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WE HE WIUNAENER (PTL) MRS BRI (TAM) AR FE T8 0 0 6 P ok P (0 1
Syl Jres # MO RUEREAA L 5 AR SR 40 GBC-SD 33557, JEMA PTL T, 2 st
H. TAM 4. TAM+PTL A, FzN4ipAR ki EWg4nfo - CD86 1 CD206 /K, RT-gPCR #l Western blot
il CD163. H4NHI/r3-10 (IL-10) FURSEEGEE-1 (Arg-1) #ik; ELISA Fl Western blot £l GBC-SD
A LIETRR CC FSfbA TRk 2 (CCL2) /il KA CCL2 ik, Wit CCL2 i RiAH MR
GBC-SD 4, 4> TAM 41. TAM+PTL 21, TAM+PTL+OE-NC 4. TAM+PTL+OE-CCL2 41, ¥iz\4if
ARK EMESR e CD86 1 CD206 7k*F, RT-qgPCR 1 Western blot ¥l CD163. IL-10 F1 Arg-1 ik
CCK-8 1% ~FHRFCHE M. Transwell /2 s50 7 nlka il GBC-SD 4t se . TR 5z, &R 5 TAM
A, TAM+PTL 41BN+ CD86 KA. CD206 Kikjk/>, CD163. IL-10. Arg-1 mRNA K&
F#IAE T, GBC-SD 4iffif CCL2 S EMKH CCL2 HREFIAE T, 4NIBHIHIE L v B AL
H. TH5REHH B (P<0.05) ; 5 TAM+PTL 4 EH, TAM+PTL+OE-CCL2 1 EME4ifE+ CD86
Fikyb. CD206 Fikthn, CD163. IL-10. Arg-1 mRNA MEERLAE FiH, g REiET e, i
TERHE . TBSRZBHEZEM (P<0.05) . i PTL @ FMMIEmAMET CCL2 ik, k]
TAM 1 EE4nfm M2 8R4k, FRAEIRSm A0 fsad . o iz 2%,
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Abstract Objective To explore the role and molecular mechanism of parthenolide (PTL) in regulating tumor-
associated 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-gPCR 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-gPCR 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, migration and invasion, respectively. Results Compared with the TAM group, the TAM+PTL group
showed increased 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 decreased, cell proliferation activity, colony formation, migration and invasion were all reduced (P<0.05).
Compared with the TAM+PTL group, the TAM+PTL+OE-CCL2 group showed decreased CD86 expression and
increased 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 TAMs to M2 type by
downregulating CCL2 expression in gallbladder cancer cells, thereby preventing the proliferation, migration and

invasion of gallbladder cancer cells.
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111 2R EisE N R THP-1 4T LI AER A R AR, ANHIEEYN N R GBC-SD I
TR0 3 M A R A TR AN & . THP-1 4l f1 GBC-SD i E 755, WRINE 1% -85 251 10%5 4 Mi5
) RPMI-1640 3% 789, TES:4H M 37 'C. 5% CO 3% FRMih B FRduM, 4 2 d i 19k, ML,

112 FERH H-HSREAW (5 AC03L332) WH LML AEMFE ARG RAR, Aad: ik
($2%5: S8056-01) W 1/ JMERFAEMFIH AR AR, RPMI-1640 ¥:359 (£%'5: ZY-97077) W HEE
HyClone A, PTL (4liff=>98%, $%5: WKQ-0000599) W H VU )14 4k ve & LR A IR A F], i g
($8%5: P8139-1IMG)> MWH £ Sigma AR, FMIEHEHA (H5: BGT-CMP-101) 14 H R IUAEHEA
MEAREIRAT, Transwell /= (5. 3422) IHZEE Corning A, TRIzol %4 RNA $REUAT AL

