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Effects of Remimazolam on the Proliferation, Apoptosis,
and Epithelial-Mesenchymal Transition of Bladder Cancer Cells
by Regulating the HMGB1-RAGE Pathway
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Abstract This study aims to investigate the mechanism by which remimazolam regulates the
HMGBI1-RAGE pathway and its subsequent effects on the proliferation, apoptosis, and EMT (epithelial-mes-
enchymal transition) of bladder cancer cells. The immortalized bladder cell line SV-HUC-1 and the bladder
cancer cell line BIU-87 were cultured, and cell viability following remimazolam treatment was assessed us-

ing the CCK-8 assay. BIU-87 cells were sequentially divided into the following groups: control group, low-
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dose remimazolam group, medium-dose remimazolam group, high-dose remimazolam group, and high-dose
remimazolam+rHMGB1 (recombinant human HMGB1) group. Cell proliferation capacity was evaluated
by colony formation assay; cell apoptosis was detected by AO/EB double staining and Annexin V-FITC/PI
double staining; EMT was detected by immunofluorescence; the levels of cell behavior-associated proteins
and HMGB1-RAGE pathway-associated proteins were detected by Western blot. Compared with the 0 pg/mL
remimazolam group, the viability of BIU-87 cells was significantly decreased when the concentration was
in the range of 0.5 pg/mL to 4 pg/mL (P<0.05). Compared with the control group, the number of colonies
formed, Ki-67 positive cell rate, Fibronectin positive cell rate, p-p65/p65 ratio, and the protein levels of c-myec,
CyclinD1, XIAP, Bcl-2, HMGBI1, and RAGE were decreased in the low-, medium-, and high-dose remima-
zolam groups, while the cell apoptosis rates detected by AO/EB double staining and Annexin V-FITC/PI flow
cytometry, and the positive cell rates of E-cadherin and Claudins were increased. The inhibitory effect of the
high-dose remimazolam group on malignant behaviors of BIU-87 cells was significantly stronger than those
of the medium- and low-dose groups (P<0.05). Compared with high-dose remimazolam treatment alone,
high-dose remimazolam combined with rHMGBI1 partially reversed the inhibitory effect of remimazolam on
malignant behaviors of bladder cancer cells (P<0.05). Remimazolam regulates the proliferation, apoptosis,
and EMT process of bladder cancer cells by inhibiting the activation of the HMGB1-RAGE pathway.
Keywords remimazolam; HMGB1-RAGE pathway; bladder cancer cell proliferation; apoptosis; epitheli-

al-mesenchymal transition
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1 CCK-$#&MIH DS xtSV-HUC-1FBIU-8748 15 11H0 5400
Table 1 The effects of remimazolam on the viability of SV-HUC-1 and BIU-87 cells were detected by CCK-8 assay
Fifi Ly s /pg -mL !

Remimazolam /Hg-mL™ SV-HUC BIU-87

0 0.8740.08 0.9440.06
0.25 0.9240.05 0.8740.06
0.5 0.86+0.04 0.79+0.05*
1 0.84+0.06 0.68+0.04*
2 0.77+0.05 0.56+0.05*
4 0.68+0.07* 0.33+0.02*

#P<0.05, 50 png/mLAG A LR, Xts, =6,
*P<0.05 compared with 0 pg/mL remimazolam. X+s, n=6.

High-dose
remimazolam+
rHMGBI group

Low-dose Medium-dose High-dose
Control group remimazolam group remimazolam group remimazolam group

Bl SEMMRSENEEN&EBIU-STHAMEER MBI E

Fig.1 The number of colonies formed in each group of BIU-87 cells was detected by colony formation assay

High-dose
remimazolam+
rHMGBI group

Low-dose Medium-dose High-dose
Control group remimazolam group remimazolam group remimazolam group

100 pm 100 pm 100 pm 100 pm 100 pm
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Fig.2 The Ki-67 positive cell rate in each group was detected by immunofluorescence
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a-e represent control group, low-dose remimazolam group, medium-dose remimazolam group, high-dose remimazolam group, and high-dose
remimazolam+rHMGBI1 group, respectively.
3 Western bloti& il & A BIU-87 4/ c-mycF1CyclinD13E H 7k F
Fig.3 The protein levels of c-myc and CyclinD1 in each group of BIU-87 cells were detected by Western blot
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Table 2 The effects of remimazolam on proliferation-related indicators in each group of BIU-87 cells

