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5 MO T 5 w4 i 5 A AH S5 400 GBC-SD 355 I A PTL T, 20 %t IRZH TAM 41 'TAM + PTL 20 , 37 = 40 S A G )
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ELISA Fl Western blot Killl GBC-SD 4iiMfd L35+ CC S b FRek 2( CCL2) b KA CCL2 £k, #at CCL2 i3k
SKEAREE YL GBC-SD 40T, 434 TAM 20 TAM + PTL 41 TAM + PTL + OE-NC 2 . TAM + PTL + OE-CCL2 41 , i =X 410 s AR A& 1 B
WEAN AR CD86 i CD206 /K-, RT-qPCR il Western blot 4l CD163 . TL-10 Fll Arg-1 363k ; CCK-8 #5 , F-# 7 BT il . Transwell
INES S 3 AN GBC-SD RAINSE TR 5128, R 5 TAM 4HHL#, TAM + PTL 41 E B4R it b CD86 FihH4fin . CD206
F2ikW D, CD163 IL-10  Arg-1 mRNA K75 355 T4, GBC-SD 4l CCL2 &Mk H CCL2 & M iA & F A, 40 M35y
T R T A T SR RECH B8 (P <0.05) ;5 TAM + PTL 4H 14, TAM + PTL + OE-CCL2 2H E W: 40 i th CD86
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W4 MY ( tumor-associated macrophage , TAM ) J& i J§
TACRE ) F2 ZELL R 23, W] 2 AR 8 19 M1 BRI 4
PEMH R M2 B, M1 BIREAL 1 o 470 R S5 S L
M2 AU e A KRS o gttt R e
PRI EE T TAM ARZS BT ) T M2 B, ] fig 7R 20
PS5 TS B A28, 1Y 5 A i 40 o O 4 IR 2E

2025 -08 - 29 ik

HEEWH. BT RABAX AR EESEHFFEITH (H'5:
2021D01€240)

FEB A 2R, 5, FIREEI;
M 52,5, R EAEBEIN @ F/EH  E-mail: chenjunl1974@
126. com

Ko /N3 NS ( parthenolide , PTL) Sk 34 Bl A8 4 K
RS NI BBt R PUE MBI R, PTL
XHEE E Y B LR R AR A
P A IR . AR5 I, PTL REAE I
JIEL S 9 A P A A 3 40 ) 22 D3 A 2 1 R
BRI T, SR HAT I AL B2 XF TAM A
ARSI 1 5 RAAR T o ST I8 i 385 PTL X
FEESE R BT v TAM SR AR RIAE T B o 7B, B 78
R NAE IR YT B BB A A RV AE 25

1 #MREFE

1.1 ##

1.1.1 S=¥Emmpbizs NSRRI AR THP-1 1l
T L O A DR A RN |, N IH 2 9 A i R
GBC-SD W T I 45 A= Y BH A PR /], THP-1
F1 GBC-SD L5 75 5, WS N 1% 7 - 55 %5 R Al
10% JiG 4= I 7% 19 RPMI-1640 35 35 W, 76 4 14F H
37 C 5% CO, HEFRAETEFRA0M,2 d B 1 UK,
MALAR

1.1.2 £%&# H-HHERZRAW (RS,
AC031332) g A iR ic AW H AR A RAH,
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A I35 (525 2 S8056-01) I 1) M &5 4 A= W Bh B2
F PR A, RPMI-1640 552 (175 . 2Y-97077) i A
Z[E HyClone 2\ A, PTL (4l =98% , 5% 5 : WKQ-
0000599 ) 4 [ 141145 4 5 25 A= W) RH A BR A W) 16
JETE (575 . P8139-1MG ) Wy [ £ [H Sigma 23, 2F IfiL
HHAEH (585 BGT-CMP-101) Wy B X 3UFA i 15 4=
YIEARA B Al Transwell /NE (585 :3422) 1 H
EH Corning 5], TRIzol 35 5 RNA PRBGRAF) & (1]
5 RN0102) It A AT 52 85 2 R4 ety A7 FR A W)
ChamQ SYBR qPCR 7 & Al BCA 4K & =il &

