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Abstract This study aims to investigate the mechanism of action of ursolic acid in regulating the proliferation,
invasion and migration of cervical cancer cells through the FKBP38 (FK506-binding protein 38)/mTOR (mammalian
target of rapamycin)/SREBPs (sterol regulatory element binding proteins) signalling pathway. HeLa cells were assigned
into CK group (normal cultured cells), L-ursolic acid group (5 pumol/L), M-ursolic acid group (10 umol/L), H-ursolic acid
group (20 pmol/L), and FKBP38 inhibitor FKBP51-Hsp90-IN-1 (0.1 pmol/L)+H-ursolic acid (20 pmol/L) group. The
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CCK-8 assay was used to detect cell viability. Flow cytometry was used to detect cell apoptosis. The scratch assay was

used to detect cell migration. The Transwell assay was used to detect cell invasion, and Western blot was used to detect the

protein expression levels of Bax, Bcl-2, cleaved-Caspase-3, FKBP38, mTOR and SREBPs. The D value, scratch healing

rate, number of invasive cells, the protein expression of Bcl-2, p-mTOR/mTOR, and SREBPs in the L-ursolic acid group,

M-ursolic acid group, and H-ursolic acid group were lower than those in the CK group, and the apoptosis rate, the protein

expression of Bax, cleaved-Caspase-3, and FKBP38 were higher (P<0.05). The D value, scratch healing rate, number of
invasive cells, the protein expression of Bcl-2, p-mTOR/mTOR, and SREBPs in the FKBP51-Hsp90-IN-1+H-ursolic acid

group were higher than those in the H-ursolic acid group, and the apoptosis rate, the protein expression of Bax, cleaved-

Caspase-3, and FKBP38 were lower (P<0.05). Ursolic acid may inhibit the proliferation, migration, and invasion of HeLa
cells by modulating the FKBP38/mTOR/SREBPs signaling pathway.
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Table 1 Effects of ursolic acid on the viability of HeLa cells

211 DI

Group D value

CK group 1.57£0.16
L-ursolic acid group 1.2140.13*
M-ursolic acid group 0.81+0.09*
H-ursolic acid group 0.53+0.06**
FKBP51-Hsp90-IN-1+H-ursolic acid group 1.25+0.13¢

#P<0.05, FCKZAHEL; "P<0.05, HL-E RFRAAMALL; “P<0.05, SM-fERIRAMLL; ©P<0.05, FH-ALRIRAM L.
*P<0.05 compared with CK group; “P<0.05 compared with L-ursolic acid group; “P<0.05 compared with M-ursolic acid group; “P<0.05 compared

with H-ursolic acid group.
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Fig.1 Detection of cell apoptosis by flow cytometry
2 REREEFNIHeLaZBAE T
Table 2 Effects of ursolic acid on apoptosis of HeLa cells
) JHTI% %
Group Apoptosis rate /%
CK group 8.13+0.82
L-ursolic acid group 13.02+1.39*

M-ursolic acid group
H-ursolic acid group

FKBP51-Hsp90-IN-1+H-ursolic acid group

17.59+1.82*
23.0742.37*%
11.06+1.15¢

*P<0.05, FCKALMALL; "P<0.05, HL-ERFRALAALL; “P<0.05, SM-fERIRALMALL; ©P<0.05, SH-E RRALMHLL .
*P<0.05 compared with CK group; “P<0.05 compared with L-ursolic acid group; “P<0.05 compared with M-ursolic acid group; “P<0.05 compared

with H-ursolic acid group.
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A: CK4; B: L-AESRIR4L; C: M-AEIRIRAL; D: H-AERIRAL; E: FKBP51-Hsp90-IN-1+H-AE R IR AL .
A: CK group; B: L-ursolic acid group; C: M-ursolic acid group; D: H-ursolic acid group; E: FKBP51-Hsp90-IN-1+H-ursolic acid group.
E2 &4{HHeLafmAIRTHAE
Fig.2 Migration ability of HeLa cells in each group
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Table 3 Effects of ursolic acid on the migration of HeLa cells

