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Molecular mechanism of lidocaine on proliferation and
apoptosis of pediatric acute myeloid leukemia cells by
regulating STAT3

AN Rui, FU Dandan, GUO Nana, YU Fengqin
(Department of Pediatrics, Zhengzhou Maternal and Child Health Hospital, Zhengzhou 450000, China)

Abstract Objective: To investigate the effect of lidocaine on proliferation and apoptosis of pediatric acute myeloid
leukemia cells and its mechanism. Methods: Acute myeloid leukemia cell line HL-60 and K562 was treated
with lidocaine at a final concentration of 0.2 mmol/L, 0.5 mmol/L, 0.75 mmol/L, respectively, and normal
cells without any treatment were used as control (Con) group; si-NC, si-STAT3 was transfected into HL-60
cells, recorded as si-NC group, si-STAT3 group; pcDNA3.1, pcDNA3.1-STAT3 was transfected into HL-60
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cells and treated with 0.5 mmol/L lidocaine recorded as LID 0.5 mmol/L + pcDNA3.1 group, LID 0.5 mmol/
L + pcDNA3.1-STAT3 group; all transfections were performed by liposome method. Protein expression
was detected by Western blot; cell proliferation was detected by MTT assay; apoptosis was detected by flow
cytometry. Results: Lidocaine inhibits the expression of CyclinD1 and Bcl-2, promotes the expression of p21
and Bax, inhibits the proliferation of HL-60 and K562 and promotes apoptosis. Lidocaine also inhibits the
expression of STAT3, and inhibition of STAT3 expression can inhibit the proliferation of HL-60 and promote
cell apoptosis. Overexpression of STAT3 reversed the proliferation inhibition and apoptosis-promoting effects
of lidocaine on HL-60 cells. Conclusion: Lidocaine can inhibit the proliferation of HL-60 and K562 cells and
promote cell apoptosis. The mechanism may be related to the regulation of STAT3. It will provide new ideas

and new targets for the treatment of acute myeloid leukemia.
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Figure 1 Effect of lidocaine on the expression of HL-60 and K562 proliferating protein

(A)FI 22 PRI A0 HIL -6 031 B 2 1 AR RS2 5 (B) A 22 R X AR UK S 6 288 B 2 14 AR Y ST

(A) Effect of lidocaine on the expression of HL-60 proliferation protein; (B) Effect of lidocaine on the expression of KS62 proliferation

protein.

=1 A& FEXNMIAHL-60FIKS62iE RIS (X + 5, n=6)
Table 1 Effect of lidocaine on the viability of cell HL-60 and K562 (x + s, n=6)

HL-604M i 15 PE (OD 490 ) KS62ZH I 15 1 (OD 400 )
215
24h 48h 72h 24h 48h 72h
Con#l 0.43 + 0.04 0.72 + 0.07 1.20 £0.12 0.44 + 0.04 0.78 + 0.08 126 £0.13
LID 0.2 mmol/L41 0.33 + 0.03" 0.54 + 0.05" 0.89  0.09" 0.30 + 0.03" 0.51 + 0.05" 0.84 + 0.08"
LID 0.5 mmol/L4H 0.24 +0.02" 0.37 + 0.04™ 0.62 + 0.06™ 0.20 £ 0.02™ 0.32+0.03" 0.56 £ 0.05™

abc

LID 0.75 mmol/LZ 0.16 = 0.01™* 0.25 £ 0.02™ 0.41 £ 0.04™ 0.12+£0.01™  020+0.02™  0.34+0.03
F 108.267 107.064 101.372 228.400 225.735 212.315

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

5 Condl He#%, *P<0.05; 5LID 0.2 mmol/LAI L, "P<0.05; 5LID 0.5 mmol/LAI S, P<0.05.
Compared with Con group, 'P<0.0S; compared with LID 0.2 mmol/L group, °P<0.05; compared with LID 0.5 mmol/L group, ‘P<0.05.

