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Quercetin Modulate AMPK Activity and Induce Apoptosis and Autophagy in HL.—60 Cells
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Abstract: [Objective] To explore the anti— leukemia mechanism of quercetin through observing apoptosis and
autophagy of HL—60 cells and examining the expressions of AMP—-activated protein kinase (AMPK). [Methods] The
effect of quercetin on apoptosis and autophagy in human acute myeloid leukemia HL—60 cells were detected by flow
cytometry, Western—blot and electron microscopy. The proteins expression of AMPK, p—AMPKin HL-60 cells incubated
with quercetin were tested by Western—blot. Western—blot and flow cytometry were used to test the AMPK and p—AMPK
expressions and the chang of apoptosis and autophagy in HL-60 cells, which were incubated with quercetin and AMPK
inhibitor (Compound C). [Results] Quercetin induced cell apoptosis. The quercetin concentrations and time of action
were both the major factors affecting the apoptosis of HL—60 cells. The autophagosomes were observated by electron

microscopy in HL—60 cells which were incubated with different concentrations of quercetin (25, 50 wmol/L) for 24 h and
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48 h. The difference of autophagy fluorescence intensity which were analyzed by flow cytometry were significant among the

control groups and the different concentration quercetin groups (P = 0.001). The difference of LC3 I/ I ratios were also

significant among the control group and the different concentration quercetin groups (P < 0.001). Quercetin activated the
phosphorylation of AMPK in HL-60 cells (P = 0.001).While HL- 60 cells were incubated both with quercetin and
Compound C, Compound C can not only inhibit the phosphorylation of AMPK, but also the apoptosis and autophagy

induced by quercetin in HL-60 cells. [ Conclusions ] Quercetin induced apoptosis and autophagy in HL—60 cells through

modulated the activity of AMPK.
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Table 1 The apoptosis rates of HL—60 cells incubation with quercetin (n=6)
uercetin/ (pmol/L,
Q (r ) F P
0 25 50 75 100
24 h 4.82 +0.52 14.18 + 3.37 26.20 + 1.51 32.26 + 2.63 41.29 +4.28 80.04  0.00
48 h 5.09 = 0.85 30.80 = 1.06 40.22 £ 0.99 50.18 + 4.20 67.50 = 4.38 203.92 0.00
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The apoptotic rates of HL-60 cells were detected by flow cytometry after the cells incubated with quercetin (0, 25, 50, 75, 100 wmol/L) for
24 h (A) and 48 h (B). The early apoptosis was defined as PI (=) AnnexinV-FITC (+) ; the late apoptosis was defined as PI (+) AnnexinV-FITC
(+). a: Quercetin 0 pmol/L, b: Quercetin 25 pmol/L,, ¢: Quercetin 50 pmol/L, d: Quercetin 75 pmol/L, e: Quercetin 100 wmol/L. C: Apoptosis

rates were expressed in arbitrary units. Each bar represents mean values of 6 independent experiments. The quercetin concentration is one of the ma-

jor factors which affected the apoptosis of HL—60 cells, 1)P < 0.001. D: Interaction effect contour map shows that the interaction is extremely signifi-

cant between the two factors, quercetin concentrations and times of action, P < 0.01.

E1 #WEEER24hK48 h 5 HL-60 2B T- X4,

Fig.1 The apoptosis rates of HL—60 cells incubation with quercetin
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Fig.2 Quercetin induced autophagy in HL—60 cells
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A: HL-60 cells treated with 1 pmol/L. Rapamycinor both with 3-MA for 24 h (n =3). 1) F = 30.13, P = 0.001 among each group; 2)P =
0.01 s control group; 3) P = 0.000 vs Rapa+3—-MA group. B: HL-60 cells untreated or treated with quercetin (25, 50 wmol/L) or both with 3-MA

for 48 h (n = 3). The difference are significant between the groups which were treated with different concentrations of quercetin, 4)F = 42.24, P <
0.001, 5)P =0.002 vs quercetin 25 pmol /L group, 6)P < 0.001 vs quercetin 50 wmol /L group.
B3 mE eI & AR T 5 S 5R
Fig.3 Flow cytometry—based profiling of autophagy detection in HL-60 ells
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Table 2 The ratio of LC3 11/ I in HL—60 cells

