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W OE B8 ST E VAR RS S BT (MIF ) 7E55 T 408 40 MO Tt 25 v i 4 FE A LS
Fik: M 5- BIRBENE (5-FU ) 259 BE ¢ 23 38 1035 5 N 45 B 10 9 40 IO RR Lo Vo 4H MIAS #E 5-FU ffif 24
HINZ5 98 LoVo/5-FU 4IME . KeH8br 3G 4 xs 5-FU Ut (1C,5,) o 408E MIF & 383k . 4000
A PR BOKT . A rh ZLRR A (LDH ) 369k . ARG R i b LR KT, 4 BIH CCK-8 4% .
Western blot, 2-NBDG ¥ . fifLik . U &4l . A LoVo/5-FU il 55548 LoVo 4 it H] I ik 45
PRf 25, JERIN I siRNA B0 005 25 £ R T4l 238 MIF 5, 500 PFKEFB3 M5 PFK-15 1
FABIEERRS , LoVo/S-FU 41 kB4R ZE Ak .
R I LoVo/S-FU 418, Z40M 4 MIF & (1 &35 . X 5-FU B9 1C,,. #45 BE 8 HC. LDH 7%
P LR A K S ER 4 L3R AR LoVo AU B B 7+ & (3% P<0.05) 5 7€ LoVo/5-FU 4l I+, siRNA T
P MIF J5 28 MIF & (%35, X 5-FU 19 [Cso. 7 Z5 MBI, LDH & PE ALZL R A= ol /K 7 347 85 I
A, MIF 3 A R E R R FREAR IR TS (3 P<0.05) 5 HI PFK-15 4 SObE W iR 5
LoVo/5-FU 4Iifi X} 5-FU 9 1Cso. %45 MR . FLRR K-35 B R BE AL (3% P<0.05) , {H LDH #&M:tH
W75k (P>0.05) , PFK-15 %} MIF i kA9 LoVo/5-FU 4t A FAE/EA (3 P<0.05)
L. MIF @it B LoVo 4R SN BEME , W55 1S 5-FU T 25 58 7 (9 14 o
KA SSE A s PEstE, MR EWEAR M R D T
HFESES: R735.3

Relationship of macrophage migration inhibition factor enhancing
aerobic glycolysis to drug resistance of colorectal cancer cells

HUANG Rong, WANG Hong, CHEN Baohua, FAN Minghu
(Department of General Surgery, the 184 Hospital of People's Liberation Army, Yingtan, Jiangxi 335000, China)

Abstract Objective: To investigation the action and mechanism of macrophage migration inhibition factor (MIF) in drug
resistance of colorectal cancer.
Methods: The S-fluorouracil (5-FU)-resistant human colon cancer LoVo/S-FU cells were established by stepwise
exposure of human colon cancer LoVo cells to increasing concentrations of 5-FU. The studied parameters

included the sensitivity of cells to S-FU (ICS0), MIF protein expression, glucose uptake ability of cells, lactic
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dehydrogenase (LDH) activity of cells and lactate production from cultured cells supernatant, which were
detected by CCK-8 assay, Western blot analysis, 2-NBDG method, microporous assay and kit assay, respectively.
The differences in above parameters between LoVo/5-FU cells and their parent LoVo cells were compared, and
changes in these parameters in LoVo/5-FU cells before and after MIF interference and overexpression by siRNA
and lentivirus transfection, or inhibition of aerobic glycolysis by PEKFB3 inhibitor PFK-15 were examined.

Results: The LoVo/5-FU cells were successfully constructed, which showed significantly increased MIF
protein expression, IC, to S-FU, glucose uptake, LDH activity and lactate production level compared with their
parent LoVo cells (all P<0.05). In LoVo/S-FU cells, the ICy, to S-FU, glucose uptake, LDH activity and lactate
production level were significantly decreased after MIF interference by siRNA, while those above parameters were
significantly increased after MIF overexpression (all P<0.05). After inhibition of aerobic glycolysis by PFK-15,
the ICy, to 5-FU, glucose uptake and lactate production level in LoVo/S-FU cells were significantly decreased (all
P<0.05), but the LDH activity showed no significant change (P>0.05), and the same effects were exerted by PFK-

1266 S A&

15 in LoVo/S5-FU cells with MIF overexpression (all P<0.0S).

