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Effect of urolithin C on proliferation, apoptosis and autophagy
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ABSTRACT Obijective: To discuss the effect of urolithin C (UC) on the proliferation, apoptosis, and
autophagy of the acute myeloid leukemia (AMIL.) HIL-60 cells, and to clarify its mechanism. Methods: The
HL-60 cells were divided into different concentrations (20, 40, 60, 80, and 100 pmol+L™") of urolithin A
(UA) groups, urolithin B (UB) groups, and UC groups. CCK-8 assay was used to detect the proliferation
activity of the cells in various groups; the morphology of the cells in different concentrations of UC groups
was observed under optical microscope. The HIL.-60 cells were divided into different concentrations (0, 20,
40, and 80 pmol-L.™") of UC groups and 3-methyladenine (3-MA) combined with different concentrations
(0, 20, 40, and 80 pmol-L™") of UC groups. CCK-8 assay was used to detect the proliferation activities of
the cells in various groups. The HL-60 cells were divided into control group (0 pmol-L™") and different
concentrations (20, 40, and 80 pmol-L™") of UC groups. The live/dead cell staining method was used to
detect the dead rates of the cells in various groups; flow cytometry was used to detect the apoptotic rates of
the cells in various groups; the autophagy of the cells was detected by autophagy staining kit
(monodansylcadaverine, MDC ) method; real-time fluorescence quantitative PCR (RT-qgPCR) method was
used to detect the expression levels of Beclin 1, autophagy related gene 9 (ATG9), and autophagy related
gene 7 (ATG7) mRNA in the cells in various groups; Western blotting method was used to detect the
expression levels of cysteinyl aspartate specific proteinase-3 (Caspase-3), cleaved cysteinyl aspartate specific
proteinase-3 (Cleaved Caspase-3), microtubule-associated protein 1 light 3 (I.C-3), extracellular regulated
protein kinases ( ERK ), phosphorylated ERK ( p-ERK ), AMP-activated protein kinase ( AMPK ),
and phosphorylated AMPK (p-AMPK) in the cells in various groups. Results: The CCK-8 assay
results showed that after cultured for 24, 48, and 72 h, compared with O ;Lmol'Lfl UA, UB, and
UC groups, the proliferation activities of the cells in different concentrations of UA, UB, and UC groups
were decreased (P<C0.01) with a concentration-and time-dependent manner; at 48 h, compared with
UA and UB, the half-maximal inhibitory concentration (ICy,) of UC was the lowest. The cell morphology
observation results showed that compared with control group, the intercellular connection and the number of
the cells were decreased with the increasing of UC concentration, and the cell fragment was increased. The
CCK-8 assay results showed that compared with 40 and 80 pmol-L ™" UC groups, the proliferation activities
of the cells in 3-MA combined with 40 and 80 pumol-L ™" UC groups were increased (P<C0.05 or P<C
0.01). The live/dead cell staining results showed that compared with control group, the dead rates of the
cells in 40 and 80 pwmol-L~" UC groups were increased (P<C0.01). The flow cytometry results showed
that compared with control group, the apoptotic rate of the cells in 80 pmol-L~" UC group was increased
(P<<0.01). The MDC method results showed that with the increasing of UC concentration, the green
fluorescence in the cells in different concentrations of UC groups was gradually intensified. The RT-qPCR
results showed that compared with control group, the expression levels of Beclin 1, ATGY9, and ATG7

mRNA in the cells in 80 pmol:L. "' UC group were increased (P<C0.01). The Western blotting results
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showed that compared with control group, the expression levels of Cleaved Caspase-3 protein in the cells in

