k A WA B A PR B0 & B miR-520e-3p 7] DL 5
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LRLR TN B R 24K 1 (mitochondrial pyruvate carrier 1,
MPC1) mRNA 3'UTR M %5 & (1513A-B) . 2L E
45 52 56 & P miR-520c-3p A LA #E [A] MPC1 mRNA
3'WTR (P<0.05) ([&3C). i3k miR-520c-3p )7 ,
4 H 98 T 4 th MPC1 ) mRNA FiEE 1 7K F 25 B
R (8 P<0.05) ; @i miR-520c-3p J5 , 451
95 T 40 S th MPC1 A9 mRNA 185 (K SE 2 8 2 F 7+
(¥ P<0.05) ([ 3D-E) . [[IAf, TCGA BdE & 45 i
1% 9 B £ COAD I COADREAD H i % 35 MPCI (4
SHMEEEAREZNBG (P<0.05) (& 3F),
R MPCL J5 45 T e T 4t B 0% 79 1R % 4 Ak 7K SF
P R R (33 P<0.05) , i [ B # IR miR-520c-3p
FIMPC J5 45 L 96 T 41 16 A i 75 S fk 7K - 35 T

. T T
per6es r-290SC GyANees

Pyruvate Oxidation

!T'I I [TTi
[ Jiliili

T T T T T T
AOEC e e a0t ey

25 50 751000 125
il (d) F

SWI116CSC HT-29CSC

HCT-116CSC
Penos 6

?

4 =

B (B P0.05) (K36), [, (U-BC) #i%
Wi R 0G, R e ArEmRE (m+0) 76 &%
MPC1 1 25 15 7 J88 T 40 M o 39 03 | 3% (¥ P
0.05), MmN ERIEFRIC (m+l. m+4 Flm+5)
BIo s> (3 P<0.05) (1#13H-)) . #fik MPC1 5,
S T AR A IR Y W R S (P
0.05), 1M1 7] B B AR miR-520c-3p F1 MPC1 Ji 45 14 i 9
T 40 M i FL R K F 6B B AR b (¥ P<0.05)
(B 3K-M ) . M MPC1 J5, 45 B % + 40 i 7
A B 1 B RE T ¥ B B AR (38 P<0.05) , T [ B
fik miR-520c-3p F1 MPC1 J& 45 T 96 T 20 M 1% 34 5 /K
T B AR (¥ P>0.05) (] 3N-P).

miR-520¢-3p AAAGUGCUUCCUUUUAGAGGGU

MPC1 3' UTR ATTCACGA

g

%l"C Hit AL

renos
Peons | I peges
[N ass bibai

%H R
g & E E & E & &

SW116CSC

N
[

S0 e )
o =

. , H
s 4 L 1B s i
3 . 3 . ‘ 3 L — ER=
i LN B TIT o
it A K it A L it 2 M 0 1m(d)£ 7 N 0 iw(d)i 3 o S iw(d)'z 7 p
B3 miR-520c-3p #L[a MPC1EEEHETHMEIMENRS A 2B miR-520c-3p J5, 45 574 41 SW-

Figure 3 MiR-520c-3p regulating pyruvate metabolism of colorectal cancer stem cells by targeting MPC1
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1116CSC Y41 E ;. B AR5 B AF 4  HiTI miR-520c-3p 45 MPC1 mRNA 3'UTR MZ5 A7 5 C: 9 R FHR 5L
45 4 I miR-520c-3p 5 MPC1 mRNA 3'UTR (U454 ; D-E: 8 35 s #i Ik miR-520c-3p J& , 45 LW J 40 fifd 1 MPC1 (1)
mRNA FIE R IKK; F: MPCLARIZREKE XSS B A i s G: BRI 3 i T, 45 EiniEdnip i
RS H T R R S ALK H-J: MRS, - (U-PC) HAgR R 37 Ja B R R AT iR Eh (m+0,
m+l, m+2, m+3, mt4, m+5, m+6); K-M: SFEIT, 45 e T M LR A4 MK N-P: AR,
S5 e T A S R

A: Heatmap of
transcriptome analysis in SW-1116CSC colorectal cancer stem cells with overexpression or knockdown of miR-520c-3p; B:
Prediction of binding sites between miR-520c-3p and MPC1 mRNA 3'UTR using bioinformatics software; C: Luciferase
reporter assay to detect the binding of miR-520c-3p to MPC1 mRNA 3'UTR; D-E: The mRNA and protein expression
levels of MPC1 in colorectal cancer cells after overexpression or knockdown of miR-520c-3p; F: Impact of different
expression levels of MPC1 on survival curve of colorectal cancer; G: Pyruvate oxidation levels in colorectal cancer cells and
colorectal cancer stem cells under various treatments; H-J: Mass isotopomer analysis of citrate (m+0, m+1, m+2, m+3,
m+4, m+5, m+6) after - (U-"C) glucose culture in different treatments; K—M: Lactate and glucose levels in colorectal
cancer stem cells under various treatments; N—P: Proliferation levels of colorectal cancer stem cells under various treatments
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