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Abstract. Objective
cancer cells by regulating the liver kinase Bl (LKB1)/AMP - activated protein kinase ( AMPK) signaling pathway.
Methods
40 pg + mL™") midazolam on the proliferation of HCT116 cells. 20 pg -

To explore the effects of midazolam on the proliferation, invasion and apoptosis of colorectal

Cell counting kit — 8 method was used to detect the effects of different concentrations (5, 10, 20 and
mL ™" midazolam was selected for the
subsequent experiments. HCT116 cells were grouped into blank group (no treatment ), midazolam group (20 ug + mL™'
midazolam) , si — NC group ( transfected with si — NC plasmid ), si — LKB1 group ( transfected with si — LKBI
plasmid) , midazolam + si — NC group ( transfected with si — NC plasmid +20 pg + mL ™" midazolam) and midazolam +
si — LKBI group ( transfected with si — LKB1 plasmid +20 pg + mL~' midazolam). Flow cytometry, cell countig kit —
8 (CCK -8), EdU and Transwell experiments were used to detect changes in cell apoptosis, proliferation and
invasion. Quantitative reverse transcription polymerase chain reaction (qRT — PCR) was used to measure the LKB1 and
AMPK mRNAs. Western blot was used to measure the proliferating cell nuclear antigen (PCNA) , cysteinyl aspartate —
specific protease 3 ( caspase — 3 ), matrix metalloproteinase 9 ( MMP —9) | liver kinase Bl (LKB1) and AMP -
activated protein kinase ( AMPK) proteins. Results The EdU positive rates of the blank group, midazolam group,
si —NC group, si — LKB1 group, midazolam + si — NC group and midazolam + si — LKBI group were (62.52 +6.38)% ,
(35.26 +3.64 )%, (61.95 +6.24)% , (88.63 +8.94)%, (36.05 +3.71)% and (55.62 +5.67)%,
respectively; the proliferation rates were (90.85 + 9.04 )%, (48.85 + 4.92)%, (91.04 + 8.92)%,
(129.32£13.05)% , (49.05 = 4.98)% and (79.86 = 8.11 )% , respectively; the apoptosis rates were
(5.05+0.53)%, (20.22 +2.15)%, (4.86+0.49)%, (3.11 +0.35)%, (19.86 + 2.08)%
(8.77 £0.91) % , respectively; the invasion numbers were 198. 64 +20.45, 122.53 +12.37, 195.32 +20.34,
286.61 +29.33, 123.64 +12.46 and 176. 64 = 18. 06, respectively; the relative expression levels of LKB1 mRNA
were 0.93 £0. 10, 2.86 £0.31, 1.08 +£0.12, 0.57 £0.07, 2.78 £0.29 and 1.55 £ 0. 17, respectively; AMPK
mRNA were 1. 06 £0. 11, 2.25 +0.24, 0.98 £0. 10, 0.42 £0.05, 2. 19 £0. 23 and 1. 35 +0. 15, respectively; the
relative protein expression levels of PCNA were 0. 79 £0. 08, 0.42 +£0.05, 0.81 +0.09, 1.22 +0.14, 0.46 +0.05
and 0. 68 £0.07, respectively; Caspase — 3 were 0.92 + 0.10, 1.44 + 0.16, 1.03 = 0.11, 0.51 = 0.06,
1.48 +0.16 and 1. 07 £0. 11, respectively; MMP -9 were 0.98 +£0. 10, 0.52 +0.06, 1.01 £0.12, 1.53 +0.17,
0.58 £0.06 and 0. 82 +£0.09, respectively; LKB1 were 0.31 +0.03, 0.76 £0.08, 0.34 £0.04, 0.15 £0.02,
0.72 £0.08 and 0.45 +£0.05, respectively; AMPK were 0.44 £0.05, 0.85 £0.09, 0.42 +0.05, 0.23 £0.03,
0.80 £0.09 and 0. 57 £0. 06, respectively. For all these indicators, compared between the midazolam group and the

and

blank group, the si — LKB1 group and the si — NC group, the midazolam + si — LKBI group and the midazolam +
si = NC group, and the si — LKB1 group, all showed statistically significant differences (all P <0.05). Conclusion
Midazolam activates the LKB1/AMPK signaling pathway, inhibits the proliferation and invasion of colorectal cancer
cells, and induces their apoptosis.