T2 7 ZFEXHL-6041/ . Kse24 i EAMMXERRRIENHM(x £s, n=6)
Table 2 Effect of lidocaine on HL-60 and K562 cell cycle related protein expression (X +s, 1n=6)

HL-60 K562

2051

Cyclin D1 p21 Cyclin D1 p21
Con#ll 1.04 +0.10 0.23 +0.02 1.010.10 0.21 £ 0.02
LID 0.2 mmol/LZH 0.82 £ 0.08" 0.38 + 0.03" 0.75 £ 0.08" 0.35 £ 0.03°
LID 0.5 mmol/L4] 0.57 +0.06" 0.50 +0.05" 0.46 + 0.05™ 0.63 = 0.06"
LID 0.75 mmol/L4 0.40 = 0.04™ 0.76 + 0.07" 0.32 = 0.03™ 0.86 = 0.08™
F 87.657 138.552 171.939 268.115
P <0.001 <0.001 <0.001 <0.001

YjConffl L4, 'P<0.05; HLID 0.2 mmol/LALHLEE, °P<0.05; §LID 0.5 mmol/L4L HL4E, “P<0.05.
Compared with Con group, *P<0.05; compared with LID 0.2 mmol/L group, "P<0.05; compared with LID 0.5 mmol/L group, ‘P<0.05.
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Figure 2 Effect of lidocaine on apoptosis of cell HL-60 and K562
(A)FIZRE XA HL-60 FIKS62JH T F52 M 5 (B) A1 2215 BRI X 21 U HL -60 FNK S 6208 T~ 8K 14 1 435 A 52
(A) Effect of lidocaine on apoptosis of cell HL-60 and K562; (B) Effect of lidocaine on the expression of HL-60 and K562 apoptotic protein.

F3FSFEMAMHAL-60FIKS62 B T M (x s, n=6)

Table 3 Effect of lidocaine on apoptosis of cell HL-60 and K562 (x =5, 1n=6)

PI

LID 0.75 mmol/L

HL-60
10 T ||V“|| T ||-|| |||l"| TTTE
10° 10' 10> 10® 10*
-
Annexin V-FITC
LID 0.75 mmol/L
"
10 =
10’
10’
E K562
T TTTe
10" 10* 10*® 10*
»
Annexin V-FITC
o
N &
&
& & &
& © K
Q Q S
> > W

— a— g G

Gy PR p—  p—

GAPDH (ump @D @uuD )

HL-60 K562
2857

Bax Bcl-2 T2 /% Bax Bcl-2 AT /%
Con#i 0.19 + 0.02 0.78 +0.07 7.73 £0.72 0.20 + 0.02 0.81 +0.08 8.15 +0.82
LID 0.2 mmol/LZH 0.36 + 0.03 0.57 + 0.06 12.26 + 1.31 0.32 + 0.03 0.55 + 0.05 11.06 + 1.21
LID 0.5 mmol/L41 0.84 + 0.08" 0.31 +0.03" 26.76 £2.73" 0.71 +0.07 0.34 + 0.03 23.72 +2.36"
LID 0.75 mmol/L 1.02 +0.1 0.12 + 0.01 31.17 +3.26 0.98 +0.10 0.17 = 0.02 27.07 +2.86
F 311.644 317.937 224.373 285.833 269.265 201.640
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

5 Con1LLHL, "P<0.05.
Compared with Con group, ‘P<0.05.
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STAT3 . S Table § Effect of inhibition of STAT3 on proliferation of
HL-60 cells (x s, n=6)
GarDr M -
e Cyclin D1
3 7 % £ B X B HL-60- STAT3 & H BRI IR A STAT3 &I £ p21 [
Figure 3 Effect of lidocaine on STAT3 protein expression in
cell HL-60 si-NC 074+0.07  1.04+0.10  0.23+0.02
si-STAT3 0.22 + 0.02° 0.42 + 0.04" 0.68 +0.07"
NIy
R4 7S FE X HHHL-60FKS 62 H STAT3 3% A t 17.496 14.101 15.141
(x+s, n=6)
Table 4 Effect of lidocaine on STAT3 expression in cell HL- p <0.001 <0.001 <0.001
60 and K562 (x £s, n=6) )
- AT (OD o.m)
‘AT3 ZH 5
41 o 24h 48h 72h
HL-60 KS62
ConZ{ 0.71 £ 0.07 0.74 £ 0.07 si-NC 0.43 £ 0.04 0.72 £ 0.07 1.20+0.12
LID 0.5 mmol/L4 0.14 £ 0.01° 0.21 £0.02 si-STAT3 026+002 0394003 065+ 0.06
t 19.74S 21.840
t 9.311 12.999 10.042
p <0.001 <0.001
5 ConZfl Fe#s, *P<0.05. p <0.001 <0.001 <0.001
Compared with Con group, ‘P<0.05. 5si-NCHL L3, *P<0.0S.
Compared with si-NC group, ‘P<0.05.
si-NC  si-STAT3
STAT D — %6 MHISTAT3 A HBHL-60AT- M M(x £ 5, n=6)
CydinD1 M- Table 6 Eﬁﬂ'ect of inhibition of STAT3 on apoptosis of HL-
60 cells (x £s, n=6)
P21 — 415 Bax#k 4 Bdl-22EH AT /%
Bax | SE— - si-NC 0.17 £ 0.02 0.76 £ 0.07 8.03 £0.82
B2 W — si-STAT3 0.66 £0.06°  0.25+0.02" 22.18+1.73"
GAPDH M t 16.978 17.160 18.889
Fl4 HHISTATSX HANHL-60H%E . AT B R F XM P <0001 <0001 <0.001
Figure 4 Effect of inhibition of STAT3 on proliferation and Hsi-NCAL L #, *P<0.05.
expression of apoptosis protein in HL-60 cells Compared with si-NC group, *P<0.05.

