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Effects of Asiaticoside on Epithelial-Mesenchymal Transition and Immune
Escape in Lung Cancer Cells by Regulating the TIM3/Gal9 Axis
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Abstract This study aims to investigate the effects of ATS (Asiaticoside) on epithelial-mesenchymal
transition and immune escape in lung cancer cells by regulating the TIM3 (T cell immunoglobulin domain and
mucin domain-3)/Gal9 (galectin-9) signaling axis. Cells were treated with different concentrations of ATS (0, 5,

10, 20, 40, 80 umol/L) to screen for the optimal concentration. The cells were separated into control group, ATS
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group (25 pmol/L ATS), ATS+pcDNA-NC group (25 pmol/L ATS+pcDNA-NC), and ATS+pcDNA-TIM3 group
(25 pmol/L LATS+pcDNA-TIM3). The CCK-8 assay kit and flow cytometry were used to detect cell prolifera-
tion and apoptosis. Transwell chamber was used to detect cell invasion and migration. ELISA was applied to de-
tect the levels of TNF-a, [FN-y, and IL-2 in cells. Western blot was applied to detect the expression of E-cadherin,
Vimentin, PD-L1, TIM3, and Gal9 proteins in cells. BALB/c nude mice were used to construct NSCLC (non-
small cell lung cancer) models, which were separated into control group, ATS group, ATS+AAV-NC group, and
ATS+AAV-TIM3 group. Tumor volume and mass were measured. Immunohistochemical staining was applied
to observe the expression of PD-L1 and Gal9 proteins. Compared with the control group, the cell survival rate,
cell migration number, cell invasion number, Vimentin, PD-L1, TIM3, and Gal9 protein expression in the ATS
group were lower (P<0.05), the apoptosis rate, TNF-a, IFN-y, IL-2 levels, and E-cadherin protein expression
were higher (P<0.05). Compared with the ATS+pcDNA-NC group, the cell survival rate, cell migration number,
cell invasion number, Vimentin, PD-L1, TIM3, and Gal9 protein expression were higher in the ATS+pcDNA-
TIM3 group (P<0.05), the apoptosis rate, TNF-a, IFN-y, IL-2 levels, and E-cadherin protein expression were
lower (P<0.05). In vivo tumor experiments showed that compared with the control group, the tumor volume and
mass of mice in the ATS group were lower (P<0.05), and PD-L1 and Gal9 protein expression levels were lower.
Compared with the ATSTAAV-NC group, the tumor volume and mass of mice in the ATS+AAV-TIM3 group
were higher (P<0.05), and PD-L1 and Gal9 protein expression levels were higher. ATS may inhibit epithelial-
mesenchymal transition and immune escape in lung cancer cells by suppressing the TIM3/Gal9 signaling axis.
Keywords Asiaticoside; T cell immunoglobulin domain and mucin domain-3; galectin 9; lung cancer

cells; immune escape
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BRI R MEEE TG AR M. R4 NSCLCIRYT
(UNFE R VE ST FI SRR TT AT T ERE , AR R M
T FANIR A NTCIEEZ . DRI, 0 E BT A 2%
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B, ATSE A Z AR, B 485K dosE
GRS TIIEIE O, HAh, ATSTE J LR IE e 5 5k
PR VE R . 0, ATSIEIE#E 7] miR-635/HMGA 14
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1.2 RF

ATS(41% = 98%)~ a4 i (fetal bovine se-
rum, FBS). % % H % (paraformaldehyde, PFA)[il &
W B S TTETE (radioimmunoprecipitation as-
say, RIPA)RMAM . — ¢ nl 7 B ks MR &0 T F
W= RAEDHARA AR ; RPMI-16403% 3731
TR EFREGREAGRAR, H/ERES
W(100X) XL IR 25 2% ¥ (phosphate buffered
saline, PBS)¥IA T AL il R E R AR A ] ; 4w
& SR (CCK-83% )il A & T e 8 1 i A= YR
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Merck KGaA/~ & ; 554, —HRWT EBilFEw
MAATH A R 7] 5 g R BE R a(tumor
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JZE M B (ELTS A7) 4 DA B 48 i 0 123l 7 S 35 ) 1
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6T BRI R A IR AR bR S R
H (E-cadherin). % JE 5 H (Vimentin). 41 574
SET--HAR1(PD-L1). TIM3. Gal9. GAPDH—#iAll
g% AL G AR & T I = S A ARG IR A
A, BRI A Y (horseradish peroxidase, HRP)5
LI P T 3R AL E R A R A F .
1.3 733k
13.1 @3z if ATSIRE ik HUHEER
BAGEAT ) ASAOLI T 37 CKIB AR B id i 1% |
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31034 /4L, 7E37 °C. 5% COLMI4H % 5544
i E 24 g, IIAAFWE ATS(0. 5+ 10+ 20,
40. 80 umol/L). 248048 h/51#i ] CCK-8 7 £k
DAL T 048 B O B2 (D)E, 54 i A7 i
R, MIMAFIE (%) =[ (L5364 DI = A 4LDAE )/ (Ot
MU DIE-2 A ADIE)]*100%.
132 et FF ASA9ZNA S A 44, KR (con-
tro)4, IEH K5 7% ; ATSA., H 25 pmol/L ATS T ;
ATS+pcDNA-NCZH, 25 umol/L ATS T[] i} % HepcD-
NA-NCJ#i i ; ATS+pcDNA-TIM34H, 25 umol/L ATST