1%%5: RN0102) W HHUMN R E ARG IR AR, ChamQ SYBR qPCR RAFI& I BCA & A& &ik
Al (B85 Q341. E112-01) W H R mUEMEREEMIRIHL A R], RIPA 2 (155 IN-WB00L) i H b
WS EMEAR AT, (ERCEZIEAFE (F5: YIJ130026) JgH EilF—ESOlARAR, CC Kig
LR FHitff 2 (CC chemokine ligand 2, CCL2) (#%%5: E01632) ELISA Wl if7l & B il L2 AR
HAMRAT, Lipofectamine 2000 X7 # (5. 11668019) 4 H 35 [E Thermo Fisher A7, CCK-8 W#l&
MG R G ($25: C0037. CO121) W H LifFE = RAEMBA KA A, CD86. CD206. GAPDH.
CD163. IL-10. Arg-1. CCL2 Mi4ifk (#%%5: ab239075. ab64693. ab8245. ab189915. ab310329.
ab316434. ab255372) I HILE Abcam AF], pCMV-SPORT6-CCL2 Jii ki FlH PE %} pCMV-SPORT6-
NC Uk B i #k R AV BHA R AT

1.1.3 EEUH H41ii (B4%5: BD FACSCanto I 14 3% [E BD Biosciences A, SLiT 586 & PCR
R4 (B5. ABI 7500) 24 H Applied Biosystems A#], 4 (A5 CX31) W H H A Olympus 2
al, FgheA (B SK-21000 W LRt RRE A RHCA IR AR, 40 RsE (35 : PHCB-250D) I H
g AR A IR A .

12 7

121 JEREFRERME  FIH Transwell /NG #EIHFERANM 5 E RN R 1R R, JIRE N 1X 108 A4
ImL () THP-1 40050 3 6 £L Transwell 1) b)/=/~2, I 100 ng/mL kB3 5% 48 h, 558 MO Y E g
AL BORAEDY 1X 108/ mL ¥ GBC-SD 40t T-Hr 1 6 FLBURHS, K535 1 MO AL SRk iy |- == e
BEHF T GBC-SD 4 6 fLHRA, L FELL 0.4 pm REERIEARIE, 48 h [Gi#1E3E5%, A TAM
4. DUKH R mss 7758 GBC-SD A fEAynt HEZL,  LURFSINA 15 umol/L PTL 4b¥ ¥y GBC-SD 4HffifEhy
TAM+PTL 4.

1.2.2 WRAMBAR WEILEFR W E AN, BRI (phosphate-buffered saline, PBS) #ti%k, /i
N 100 pl &5 29% I35 18 ¥ PBS S, I 10 pL #4058 (phycoerythrin, PE) #Ridif
F1 CD86 HifAH1 10 pL PE #ric ¥4t CD206 Hifk, EHFuk @i E 30 min, WELEHIE, @il
SR %5 ZH 41 i F2 T CD86 Al CD206 ik 7K.

1.2.3 RT-gPCRAZ 7EUEEMAIM A NN TRIzol ¥, $2HUE RNA, Rl RNA SEREMEAIRE . f5
5 RNA 3%y cDNA, #i#E ChamQ SYBR qPCR Rif&#E4T qPCR [, i B4k



ISHRVED TR, TETCRE OB NI SRF. 519, cDNA, FHFLE/KANE 20 b, % FHI&M3TH 18
Ri: 95 Ty 30s, 1MEH; 95 T, 10s. 60 T, 30s, 40 MEFR. 8 A0S BRI i i 2 R AEFE T,
LA GAPDH BN 28 % B IR R EKFIA—1b, KA 2-°°CT 547808 40 4. Primer 5.0 341511
514, BARFEILE 1.

F 15195

Tab.1 Primer sequence

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 2% #4HANAAH PBS k5, NI RIPAERIEIUEE D, BCAENERE. EEH
HFOIINEEZTR, WRAIE AR, EUEE 40 pg MEMEBERWRBIRERILA, ko R, HiE=
PVDF i I, S%MLAR @ #r & A 1 he 43BN bt CD163 (1:1 000) . 1L-10 (1:1 000D . Arg-1
(1:500) . CCL2 (1:1000) #ifk, 4 °Cil#i, TBST P/, MIAXTR —$HT (1:5 000) , =i 2 h,
W RIARFLE, R Imaged BT & A A& MK, UL GAPDH 1E S EALE HIME AR
KF.

1.2.5 ELISASZE %40 GBC-SD 4% 754, 4 °CAKiE 4 000 r/min &0 10 min, FRELE O IS .
i ELISA 7 AR il & 4 i 40 H 35w CCL2 /K, #ifErrEM 4L, ZEREFRA E I 450 nm &b
We e RE Coptical density, OD) .