Key words: midazolam; colorectal cancer; liver kinase B1/ adenosine monophosphate activated protein kinase

signaling pathway; invasion; proliferation; apoptosis
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AP20240410 - 05, VL7522 & A= W) BHE A BR A Wl A4 775
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AT T o
2.3 HCT116 fRa45 AR A1
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si — NC 4] \BRiEMEC + si - LKB1 4, Hi s (P4 AR
ALFE s BRGA S L 20 pg - mL T AR EE si - NC 4
si — LKBI414 5|56 Y% si — NC si — LKBI Jfifi & HCT116
AIH s BRIAMR A + si — NC 2 BKIAMEG + si — LKBI 44y
SEEYL si NC.si LKB1 JJoRz, 304 20 pg - mL ™" BE s ms £
AEFRANAE 48 h 5 HEFFREARASI
2.4 CCK -8 £383% EdU it &l HCT116 48
H@,iﬁgﬁﬁ[u_lﬂ

W 41 M B Fh 2 FLAR (96 FL,2 x 10° 41l , &
AR AR 4 2. 27 R #E AT CCK - 8 52
B A I
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WA 2 h, 585 F 4% 2R B RS €, 0. 5%
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YA AT
2.6 LETROLE SR RE SR ( quantita-
tive reverse transcription polymerase chain reaction,
qRT - PCR) ;%#&il] HCT116 ZAsh LKB1 1 AMPK
mRNA %z

TRIzol {7 %41 HCT116 41 it 43 25 2 RNA, F
AN AAAZ A R G R ) 6 00 B SR BB R AR
WEAZ IR , TN B8 A% B 4% B2 4 2 Applied Biosystem
7900 F&iHr qPCR I ) S i Al . I 5 45 = e 5|
WIS . PCR RN AT 76 95 C I WG4
£S5 min, i f5 35 DAZPEEER (95 °CL45 s) (B ok
(60 °C ,45 s) FIIEI (68 °C,15 ), B - actin T
— Ak, Horr (il 27 R SR N Rk, B A
LKBI1, 1F [i] 5" = GAGATGGACTTATATGAGGACTAC - 3’
FZ 1] 5" — TTGCTGCTAACACTTGAGAC -3’ ; AMPK
E T 5" — AACTGCAGAGAGCCATTCACTTT - 3' 1
M 5 - GGTGAAACTGAAGACAATGTGCTT - 3';
B —actin, iF [i] 5" = TGGAGTCCACTGGCGTCTTC — 3’
FI ] 5" = GCTTGACAAAGTGGTCGTTGAG -3,
2.7 Transwell 2L 54 HCT116 S22

B HCT116 4HE(5 x 1042 i0) 380 %) Transwell
M bR v, Hodr Transwell AR 32HTFHEE B E 1 h,
TAUAFRE A 10% JG4F 1035 ) DMEM 35535, F AL
S TCIMTE DMEM £33 58, B2 40 10 min 0. 5% %%
Fn Y 10 min, XHZ 224 IHET T4
2.8 FE A RENIT % #& M PCNA, Caspase — 3,
MMP -9 LKB1 1 AMPK &/ %ix"!

FHCRT S BE TOTE 73 A7 28 vh e vk - 24 ik 20 i,
4 CTFLL1.2%x10% r » min "B 15 min Ja, & F
WOIT ] — = Ay R R el e A 1 MR g
T RE IR BN — B DN A T i B R P K 0 B R 1 B
40 pg, RSB L. B PAIBS RSB R D
B[, 358 Ak 2% A a0 AT Ak R 1 B B R B
15 w5 Hr o
3 GitEaE

FH SPSS 26. 0 3K AT 51T 3 M BHELL x =5
FOR, Z A R A R Oy 22 4, #E— 2P AT
SNK - g5 .

# R

1 FRERERKEM ST HCT116 4 A iE5HE A= 0T

1020 140 pg - mL ™" BRikms A FE HCT116 41,
WORE R A 0 pg - mL7 BRGA R G B 2 AR (3
P<0.05),5 pg + mL ™' BRABR G5 O pug - mL ™ BRGARR S

Fi FEGE T % L 22 R RS 2E B (P >0.05), Hi
20 pg - mL " BRI AN ERANM S S AR 50% , R
DABKIAMECHR R 20 g » mL ™ A TIREERFTT, WA 1,
2 BRIEMECITEE HCT116 40 At 58 35 1Y 9 840
525 FIAUA EL, DRIRME-C 21 40 i EdU BH 5% 3
FEAI W AR (1 P <0.05) ; 5PIPEXT BRZA AR L,
Tt LKB1 20 411 it EAU BHAE 3R 3 5 2R 35 8 25 38 m
($P <0.05) ; EGBKIEMEAL + BHPEXT BRATAR LL , KA Mg
£ + T4 LKB1 4140 EAU PR 38 5 2R 1) i 2 1
TP <0.05) ; 54 LKB1 ZHAH LG, BRIk + T
Pt LKB1 4141/ EdU FHPE 5 45 56 24 B 2 RRAIG (34
P<0.05), 32,
3 BREMOITEE HCT116 40 AE T 3L B B0
234 KA A (si - NC 41 . si — LKB1 41 B
KA + si - NC ZHFIBKIA MG + si — LKBI 2 (1) 40
08 TR A4 B (5. 05 £0.53) % . (20.22 £2.15)% .,
(4.86 +0.49)% (3.11 £0.35)% .(19.86 £2.08) %
FI(8.77 £0.91) % , 575 (A4LAH L, bRk 4 i 3

