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Effect of Geniposide on Malignant Progression of Osteosarcoma Cells
by Regulating the JAK2/STAT3/SOCS1 Signaling Pathway
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Abstract This study aims to investigate the effect of GEN (geniposide) on the malignant progression of osteo-
sarcoma cells by regulating the JAK?2 (janus kinase 2)/STAT3 (signal transducer and activator of transcription 3)/SOCS1
(suppressor of cytokine signaling 1) signaling pathway. Human osteosarcoma cells (U20S) were treated with GEN at a
concentration of 2.5-40 mg/mL, and cell activity was detected using the CCK-8 method to screen for the optimal drug con-
centration; U20S cells were grouped into Control group, low, medium, and high concentration geniposide groups (GEN-
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L group, GEN-M group, GEN-H group), and high concentration geniposide+STAT3 activator group (GEN-H+colivelin
group); cell proliferation was detected using colony formation assay; cell apoptosis was detected by flow cytometry; cell
migration was detected using wound healing assay; cell invasion was detected using Transwell invasion assay; Western blot
was applied to detect the expression of Cyclin D1, Ki67, Bax, Caspase-3, MMP-9, MMP-2, JAK2, STAT3, and SOCS1
proteins; nude mouse transplantation tumor experiment was applied to detect the effect of GEN on the growth of osteosar-
coma transplantation tumors. 5 mg/mL, 10 mg/mL, and 20 mg/mL GEN were selected for the subsequent study. Compared
with the Control group, the number of colony formation, scratch healing rate, number of cell invasion, and expression lev-
els of Ki67, Cyclin D1, MMP-9, MMP-2, p-JAK2/JAK2, p-STAT3/STAT3 decreased in a concentration dependent manner
in the GEN-L, GEN-M, and GEN-H groups, the expression of SOCS1 protein, cell apoptosis rate, and expression levels of
Caspase-3 and Bax increased, in a concentration dependent manner (P<0.05); compared with the GEN-H group, the num-
ber of colony formation, scratch healing rate, number of cell invasion, and expression levels of Ki67, Cyclin D1, MMP-9,
MMP-2, p-JAK2/JAK2, p-STAT3/STAT3 obviously increased in the GEN-H+colivelin group, the expression of SOCS1
protein, cell apoptosis rate, and expression levels of Caspase-3 and Bax obviously reduced (P<0.05). The transplantation
experiment showed that the GEN group had slower growth of transplanted tumors compared to the Control group, the
volume and mass of the transplanted tumor decreased, the expression levels of p-JAK2/JAK?2, p-STAT3/STAT3 reduced,
SOCSI level increased (P<0.05). GEN can inhibit the malignant progression of osteosarcoma cells by regulating the

JAK2/STAT3/SOCSI signaling pathway.
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P<0.05, 5 ControlZH HL#; *P<0.05, 55 mg/mL GENZH LLAs; P<0.05, 510 mg/mL GEN4LELEE; SP<0.05, 520 mg/mL GENZLEb%: .
*P<0.05 compared with the Control group; “P<0.05 compared with 5 mg/mL GEN group; “P<0.05 compared with 10 mg/mL GEN group; *P<0.05

compared with 20 mg/mL GEN group.

Bl FEKEHGENXTU20S 40 A 458 A0
Fig.1 Effects of different concentrations of GEN on the proliferation of U20S cells

#1 GENXTU20S4HRaTFEFMZ M
Table 1 Effects of GEN on the viability of U20S cells

il SIS L%
Group Cell viability /%
Control group 100.00+0.00

2.5 mg/mL GEN 96.03+10.35

5 mg/mL GEN 84.16+£9.02*
10 mg/mL GEN 60.33+7.54**
20 mg/mL GEN 42.84+4.69*"
40 mg/mL GEN 38.26+4.87%148
F 89.459

