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Effect of tumor-associated macrophage exosomes on glycolysis of pancreatic cancer cells by regulating KRAS
signal pathway
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Diagnosis and Treatment, People’s Hospital of Xinjiang Uygur Autonomous Region, Urumqi Xinjiang 830001, China)

(Center of Hepatobiliary Pancreatic Medicine

Abstract: Objective To investigate the effect of tumor-associated macrophage exosomes on glycolysis of pancreatic cancer cells and
its mechanism. Methods The THP-1 cells were induced to differentiate into the MO and M2 macrophages, and the exosomes (MO exo and
M2 exo) were extracted. The pancreatic cancer cells CAPAN-2 and ASPC-1 were divided into the PBS group, the MO exo group, the M2 exo
group and the M2 exo+siKRAS group, and co-incubated with equal volumes of PBS, 10 wg/mL of MO exo, 10 pg/mL of M2 exo, and
transfection of KRAS siRNA and 10 pg/mL of M2 exo, respectively. Transmission electron microscopy was used to observe the structure of
exosomes; CCK-8 was used to detect the cell proliferation capacity; the kit was used to detect the glucose uptake rate and production level of
lactic acid, and Western blot was used to detect the exosome markers expression, KRAS protein expression and ERK1/2 phosphorylation
level. Results THP-1 was induced to differentiate into M2 macrophages expressing Arg-1 and 1L-10 marker proteins. MO exo and M2 exo
had a bilayer membrane structure with a particle size of about 100 nm and expressed exosomal marker proteins of CD9, CD81, and TSG101.
Compared with the PBS group, the cell proliferation, glucose uptake rate, production level of lactic acid of CAPAN-2 and ASPC-1 cells in
the M2 exo group increased significantly (P<0.05) , and the KRAS expression and ERK1/2 phosphorylation level were significantly
increased (P<0.001). Compared with the M2 exo group, the proliferation, glucose uptake rate and production level of lactic acid of
CAPAN-2 and ASPC-1 cells in the M2 exo+siKRAS group decreased significantly (P<0.05). Conclusion Tumor-associated macrophage
exosomes can promote the glycolysis of pancreatic cancer cells via the activation of KRAS signaling pathway.
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1 #RIEF*

1.1 ##

N JBE U 965 400 O Bk CAPAN-2 T ASPC-1, A B 4% 41
JL THP-1 04 [ Hp Rk~ B 0 200 22 5 9% 35 g rhiIL-4
A ehTL-13 W [ 52 [ Sigma 2 7 ; Zh b A42 BUR ) &
H TP AE M AR e A7 BR A 7] 5 Lipofectamin 2000
R & B 2E H Invitrogen 23 1] 5 CCK-8 157 & | 75 4
5 B ) & 14 [ 2 B Abcam 2 ) 3 TRIzol A1 Prime
Script RT Reagent i fl & W | H 4% Takara /A w] ; SYBR
Green qPCR Master Mix iR F &4 H 32 [E Med Chemex-
press 2~ Al 5 FL R & I 55 & 4 A V178 KeyGEN Bio-
TECH /A ] ; CD9,CD81.TSG101 ,KRAS , GAPDH 4 {&
Rl = E4 4 1eG I H I =8 A YR A BR A
1.2 s

CAPAN-2 1 ASPC-1 4 e 1% 7% T & 10% Ja 4 7%
DMEM 8535 3 v, THP-1 40 0 55 55 T & 10% a4 175
1Y) RPMI-1640 35 73 He v, 15 95 2 40 MO B2 3k 80% It
AT A AL AR

M2 B E I 4 0 175 THP-1 3% 5% 38 B 4 o &
150 nmol/L 1 % Mg 14 5% 3% FL 175 5 72 h, {1 H 34k oy il
BE [ MO Y W3 41 Jf, Jor 75 MO 7Y B I 41 i 5 20 pg/LL
rhIL-4 1 20 wg/L rhil-13 3685 3% i 72 h, i H 401k
SR M2 R I A
1.3 Shatikegirimts %5z