20, 40, and 80 pmol-L™" UC groups were increased (P<C0.01), the ratio of membrane L.LC3 / cytoplasmic
LC3 (LC3-1/LC3-1 ) in the cells in 80 umol-L~" UC group was increased (P<C0.05), and the
ratios of p-AMPK/AMPK and p-ERK/ERK in the cells in 40 and 80 umol-L ™" UC groups were increased
(P<<0.01). Conclusion: UC can inhibit the proliferation of the AML HIL-60 cells, induce the apoptosis

and autophagy, and increase the phosphorylation levels of ERK and AMPK proteins in the cells.
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Z kB8 & (UL (acute myeloid leukemia,
AML) & —Fh i Il R 48 55 51 1Y R & 50 %
Mg, BARMER . RRRE, FEMER. 7R
PR . A AE I R TS 22 SR ARAE . AMLJE A A
e i F W IE L, HARRREAE LA, 2 h
(LAE W 68 %, SARAAF AU N 30. 506 . HED
BEXF AML 093697 Or X EEAER A7 . B mia
J7 T A R AR S ey ek Y, R X 24 R
T SRR EAA N R XS BN R R R, A
T LR FH R 2GR . RO R RRAE T
TY 7R E MY, BRRAERA
(urolithin A, UA). JR A1 % B (urolithin B, UB) .
WA ZEC (urolithin C, UC) FIJRAZED (urolithin D,
UD), HAZRMEWEMSE, ik . b, %
Wi U AL ML K2 R E R S A
AT R P Al e Tk 4R, A0 H WE R T
53 [ 3 Ak 25 ER UL R T 4 0 4 R 4 L T
M, RFZPUERAYAERGRE S S ERERE D,
UA W] § [n] 22 54 2 / 75 24 B2 W W (serine/threonine
kinase, AKT) /WNK # & f& it [ B4 35 1 900G 1
(WNK lysine-deficient protein kinase 1, WNK1) %
AN AW, RAESUMR AR . UB R UC X
20 MO Y R R UL AR E . UA R UB AL i itk
A5 I A A, A AR T, R A e
FIPEF T, AR UC X F s 14 1 FH 1 A D AH G HE .
ABFFE AN AML HL-60 40 il S WF 5% 5, #3 UC
X EL I A0 R A R, O ) 2D e B R OC AR
Bl
1 #R5RE
1.1 @ 2Z2XAMFMNE A AML HL-60 41 i
TR A7 T8 M B 22 B B s BE B BE A AF 5T PO
UA. UB. UC. 4} 8 W i 5] 3- B 3 g i v
3-MA) . W R M w5
Cocktail [ il Cocktail [l g F & E MCE /A F, #HT1-
o R & . CCK-8 37 & A /58 20 R i7% 1 / 85 P

( 3-methyladenine ,

e 0 527 6 W T R M IR 22l A BR A R B o
HH (a-tubulin) B 44 F 40 il G5 Wi G 6 46 I 12 5]
& T EH s REYWEARARAA, &R
iR Y K & & BR & K fif B 3 (cysteinyl aspartate
specific proteinase-3, Caspase-3). {fifb) Caspase-3
(Cleaved Caspase-3) . Tl & #H X & 11 1 & 8 3
(microtubule-associated protein 1 light 3, 1.C3) . 4
Jitd 405 5 U8 55 B (extracellular regulated protein
kinases, ERK) . 7§ R ft ERK (phosphorylated-
ERK, p-ERK) . AMP #K#i i) & [ #% i (AMP-
activated protein kinase, AMPK) Fl# ik AMPK
(phosphorylated-AMPK, p-AMPK) i {40 T 3¢ [
CST 2~ \], BCA # o = e 50 & 7 b i
MR AYARA R, RIPA R B T 5w R 3
FEMBEARAGRAE, Rl ECL L2 &6 BT
R T BB A AR A A, SR PO

1 PCR (real-time fluorescence quantitative PCR,

RT-qPCR) 7 & W F 95 ML | H A R A A,
4 ff S RNA 42 B ) & W 7 58 B Omega 24 A,
S s ) & T 2 EH 2R KA E], RPMI 1640
e S S (R i e W R R e B
TS A A B 2 A o AR Tl AN B 3R R R AR ) %
SR OB N3 Esco /A Rl 4 H sh 4 i i+ 50
T LiEEEYREARAR, 658D MEET
H A Olympus 28\, 2 T fig ok L A ks I A 1 T 56
H2ERp A RAR, Wi im Tk E
D 2wl R 58 A0 3 0 O BE 4SO i B 0 AL I
T 1% [ Eppendorf A w , %% i & PCR A Al 1%
£ 4 F 2 [ Bio-Rad 24 # .