2 RIRESH/%

Group Scratch healing rate /%
CK group 78.26£7.95

L-ursolic acid group 61.37+6.23*

49.51+5.07*
H-ursolic acid group 35.69+3.61%4
FKBP51-Hsp90-IN-1+H-ursolic acid group 62.55+6.39¢
#P<0.05, HCKZAAEL; "P<0.05, HL-RERERAAALL; “P<0.05, 5M-RERIRAAMILL; “P<0.05, T H-AE BRI L.
*P<0.05 compared with CK group; “P<0.05 compared with L-ursolic acid group; “P<0.05 compared with M-ursolic acid group; “P<0.05 compared

M-ursolic acid group

with H-ursolic acid group.

CK group

L-ursolic acid group M-ursolic acid group

".‘If)z»‘ﬁ'n‘., s F vy Ay 2R Sy,

FURT e A S Ty

};‘ 5 .Q},‘A!{’. "2 ?&34{%&\?,‘, %
TR 5 T

FKBP51-Hsp90-IH-1+
H-ursolic acid group

".\!' ;p‘ 4 ‘, "f'\‘;, R 7.-' *f‘l

TS 4 . .'." . Y L
E3 ZiHHeLaZBBIRNIRZERED
Fig.3 Invasive ability of HeLa cells in each group
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R4 BERERFNTHeLaZifRZE
Table 4 Effects of ursolic acid on the invasion of HeLa cells

413 SR

Group Number of invasive cells
CK group 178.26=18.71

L-ursolic acid group 141.39+14.36%*
M-ursolic acid group 120.56+12.54**
H-ursolic acid group 81.57+8.36*%
FKBP51-Hsp90-IN-1+H-ursolic acid group 146.29+14.91¢

#P<0.05, 5CKAIMHLL; “P<0.05, SL-AERFRLIMH LL; “P<0.05, SM-FERFRLLAH LL; ©P<0.05, SH-RERFRAIAH L .
*P<0.05 compared with CK group; “P<0.05 compared with L-ursolic acid group; “P<0.05 compared with M-ursolic acid group; ®P<0.05 compared
with H-ursolic acid group.

A B C D E
Bax W S D G s ! D:

Bel2 (D S SE s G 26 D:

cleaved-Caspase-3 ~S—_—"G—— NS SN S |7 kDa

A: CK4L; B: L-HERERAL; C: M-RERIRAL; D: H-RE IR 4L E: FKBPS51-Hsp90-IN-1+H-HE R ER AL
A: CK group; B: L-ursolic acid group; C: M-ursolic acid group; D: H-ursolic acid group; E: FKBP51-Hsp90-IN-1+H-ursolic acid group.
[El4 Western blot#&l|Bax, Bcl-2. cleaved-Caspase-3Z&E H3RI&IE N
Fig.4 Detection of the expression levels of Bax, Bcl-2, and cleaved-Caspase-3 proteins by Western blot

2.0 =
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= i L
5 1.5 o E3  L-ursolic acid group
% " I . ¢ e B M-ursolic acid group
2 1.0 = * (b o # T H-ursolic acid group
o
7 x FKBP51-Hsp90-IN-1+
: b . ™y rsolic acid
L% 05 - -ursolic acid group

Bax Bcl-2 cleaved-Caspase-3

*P<0.05, FCKALMLL; "P<0.05, HL-ERERALAALL; “P<0.05, SM-fERIRALMALL; ©P<0.05, SH-AE RRALMHLL .
*P<0.05 compared with CK group; *P<0.05 compared with L-ursolic acid group; “P<0.05 compared with M-ursolic acid group; “P<0.05 compared