Conclusion: MIF enhanced the resistance of LoVo cells to S-FU by increasing the aerobic glycolysis.
Key words

CLC number: R735.3
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AESK, BEE AATERE SRR R, 4 EW
JiE 2 W RR YT A B iR BB A VR YT
&, 4 B mim it 2y py kA R WOk R . 25 E D
IR TS 24 1 K AR PR LR T IR ROCR T U AR
F AR G, HE 2D TS B 0 T
oML, OB B IR T A R AT g A AR
W3 20 e 7% s 30 & I+ ( macrophage migration
inhibition factor, MIF ) 7ERPIEBY & A . & &I
e B v R 4 T G BEAE O BTIE R
W, MIF 5530 M R S 2 A0 06, {H R
JE 25 85 H W i 25 09 Kt T BLARBIL ) & A 4
1o NI, AT IE— P PR MIFE 45 B i if 2
A FFBIL

1 HRST®

1.1 ##

N 45 T W 8 A0 M BR Lo Voo ok TR AR S 56 %
DMEM#; F2 5 (lifeAw, £H) , JG4F M
(Gibcot®l, KME) ; 5-FIKRMKE (5-FU)
(SigmaZAw], EE) ; 6-BFM R -2/R
Wi B R -2 ( 6-phosphofructo-2-kinase,
PFKFB3) Ml FPFK-15 ( Selleck A A,
HE D) s KR IER W AR EMU Y 2-NBDG
(Thermo/AH], FKHE) ; FLMA AN (lactate
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dehydrogenase, LDH ) ¥ ¥4 I 3 5 & F1 3L
iz (lactate ) Sl X H & (SigmatAd],

EHE); CCK-8ilH & (DojindoAw, H
A) 5 MIFHifR (CSTAR, £RE) ; B-actin
(proteintech/ay®], W) ; EKREHER (Mt
Yy, L), LipofectamineTM 2000 Transfection
Reagent (1lip-2000, invitrogen, JH ) .

1.2 Hik

1.21 w2 AMBmMI LoVo (LoVo/5-FU ) #
TGRS Sk P RE R . A
5-FU [ 85 72 3 (DMEM, % 10% fif 4 13 ) 85 3%
LoVo, M5 pmol/L JFify, WIEZ Wb, 4 2 JH1Y
Jin5 pmol/L, FF&E 24 Ji . P UL LoVo 7£ 15 pmol/L £
Frfa Bk

1.2.2 5-FU T4 A W /& 49 L LoVo & K 7 4] wh £
5 B Wei 55" 7 b £ A K il

1x 10* 4~ / LAY 45 B M % 40 i LoVo Ff T 96 L AR
12 h g, AR R 5-FU (10 pmol/L~
I mmol/L) . #¥& 72 h J5, JILA CCK-8 10 puL/ L
WEE 2 h, BEARACRI OB, H2s AR R I 4,
I 1Cs0