1.2 fafe3Esk ot ® HL-60MMEER10%
5 2 LT A 190 T -4 A R OMPT Y RPMI 1640 K 3%
Frp, BT 37 CMSY CO M FA 9%

1.3 CCK-8 & # @ R Fl 3k B UA.UB = UC 4
HL-60 28 f 38 78 & % BUG 500 HL-60 41 ig 322 70 T
96 fLAH AR IRt , BEALIEFRN 510N 4H A, 4o
AR E (0, 20, 40, 60, 80 K% 100 pmol-L™")
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UA., UBMIUC /A 24 . 48 K2 72 h; B $
KW HL-60 40 Jf £ F0 T 96 FL 40 M 55 5 4, AL 4%
Fi5X10° A4 ML, 2 A EW B (0L 20, 40 Al
80pmol-1.7") UC 4 Al 3-MA B & A [l k(0.
20, 40180 pmol-L™") UCHH, 4iffiZ 1 mmol-L. " 3-MA
oAb P 2 hJ5 4 A0 om MO [ E (0L 20,
40 F1 80 pmol-L™") UC &b 48 h, B L» & Bk K %
B, WAL 100 pL K55 36 R0 10 pl. CCK-8 371,
37 CWEE 2 h, BEFR ORI 1 450 nm &b i W % B
(A) fH, TF5 & 41240 M3 58 05 P, 20 Ml 3 56 05
Th= (ZRAAMH-—FHHAAME) / (WA
AE—2ZHY A{E); >R Graphad Prism 8.0. 14t
TR UA . UB ALUC BY2EE0M # kO (half
maximal inhibitory concentration, IC;,).
1.4 ASBRENESHA@MEH IR PO
A=K HL-60 4 i 42 70 T 6 FL 410 M 55 95 A, B L3
Fft 65X 10° A4 M, 43 0 X 8 41 AR 6] ok (20,
40 180 pmol-L ") UCH, AbH 24 h5 2% B
BEWLER 45 AN TE A K .
1.5 &/t & kil & 4 m 0P 5 b &
B H A K 91 HIL-60 40§ 322 A T 12 FL 40 g 5%
Feth, BALEM AXI0 A, B0, 20,
40 1 80 pmol-L ' UC 4 18 h, 0 pmol-L ' UCH
Jp Xt HR 4, 300 g B 0> 5 min WS A 4140 i,
A 2 pmol-L™" Calcein AM Hl 4.5 pmol- L™t {k
P BE (propidium iodide, PI) et TAEW , 12T,
FIMEE 15 min, PBS P vEdk 3k, %6 R#M
i NS ML, IR RIE A MR . S MR =
FEANA AL/ (3% A+ AEAR ) X 100% .
1.6 AXMmEREnEmmeA =g Bk
K HL-60 40 270 T 6 FLAN M KE 2 b rp, f L4
Flr 6 X 10° 4~ 4 L, 43 A 0. 20, 40 F180 pmol-L™"
UC 4 24 h, 0 pmol-L™' UC 4 Ry xf M4, 300 g
B0 5 min A K AN, PBS ol vk ik 31K,
fA 200 pl PBS 2% o i E A 40, S A 4 pL
Annexin V-FITCIE2J, FAIAS pL PTIR?), &G
8 15 min 5 LU AS AN 1%, i T
R = R 20 B R TR I A R R TR
1.7 mipagddern AN E[ LR
(monodansylcadaverine, MDC) 3 ] #& @] &4 48 & B
L B BUE K HL-60 40 i 4 A T 12 L 40
MR FEAR R, REFLEE R 4107, 4B O,
20, 40 1 80 pmol-1.7' UC 4t # 24 h, O pmol-L™"