515 :Q341 \E112-01) 4 H g 5t it MERE A DR 28

), RIPA 24 (525 . IN-WB001 ) It [ Jb 5 9 S0 4
EMEARAN A, fEROER R & (1],
Y1J130026) 4 H L ifE—FE S0 A PR A, CC 2Riafl
R FHLfK 2 (CC chemokine ligand 2, CCL2) (475 .
E01632) ELISA M il &l B i 5= A YRk
A BR 2 H], Lipofectamine 2000 i 5l & ( 9% =
11668019) g H 3% & Thermo Fisher 23 &, CCK-8 i
F &Gl LR YW (5745 . C0037 ,CO121 ) I H L
HAREWEARA A 7], CD86 ,CD206 , GAPDH |
CD163 IL-10 ,Arg-1 ,CCL2 FHLAAK (5245 . ab239075
ab64693 | ab8245 . ab189915 . abh310329 . ab316434
ab255372) Y30 [ L[ Abcam 23 7], pCMV-SPORT6-
CCL2 JFRiFI I HEXS B pCMV-SPORT6-NC J3i kil [
RO RAEYRH A RA A,
1.1.3 £&ME WAL (LS. BD FACS-
Canto II )%y H 3¢ E BD Biosciences 23 ] , SZ i 9¢ 36
EH PCR &40 (A5, ABI 7500) g [ 3£ [ Applied
Biosystems 2~ A, 8 (H45. CX31) I H H A< O-
lympus A #] , BB (5. SK-2100) 14 F b5t i
B BB A7 BR A |, 40 3% 57 46 (5445, PHCB-
250D) W I b i RE AR WA A R F

1.2 Ak
1.2.1 335k A ME FIH Transwell /N2 ) 2

JIFL 5% 95 A0 55 s A e B R AR R VR R 1
10° 4~/mL ) THP-1 g% 6 FL Transwell A [
JZ/NE I 100 ng/mL BB E 77 48 h, S H
MO H W40 i B BN 1 x 10° ~/mL ) GBC-SD
HHMIAZRN T 6 FLARUIRER K52 5 rg MO AU E
WE 2 I % 5 B8 2 2R T GBC-SD 4 il 6 fL AR
W, EFELL0.4 wm RORFRBRIEAHRR 48 h J545 1k
BigE 0 TAM 41, LUKHS Jmss 568 GBC-SD
AAMIAE AR R, LU EB A 15 wmol/L PTL 2k 2
(%) GBC-SD 4 fiff>4 TAM + PTL 41,

1.2.2 AX@miek WL FRE M E R4, i
WL LR 2% WP ( phosphate-buffered saline , PBS) ¥Ei4%,
JIA 100 WL 7% 2% “F 103 A& Y PBS S 20
Bl mA 10 L B 40 8 H ( phycoerythrin, PE ) 5
ICHIPT CD86 HLAR AN 10 pL PE ARic fUHT CD206 i
B Tk EROEIEE 30 min, BE LSS, W7
2 RELASCR: N 45 2 41 JifL 2% TH7 CD86 il CD206 3K ik
K

1.2.3 RT-qPCR %% fEWCHE M4 mA TR-
Izol VAW, 2 HUEL RNA, K I RNA 56 H 4 Fl vk i,
i BRGH G S UL B A K RNA 3656 5 ¢cDNA R
P ChamQ SYBR qPCR &5 & # 17 qPCR J Vi , #2158
W S g A0 IR FE O B30 A8 I AR 5
Y1 .cDNA , I FH TC B K AN 2 20 L, 4% T 51 454432047
PRI N 95 °C 30 5,1 MEH; 95 °C .10 5,60 C |
30 5,40 NGRS BRUKE A 2R AR T
LL GAPDH 1E NS4 H 1 5L K i Rk K IH —
b, R 2 88k A TR 43 AT . Primer 5. 0 3%
E1Y, BARF AR 1,

*1 519F
Tab.1 Primer sequences
Gene Primer sequence (5'-3")
CD163 F: GATGTCACCGGAGTTGTGC
R: TGCAGTGTGTTATCCCTGCT
IL-10 F. CCAAGACCCAGACATCAAGG
R: AAGGCATTCTTCACCTGCTC
Arg-1 F: CACACCAGCTACTGGCACACC
R: GCAACTGCTGTGTTCACTGTTCG
CCL2 F. TGTGCCTGCTGCTCATAG
R: GTTTGGGTTTGCTTGTCC
GAPDH F: AGAAGGCTGGGGCTCATTTG
R: AGGGGCCATCCACAGTCTTC