WK MO T M2 78 = g 4 35 77 13, 20 B T
T4 °CLA3 000 g &0 10 min, B W5, 4 1 mL |-
WA 250 WL /) &0 MR 2 B ), 4 CHEE 2 h,
L 12 000 g 50> 20 min, 5 b 3% , AT 452N A (MO exo
FIM2 exo) 11 500 L JCH# PBS T . fdi FH i 5 B 4 WL
ZZ AN WA Y 25 K, Western blot £ I Zh A 4K #5725
CD9.CD81.TSG101 ik,
1.4 mies35 454

# CAPAN-2 F1 ASPC-1 41 Jifd 53 >~ PBS £ . MO exo
H M2 exoZH M2 exo+siKRAS ZH ., MO exo ZHFl1 M2 exo
ZH CAPAN-2, ASPC-1 4il g 73 5 5 10 wg/mL MO exo FI
10 pg/ml M2 exo L 0F & 24 h, M2 exo+siKRAS 41
CAPAN-2 F ASPC-1 4fl il #% 4% KRAS siRNA J5 5

10 pg/mL M2 exo LM77 24 h, PBS 41 A S5 A FL PBS.
% 1 Lipofectamin 2000 12071 £ U6 45 , K KRAS siRNA
BEYL 2 CAPAN-2 FIl ASPC-1 41 Jifd , % 4k 48 h Ji Wi 4 40
WA 5 SRR AT .
1.5 e ik

B PBS ZH . MO exo ZH . M2 exo ZH . M2 exo+siKRAS
2 CAPAN-2 1 ASPC-1 4fi Jfd 45 Ff 1 96 FLAR 1 , A3 FL A
Jitd %% i Sy 5x10*/mlLL, B L 100 WL, $22 I8 41 i 43 410K 40
Jif 5 25 /K FH % PBS. 10 wg/mL MO exo. 10 pg/mL M2
exo . 7 ¢ KRAS siRNA+10 wg/mL M2 exo 305 7 24
48 .72 h, 78 £ B[] g B 65 I A 96 FL AR , B LA
10 pL CCK-8 ¥ ¥ , W5 & 4 h v , {01 FH B b AN 4G )
450 nm PR AL FLIGE EE (optical density, OD)E..
1.6 qRT-PCR

{1 FH TR1zol 2 71) 5 $2 4% 41 L Wik 240 FEL B3 RNA
H Prime Script RT Reagent i 7fl] £ Ff RNA i §% 5%
cDNA , {#i § SYBR Green qPCR Master Mix i 7] & 717
qRT-PCR KW, I 25424 : 95 °C 10 min (95 °C 15 s,
60 °C 30 5,40 MEFF ;95 °C 155,60 °C 60 .95 °C 15 s,
L GAPDH 24 PN 2, ffi FH 27440 3 46 0 4% 40 41 i iNOS
IL-128 \Arg-1 FINIL-10 3k, 5175 L% 1,

*x1 EESIWES

R ElkZgdl

iNOS F:5'-ACTTTCCAAGACACACTTCAC-3’
R:5'-TTCGATAGCTTGAGGTAGAAGC-3'

IL-12B F:5'-TAAGATGCGAGGCCAAGAATTA-3'
R:5'-TACTCATACTCCTTGTTGTCCC-3'

Arg-1 F:5'-TGTGAAGAATCCAAGGTCTGTG-3'
R:5"-TTGATATCAGTGTGAGCATCCAC-3’

IL-10 F:5'-GTTGTTAAAGGAGTCCTTGCTG-3’

R:5'-TTCACAGGGAAGAAATCGATGA-3’

F:5'-AGGGGCCATCCATAAACAGTCTTC-3'
R:5'-AGAAGGCTGGGGCTCATTTG-3’