UCZ X2, 300 g &0 5 min Y A4 L, Jn A
Assay Buffer # B J5 (19 1XMDC, 78 411 g 55 72 44
37 CilE M F 30 min, F Assay Buffer ¥ ¥ 41 iy
3o B T SN R R, WE sk
PEGIRSE, BIAR A B w0 RRAEPE AR AL

1.8 RT-qPCR & # ® & 48 %8 i, F Beclin 1.ATG9
F2 ATG7 mRNA £ &Z KF HL-60404 0. 20,
40 F1 80 pmol-L ' UC 4 ¥ 24 h, 0 pmol-L ' UCH
F xR, B YRS AN, B RNA 42 BURK
I B AN ML RNA, 3065 5% cDNA FE B qPCR
FEHT . ARG SYBR Green %¢ ' a2 it 3 57 & 1t W 5 it
o my 8, RA R EL£Agmlh H
19 HE P mRNA FRIE K- 519F 5] : Beclinl, |
W 51 ¥ 5'-CCATGCAGGTGAGCTTCGT-3, F
W51 ¥ 5'-G-AATCTGCGAGAGACACCATC-3';
ATGY, F#EsI#5- CTGCCCTTCCGTATTGC
AC-3', Fi##51¥ 5- CTCACGTTTGTGGATGC
AGAT-3'; ATG7, LiiE5% 5 - CAGTTTGCCC
CTTTTAGTAGTGC-3', Fii# 5l 4 5-CCAGCC
GATACTCGTTCAGC-3'; GAPDH, L7 51 %
5-CTCCTCCTGTTCGACAGTCAGC-3', T it
514 5-CCCAATACGACCAAATCCGTT-3,
1.9 Western blotting 3423 &8 2 F Caspase-3
Cleaved Caspase-3\ B & LC3(LC3-1I ). .f % &
LC3(LC3-1).AMPK.ERK,p-AMPK #= p-ERK &
B &ZxAKFE HL-6040M1£: 0, 20, 40180 pmol-L™"
UC 4b B 24 h, 0 pmol-L™" UC 41k % FB4, &L
WA A A, 5 A B e I 77 PMISF A R
it 410 1 5 Y RIPA 240 vk b 24 i A i, 4R O 8
Ho BCA I E & A WE, A LM,
100 ‘C7ZE ¥ 10 min. B 20 pg & 1 K¢ 5 o 47 SDS-
PAGE Bt MUK, WM BB EAL 2 0.22 pm )
PVDF &, 5% BiAS W5k &A1, A —4i 4 CH A
A, £ TBSTUERG, MAZHEREE 1h,
2 TBST % 5, fn A ECL & 8 W 17 i % .
Image J 3347 BRI, 18 H & AR B K
Vo HME A RBKF=HMEASEKEME/ NS
FEEEWIRIEM; A LC3-1/LC3-1 . p-AMPK/
AMPK Hl p-ERK/ERK HAH .

1.10 %# %45 # KM GraphPad Prism 8.0. 14¢
TR HEAT G vt 22 o0 B o A AL 20 386 B 76 1 . BB 4T
JL R4 M O T, A AL R Beclin 1. ATGY
A ATG7 mRNA F£ kK, 4400 Caspase-3.
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Cleaved Caspase-3 5 1 & A K- KL LC3- 11 /LC3-1T |
p-AMPK/AMPK #1 p-ERK/ERK [l ¥ £ & 1F &
A, PlatsF#on, £ 41 IRREAS 5 80 b AR R
PR T 22 40 M, 20 Ta) FE A B 80P P L R T
LSD-r# 5. DL P<<0.05 M ERAHLi¥E X,