1.2.4 Western blot 553 420 40 Jifs ] PBS ¥k %
J&i A RIPA ¥ W BUE R 1, BCA LI 2 R P,
FERR OIS 522 v TR AT Je IS M | B 21
40 pg FE TN R R NG BERCEER LN, LK o B
HFE 2 PVDF B 1, 5% WIS WA B0 1 ey 43 50m
AP CD163(1 : 1 .000) | IL-10(1 : 1 000) ,Arg-1
(1:500).CCI2(1:1000)¥iiAk, 4 Ci, TBST ¥k
RS AR, —H0 (1 2 5 000) , 2 W 2 h, 1k
2R OGRFN B B Tmage] #R23H 4% 2 45 1Y
JKEEAE, L GAPDH fEIN S 4k 4 H S AR A
K

1.2.5 ELISA %% W44 41 GBC-SD 4 i ks 5+
1,4 CAKIE 4 000 r/min Z.0> 10 min, FREEO F



M BEMKFFE® Acta Universitatis Medicinalis Anhui 2025 Dec;60(12)

- 2199 -

T ELISA 270 e ) 45 20 Jieb 98 240 i b 3
T CCL2 K, il 8 A o i 26, 7 B bR A L 0
450 nm AL FAERE (optical density, OD)

1.2.6 st 5 5ma  ff GBC-SD 41 LA
1 x10° ~/mL WMk EE D 2 12 fLAR , 35 2 80% fil
B AT R Y B Lipofectamine 2000 43 51K
pCMV-SPORT6-CCL2 . pCMV-SPORT6-NC % ¢ %=
GBC-SD 4Hffd, 7€ 1.5 pg Bk H il A 250 uL Opti-
MEM 853235 JRAT#HE 10 min, 76 10 wL J8 54t
R 250 pl Opti-MEM 5 37 3 1R 5) # & 10
min , PR PR A TR 5 A 2 e 1A 38 i A 38 240 L
WG 6 h JE SR TohUAE R A e ek R R
Geneticin }5 IR 3L R FA OAIN R . #“1.2. 1707
Pt LSRR, LEHIE S S R MO B E
YA, N A RIALF ) GBC-SD 4ii i, BAK /4 5
AELT . D TAM 41, ¥ h GBC-SD 4 ffl; @
TAM + PTL 41, JiE&B M 15 wmol/L PTL AbF (¥ GBC-
SD 4 fitd; @ TAM + PTL + OE-NC 41, Ji§ 3 Jy %% e
pCMV-SPORT6-NC ) GBC-SD 41 fift, 7 fin A 15
pumol/L PTL Z ¥ ; @ TAM + PTL + OE-CCL2 4, Ji§
MY pCMV-SPORT6-CCL2 Y GBC-SD 4 i1, If:
JIA 15 pmol/L PTL AbBE 25805, Wi B 4541 I
4 L 00 0 £ 155 190 I 4G 2% 25 GBC-SD 2 LA T Ry 2
Ak LAl 37 R IEATAE AT AR BE Y GBC-SD 4
JLAE g ot HE2H

1.2.7 CCK-8 %3 #f GBC-SD 41j84%“1.2.6” J5
BT AL S X R AL B, T R o i AE B R
0.24 48 72 h B}, M EAFLINA 10 pl. CCK-8 ¥, ¥
H 2 h 5, ERER AL OD {5, & i Ky
450 nm , HIVES L 40 B s it 26

1.2.8 -FHLETmER YR B AL B S
(14521 GBC-SD ZHI , & BT A I il il 20 i 2 ik, 4%
HEBEAL 500 20 6L 19 2 B HE R 7E 6 FLAR, & T 15 3%
FEPEESE 14 d T2 AR AT UL s B TR TR 4% 2 R H
[ [ % 20 min, 0. 1% %5 i 28 44 4 8 min, JiL 7K Pk,
FEG2E AR TR, BEATLE 6 R0 3500 B 5K
H, 451 AE,