5 ESLIANE 6 Ki-67 B 40 3 5 /% ,

. . . c-myc CyclinD1
Group Number of colonies formed Ki-67 positive cell rate /%
Control group 89.65+7.15 67.12+5.19 1.24+0.12 0.85+0.07
Low-dose remimazolam group 69.12+6.05* 53.02+4.19* 0.78+0.06* 0.67+0.05*
Medium-dose remimazolam group 55.00+5.11** 37.33+3.85% 0.55+0.05* 0.54+0.03*"
High-dose remimazolam group 44.62+3.82%" 25.0242,12%% 0.38+0.04%" 0.41+0.02%"
High-dose remimazolam+rHMGB1 60.15+5.06“ 41.36+4.65¢ 0.61+0.06“ 0.59+0.05“
group

*P<0.05, 5% AL LS #P<0.05, SR & 5 MG A B “P<0.05, 5 7 B B Ly e 21 U ©P<0.05, 5 v ) B g L e 2L UG . Xeks, =6,
*P<0.05 compared with control group; “P<0.05 compared with low-dose remimazolam group; “P<0.05 compared with medium-dose remimazolam group;

@P<0.05 compared with high-dose remimazolam group. Xts, n=6.

High-dose
remimazolam+
rHMGBI1 group

Low-dose Medium-dose High-dose
Control group remimazolam group remimazolam group remimazolam group

o
°’. ‘e M

: 100..;1111

El4 AO/EBXUZA& N %A BIU-874BRE TR
Fig.4 The apoptosis rate in each group of BIU-87 cells was detected by AO/EB double staining
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Control group remimazolam group remimazolam group remimazolam group remimazolam+
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Annexin V Annexin V Annexin V Annexin V Annexin V

5 Annexin V-FITC/PIXUAGTN & HBIU-87 AR T- %
Fig.5 The apoptosis rate in each group of BIU-87 cells was detected by Annexin V-FITC/PI double staining

FAHKF CyclinD1 8 H/KFHFHE(P<0.05). =3 5 M +rHMGB 141 BIU-8 7411 fid AO/EB XU 4% 1
2.3 IHDME 3T & LEBIU-8740B AT RIS M T3, Annexin V-FITC/PIXU4LH T3 B FAAK, XIAP

Bla~E 6fE 3R, SxRALE, IR AIBcl-2&E FI/KTFITH R (P<0.05).
A, R E R DA ST ER DO 24 HRDMOXEEABIU-87HA 8 7 Rk
BIU-87ZH I AO/EBXU ALY T-% . Annexin V-FITC/PI  {LBYE200
ST TF i, XIAPAHI Bel-225 F /K3 BRI B 7RI 451, 5 00F IR A Bl A, G771 B s o e
B, & SFEmRDWCHZ MERBEES 4L, iSO AR SR D S 4 BIU-
THEE R X (P<0.05); 5 EiiflEsn GG, 7l 874 E-cadherin. ClaudinsPH £ 40 il 2 3 7t =i
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a-e represent control group, low-dose remimazolam group, medium-dose remimazolam group, high-dose remimazolam group, and high-dose
remimazolam+rHMGBI group, respectively.

[El6 Western bloti& %A BIU-8740MIXIAPFIBel-23 H 7K F
Fig.6 The protein levels of XIAP and Bcl-2 in each group of BIU-87 cells were detected by Western blot

3 DD X FLEBIU-S74 AR T HE X IR AR A £2 0T

Table 3 The effects of remimazolam on apoptosis-related indicators in each group of BIU-87 cells

415 AO/EBXUAAT-%/%  Annexin V-FITC/PIXUAH T-5/% AP el
Group AO/EB apoptosis rate /%  Annexin V-FITC/PI apoptosis rate /%

Control group 4.25+0.32 3.88+0.37 1.03+0.12 0.97+0.07
Low-dose remimazolam group 15.02+3.12* 19.65+2.11* 0.75+0.06* 0.82+0.07*
Medium-dose remimazolam group 24.0344.13*" 28.66+3.02* 0.60+0.05*"  0.59+0.05*"
High-dose remimazolam group 35.6443.02%" 37.3342.45%H 0.42+0.04**  0.40+0.02%*
High-dose remimazolam+rHMGBI1 group 19.64+1.58¢ 22.51+£2.16¢ 0.66+0.05¢ 0.65+0.05“

an

*P<0.05, SXTHEALHLES; #P<0.05, SR B D G2 HUAL ©P<0.05, 5 hofl R s D e o2 FUES ©P<0.05, 5 A B ER e G2 HUEL. Xk, n=6.
*P<0.05 compared with control group; “P<0.05 compared with low-dose remimazolam group; “P<0.05 compared with medium-dose remimazolam

group; “P<0.05 compared with high-dose remimazolam group. X+s, n=6.