1.2.3 F#z (1) MIF /Y siRNA T4 : si-RNA
L I A W N w AR T A i, BT T
5. GGC TAC GTC CAG GAG CGC ACC, si-MIF:

ACA GGG UCU ACA UCA AUA dTdT. ¥ 20 umol
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si-RNA F1 5 pL 1ip-2000 & & T 100 pl JC I 7
/) DMEM 1 i & 15 min J5, MAZEEK = 70%
1y 6 fLikr. 12 h J5 B3 10% 54 i 75 i 55 fif
DMEM, #kZi153% 48 h, Western blot ] MIF &
7K ¥, (2) PEKFB3 #ll il 7| PFK-15 4h 2. PFK-
15 $2 2 B2 10 pmol/L FIALBEANM 1 h )5, P55
FHN AL B, (3) MIF i ik . f Fik MIF & 1918
W LR ITAEY TR E A . 1 x 107/ FL40
MRl T 6 fLAH, 24 h JE N A L% A 5 x 10° 1)
P, 12 h J5 4 4k 28 % 10% JIG 4 1 3E 59 8
fif DMEM, k43535 48 h, 7856 W s T W5 it
et il o TR 25 7 24 B 5 800 ng/L (Y BEIY 25 R
R R, WA T, JF2t B T
95% il Jifd 47 4% {4 [V 1% J5 Western blot £ il MIF &
MRk,

1.2.4 Western blot # M MIF & & B4 40 i iy
WEM, MASx EAEZMWH, KE 10 min 5
20 CH#AF. SDS-PAGE 4B &M (90 V, 1.5h ),
BEBE (VKIE, 90V, 2h) , B (5% BAR U8,
Wi, 2h), —H (1:1 000) 4 CiHHEE, —¥h
(1:5 000) % & 1 h, TBST 5min/ ¥ x 3 W Ik
Ji ECL .5 .

1.25 MHBEBBRERN  BF Fischer 5 17
e, R E G 45 IR o 40 X 2-NBDG B B R
Je W, 20 MLAETC L VE SR SR 24 h R B O
37 kBq/mL 2-NBDG {1 {ik B DMEM 4k 25 15 5% 24 h.
AL AN B IS B /N A An g, HAT 0.5 mol/L &
EALN AN 15 min J5, A RAFR 0.5 mol/L
R b A, WA TN BRI 20 ( HIDEX 300SL,
I525) KON 2 fE Y dpm (. (LoVo &S
TGPk - AR VRSB B g P ) 7 (4% - 24 h)
RIA5 Y Lo Vo 7 45 B 5 B

1.2.6 #3LEAn LDH &% LDH 3% A AR 32
70 35 B B (Sigma-Aldrich, MAKO066) #f 17,
WOAE A AL A 1 x 10°, in A 100 pl 40 i 2 fif T
% & vK F 10 min J5, 13 000 r/min & 0> 10 min
EBrAe i, W4 L. FLMRW . 1 x 1Y INT %
W, WA BUR A N TAEM . 50 pL BRERR &
(10 milliunits/mL ) & AE 5 1 50 pl T 1 55 &
BURAFEMA 96 fLik, i #OLIFEE 30 min,
it A 490 nm W HAE S OEE . LDH W& M = (FF
i FLIOG B - 35 Sas B IRFL OB ) 1 (AR
WOGRE - bRifEss A WROGREE ) x bRifES R EE .
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1.2.7 #ILEen SLER AR T FLIR /K A I AR BE
R F & B ( Sigma-Aldrich, MAK064 ) A7
FAMAE 1 x 107 fLF T 6 FLRH, 12 h )5 F ik
I mL/ FLIC M35 35 57 FE 45 5% 24 ho WOAR A % 7 2
13 000 r/min &5.0> 10 min EERZF B 20 pL AL,
26 pL ZLER #h W E 22 b . 2 pL FLIR IR & ¥ F1
2 pL FLIRELRAHR A, AR FIHE 30 min, [
FRAL 570 nm W= AE G ROGEE . I BEGL 1 mmol/L
FFLIRER AR MED 0, 2. 4. 6. 8. 10 uL %M A
26 pL ZLAR R 2 22 bl . 2 L LR IR &
A2 pL FURR AR AR & W b a7 bR i 45
1.3 GiitEabiE

N HHSPSS 19058 ¢ 5, Hi BER DAY %L +
FrifEZE (xxs) EKon, R EEIT 2208, PIM
L FILSD-tKG 3y . P<0.05 K25 A Goitar s L.