1.2.9 Transwell NE £ RALEN 8 um 1)
24 fL Transwell /N 1TiERE IR B L, 1R585K
B RTPE R/ NE TR 100 WL BRI, 1 B ] I -
TGN, K A AL FRANAL B S (1) 45 41 GBC-SD 4 ffg itk
AR, I TC I 35 5% 5 d B IR R BV B2 R 3
10° 4~/mL, FJ2/NENA 200 wL IR, T2/

FEIMA 600 pL 5¢ 355, B TR IR E 48
h, W+ Z WA 4% 2 5 B 5E 20 min, 0. 1% 45
S TS 10 min, FHAR A8 /N PR AN, 72
= W AR FEALE 6 IR BT R R 22
BH SR,

1.3 SitFEAE AR EE 6 W, BRI
B3 MY ESE , R Graphpad Prism 8. 0 8 {f
HATGE2 o0 B I VR AR TE R AT 28 B, A S 56
BRI x x5, RS ZE 7 20017 2 4116
BE2E S e, SR LSD- K6 30 AT 40 /9 P 9 L35
P<0.05 WESAGIHEX,

2 R

2.1 PTL XtFEFEE TAM R4LEIE0E ¥ GBC-SD
4 PTL 4L ¥ Y GBC-SD 41 g 4 1) 5 B ik 240 fifg 3
B, A B AR A I 45 2R R, 5 RRAH [,
TAM 44 M1 RYE W43 AR5 CD86 ik
(P <0.05) ,M2 B E B4R fidn 4 CD206 Kik
HAIN(P <0.05) ;55 TAM 4 kb %, TAM + PTL 4 M1
R 20 R bR G4 CD86 Fikii (P <0.05) ,
M2 I I A 3R AR A& ) CD206 Rk /D (P <
0.05), WK1,

RT-qPCR F1 Western blot 4l 24 5 i 7R |, 5 %t
FRZH L%, TAM 40 M2 7Y 5 I3 290 Jif A% Ak 455 i 3 X
CD163 \IL-10 Arg-1 mRNA M EHFKEE FIH(P <
0.05) ;5 TAM # H.%&, TAM + PTL 41+ CD163 .
IL-10  Arg-1 mRNA MEEHFREE FIH (P <0.05),
UL 2,

2.2 PTL XtREFERELMAE CCL2 4 ilh 7K T B & i
# GBC-SD 4 fits . PTL Ab# /) GBC-SD 41l il 43 51| 5
F WA i LR 5% )5 , ELISA R4 51 i | 5% i gl
Fe#, TAM 2 GBC-SD 4 i 15 9% G W b CCL2 &
HTHE (P <0.05) ;5 TAM 4 48, TAM + PTL 4H
GBC-SD ZH Mu 3 5% i W CCL2 & & [FEMK (P <
0.05), W 3A, 4, TAM 40 GBC-SD 4i iy
CCL2 HHK R Em TXRAL (P <0.05); TAM +
PTL 20 GBC-SD #4iififih CCL2 B HE X BT TAM
ZH(P<0.05), WK 3B,

2.3 _EiF CCL2 3t PTL ## TAM 5 M2 iRk
RIS SR $5Y OE-NC ) GBC-SD #iijf Lt
LYY OE-CCL2 9 GBC-SD 4H fifd  CCL2 mRNA
KB E F(P <0.05), &#BI1E GBC-SD 4
MorbRsh R T CCL2 ik, WK 4,
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Fig.1 Flow cytometry detection of the expression of surface markers of M1/M2 macrophages
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a; Control group; b: TAM group; c: TAM + PTL group; P <0.05 vs Control group; *P <0.05 vs TAM group.
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Fig.2 The expression of characteristic genes CD163, IL-10 and Arg-1 in M2 macrophage polarization

A:RT-qPCR was used to detect the mRNA expression of CD163, IL-10 and Arg-1; B:Western blot detection of CD163, IL-10 and Arg-1 protein ex-

pression; a: Control group; b: TAM group; c: TAM + PTL group; * P <0. 05 vs Control group; *P <0.05 vs TAM group.
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Fig.3 CCL2 secretion and expression in gallbladder cancer cells in each group