2.5 jF&iE STATS BEF 3 F £ K E XM HL-60  pcDNA3.1414HH,, LID 0.5 mmol/L+pcDNA3.1-

wE., BATHER STAT 341 HL-604M i i P i 3 F+ &5 (P<0.05) . Uit
B EP AR A5 R 7 . 5 LID 0.5 mmol/L+ 2K I 25 R 7R . 5LID 0.5 mmol/L+
pcDNA3. 1414, LID 0.5 mmol/L+pcDNA3.1- pcDNA3. 1414, LID 0.5 mmol/L+pcDNA3.1-

STAT34 HL-6041 i ' STAT3, Cyclin D1, Bcl-2 STAT3ZLHL-6041 i 1Y 8 1= % & 5 F# (K (P<0.05;
TR B ETHE; p21 MiBaxF ik KF b EFET Ks, %7, %£8).
(P<0.05)s MTIERIZE R /R : 5LID 0.5 mmol/L+
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Figure S Overexpression of STAT3 reverses the effect of lidocaine on the proliferation and expression of apoptotic proteins in HL-

60 cells
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Table 7 Overexpression of STAT3 can reverse the effect of lidocaine on the proliferation of HL-60 cells (x +s, n=6)

AT 1 (OD 00 )

ZH 51 Cyclin DIFEH pZIE &

24h 48h 72h
ConZl] 1.04 +0.10 0.23 +0.02 0.43 £ 0.04 0.72 + 0.07 120 +0.12
LID 0.5 mmol/L4] 0.57 + 0.06" 0.50 + 0.05° 0.24 +0.02° 0.37 + 0.04' 0.62 + 0.06"
LID 0.5 mmol/L+pcDNA3.14] 0.55 = 0.05 0.52 +0.05 0.22 +0.02 0.35 +0.03 0.61 + 0.06
LID 0.5 mmol/L+pcDNA3.1-STAT34H 0.78 + 0.08" 0.37 +0.04° 0.34 + 0.03" 0.51 +0.05" 0.86 + 0.08"
F 55.644 61.829 68.546 70.525 65.736
p <0.001 <0.001 <0.001 <0.001 <0.001
LCon#l e, *P<0.05; SLID 0.5 mmol/L+pcDNA3.I4LH#, "P<0.05,
Compared with Con group, *P<0.05; compared with LID 0.5 mmol/L+pcDNA3.1 group, "P<0.05.
T8 TR IASTATIREF 55 F) 2+ B X BIHL-60 AT BN (x £5, n=6)
Table 8 Overexpression of STAT3 can reverse the effect of lidocaine on apoptosis of cell HL-60 (x 5, n=6)
451 STAT3% M Bax#E [] Bcl-28 P25 /%
Con#f] 0.72 0.07 0.19 + 0.02 0.78 + 0.07 8.27 £ 0.84
LID 0.5 mmol/L4] 0.16 + 0.01° 0.84 = 0.08" 0.31 +0.03' 26.76 + 1.96°
LID 0.5 mmol/L+pcDNA3.1 0.15 +0.01 0.86 + 0.08 0.30 +0.03 26.77 + 1.97
LID 0.5 mmol/L+pcDNA3.1-STAT3H 0.44 +0.04° 0.56 + 0.05" 0.51 +0.05" 15.12 +1.53"
F 262.537 149.949 132261 198.546
p <0.001 <0.001 <0.001 <0.001

5 ConfH H#%, *P<0.05; SLID 0.5 mmol/L+pcDNA3.14H L4, "P<0.05.
Compared with Con group, *P<0.05; compared with LID 0.5 mmol/L+pcDNA3.1 group, "P<0.05.
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