1.2.6 HMIEERESHATE K GBC-SD 4L 1105 ANmL IR Al & 12 FLAR, TAE] 809 & FE i ik
fT¥:49%, FIF Lipofectamine 2000 435/ pCMV-SPORT6-CCL2. pCMV-SPORT6-NC #5442 GBC-SD 41
i, 7E 1.5 pg BRI I 250 pL Opti-MEM #5375, JRAIFHE 10 min, 7E 10 pL 8GR oo 250 uL
Opti-MEM 5754, JRAIHE 10 min, TR BRIV TOR A 1E N ik RIMAZIA ML, #5 6 h 5T #
NTA AR AR, FIH Geneticin BiFREEFRIERFEMAMMR. % “1.3.17 HE@ETILREFRER,
EEBNFESEN MO B4, RN AFLIER GBC-SD 4y, HikpH54EMT: O TAM
41, JKHN GBC-SD 4iffl; @ TAM+PTL 41, JK#B M 15 umol/L PTL k:b¥Eff) GBC-SD 4iffi; ®
TAM+PTL+OE-NC 4, JE#S NG pCMV-SPORT6-NC () GBC-SD #iJfl, FFI0A 15 umol/L PTL 43, @
TAM+PTL+OE-CCL2 4, JE¥NEY: pCMV-SPORT6-CCL2 ] GBC-SD 4Hfs, FInA 15 pmol/L PTL 4b
o GWUGE, WS A E A I AL B TR %46 GBC-SD AH AT N8k, JELA SRR IR Ak
ATATAAT b B () GBC-SD 4R fE Ayt R4



1.2.7 CCK-8 5ZI% ¥ GBC-SD 4llfu4% “1.3.6” JFikiltAr4rdl 5% NAEE, B TE 34 5 HfER: 3% 0.
24, 48, 72 h#f, MBFLIIA 10 pL CCK-8 &M, W H 2 h)5, fEMghR X L& %L OD1H, il
450 nm, HI4E -2 20 A G A h 2k

1.2.8 “PHRGIEF RS WA BRI 5 1) % 41 GBC-SD 4, % HITH AL Il A i B, 1518
L 500 NHALHIE FERAE 6 FLR, B THIRMTEEIR, 14 d TR RAIR AT W rC BE RS, 4% % B 2
20 min, 0.1%%ffh5 4Lt 8 min, JKMFYE, L RMEE T, YR 6 MLEFHEocESH, 49%
BAE .

1.2.9 Transwell NESER KL 8 um 1) 24 £L Transwell /N5 BEATIT R AR 225206 . 1R 22 SLUR HT 74
ANE A 100 pL FEFUR, R S INANML . AR AL F R AL FE S ¥ % 4 GBC-SD AL T AL S .
FH G I35 15 77 56 F B R IR 3>105 ML, FE/NENIA 200 pL 4IRS, TE/NEA 600 pL
kIR, BTHAMETEE 48 h, W LEWE, 4% KPREMEE 20 min, 0.1%455 %44 10
min, FIMREHEE/NE NG, ER RAEE NI, BEALR 6 MLEFIHBUT R BUR R EE, 4RIy
i

1.3 G4 E A RRELR 6K, BIRERIE 3MEYFEE . KA Graphpad Prism 8.0 AT 4
TEEAT IR EAE T A 2RI, B Ses0 B RoR" o X £ S, R BAIR 305 22 0 A AT 2 2R 1) 5080 2 5+
e, SKH LSD-t A5 kAT 24 N P L. P<0.05 2% A Giit 2 3L

2 R

2.1 PTL %HEZRE PRAE S B gn Mtk AL B K GBC-SD 4ilfiid. PTL 43 (¥ GBC-SD 4l i 43 il 5 it
MM, RGNS R SR, SXHRALE, TAM 4 M1 SRR Ebsic ) CD86 £ik
b (P<0.05) , M2 BIEWRAERTARICY) CD206 FiAH i (P<0.05) ; 5 TAM i, TAM+PTL 4
M1 B E W R ARG Y CD86 Fix# i (P<0.05) , M2 B EREANM R bricd) CD206 FKikiw /b
(P<0.05) . JL.F 1.



A 1 AL RART M1/M2 B BRI RE

Fig.1 Flow cytometry detection of the expression of surface markers of M1/M2 macrophages
a: Control group; b: TAM group; ¢: TAM+PTL group; "P<0.05 vs Control group; ¥P<0.05 vs TAM group.