A ELISA was used to measure CCI2 secretion; B: Western blot was used to detect CCL2 protein expression; a: control group; b: TAM group; c:

TAM + PTL group; * P <0.05 ws Control group; *P <0.05 vs TAM group.
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Fig.4 CCL2 expression in transfected gallbladder cancer cells

A:RT-qPCR was used to detect the mRNA CCL2; B:Western blot was used to detect the protein CCL2; a; GBC-SD cells without transfection; b:
GBC-SD cells transfected with OE-NC; ¢: GBC-SD cells transfected with OE-CCI2; * P <0.05 vs GBC-SD cells without transfection; *P <0. 05 vs

GBC-SD cells transfected with OE-NC.

T AR I 25 2 R, 5 TAM + PTL 41 kb
55 TAM + PTL + OE-CCL2 £H M1 Y5 W 40 iy 2 mi b
Y CD86 FikW /> (P <0.05) , M2 Kl [ W 41 fifg %
HitR&EY) CD206 Kk (P <0.05), TAM + PTL
+OE-NC #1# CD86,CD206 K & 4= i & 4k (P >
0.05), WHKS5,

RT-qPCR Fil Western blot £ 25 K & x, 5
TAM + PTL 41 4%, TAM + PTL + OE-CCL2 2H M2 #
5 W 200 i W Ak 47 AE 6 R CD163 TL-10 , Arg-1 mRNA
FeEHFE LR FIH(P <0.05) , TAM + PTL + OE-NC
2 CD163 \IL-10 Arg-1 mRNA M E £ LKL
B A (P >0.05), WK 6,

2.4 PTL i&id CCL-2 ##l TAM [a M2 B4R 3¢
FEEEEMAMIT BN  CCK-8 Kl &5 51 o, 76
] — M ] 25 (24 .48 .72 h) T, 5 TAM 4 I %,
TAM + PTL 4] GBC-SD 4l Jits 38 5 3% 1 P& K (P <

0.05); 5 TAM + PTL 4 L %, TAM + PTL + OE-
CCIL2 4 GBC-SD 41 Jifd 43 5 3% M Tk v (P < 0.05) ,
TAM + PTL + OE-NC 20 34 78 1% £ 06 8. A8 fk (P >
0.05), WK 7,

BRI A 45 R iR, 5 TAM 4 L,
TAM + PTL 21 GBC-SD 4 ifd wa B % s H s/ (P <
0.05); 5 TAM + PTL 41 L%, TAM + PTL + OE-
CCL2 #1 GBC-SD 4f it oo B T2 s 4% H 34 (P <
0.05) ,TAM + PTL + OE-NC 4H vz p IE i gk B 0 i 3%
ZAL(P>0.05), WK S,

Transwell /NE SEIRAGINZ5 2R B, 5 TAM 41 Lk
%, TAM + PTL 41 GBC-SD 40 ffliE#% =% 284k H />
(P<0.05); 5 TAM + PTL 4 [t.%¢, TAM + PTL +
OE-CCL2 41 GBC-SD 4ifjfuif % RZBEH (P <
0.05) ,TAM + PTL + OE-NC 4 iT# (2% H 4T
BER(P>0.05), WK9,
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Fig.5 Flow cytometry detection of M1/M2 macrophage surface marker expression
a; TAM group; b: TAM + PTL group; c¢: TAM + PTL + OE-NC group; d: TAM + PTL + OE-CCL2 group; * P <0.05 vs TAM group; P <0. 05 vs
TAM + PTL group.
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Fig.6 The expression of characteristic genes CD163, IL-10 and Arg-1 in M2 macrophage polarization
A RT-qPCR was used to detect CD163, IL-10 and Arg-1 mRNA expression; B: Western blot detection of CD163,
sion a; TAM group; b: TAM + PTL group; ¢: TAM + PTL + OE-NC group; d: TAM + PTL + OE-CCIL2 group; * P <0. 05 vs TAM group; *P <0. 05 vs

IL-10 and Arg-1 protein expres-

TAM + PTL group.
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Fig.7 CCK-8 detection of the proliferation activity
of gallbladder cancer cells in each group
* P <0.05 vs Control group; *P <0.05 vs TAM group; “P <0.05
vs TAM + PTL group.
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Fig.8 Plate cloning experiment was used to detect the proliferation
level of gallbladder cancer cells in each group x40
a; Control group; b: TAM group; c¢: TAM + PTL group; d: TAM +
PTL + OE-NC group; e; TAM + PTL + OE-CCI2 group; * P <0. 05 vs Con-
trol group; *P <0.05 vs TAM group; © P <0.05 vs TAM + PTL group.