High-dose
remimazolam+
rHMGBI group

Low-dose Medium-dose High-dose
Control group remimazolam group remimazolam group remimazolam group

E-cadherin

Claudins

50 um 50 um 50 um

Fibronectin

50 pm 50 um 50 um 50 pm

E7 ST A TR TS X & 4B BIU-87 40 AIEMTHE S AR - 491 PR 1 4 Bl 2R

Fig.7 The positive cell rates of EMT-related markers in each group of BIU-87 cells were detected by immunofluorescence

T4 HDMPA & LABIU-S7AMEMTH X I5FRAI R0
Table 4 The effects of remimazolam on EMT-related indicators in each group of BIU-87 cells

4151

E-cadherin Claudins Fibronectin
Group
Control group 20.16+2.36 15.23+1.26 69.15+5.16
Low-dose remimazolam group 41.33+4.02* 31.62+2.05% 50.03+3.84*
Medium-dose remimazolam group 58.62+5.03*" 42.32+3.02%" 33.05+2.84%"
High-dose remimazolam group 70.05+6.54%" 66.03+5.02% 15.36£1.05%
High-dose remimazolam+rHMGBI1 group 49.02+5.12¢@ 38.64+3.12@ 39.66+2.02¢

*P<0.05, 55X AL 1P<0.05, SR ST D MO A ELES; £P<0.05, 5 b7 EF B4 H S ©P<0.05, 5 AR R M A . Ttks, n=6.

i

*P<0.05 compared with control group; “P<0.05 compared with low-dose remimazolam group; “P<0.05 compared with medium-dose remimazolam

group; “P<0.05 compared with high-dose remimazolam group. Xs, n=6.
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a-e represent control group, low-dose remimazolam group, medium-dose remimazolam group, high-dose remimazolam group, and high-dose

remimazolam+rHMGB1 group, respectively.

[£]8 Western blot#&l] &4HBIU-874HfEHMGB1. RAGE. p-p65#p65%E H/KF
Fig.8 The protein levels of HMGB1, RAGE, p-p65, and p65 in each group of BIU-87 cells were detected by Western blot

5 IHDMOT S EBIU-874MHMGBI-RAGEB B HH X & A RIZHIF N
Table 5 The effects of remimazolam on the expression of HMGB1-RAGE pathway-related proteins in each group of BIU-87 cells

H

HMGBI1 RAGE p-p65/p65
Group
Control group 0.89+0.07 1.20+0.14 0.75+0.05
Low-dose remimazolam group 0.70+0.05* 0.88+0.07* 0.58+0.04*
Medium-dose remimazolam group 0.44+0.03*" 0.65+0.06*" 0.32+0.02*
High-dose remimazolam group 0.32+0.02" 0.46+0.03%* 0.160.03%*
High-dose remimazolam+rHMGB1 group 0.49+0.03¢ 0.7140.05¢ 0.39+0.04“

*P<0.05, 5XFIRZ L “P<0.05, SR S DS 4l LLE; “P<0.05, 5 & D AL LR ©P<0.05, 5 it 5 D AL L . ks, n=6.

*P<(0.05 compared with control group; “P<0.05 compared with low-dose remimazolam group; “P<0.05 compared with medium-dose remimazolam

group; “P<0.05 compared with high-dose remimazolam group. Xs, n=6.

FibronectinFH P40 ffo 5 [#4K, HAK. . &=L
et 2] 2 [0 22 e th B Gt X (P<0.05); 5
f ) i S MO AH LR, R A R A +rHMGB
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i, BAG. A miil s S e 2 ) ) 22 Rt L
A G X (P<0.05); 5wy &5 O 1 HL i,
v 70 B T +rHMGB 1 40 BIU-874 il HMGBI
RAGEZE /KT LA K p-p65/p651E 34Tt 51 (P<0.05).