RT-gPCR F1 Western blot A&l 45 R 2w, HXTRALLE, TAM 241 M2 B 5 0540 A A% fh 4% 1F 2 K]
CD163. IL-10. Arg-1 mRNA MEHFIEE L (P<0.05) ; 5 TAM 4Lt#, TAM+PTL 4t CD163.
IL-10. Arg-1 mRNA K HZFRiE&E T (P<0.05) . LK 2.

& 2 M2 B E gtk (b A EEE R CD163, IL-10 1 Arg-1 Rik
Fig.2 The expression of characteristic genes CD163, IL-10 and Arg-1 in M2 macrophage polarization

A:RT-gPCR 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 expression; a: control group; b: TAM group; ¢c: TAM+PTL group; "P<0.05 vs
Control group; #P<0.05 vs TAM group.

2.2 PTL XHHEEAM CCL2 MW KFHIRNE % GBC-SD 4. PTL 43¢ GBC-SD 414y 5 E W4
MudtiE RS, ELISA Brillgs B Eon, SXTBAEE, TAM 41 GBC-SD 4l Fiswit CcCL2 &I &



(P<0.05) ; 5 TAM#LLLH, TAM+PTL 41 GBC-SD 4H il % L& CCL2 & E &k (P<0.05) . WA
3A. b4, TAM 4 GBC-SD 4ififi CCL2 EmAREEm TXHIRA (P<0.05) ; TAM+PTL 41 GBC-SD 4f
o CCL2 FEEHF X EMT TAM 4 (P<0.05) . WK 3B,

3 RAMBEANE CCL2 MM ERIE
Fig.3 CCL2 secretion and expression in gallbladder cancer cells in each group

A: ELISA was used to measure CCL2 secretion; B: Western blot was used to detect CCL2 protein expression; a:

control group; b: TAM group; ¢: TAM+PTL group; “P<0.05 vs Control group; #P<0.05 vs TAM group.

2.3 i cCcL2 X PTL #itIppisi Mo B M2 BRI SR, $4¢ OE-NC ¥ GBC-SD
M, YL OE-CCL2 ) GBC-SD 4iijiih CCL2 mRNA EEEXRLE i (P<0.05) , 7 GBC-
SD Ziffuh & Th Ll 7 CCL2 Rik. UL 4.

B 4 B R HEEMM T CCL2 R

Fig.4 CCL2 expression in transfected gallbladder cancer cells

a: GBC-SD cells without transfection; b: GBC-SD cells transfected with OE-NC; ¢: GBC-SD cells transfected
with OE-CCL2; "P<0.05 vs GBC-SD cells; #P<0.05 vs OE-NC GBC-SD cells.

TR AR LS R 2R, 5 TAM+PTL 4LEbE, TAM+PTL+OE-CCL2 41 M1 %! E W5 40 f R bR i 4
CD86 Fikyg/b> (P<0.05) , M2 FEWE4HEHEFRCY) CD206 £k (P<0.05) , TAM+PTL+OE-NC
#Hr CD86. CD206 K &k4 B#EA4 (P>0.05) . WK 5.



B 5 iR HEARRN ML/M2 B B4R s in R IE
Fig.5 Flow cytometry detection of M1/M2 macrophage surface marker expression

a: TAM group; b: TAM+PTL group; ¢: TAM+PTL+OE-NC group; d: TAM+PTL+OE-CCL2 group; “P<0.05 vs
TAM group; #P<0.05 vs TAM+PTL group.

RT-gPCR #1 Western blot Kl 45 B 7R, 5 TAM+PTL 4t TAM+PTL+OE-CCL2 4 M2 & g 4H
MU AL FFAESE Y CD163. IL-10. Arg-1 mRNA K& H Rk & L (P<0.05) , TAM+PTL+OE-NC 41+
CD163. IL-10. Arg-1 mRNA KEHREER KA RELHL (P>0.05) . WK 6A. 6B,

B 6 M2 2 ERE AR ALARIESE N CD163. 1L-10 A Arg-1 Rix



Fig.6 The expression of characteristic genes CD163, IL-10 and Arg-1 in M2 macrophage polarization

A: RT gPCR was used to detect CD163 IL-10 and Arg-1 mRNA expression; B: Western blot detection of CD163
IL-10 and Arg-1 protein 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.