- 2204 - M BEMKFFE® Acta Universitatis Medicinalis Anhui 2025 Dec;60(12)
a b c d e
Migration
Invasion
500 400
A A
*
2 400} * T 2 0o T T
[} = o
: L E
s £
S 300f 2
k) g
- : 2o T #
S 200t T uE 5 T T
oy 5
JED g 100
Z 100} >
0 0
a b c d e a b c d e

B9 Transwell/NEXLHEKNESABEBMAMIBSEE x100
Fig.9 Transwell chamber assay was used to detect the migration and invasion of gallbladder cancer cells in each group x 100
a; Control group; b; TAM group; ¢; TAM + PTL group; d: TAM + PTL + OE-NC group; e; TAM + PTL + OE-CCL2 group; * P <0. 05 s Control

group; P <0.05 vs TAM group; P <0.05 vs TAM + PTL group.
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Parthenolide inhibits the malignant progression of gallbladder
cancer cells by regulating CCL2-mediated phenotypic

polarization of tumor-associated macrophages
Li Hongchen, Halimulati Wubulikasimu, Chen Jun
(Dept of General Surgery, Affiliated Traditional Chinese Medicine Hospital of
Xinjiang Medical University, Urumgi 830000 )

Abstract Objective To explore the role and molecular mechanism of parthenolide (PTL) in regulating tumor-as-
sociated macrophage (TAM) polarization to inhibit the malignant progression of gallbladder cancer cells. Methods
MO macrophages were co-cultured with human gallbladder cancer cell line GBC-SD and treated with PTL, and
the cells were divided into control group, TAM group, TAM + PTL group. Flow cytometry was used to determine
the levels of CD86 and CD206 in macrophages. RT-qPCR and Western blot were used to determine the expressions
of CD163, interleukin-10 (IL-10) and arginase-1 (Arg-1). ELISA and Western blot were used to determine the
secretion of CC chemokine ligand 2 ( CCL2) in the supernatant of GBC-SD cells and the expression of CCL2 in the
cells. GBC-SD cells were transfected with a CCL2 overexpression vector and divided into TAM, TAM + PTL, TAM
+PTL + OE-NC, TAM + PTL + OE-CCL2 groups. Flow cytometry was used to assess CD86 and CD206 levels in
macrophages, RT-qPCR and Western blot were used to assess CD163, IL-10 and Arg-1 expression. CCK-8 assay,
plate-based colony formation assay and Transwell chamber assay were used to assess GBC-SD cell proliferation, mi-
gration and invasion, respectively. Results Compared with the TAM group, the TAM + PTL group showed in-
creased CD86 expression and decreased CD206 expression in macrophages, the mRNA and protein expressions of
CD163, IL-10 and Arg-1 were downregulated, the CCL2 content and protein expression in GBC-SD cells de-
creased, cell proliferation activity, colony formation, migration and invasion were all reduced (P <0.05). Com-
pared with the TAM + PTL group, the TAM + PTL + OE-CCL2 group showed decreased CD86 expression and in-
creased CD206 expression in macrophages, the mRNA and protein expressions of CD163, IL-10 and Arg-1 were
upregulated. Cell proliferation activity was enhanced, and colony formation, migration, and invasion all increased
(P<0.05). Conclusion Parthenolide inhibits the polarization of macrophages in TAM to M2 type by downregu-
lating CCL2 expression in gallbladder cancer cells, thereby preventing the proliferation, migration and invasion of
gallbladder cancer cells.
Key words gallbladder cancer; parthenolide; tumor-associated macrophage; CC chemokine ligand 2 ; prolifera-
tion; migration; invasion
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