T[] ) %% % pc DNA-TIM3 i ¥ . {1 ] Lipofectamine
200045 45 € T RE(1.5 png/ul) i e 2 AS4941 i v
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PBSH &, i 70 2 B SOk I 4 f 08 T 15
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FH 200 WLTE L35 £ 77 3 5 2 -2 AS49411 i (£ 1> 10°
ANGHM), RN 2% . (22855 b % IR A Matrigel &5t
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FBSH1600 pLIFFRIEIA T %, 37 °C. 5% COMH
48 hjiT, B T = o B 4H ML 8] E /4% PFAH, F1:H10.5%
SE TR YD 10 mino [ A BB AT A, IF
BEALE RS X ST 12 B AT R A T H 4

1.3.6 ELISA#) %% 2k i% 48 % B -F TNF-o. IFN-y
FaIL-2KF %4 AS4940 i 55 CDS T L%
7748 h, UHE_FiE R, $2 I8 ELISATAF & ik B 5480
TNF-0. IFN-yFIIL-27K°F. HUH 4 °CLRAZ K ELISA
RAE, FIRFH30 min. B0 E PR, RIKFRAR
e (TR RIS LH AN B35, M BT [ b v
AR AT 2 IERE S AL IR 100 pL/FLAK YOI N AL AR
FL, FIRMEE 120 min. YEERIBBEAR SR, IIAFGRE
S0f5 A FEACTUR, iR H 60 min; BEHRSIX, N
NBEFRICY), =iREET E 20 min; PSR, TR
A TMBIER, ZREEHE E 20 min; IIANZ LR,
TREIJE SR Dasoftl o A DasofE N HAAR , BRifE b
W NREAAKR , bR 2R ; AR LFE 5 DasofE
SRR ol PR AR R B K

1.3.7 Western blot#& | E-cadherin. Vimentin. PD-
L1. TIM3#2Gal9%& & £ AL [ RIPAZE MK
M2 A S EER 5T, AR ) R A A
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ATS, controlZHE B AR E/K . BE2R—IR, #F
BRRPI30K, (245 N G PR AR B R BT /N BT
PERAEAN R | WU AR R, B KRR R
THEARFA.

139 FAMAFLHE) LML E  REL
TR K Pl gRa 2 2R 52 7F 4% PFA R A I e A i o |
WA b LS R 22300 (S5 pm), SRS KU
WA . FTRAKE Y D) S min, 2R )5 F A7
LGt 2 mine. ZJa, WY R AERGEE (95% 80%AH
70%)PAG B, FH — F 2RGE A, IF AR IR
B TS HEYe (0 45 3 . KA 5 1
HLRY) B TCE T A BR A 22 vh il (pH=6) R I #4 2
2, FH 5% BSA R E ik 160 min. 1) 437l
5 1:500F B PD-L1. TIM3#1Gal9—#i7E4 °C |

N O pumol/L T

1 F i %, PBSIEYE )G 5 1:300% B i HRPARIC ) —
PUEIRIF E 30 min, H & IEBCAR )% (diaminobenzi-
dine, DAB)#FAT R, JEH R ARG E 4] o A
YU WL 5% G P LA
1.4 Bt

KHISPSS 25.08 4 Ge it /A, SEIR A LA
H AR 2 (vts)Rom . LRI TT 22501 (ANOVA)
454 LSD-tiu 30 LU A B 2 5 o P<0.05R N ERH
GuitsE L.