2.1 THALEEBEMM LoVo f MIF RiZFIES

PEEE RS

WiF HS-FUR 3R LoVo 64 A, RS X
5-FUTH 25 945 15 3 LoVo/5-FU4I ML, LoVoRiLoVo/
5-FUXFS-FUMTC5,43 51 40.220f15.600 pmol/L.
[Fi] Fsf 32F — 25 A5 0 MULF 2 11 2% 38 RITAT 42008 2 At 155 0
IR B IRLoVo/5-FUMMMIF & H £ 15 | ) % 4
B . LDHEYE . ZLER = AL A Lo Vo 2 it B f 7
m (¥P<0.05) (KE1) .
2.2 TiF MIF X} LoVo/5-FU it 25 fn 5 & ¥ B iR

b4

R T REMIF & R E A 5 Lo Vol 25 & A7 S0 i
R R, BidsiRNAT P LoVo/5-FUHFMIFZE H
FR W LiREbR AR L, S5 R B RsiRNA
TG, LoVo/5-FUANMIMIFZEE FH ik | A4
B o LDHTEM: . FLERAKF LA KX 5-FU 1C503 W
R (K2) .
2.3 M#IHEKPEEEST LoVo/5-FU ¥F 5-FU it 25

op-A

E— 2 I PFK- 1530 6l A 5 0 B i, %%
LoVo/5-FUX5-FUT 25 19484k . 25 R Box, PFK-
L5 A D Lo Vo/5-F U A AL X 7 FAIFLER K P (1
P<0.05) , HXTLDHIEYEZ A K (P>0.05) ;
[F i, BRI/ LoVo/5-FUM5-FUMN2E ([&3) .
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LoVo LoVo/5-Fu
| — —
ToVo LoVo/5-FU M
ToglCap 20851 23436
1G4, (umol/L,) 121.65 223.15 . S iy
o LoVo P<0.0

~—®-LoVo/5-Fu

A B
- - C
1 LoVo/5-FU 48ffl MIF RiAFNE SAEBEMEIEW A ARG Z A0 5-FU (9 1C50; B: Western blot Kl
MIF 35 R IE BORBEMMTEE R s Co BB A SRS A £ 21

Figure 1 Changes in MIF expression and aerobic glycolysis in LoVo/S-FU cells A: Cell growth inhibition curves and IC;, values of

cells; B: Western blot analysis for MIF protein expressions and results of grayscale intensity analysis; C: Results of detection of glycolysis

related markers

si- Xf AR si-MIF

AR  — ][]
A i,

P<0.01

P<0.01
B
—o—si- XT R
— 0 si-MIF
si- X si-MIF
loglCy, 2.1815 2.3 364
1G5, ( wmol/L,) 151.88 216.97
C

B2 T MIF 3 LoVo/5-FU M Z5FAEBEMEI®NE A Western blot £l MIF 25 13635 5K BESHHTAE 0L B WREEARAHOC

FEPRRRINAER s Co AN KI5 1Cs,
Figure 2 Effects of MIF knockdown on drug resistance and aerobic glycolysis in LoVo/S-FU cells A: Western blot analysis for MIF
protein expressions and results of grayscale intensity analysis; B: Results of detection of glycolysis related markers; C: Cell growth

inhibition curves and IC,, values
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LoVo/5-FU  LoVo/5-FU+PFK-15
logICs, 22096 23467
1Cso( pmol/L) 162.03 222.18

¢ LoVo/5-FU
—®—LoVo/5-FU+PFK-15

3 IMGIYEEEMERT LoVo/S-FU WIZRIRNE A BEBERERISCISRAGIER; B: AUA RKIMHIhZ 5 1C,,
Figure 3 Effects of inhibition of aerobic glycolysis on drug resistance of LoVo/5-FU cells A: Results of detection of glycolysis related

markers; B: Cell growth inhibition curves and IC, values

2.4 MIF & R L3t LoVo Xt 5-FU it 25 9 2% i & K. W ABERECE . LDHWEE . LB K EMS-FU
HBREERNTHRIER HITC Y B R ( ¥1P<0.05) 5 A E 0
Rt PR = F R, ELRIEMIFL M K PFK-15/5, MIFit&B0 EREMNKER T