with H-ursolic acid group.
E5 Bax. Bcl-2. cleaved-Caspase-3&HF&iLIH.
Fig.5 Expression levels of Bax, Bcl-2, and cleaved-Caspase-3 proteins
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Table S Protein levels of Bax, Bcl-2, and cleaved-Caspase-3 in HeLa cells of each group
ZH
Group Bax/GAPDH Bcl-2/GAPDH cleaved-Caspase-3/GAPDH
CK group 0.59+0.06 1.32+0.14 0.34+0.04
L-ursolic acid group 0.85+0.09* 1.05+0.11%* 0.71+0.08*
M-ursolic acid group 1.02+0.11* 0.810.09* 0.89:£0.09*
H-ursolic acid group 1.30+0.14*# 0.50+0.06™* 1.03+0.11%#
FKBP51-Hsp90-IN-1+H-ursolic acid group 0.77+0.08¢ 1.09+0.12¢ 0.54+0.05¢

*P<0.05, 5CK4IMHLL; *P<0.05, 5L-AERFRLIAHLL; “P<0.05, S5M-AE R ERLIAH LL; ©P<0.05, SH-AERFRLIMHLL.
*P<0.05 compared with CK group; “P<0.05 compared with L-ursolic acid group; “P<0.05 compared with M-ursolic acid group; “P<0.05 compared

with H-ursolic acid group.

A B

D E

FKBP33 WS SN S G s s kD:

mTOR WD S S S S 25 (D:

p-mTOR S SN SN s S 250 kD

skepps D GEEED S s G (0 kD:

GAPDIT A A S S 7 >:

A: CKL; B: L-HE2R R4 ; C: M-REIRIERA; D: H-RERIRL; E: FKBP51-Hsp90-IN-1+H-AE R4 .
A: CK group; B: L-ursolic acid group; C: M-ursolic acid group; D: H-ursolic acid group; E: FKBP51-Hsp90-IN-1+H-ursolic acid group.
El6 Western bloti& M FKBP38/mTOR/SREBPs = 5@ B AL ELRIAER
Fig.6 Detection of the expression of proteins related to the FKBP38/mTOR/SREBPs signaling pathway by Western blot
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FKBP38
#P<0.05, HCKLAALL; "P<0.05, HL-RERERAAMALL; “P<0.05, 5M-RE RIRAAMILL; “P<0.05, S H-AERBRAM L.
*P<(0.05 compared with CK group; “P<0.05 compared with L-ursolic acid group; “P<0.05 compared with M-ursolic acid group; “P<0.05 compared

p-mTOR/mTOR

with H-ursolic acid group.

CK group
E3 L-ursolic acid group
* . B M-ursolic acid group
** H-ursolic acid group
kH#& - - -1+
= — FKBP51-Hsp90-IN-1

H-ursolic acid group

SREBPs

7 FKBP38/mTOR/SREBPs{=SiEEHEAEARIAER
Fig.7 Expression of proteins related to the FKBP38/mTOR/SREBPs signaling pathway
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%6 RiAHeLaZBiiFFKBP38, p-mTOR/mTOR. SREBPs%E HKJ
Table 6 Protein levels of FKBP38, p-mTOR/mTOR, and SREBPs in HeLa cells of each group

25

Group FKBP38/GAPDH p-mTOR/mTOR SREBPs/GAPDH
CK group 0.45+0.05 0.81+0.09 1.38+0.14
L-ursolic acid group 0.63+0.07* 0.62+0.06* 1.15+0.11%*
M-ursolic acid group 0.89+0.09™* 0.43+0.05™* 0.88+0.09™*
H-ursolic acid group 1.17+0.127%#% 0.21£0.03** 0.61£0.07**
FKBP51-Hsp90-IN-1+H-ursolic acid group 0.61+0.06“ 0.66+0.07¢ 1.18+0.12¢

*P<0.05, 5CKZAAH L; “P<0.05, HL-AEAERAAALL; “P<0.05, SM-RERERAAALL; ©P<0.05, SH-FE KB L.
*P<0.05 compared with CK group; “P<0.05 compared with L-ursolic acid group; “P<0.05 compared with M-ursolic acid group; “P<0.05 compared

with H-ursolic acid group.
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