3 e
TR eI A BR R G LI P R . —
R N AT, R IATT AR 2 PR T e A

SR I RORE LA S it 25 VS5 B R T 5% e 4t i 2
BIU-87-E A7 ML B s 40 MO AIE , TEARAI 2% 1F R AT LA
AR T S ASSHOL I e 4 L A P ) A P R 1 Y, [t
AW TP Z AN R BT SE5, TR AL e 1 R
T, 5 H R SRR R TT 7 1A e Sk
Bty T W o — BT B ROK R R, TR
I PR JBR T 0 A 0TS R 2 B AR TR R
B, Sty B — o M MRg 7. plin: 74
B, 1 pg/mL 3 2 et a] 3l i 40 g
A XG FE TS 70 UL SR bR I CEARI CA19-9 1) 3%
ER KRG TR 1Y, R A% I FRIE R,
Fits L W 0] 3 ok H ] Wt/ B-catenin i B SR 41 i) 41
M s T F LR B EAT N . AP ARG R ER, 4
Hif Ty A TR R 0.5~2 ng/mLIN, BIU-874H i 7
SRR REAR . EIRIRE HEEE T, 5
e F AL 245 R B 3 4E RFTE 0.1~0.5 pg/mL, Tfi
TE 325 B P55 B PR T PR 2 I it 5 A ) I 24 9K
FERT 2 0.5~2 pg/mL, H5AKHFF %€ MR E
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BRI

YO (0.5~2 pg/mL)ARAL, $&7R 7R %R FE T Sy B ek
O Al RE e BRI S U ms S EAE A . kP
RI, Fin By e w] B R BRI BIU-874H i £ 75 T2 B
HE. Ki-67MH M Z L, c-mye. CyclinD1.
XIAP. Bel-28 HKF, Ftim AO/EBXUS I T- 3
Annexin V-FITC/PIM Z P T35, H B A 7 &K
HME . o, Ki-673K 0K B 12 s 20 i 48 5 S
c-Myc /2 J5U i B PR 2 5 1) R B e s IR 7, 2 595
A AEYEFE ; CyclinD 1 7] HE S 40 i 17 S 133k
JE U121, XTAPER [ A Bel-228 1A I 52 00 T 41 5%
DRl 091, bk SRR, Sty B M 3 3 4100 o1 J% e
AN ARG TE . ARBR DU LGS 2 Hig R, RIE
XoF B e g ) A AR, L v = Y O P
RORTE R . A, EMTAHH IR bR I 45 51 BoR,
il E-cadherin£& H 7K ~F 7] 3 i 1) 55 o 8] 32 42 55
HCAH B, Claudins 3R A o AL 52 M ' %5 2 2 5 88
M Fibronectin 3= L AE 41 g 48 3E i AR 2R, 4l i f%
FEARAL AR, =35 V) IR O ) 40 R AT ) T e 1%, 2
H5EMT#EFE U], By 5 w4 4b PR 5, BIU-8 741 i
tH E-cadherinfl Claudins#& & i, Fibronectin®
KN, RO R B A FR FE BRI, FE A B
YT R AL AR | BN i T WO B 400 | % IO o 4
i EMT L 2 .

HMGB 1-RAGEf # 7 )i o R 35 E AR,
HMGB UE 3 —Fh i 6 40 56 53 ¥, 7E M i 5 o
PR, 1B 45 A RAGEWIE Fif I NF-xBZ%(5 5
B (p-p65/p6542 K BEWIE R R ), (e 3k iR & iy 3%
FEAEEARL O BTN, AR, FHISTHMGBI-
RAGE:# % v #fi] [y 40 B AR K AT A U7 AR5
gh IR 5 2 FRA, Bt B MO R FE RS A, BIU-87 4y
HMGBI1. RAGEZ /KA A p-p65/p651E 2
BREARR, EL v 771 i e 1) S8R A e, B i E e
S0 BIU-8 741 s -F HMGB1-RAGEIB B % . N
T k2D B8 IR 1% 0 % 1E B e B R R 1E A AL
], 76 7 A e T T RGPS N 7S tHMGB1
BUE HMGB1-RAGEIE ¥ , 45 R 1ESE, tHMGB1#EWS
T Bty T W 5F BIU-874H i 386 58 A1 EMT (1) #0014
H, FEAEPUHAR I TR0, 31X 78 55 3 B B £ i i
] HMGB1-RAGE I B80S 8 72 % Bt 3 5 . 98
TZFIEMTHEFE o

g b, AR T UUE S B e i 3 0 )
HMGB 1-RAGE 8 #3307 3t 1 7 R i) 5% e e 4 14

FEFIEMT, ¥ SAMIE T, X —RICAIER E bt
FRYTITRE V38R Ja8maitt— DI RS AN
i PR TS A I iy e D AEAR Y IR S8R B S %2
SNk, Bt RS HEIR T IR VA BOCCRR .
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