24 PTL i@ CCL-2 MM EM4nfar M2 Rk IREEREAMAT AR CCK-8 K4 i
N, EFR—B AL (24, 48, 72 h) &, 5 TAM #4LLE:, TAM+PTL 41 GBC-SD 40 A $i 4 i M B A%
(P<0.05) ; 5 TAM+PTL #HHt#:, TAM+PTL+OE-CCL2 %1 GBC-SD 4HHuis5E %/ (P<0.05) ,
TAM+PTL+OE-NC 38585 T 22 (P>0.05) . WA 7.

B 7 CCK-8 Kyl % £H A5 3y 4 ffu 384 5 5 14
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.

TR T B S IR R 45 R B R, 5 TAM 4, TAM+PTL 40 GBC-SD 4H il 77 % % i% % B i 2>
(P<0.05) ; 5 TAM+PTL 4H Lt %, TAM+PTL+OE-CCL2 %H GBC-SD #i it 7 [ J& B 5t H 38 hn
(P<0.05) , TAM+PTL+OE-NC & rE H LR #H4EH (P>0.05) . WK 8.
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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-CCL2
group; “P<0.05 vs Control group; *P<0.05 vs TAM group; “P<0.05 vs TAM+PTL group.

Transwell /NESZIGA L R EIR, 5 TAM 4LH0E, TAM+PTL 40 GBC-SD 4Hfit . 12288 H i
(P<0.05) ; 5 TAM+PTL 4 L%, TAM+PTL+OE-CCL2 41 GBC-SD 4T # . 1% & ¥ H
(P<0.05) , TAM+PTL+OE-NC HiT# . 222 BHLEZEZML (P>0.05) . K 9.
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B 9 Transwell /NS SEIG R W& 4 IR BOE A RIT £ 5228 X 100

Fig.9 Transwell chamber assay was used to detect the migration and invasion of gallbladder cancer cells in

each group X100

a: Control group; b: TAM group; c: TAM+PTL group; d: TAM+PTL+OE-NC group; e: TAM+PTL+OE-CCL2

group; “P<0.05 vs Control group; *P<0.05 vs TAM group; “P<0.05 vs TAM+PTL group.

3 wWig

i JE TP B 2 B T AT R R I AR A — AN BRI OGRS R G, B MR, Sy di i 41
F A0 57 55 22 ok B 2E Ao IR PR SR AN A g P 2 AR b A AP NS T 1) SRR, T 22 5 5% L
fRERE R RE S HEHEM. Hd, TAM 2EHIE T REE N aEMuET ey —, @ELE M2 BB
Wb SN T, W CD206. CD163. IL-10 F1 Arg-1, SZipfvRiAEi 5988, wfsulekn,
PRI IR TAM 1% B SRR AR R IEA G, HRUKTFR TAM BiE 5 B8 S A7 I 4h 5
FHOGHE . TAM 38 W) DUIE I $01) G0 28 2R G5 1) S R SR 45 Bl iy ik i 1 2 G W M, I 43 WA 98 TR - A AL [R)
T, SHBEN R AR B, Fil, SIS TAM [ M2 BR300 IE S s A A 2
WK o

AR, RG24 IRTEENE A R e R R T TR LR 2 0. HALRE, PTL Mid %
Pl 5 3 B A0 PR A R 3G 5 S 56 8 . pldn, PTL s R #8 Ak KR A 3 25 B AL RIA S8k kL
PRI RERRNS, AT A1 e 400 B P A A RD - 2 AR P08 PTL S 01 2 Rz A A TR 7 A5 D s o BT i A
B R A T IG-3B PRI B IR A SR A 1) = 0 4 R ) SR BRI S 00, Ak, PTL 7E S R R MR A B 262 3
HEM, MXFFFAIRER S PTL Geifis B4 RiThae, 25 %20 7R, a7 s er s b i %
PEANM A E DAL AR Y. {H PTL X HIER A 5T TAM Al S THLEI sk Z RGERTFL . ABFF
I IE IS GBC-SD 4Afis THP-1 4HikVE MO B B A SEIE 320k R, 78 AR AM B0 IH TES
B, #RER, RZE PTL AEERILEERAY, EMMMRERMHHEH M2 BIRLFAE, M2 F5i24)
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