2 % B

2.1 XR#%EUAUBA UC 4 49 i 38 75 & R
UA.UB # UC # IC5 48 537 24 h i, 43515

Opmol-L~"UA., UB M UCH L%, A~FHkE
UA 20 #1 UC 20 J 100 pmol-L~" UB £ 41 Jifg % ¥ %
fit (P<<0.05 8 P<<0.01); 48 f1 72 h i}, 4
# 5 O pmol-L™' UA, UB M UC 4 Hi, A Hk
JE UA . UB M UC 41 20 g 38 5 36 Ve X Bk (P<
0.01), H 5 ¥ BRI MR E M. UA. UB M UC
Y& F HL-60 40 i 48 h Y 1C., i 2 % & 18. 25,
28.91#116. 14 pmol-L~", WK 1,

1.5 1.5 7
2z z - 24h 2
= = =
= e ® 48h 8
g 1.0 2 1.0 5
. % &
; ; 72h 5
s = =
£ L5 £ 15 = ** &
S S ok o S
a8y a o
0 . . . i 0 . L = :
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Concentration of UA [c/(#mol - L))

A

Concentration of UB [cs/(#pmol -L7)]

B

Concentration of UC [cs/(#pmol - L))

C

A': Proliferation activities of cells in UA group ('P<C0.01 ws 0 pmol-L "' UA group) ; B: Proliferation activities of cells in UB group ('P<<
0.05,”P<C0.01 vs 0 pmol+L ™" UB group) ; C: Proliferation activities of cells in UC group( " P<C0.01 vs 0 pmol+L ' UC group).
B 1 ARE UAUBM UC 440 M 78 5 4

Fig. 1 Proliferation activities of cells in different concentrations of UA,UB,and UC groups

2.2 BumRBAERR CFRMBEWE. S5X
M B, MEHE UCHEZ M N, AR % E UC

A B

2 20 i 1) o 4 0 AR M R DD, A6 R s
W 2.

A': Control group; B: 20 pmol-L.~"UC group; C: 40 pmol-L ™" UC group; D: 80 pmol-L.~" UC group.
B2 ARW%EUCHMMPLEHRIA(X200)
Fig. 2 Morphology of cells in different concentrations of UC groups (X 200)

23 W AEERAmBRBAEFTR 50M
20 pmol L UC 4 L%, 3-MA B4 0F120 pmol- L™
UCH A mmt R LRIt 8 X (P>
0.05); 1540 F180 ymol-L ' UC 4l L%, 3-MA B
4 40 A1 80 pmol- L~ UC 4 40 Mo 34 5 3% 7E I+ w5
(P<<0.058 P<<0.01). W& 3.

2.4 Bummmiet H5E4 (1.00%+0.21%)
Fe# . 20 pmol-L™" UC 4 4 JfL th 5E 40 fiil %

(5.22%+0.88%) 2 5 X &% il % & X (P>
0.05), 40 180 pmol-L~" UC 41 40 iy v %€ 40 iy %

(11.82% +1.90% M1 23.65% +0.26% ) F+ &
(P<<0.01), WK 4.

2.5 2amiA TR HIMA (3.02%=L
0.55%) He#, 20 F140 pmol-L~" UC 2H 40 M 94 1=
H(3.74%+1.06% FM4.13% +0.62%) ZHEL
H2EE L (P>0.05), 80 pmol-L™' UC #H 41 g ¥ -
F(11.09% +1.98%) Frm (P<<0.01). WEIS,
26 ZumpaEERL SXRALE, BEHE
UC kBT s, AR UC 241 40 48 (052 6 1% i
Ko, RUIHM T B A4 2 WK 6,
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L51
[ uc
. = 3-MA+UC
Z Lof
g
£
8 %
£ o05F :
S A
) ﬁ ﬁ
. =0 ﬂ
0 20 40 80

Concentration of UC [a/(mol - L1)]

‘P<20.01 vs 40 pmol-L. "' UC group; “P<20.05 vs 80 pmol-L. "

UC group.