GAPDH

1.7 #HEHEOERER

W4 4% 2H CAPAN-2 F1 ASPC-1 41 Jifl £ # & 96 FL #x
e, EEFL 2 000 420 A, 157 40 B BE JS , PBS T 1k 3 1K,
BEFLEE N 100 w55 2% 4~ 1L 11 2K 71 9 KRPH %
W E 30 min, FAIA 10 pL 2-DG ¥ F 20 min Ji , il
A 80 wL 2L, 43 T 80 CHEF 40 min, VK LIFH
5 min, 85 & FLINA 10 L i RLE W, I &1L G
WL, MA 10 pLE A AW, 37 CHER 1 h, 25N
A SR B o R 2 vh i, TR ) S i T A SRS DU
412 nm P AAE A FLAY OD R . M 48 o fi & 52 AT OD
{FL 22 T s o M 288, 103 45 L8046 0 e B, RS 4 M B
H=( HAMEH & E-LR R EHE S R)/=
P 2 7 2 0 2 5t 100% o
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1.8 FLBg A =k

W% % 2H CAPAN-2 H1 ASPC-1 40 M 3% 35 b3 , %
FE 2L, 2 o 0 ) e U T 1 LI AR AR 20 L
CPREER A 3 mmol/L FIFRIER 20 ulL, 25 F145 A PBS
20 wL) i TAEW 1 mL R & D TAEW 200 wL, IR &
BI59 05 F 37 COKI 10 min, SR G RN 2 pL () Buffer
E W IR AT IS 8 AR SR 530 nm 3% 4 4b 45 fL
1) ODH . FLR & = (FF AL S OD {H-%5 14 0D
1)/ ChRHE L AT OD fH-725 F1AF OD fH) < 5y i3 iy 76
B3 mmol/L.
1.9 Western blot

RIPA it | & 2 B MO exo M2 exo Fl145-41 CAPAN-2
FIASPC-1 40l G2 1, T 1585 1 64T SDS-PAGE BE /i
HL UK , IR R FE RS ¥ PVDF 5 CD9 .CD81.TSG101 .
KRAS.p-ERK1/2 . ERK1/2 .GAPDH Hi{& T 4 CHF & i
W, TBST i ¥k 3 W, LA 1:10 000 fty He 4 5 B L 2Bt

R IgCIFE WM H 1 h, Ve, (i ECLILH & 85 .
1.10 %t 54

fifi H Graphpad prism 7. 0 5F AT 48 it24 0, B
FOBOE DL B e bR v 22 (xxs) s, 2 40 1) AR )
LSD-t K%, P<0.05 W& S HAGI#E L.

2 HR

2.1 M2RE#ZpifF4R

5 THP-1 40 ifg bb ¢, MO %4 F I 248 Jif 7 iNOS |
IL-128 . Arg-1 Il IL-10 23k JC 1t 3 A8 4k (P>0. 05) , 1fif
MO+rhIL-4+rhIL-13 40 ffg H M1 AY g 20 g Ar 5 2 A
iNOS FIIL-128 K35 i 2 T I (P<0. 001) , M2 74 I 44
HobR & Arg-1 F1L-10 3235 3 18 (P<0. 001) ,
LI 1o 8B rhiL-4 1 rhIL-13 A5 5 M2 AU 5 15 40 i
AL

THP-14 THP-14 I THP- 140l CTHP- 140
1515 uﬁﬁ = mﬁ B MO A ERMO! L A
1 I MO E W4 g E]Eﬂ CIMOAY S 2 o m MO+hIL-4+rhIL- 13400 |, _ ssmMO+rhIL-4-+rhIL-1340}
3 B MO-+rhIL-4-+rhIL-1341i7 %%f W MO-+rhIL-4+rhIL-1340 ﬂﬂﬁ idiiid ﬂg i
ﬂf 1.0 1.0 4 " 34
& = = b
= < =5 =
é Z % %I 24
- Z 2 z
2 03 ! £ o5 it 2> 2
n IS E g 14
o = — 14 o
“ = g 0
0.0 0.0 < 0 = o

ik, 5 THP-1 48 LML 2R , P<0.001 ;#4##: 5 MO %! E 4 4m L tb 42, P<0.001
El1 qRT-PCR# M4 iINOS, IL-128,Arg-1F1IL-10 mRNA F&iX
MO exofﬂ