LoVo/5-FU4NH I W E DL EAg R A8tk . 453 LDH G PEJC I A7 R FAh, oAt £ A Bl 0 S 4 o

N, i FRIKMIF)G, LoVo/5-FUMMIMIFHE 3% (#P<0.05) (E4) .

lenti- X lenti-MIF
R A ES— | M
A S i,

P<0.01 _P<0.01

~4— lenti- X if

7 lenti-MIF
lenti-MIF+PFK-15

lenti- X} & lenti-MIF lenti-MIF+PFK-15
logICs, 2.0 946 2.2895 2.1823
1C4, (pumol/L) 124.34 194.76 152.16

C

B4 MIF @Rzt LoVo Xf 5-FU MIZ5 IR N K B RS SMERMATHER  A: Western blot Kfll) MIF 4R FRI5 5K
BESMTAR; B BEREREARSCHEPRAINAT AR s C: UM E RAMHI 2 S 1Cs,
Figure 4 Effects of MIF overexpression on drug resistance of LoVo cells and interventional effects of inhibition of aerobic glycolysis
A: Western blot analysis for MIF protein expressions and results of grayscale intensity analysis; B: Results of detection of glycolysis
related markers; C: Cell growth inhibition curves and IC;, values

© WA T o (5] & E S FL 7 & T http://pw.amegroups.com



1270 P EE RS EE 5526 4
3 'LTJ' -L@ Aarons CB, Mahmoud NN. Current surgical considerations for

Iy B8 M RIT M EE F B2 —, Wy
P& v A0 TT T ASORI U /D iR T 24 1 fig D0 g2 H AR 5
AR U R gl ad 5-F UMY 2 T 24 19 25 H
A LoVo (LoVo/5-FU) , KILHMIFME 13k
AT AU T A 7K -0 BH 0 18 s T 00 o) MR 2 1 3%
NS ABEIE R, BB 5 I/ D Lo Vo/S-FUM M 245 8
o H—Jrm, ARWFFEHEEZBMIFA] B NLoVolr
A R B R AR 5-FU R 25 68 7 .

MIF [5] BE 410 i 5 A2 F1E 6 440 it 5% 20 1 45 44 .
VEARSE BRSO R I, MIFAE g 21 4 b s ik
G R A0 B L A T A R O i
EWESSMERERE. -2
K, MIFZEMIE M 25 bt A EZ/EH, MIF
AL S S 0 AR M AT T, G i 3L R A
BRI SR R 2GR ) . EARMER T R, 1E
LoVo/5-FUM, MIFARIKE LoVo B 1N 7E
LoVoH i FIAMIF AT LIS N Lo VoXt5-FU R 24 ;
M AR MIF 355, LoVo/5-FURYIH 245 € 1 9% i
M. Ub R, MIF 2 R 95 25 B g T 24 1) — 4
T,

MILF 2 Q4] 3 45 45 W 9 Td 24 68 iy 7 8
AWFFE B TR A0 R A SR T A R R
HEREMEENER . Ge PR B, A SR
K 2 —PFKFB3 A DLl i b FLRR A A= i, 3
G TLRAME S, 55 2L MR8 245 68 s g s i
P00 ) A SR T A L a2 R T 24 R Y B
TR AR E FHPFKFB3AY I 77 PFK-154b
HLoVo/5-FU, Wi/bA AWM S, KB LoVo/5-
FUR T 25 68 0 9 W WAl o [WEE, A5 d g
P, o R IKMIF s S B9 Lo Vol 25 fE 7 A4 389 i al LA
PEPFK- 1S . $25, MIFA S 0945 H i i 25
AE B hn T B S i bR 4 R A SRR

2k LRTR, MIFA S 047 SO0% I T Be 2 45 1
i 95 s 245 B 7 38 I i =1 AL, R e B g T
HRE I — A A
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