F1 RFEVEE R PRIAME-S X HCT116 41103 58 15200 (5 + 5)
Table 1
proliferation of HCT116 cells (x £s)

Effects of different concentrations of midazolam on the

Group n Proliferation rate( % )
0 g+ mL™! 6 91.05 +8.51
5 g+ mL™! 6 87.12 +8.82
10 pg - mL~! 6 68.04 £7.02**
20 wg + mL~! 6 49.24 +5.02*
40 pg - mL™! 6 20.73 £2.25**

Compared with 0 pg - mL~" group, ** P <0.01.

F2 54 HCT116 Ui s ARk (x = 5)
Table 2 Changes in proliferation of HCT116 cells in each group

(x%5)

Group n  Proliferation rate( % ) EAU positive rate( % )
Blank 6 90. 85 +9. 04 62.52 +6.38
Midazolam 6 48.85+4.92* 35.26 +3.64 *

si - NC 6 91.04 +£8.92 61.95 +6.24

si — LKB1 6 129. 32 +13. 05* 88. 63 +8.94%
Midazolam + si — NC 6 49.05 +4.98 36.05 £3.71
Midazolam +si —LKBI 6 79.86 £8. 1120 55.62 =5, 6740

Blank group: No treatment; Midazolam group; Treated with 20 wg + mL ™!
concentration; si — NC group, si — LKB1 group: Transfected si — NC and
si — LKBI1 plasmids into HCT116 cells,respectively; Midazolam + si — NC
group, Midazolam + si — LKB1 group: Transfected si — NC and si — LKBI
plasmids , respectively, and treated the cells with 20 pg - mL ™" midazolam;
Compared with blank group, * P <0.05; Compared with si — NC group,
#P <0.05; Compared with midazolam + si — NC group, 2P < 0.05;
Compared with si — LKB1 group, ©P <0. 05.
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NP <0.05) ;5 si — NC 414H L, si — LKBI 21 g [
(P <0.05) ; 5BRAMRA + si—NC AR, BRIAMAS +
si — LKB1 41 i 3 F4{% (P <0.05) ; 5si - LKBIZHAH L, B
RS +si — LKBI 20 g 40 (P <0.05) ,

4 BREMS YT &4 HCT116 ST Em

5 R 198. 64 £20. 45 AL, DKk w4 2H 41
MIfR 2% (122,53 +12.37) B E L (P <0.05) ;5
si — NCZ1f#% 195. 32 +20. 34 b, T4t LKB1 4140 i
2840 (286.61 +29.33) i EH (P <0.05) ; 5k
IR +si— NC 21 123. 64 +12.46 AH L, BRIk M
+ T3¢ LKB1 4140152850 (176. 64 + 18.06) i, 2 i
(P <0.05) ; 54 LKB1 ZHAH e, BRIAmE4 + T3
LKB1 4 4 {2 2850 i Z PR (P <0.05) , WA 1
5 BEEMST&4E HCTI16 403 LKB1 1 AMPK
mRNARIAE T B F5 0T

523 T4 A FE, WK 3k e A4S 20 40 i LKB1 il AMPK
mRNA F{ XF 35 K B (# P <0.05) ;5
si— NCZL# L, si — LKBL 4140 ffi iy LKB1 H1 AMPK
mRNAFFXS B K- 34 W BRI (1 P <0.05) ; 5K
KA +si - NC 4UAREE, BEs M4 + si — LKB1ZH 41 g
) LKB1 I AMPK mRNA AH X} &3k 7K - 35 5 3 FEAIK
(P <0.05); 5 si — LKB1 ZH4H L, ok kw4 +
si — LKB1Z140faf LKB1 F1 AMPK mRNA 5%} 324 7K
PR ERE () P <0.05), L3k 3,