B3 ISR 3-MAVERE A R BE UC 24 40 g 3%
Fig. 3 Proliferation activities of cells in different
concentrations of UC groups after treated with

autophagy inhibitor 3-MA

2.7 A@m P Beclin ILATGY # ATG7 mRNA
k2 EARKF HXFMA (Beclinl: 1.0040.04;
ATGY9: 1.004+0.06; ATG7: 1.00+0.05) H#,
20 F1 40 pmol-L ™" UC ZH 41 fft H Beclin 1. ATG9 Al
ATG7 mRNA Lk KR Lt w8 L (P>
0.05), 80 pmol-L " UC ZH 41 }g # Beclin 1, ATG9
M ATG7 mRNA £ ik K F (1.68+0.08, 2.49+
0.17f11.69+0.05) F+&E (P<<0.01).

Control

20 pmol-L! UC

Calcein AM

PI

Merge

2.8 %419 F Caspase-3 #= Cleaved Caspase-3
EaRZXKRFE KA Caspase-3 8 H Kik K
FHA -, AN K ZEFLSEITFE XL (P>
0.05), H5XfME4H (1.00£0.01) H#, 20, 40 F1
80 pumol-L " UC 4 4t g f Cleaved Caspase-3 & H
ik K P (4.0940.19, 6.14+0.22 f1 15. 22+
0.83) Jh@ (P<<0.01), WK 7,

2.9 Bampy LC3-1/LC3-1 a5 X4
(1.0040.01) %, 20 F140 pmol- L' UC ZH 41 g
FILC3-11 /LC3-T Al (0.97+0.03F11. 50+0. 09)
ZRIGHFE L (P>>0.05), 80pmol-L " UC 140
fiirp LC3-11 /LC3-1 tfH (2.63+0.53) Fhm (P<<
0.05), WL S8,

2.10 % # %5 & ¥ p-AMPK/AMPK #= p-ERK/
ERK Wef& 5HxF B 4 (1.00£0.01) Ik #& ,
40 M 80 pwmol-L~" UC 41 p-AMPK/AMPK [t {f
(4.54+0.36fM7.9940.49) F& (P<0.01); 5
XPH A (1.00+£0.01) ¥, 40 F1 80 pmol-L™"
UC 4 p-ERK/ERK [ b {H (2.01£0. 12 F1 2. 74+
0.17) J+&E (P<<0.01). WL 9.

3 4F it

AML 2 — Fift 53 Jo P 4R 28 1 9 3 1L 28 402 2 1
g, RV Al M I T A M AR R A T AR R i
A, BAA 3500~4500 BFEMELIA A E & .

40 pmol-L! UC 80 umol-L ™ UC

B4 KM /FRLMYaLER(<100)

Live/dead cell staining results of cells in various groups (< 100)

Fig. 4
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10 g w0 g w0 w0 g
jQ1 Q2 jQ1 Q2 Q1 Q2 jQ1
6 . 8 8 6
°30.20% 2.55% °30.58% 2.20% "30.75% 2.96% ©°34.44%
10° % | R o 10° g 2% 10°
ot = 10ty & 10t o = 10ty
10° 4 10 10°q 10° g
10° g 10 g 10 g 10 g
’ Q4 Q3 y Q4 Q3 . Q4 Q3 Q4 Q3
® 395.80% 147% ° J94.90% 2.36% " 393.90% 2.40% * 386.20% 2.21%
10 1o 10 1o
10° ' ‘m ) lvn‘ ‘m“’ ¥ 1° ' lm ) lvo ‘m" ¥ 10° ' 'm ) .ID ‘m8 ¥ 1’ ' ‘m ) Im‘ 'm" ¥
FITC FITC FITC FITC
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