Quercetin/ (pmol/L) 5 mmol/L 3MA +Quercetin/(pmol/L)
Control
25 50 25 50
5.20 + 0.42" 1.20 + 0.20” 2.03 + 0.60”

LC3l/ 1 0.92 +0.17 3.59 + 0.70"

n=3,1)F=79.79, P <0.001 among different concentrations of quercetin groups; 2)P < 0.001 vs the single quercetin (25 wmol/L) group;
3) P =0.000 vs the single quercetin (50 pmol/L) group.

#=3  #EE3t HL-60 40 1 p-AMPK/AMPK 3R3£ 981
Table 3 The effect of Quercetin on the ratio of p~AMPK/AMPK in HL-60 cells

C ! Quercetin/(pmol/L) Compound C 25 pmol/L, +Quercetin/(pmol/L)
t

o 25 50 25 50

p—AMPK/AMPK 0.44 +0.12 1.08 +0.11" 1.30 + 0.02" 0.56 + 0.11” 0.43 + 0.14”

n=3,1)F =48.84, P <0.001 among different concentration quercetin groups; 2)P = 0.000 vs the single quercetin (25 wmol/L)group, 3)P <

0.001 vs the single quercetin (50 wmol/L) group.

2)

2)

LC311/ I ratio/au

0
LC31

LC3 1T

GAPDH

Quercetin -~ = 25 pmol/L. 50 wmol/ 25 pmol/L. 50 wmol/L
3-MA - - - + +

1)F =179.79, P < 0.001 among groups; 2) P < 0.001 between

groups.
4 HL-60 4fEh LC31/ 1 HZE{k
Fig.4 The ratio of LC31I/ I in HL-60 cells
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L
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GAPDH }——' — — — |
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Compound C - - - + +

1)F = 48.84, P < 0.001 among groups; 2) P < 0.001 between

groups.
E5 #ilRE = HL-60 4858 K p-AMPK/AMPK RiA IS0
Fig.5 Quercetin activated AMPK in HL—-60 cells
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X ¢ BRI 1= K B Wk B 4 i

AN [v) e B 4 e 25 850 S il Compound C
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inV-FITC+PI e LA I P T- A . 25 2R Wi - A
B 2R v BE AP 1 175 5 HL-60 20 ML 08 12 19 & 2k
(F = 316.41, P = 0.000) ; #it iz & (25 pmol/L) +
Compound C (25 wmol/L) 2 5 #it Bz % (25 pmol/L)
HCH, AR TR R R (P < 0.001) o Hi R
(50 wmol/L)+Compound C (25 wmol/L) 2 5 fz &
(50 wmol/L) L%, M Mu A -3 F [ (P < 0.001; %
4,6).

&4 AMPKBEER L Z 1 R M 52 35 34 HL-60 28R T By
=210
Table 4 The apoptosis level induced by quercetin after
AMPK phosphorylation inhibited

Compound C 25 pmol/L +

Quercetin ( wmol/L.)
25 50 25 50
Apoptosis  16.65 + 1.85 28.35 +1.23 547 £ 0.66" 15.68 + 1.25”

Quercetin/(wmol/I.)

n=6, 1)P <0.001 vs single quercetin (25 wmol/L) groups ;
2)P < 0.001 vs single quercetin (50 wmol/L) groups.

AN ) e BE A Bz 28 sl 5 AN il Compound C 57
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Table 5 The autophagy level induced by quercetin after
AMPK phosphorylation inhibited
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n=3,1)P < 0.001 vs single quercetin(25 pwmol/L) groups; 2) P <
0.001 vs single quercetin (50 pmol/L) groups.
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Fig.6 The apoptosis level induced by quercetin after AMPK phosphorylation inhibited
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