6 Bkik M S &K AHA HCTII6 4 iz PCNA,
Caspase -3 . MMP -9 LKB1 fl AMPK ZQRIET
A:opA)

525 FVAAH B, BRIk w4 2H 41 fifd Caspase — 3,
LKB1 FI AMPK 2 [ A XF 323k 7K 13 i 34, PCNA
I MMP - 9 25 [ A X 3% 3k 7K F 34 2 R R (3
P<0.05); 5 si - NC 41 kb, si — LKB1 41 41 ifd (1)
Caspase —3 LKBI F1 AMPK # AR XS 357K 134 i 2%
FAIG, PCNA I MMP — 9 5 [ AH XT38 7K - 34 Sk 25 3

g
jir TR

si-LKB1 Midazolam+si-NC Midazolam+si-LKB1

B 1 #41 HCT116 4ifuiaZe484k

Figure 1  Changes in invasion of HCT116 cells in each group

(¥ P <0.05) ; 5WKIEMEL +si — NC 41AH EE, DRIk
me> + si — LKB1 2 41 Jifg /Y Caspase — 3, LKB1
AMPK 5 FIAHX IR KT 8 2 FAIK, PCNA il MMP -9
MR R BRI B EHIN (Y P <0.05); 5
si — LKBIZHAH L, KA s + si — LKB1 ZH 40 g 1Y
Caspase —3 .LKB1 Fl AMPK 75 [ A X} 214 7K -2 b 2%
BT, PCNA il MMP -9 2 [ AH X 2 38 7K 734 B 25 1%
flR(¥) P <0.05) , WK 2 K4,

#3 K41 HCT116 4i}fs LKBI mRNA F1 AMPK mRNA Af%f 7
KA (% £35)

Table 3 Changes in the relative expression levels of LKB1 mRNA
and AMPK mRNA in HCT116 cells of each group (x +s)

Groups n LKB1 mRNA AMPK mRNA
Blank 6 0.93 0. 10 1.06 +0. 11
Midazolam 6 2.86+0.31" 2.25+0.24"
si—NC 6 1.08 +0. 12 0.98 +0. 10
si — LKB1 6 0.57 0. 07* 0.42 £0. 05*
Midazolam + si NC 6 2.78 £0.29 2.19%0.23
Midazolam + si LKBI 6 1.55 +0. 1740 1.35+0. 1520

Dose and n refer to Table 2; LKBI ; Liver kinase Bl ; AMPK: AMP - acti-
vated protein kinase; Compared with blank group, * P <0.05; Compared
with si — NC group, *P <0. 05; Compared with midazolam + si — NC group,
AP <0.05; Compared with si — LKBI group, P <0. 05.

PCNA ------ 36 kDa

Caspase-3 -.---- 19 kDa

MMP-9 ---.-- 92 kDa

Lkl we— D s s S SEES 5 (Do

AMPK ------ 62 kDa
A B (¢ D E F

2 EEFIBENEAG I AN - S A MIAZ TS (PCNA) R
PRRA R IR 11 3( Caspase —3) (@ 1 HE 9(MMP -9) i
ity B1(LKBL) Flis A 2K 3 (AMPK) 8 XK

Figure 2
antigen ( PCNA ),

Relative expression levels of proliferating cell nuclear
cysteinyl aspartate — specific protease 3
(Caspase —3), matrix metalloproteinase 9 ( MMP - 9 ), liver
kinase B1 (LKB1), and AMP - activated protein kinase ( AMPK)
proteins in cells detected by Western blot

A: Blank group; B: Midazolam group; C: Negative control group; D:
LKB1 interference group; E: Midazolam + negative control group; F:

Midazolam + LKBI interference group.
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Table 4 Changes in the protein expressions of PCNA, Caspase —3, MMP -9, LKBI1, and AMPK in HCT116 cells of each group (x )

Groups n PCNA/ - actin Caspase —3/B —actin ~ MMP -9/8 — actin LKB1/B - actin AMPK/B - actin
Blank 6 0.79 0. 08 0.92 0. 10 0.98 £0. 10 0.31 0. 03 0.44 0. 05
Midazolam 6 0.42 +0.05* 1.44 0. 16" 0.52 +0.06 * 0.76 +0.08 * 0.85+0.09 *
si - NC 6 0. 81 +0.09 1.03 +0. 11 1.01 0. 12 0.34 £0.04 0.42 £0.05

si — LKBI 6 1.22 0. 14* 0.51 £0. 06" 1.53 £0.17* 0. 15 £0. 02* 0.23 £0.03*
Midazolam + si NC 6 0. 46 0. 05 1.48 +0. 16 0. 58 0. 06 0.72 0. 08 0. 80 0. 09
Midazolam + si LKBI 6 0.68 +0. 0720 1.07 £0. 1140 0.82 £0.092H 0.45 £0.0520 0.57 0. 0625

Dose and n refer to Table 2 ; Compared with blank group, * P <0.05; Compared with si — NC group, #P <0. 05; Compared with midazolam + si — NC group,

AP <0.05; Compared with si — LKB1 group, JP <0. 05.
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