P <0.001

*P<0.05, 5 Control 41 EL#E; *P<0.05, 55 mg/mL GENZH LLAS; €P<0.05, 510 mg/mL GENZH L4 $P<0.05, 520 mg/mL GENZH L4
*P<0.05 compared with the Control group; *P<0.05 compared with 5 mg/mL GEN group; “P<0.05 compared with 10 mg/mL GEN group; *P<0.05

compared with 20 mg/mL GEN group.
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A: U20SHI 4T B: Ki67. Cyclin D14 132515
A: the proliferation of U20S cells; B: the expression of Ki67 and Cyclin D1 protein.
E2 &HEU20SHMIETE K IBERXEBFRERER

Fig.2 Proliferation of U20S cells in each group and expression of proliferation-related proteins

R2 GENXU20SHRRIESE K HE5EHH X &R RIS
Table 2 Effects of GEN on proliferation and proliferation-related proteins of U20S cells

oy P
A5 SRR A , Ki67 Cyclin D1
Group Number of colony formation

Control group 150.65+15.37 1.28+0.26 1.06+0.18
GEN-L group 115.87+12.44* 1.01+0.13* 0.78+0.07*
GEN-M group 88.9249.15% 0.75+0.08** 0.52+0.05**
GEN-H group 64.58+6.79* 0.440.04*#& 0.240.02*#
GEN-H+colivelin group 107.15+11.27° 0.88+0.08° 0.65+0.06°
F 47.444 28.960 63.356

P <0.001 <0.001 <0.001

*P<0.05, 5 ControlZH LL#5; “P<0.05, S5 GEN-LAH LU “P<0.05, 55 GEN-MA L AL; *P<0.05, 55 GEN-HA L 4% .
*P<0.05 compared with the Control group; “P<0.05 compared with GEN-L group; “P<0.05 compared with GEN-M group; *P<0.05 compared with
GEN-H group.

WAL BT E AR R Y, CCERRIGTET PR SR MR R, R TR 25 R
ARIRDRERE. G HATA ML, By BERRE, AT CREZE. B, SRR
PEXS R ZHUEE KRB —DERAEN. TFER Do EZE
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A: U20SZH A T-15700; B: Western bloti&illBax. Caspase-375 & IA; C: Bax. Caspase-3% A FKIE /KT L
A the apoptosis of U20S cells; B: Bax and Caspase-3 expression detected by Western blot; C: comparison of Bax and Caspase-3 protein expression levels.
El3 &LEUV20SMEAET-E U KEBax, Caspase-3%5 A FRIEE N (Caspase HEIHIE)
Fig.3 The apoptosis rate of U20S cells and the expression of Bax and Caspase-3 proteins
in each group (Caspase was the spliceosome)

#*3 GENXTU20SHAR AT S0
Table 3 Effect of GEN on U20S cell apoptosis rate

415 VA%
Group Apoptosis rate /%
Control group 2.41+0.36
GEN-L group 15.74+1.81%*
GEN-M group 25.21+2.83%
GEN-H group 37.56+4.14*4
GEN-H-+colivelin group 20.34+2.19°

F 149.066

P <0.001

*P<0.05, 5 Control AL 4; “P<0.05, 5GEN-LA LLH; “P<0.05, 5 GEN-M4H LLAL; *P<0.05, 55 GEN-HA L #5 .
*P<0.05 compared with the Control group; “P<0.05 compared with GEN-L group; ¥P<0.05 compared with GEN-M group; *P<0.05 compared with GEN-H

group.
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A,B: the migration of U20S cells; C,D: the invasion of U20S cells; E,F:

the expression levels of MMP-2 and MMP-9 proteins.
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Fig.4 Migration, invasion and related protein expression of U20S cells in each group
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[El5 Western blot#&MJAK2, p-JAK2, STAT3. p-STAT3. SOCSI1EHTFRIX
Fig.5 The expression of JAK2, p-JAK2, STAT3, p-STAT3 and SOCSI1 proteins was detected by Western blot
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Fig.6 Two groups of nude mice transplanted tumor body figure
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Table 4 Effect of GEN on transplanted tumor in nude mice

415 TR o /g P HERE PR AR /mm?

Group Quality of transplanted tumor /g Transplanted tumor volume /mm?®
Control group 0.58+0.05 596.39+45.64

GEN group 0.37+0.04 331.74+35.38

t 8.033 11.226

P <0.001 <0.001
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