2 H#HR
2.1 ATSITAS49ARETEE RN

50 pumol/L ATS#HEL, FI5. 10, 20. 40.
80 umol/L ATSKLF 24 hik 48 hif) AS494H i 773%
RJEAK (P<0.05) (K 1), &5t GraphPad Prism#k
PEHH5L, ATSACFRAN 48 h, 20 A5 PE 30 1) 50%
I, ATSHIME N 26.25 pmol/L. [, ASHF 5Tk
HX25 umol/L ATSHEAT J& 4L 525
2.2 ATSENEAS494H B IS TE FE T

5 control 41 Eb ¢, ATSZH ASA9YH i A73G 3% 1 [
(P<0.05), T=Z LTt (P<0.05); 5 ATS+pcDNA-NC
Y Eb%, ATS+pcDNA-TIM3ZH AS4940 Mo 7735 R TH i
(P<0.05), TR [EK(P<0.05)(&2).
2.3 ATSHIFIAS494RAIR ZEFNIT T2

5 control 4 EL %, ATSHL A54941 12 28 AT
B HE /D> (P<0.05); 5 ATS+pcDNA-NCHA H 45,
ATS+pcDNA-TIM32H AS5494H il 12 28 R #% $U & 18
2 (P<0.05)(K3).

5 umol/L 10 pmol/L

B2 20 pmol/L 40 pmol/L  E=S1 80 pumol/L

100- x
T
75- 7

50+

Cell viability /%

254

*P<0.05, 50 pmol/L ATSLL . n=6.
*P<0.05 compared with 0 pmol/L ATS. n=6.

*

Ell TEIREATSITAS4940 A0 77 & HIF N0
Fig.1 Effect of different concentrations of ATS on the viability of A549 cells
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#P<0.05 Scontrol41LL; “P<0.05, 5 ATS+pcDNA-NC41LL .
*P<0.05 compared with the control group; “P<0.05 compared with ATS+pcDNA-NC group.
B2 AS494BRIETERUA T B LR
Fig.2 Comparison of A549 cell proliferation and apoptosis
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Control group ATS group ATS+pcDNA-NC ATS+pcDNA-TIM3
group group
200
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B 1501
3
5 I ATS group
g 100
Q ATS+pcDNA-NC group
50 -
EEE ATS+pcDNA-TIM3 group
0

Invasion Migration
“P<0.05, Scontrol4H [t:; “P<0.05, 5 ATS+pcDNA-NCL L
#P<0.05 compared with the control group; “P<0.05 compared with ATS+pcDNA-NC group.
El3 AS49RRZEFNTRB B ELAL

Fig.3 Comparison of A549 cell invasion and migration

2.4 ATSPE(XTNF-a. IFN-yFIIL-27K B A%(P<0.05)([&4).

5 control4H EL#¢ , ATSAH 4 TNF-a. IFN-yAll 2.5 ATS %f E-cadherin. Vimentin. PD-L1.
IL-27KF-TFE (P<0.05); 5 ATS+pcDNA-NCALH#H,  TIM3FGaloE A RIAHI SN
ATS+pcDNA-TIM3 4 4l TNF-o..  IFN-yFIIL-27K T 55 control 20 FL 5, ATS4L A54941 g Vimentin.



1950

Emm Control group

I ATS group
i
T_T] 501 >
an
£
=
g
s
E
8 251
=)
3
@)
0 | |
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L

“P<0.05 compared with the control group; “P<0.05 compared with ATS+pcDNA-NC group. n=6.
El4 ZAMMTNF-0. IFN-yHIL-27KF
Fig.4 Levels of TNF-a, IFN-y and IL-2 in each group
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Fig.5 Protein bands and expressions of E-cadherin, Vimentin, PD-L1, TIM3 and Gal9 in A549 cells

PD-L1. TIM3HGal9& H 3Kk i (P<0.05), E-cad-
herin#E 414 11 (P<0.05); 5 ATS+pcDNA-NC#4]
EL#E , ATS+pcDNA-TIM3414H ] Vimentin, PD-L1.
TIM3 1 Gal9% (17 1A 1 (P<0.05), BE-cadherin’s [
FiE N P<0.05)(K5).
2.6 ATSHISINERBEBEEK
5 control A0 L, ATSA R A= K8, 1k
FURI 3T £ F£AIC (P<0.05); 5 ATS+AAV-NCZLAHLL,
ATS+AAV-TIM3ZH i Pt 2 K, ARFRFN R & T
(P<0.05)(K6).
2.7 MNERMEHWHEM G EANRE ST
HEZ A K15 5K, control ZH R 40 i HE 41 25 L,

KN —, i3 FATE; HcontrolZHAH L, ATSZH i
SR AR B HE BRI, 200 P 45 KA IR BT, 5 ATS+AAV-NCEH
AR, ATS+AAV-TIM3ZH i 240 i 45/ 25 L, i K
N TS . A E B EIR, 5 control
AR L, ATSAL R 400 PD-L1. TIM3AI Gal9%k [
IKFEFPE; 5ATS+AAV-NCA L, ATS+AAV-TIM3
PD-L1. TIM3AIGalo#E (/K F ETHET).

3 Wig
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Fig.6 Growth of xenograft tumors
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Fig.7 HE and immunohistochemical staining of PD-L1 and Gal9 protein expression in xenograft tumors
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