2.2 M2A Ev#imfgshibth e &R

FLEL Y MO exo 1 M2 exo 82 W)E ELE M | B f2
100 nm 2247, 2 “PRFE7HE, OF H IR IR SN A bR
1 CD9.CD81.TSG101, FF A FMBAR I RHE , WLIE 2.
2.3 M2 R E v 2m fig Sh sk AR AR 3t IR IR % 4a ie P KRAS/

ERK1/2 13 5 i %% &

5 PBS A HL# , MO exo 2] CAPAN-2 Fl ASPC-1 £l fifd
H KRAS #35 LA M ERK1/2 # FR AL K -2 0 i % 25 57+
(P>0. 05); 5 MO exoZHFI PBSZH [V #5 , M2 exo2H CAPAN-2
FTASPC-1 4fiffirf KRAS FRik i EH4in(P<0. 001) ,ERK 1/
2RI i TR (P<0. 001), WLIET 3.
2.4 M2 E v 4m B9 b AT IR S 4m BEL3E 7

5 PBS 4H L%, MO exo 20 CAPAN-2 il ASPC-1 4
i 184 5 B8 ) 7F 24 .48 .72 h ¥ T B E AL (P>0. 05) ;
M2 exo 2 CAPAN-2 Fll ASPC-1 2l Jifl 7F 24 .48 .72 h [y 4%
B e 4 2 s T HAZE (P<0. 05), WL BT 4,
2.5 M27A Ev&sm e shib ik il KRAS A ffR it Ha ik fig

5 PBS 4 L%, MO exo 2 CAPAN-2 F1 ASPC-1 4
1% ) 260 1 4 BB 5 LR AE oK T 4 0 I 35 AR b

M2 exofH

MO exofH M2 exoZf ©)

a: &G B AE LI SN LR 69 45 M) ;b Western blotﬁ/‘/ﬁ“lﬁ’]‘o&%‘}’
CD9.CD81.TSG101 # & ik
B2 MO exo 1 M2 exo £EELR

(P>0.05) ; M2 exo 41 CAPAN-2 F1 ASPC-1 4l Jif 1) % 45
WS R S5 RAE K FYE EFS T H A
(P<0.001), WA 5,
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PERKI/ | s S % 15 § T
& 1.0 & ?
ERK1/2 B &
2 [N
© 0.5 —
GAPDH é l:%
0.0 ) @
PBS4l MoOexoZl M2 exodl DPBS4] CIPBSZH
IMO exoZH EIMO exoZf]
KRAS | —— s— 5 5 EEM2 exoff 3 - EEM2 exoff
- woo o s
P-ERKI/2 | e e G _,'H% ’ A:; 24
= 1.5+ &
oo
z
ERK1/2 | S— s — %1.0- § 14
e 20.54 =
GAPDH | é o
0.0- 0 ®

a:CAPAN-2 48, ;h: ASPC-1 4 i, * . 15 PBS 40 bb4k , P<0. 001 ;### : 55 MO exo 28 }b4% , P<0. 001
3 SMipE3T CAPAN-2F0 ASPC-1 40/ 1 KRAS/ERK1/2 {5 51 B B9 2211

-»- PBS4 -o- PBSZH
-+ MO exoZf] A - MO exoZl
-+ M2 exof p -+ M2 exof S

N
~

-+ M2 exo+siKRASZH'T

-+ M2 exo+siKRASZ
ADA
i

—~ AAA o 3

E3 i E3

-y =

22 ) 2

z £

o) 1 3 1
0 T T T 1 0 - T T T 1
0 20 40 60 80 0 20 40 60 80

fit il () @ fit il (h) ®

a: CAPAN-2 %8 it ; b: ASPC-1 0 i, *. 55 PBS 40 )b %5, P<0.05;

sk, 5 PBS 40 JL 45, P<0.001 ;#: 5 MO exo 28 }L %5, P<0.05 ; #it# :

5 MO exo 48 b 2%, P<0.001; A : 5 M2 exo+siKRAS 41 tb %%,

P<0.05; A A A ;5 M2 exo+siKRAS 28 345, P<0.001

B4 ShiRiE4E KRAS XF CAPAN-2 1 ASPC-1 4 fifl 32 58 RE
pak:ap-A |

3 itig

il 958 4 S5 1 40 i e — S MR el B 5 P B Y
o BE AN, H R AT AE 5 M2 B W 40 i AE (L, BAr

3 PBSZH — PBSZH
= MO exoZl = MO exof
B M2 exoZH B M2 exoZH
80— Il M2 exo:ziERASZE 75— T M2 eon+21§RAS§E
= i —_ iiiig
é 60 ok é 20
= =
% € 154
E 40- g
H& =
& # 10
& 20- P
E 2 51
™
0- 0

©)

a:CAPAN-2 Za i ;h: ASPC-1 21 e
P<0.001

A 0 Ji R A= 2 AT R T B, Hwang S5 A AifF
SEAE 0, IR A DG 00 20 i ) 9 3 -5 3 /N 4 A it
FE AN RBUG EVIM . D Errico ZHIHFIE 11,
i3 A 56 0 200 e ] AR 2 R R g 1 5 B . Kemp S5
FRIRIF 2 2 I, ey 4 O 15 g 240 L 14 7K SF- BE A% S5z e it i
I R A B KO B AR Ak o iR A 5% g A4 i X
Jib e B VR s SRl 0 2 MR AR T . Liu SEA B A K
B, A e A O 05 400 B mT 3 i o W e A A K R - i
PEFE PR 5 o Bk AT B, IR A oG
IV 240 Jf 7 T 3 e 3 b &1 0 7R T 08 4 R s 1 I A
A HERE 25T ARBETOR A AN THP-1 15 593
£k ok M2 7Y I 20 i, P A 56 B0 20 i 7 R o
WFSE , I ELAR B M2 B [ 5 240 Jf 000 ) A I K b i
1A 5 15 B 968 40 S CAPAN-2 il ASPC-1 HL0 5 5 & 3,
CAPAN-2 1 ASPC-1 2l Jifd 11 314 58 B8 71 & 25 4 i . Wu
AN 2 B M2 Y I A i A1 0 R R A 8 R 40 e A
Koo Wei ZE770R % 30, M2 55U (5 240 Ji &b b A ] 41 gk firdi

PBS#1
[ PBSY =]
= M0 efo?ﬂ =1 MO exoZH
B M2 exofil = M2 exofll
+ = M2 exo+siKRASZ

AAA

. M2 exo+siKRASZ
AAA

<60 g4
;\5; g 30

= 40 &

= i 20

% 20 § 10

0 ® 0

®

sk, 5 PRS 20 B4R, P<0.001 ;###: 5 MO exo 2B 1045, P<0.001; A A A : 5 M2 exo+siKRAS 28 b 4% |

E5 ShipAiEiE KRAS X CAPAN-2 71 ASPC-1 20 R ¥ B R 04 22
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T [ 7 B RR R R UOTE R ) 410 ) ERK AT

KRAS 2815 3 i Mg A= 4 o ASBIF 506 M2 U g 4

Jifl &b W 44 5 CAPAN-2 F1 ASPC-1 40 i 3L 5 )5

CAPAN-2 I ASPC-1 4fiJffd fft KRAS JE R 23K 2 19,

ERK1/2 B2 A 7K V75 5k 2 T, U B M2 28 15 w5 448 g

AN AT S KRAS/ERK1/2 {5 53 % . Katopodi
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G R I KRAS 28 4% A 175 5 19 Mg g o g o 240

FEpg s E g e . AWEIE R, 5 M2 A A i A

WMAILIE 5, CAPAN-2 FIl ASPC-1 41 A B A 384 it

P40 P KRAS (283K 5 , M2 78 [ 05 200 Jifd &1 A 44 X

JIe 3 4 L ) T 5 3 8 ) 3 I, U I MR AR OG

B W40 e S A v] 3 15 5 KRAS {5538 1 412 1F i

U965 A0 P P W T o
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V55 KRAS/ERK 15 5 38 [ (9 38007 17 42 22 J1 9 4 i
P4y 358 B TR T A
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