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Effects of Ursolic Acid on Cell Cycle of A549 Cells and SPCAL1 Cells and Its Mechanism. Fu Lun,Zhu Min ,Li Zhaoyun et al. School of
Medical Lab Science ,School of Life Sciences,Wenzhou Medical University , Zhejiang 325035 , China

Abstract Objective To explore the cell cycle inhibition of ursolic acid in the lung cancer cell line A549 and and SPCA1 and st-
ndy its mechanisms. Methods The A549 cells and SPCAT cells were treated with ursolic acid at different concentration for different dura-
tion. The cell inhibition rate was measured by MTS assay. The morphology of A549 cells and SPCA1 cells were observed under inverted
microscope. The flow cytometry was used to detect cell cycle arrest. The expression of cell cycle arrest related genes were detected with re-
al — time pcr. Results  Ursolic Acid remarkably inhibited the proliferation of A549 cells and SPCA1 cells and there was a dose and time —
dependent manner among them. The morphological changes of A549 cells and SPCA1 cells, such as proliferation inhibition, cell retraction,
exfoliation and necrosis were obvious under light microscope. The cell cycle was blocked at G,/G, phase and the cell population in S and
G,/M phase was decreased. Real — time PCR analysis indicated that expression level of cyclinD1 mRNA, cyclinE mRNA, Ankrd17 mRNA
was decreased while expression level of P27 mRNA, P16 mRNA was increased. The differential expression of Ankrd17 mRNA was not sta-
tistically significant. Conclusion Ursolic acid can inhibit the proliferation of A549 cells and SPCA1 cells and there is a dose and time —
dependent manner. The effect maybe related with cell cycle arrest, which maybe associated with downregulating the expression level of cy-
clinD1, cyclinE and upregulating the expression level of p27, pl6.
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BEEBRge e 2015 4ES F B a4 % S - 1E s
VEFS (AN B = AE A 40 i JE 3 B8 35 5 kg 0 1k K 4T Tl (R A B R L) M 4 BR 41 (1. 5% DMSO0) | 45 41 %

{28k 175 5 I TR 200 08 T A o) e e o AR RS 2
A7 1AL, v 20 i 409 B o K i A 1 R B 4 R
ry

A S A BT UA Xl B e AS49 K SPCAL
20 P S SR A R T, E— 20 BT UA R BT i 7 HTAIL
i, g UA B9 1 PR FH 2 1 2 B il

M5 A%

LoBEoRE: (1) 40 A 25 020 M0 55 5% - Al R e AS49 40 fild K
SPCAL 4l ik 1 #f i1 BN EEBE AL L & o LU 10% i
A4 L35 () 7 B DMEM B 37 3 78 37°C ,5% CO, f4 41 Mo 15 3% 46
TR A0 S RE AR 3 RAR AR LU, IO B A 8 i A g
T8 (2) 259 Kbl %« SRR B2 (UA) I B 56 [ Sigma 2%
A, 4l =90% , i DMSO fic i 8mmol/L £}, - 20°C ¥ ¥ 4
BARAF o B FITTAR R, IS¢ 22 = B DMEM 35 3% B 45 8% 22 B 5
W, DMSO 7ER; F B i BE R R I 2%0, (3) T2
Fe AL &% < 5 B DMEM K5 % 56 G 48 il (38 B HyClone 24 7] )
0.25% J§iff EDTA \DMSO (£ [ Sigma 24 7 ) ; MTS &7 ( 56 [¥]
Promega 2 ) ) 5 20 Jif J&] 300 48 0 42 70) & (TN BF R AR R A
AW ;POLE R PCR BT sl ( Rl HEm LY TRAR A
#]) ;GAPDH N2 \DEPC 7K \Trizol W4 H K% E 4 T.# 4 K
/N 7] ; RevertAid First Strand Cdna Synthesis Kit( 3€ [ Thermo 7y
#) ) ; FastStart Universal SYBR Green Master( ROX) ( %+ Roche
ANED) 3111 B AR AL R B 55 48 (25 B Thermo Scientific 2y
Al);SM - CJ - 2FD B TAER (M Z RS ARARFRL
7)) s CKX41 YA 22 8] 5 B 0 8% ( H A<, Olympus /A W] ) ; STI6R
TG Vi3 5 3 B 0 HL ( 35 [® ThermoFisher 23 7)) 3 RT — 6000 i #1
Sy B AL (P81 Rayto 24 7] ) 5 SmartSpec plus 4% 2 73 7 4% ( 35 [
Bio — rad 4 & ) ; FACSCabibur 3 3% 3 #7 4% (B. D. 24 7] ) 57300
Real Time PCR System( 2% & ABI /A #]) ;T100™ Thermal Cycler
(3£ Bio —rad A ) ; TR K F2 M (£ E Corning A H]) o

2. 979k s (1) MTS 325 45 00 40 g 49 7 400 o] < < JO0S %5040 4K
f10 200 16, Ik 9 1, R 20 VK BB & 25 5 x 10" /mll, 32l 96 L
i, 100 T+ 4L ,37°C (5% CO, 3 37 4 ¥ 5% 24h J5 , Wi B 57
LM UA, 23k B2 43 50k 40 .60 80,100 120 wmol/ L, 5 % i

SIS, # 96 LA E T SR AE b oy i B 3R 12,24 48h, 15
FLN 20 WIMTS , 4k £ 15 52 2 2h, B AR AL I 490nm 5 4 Ak i 1O
H(AE) . LHEE 3 W, A MM 2 (TR% ) = (1 -5
sl A fE/ X BRZE A ) x 100% . JII %R SPSS 17.0 X3+
SEAHATHAR G 53 Mo (2) BB T WL 40 e 8 % 2 4k
AS549 F SPCA1 4143 5 7E 60 80 100 wmol/L f) UA 14 ] 24h
JE ETMHEREDMET, WA MMIE &% EIHmK,
(3) it =X 200 L ASC ARGy 10 200 o3 400 400 okl 6 D BBk 80 2 A 3 4 i
PLZ) 5.5 x 10°/ml f) 41 J e & 4 Fh 6 FLAR,2 2 /4L, A
UA B9 B2 43 5] & 60,80, 100 mol/ L, 2R AT 25 4y ) B 4 .
24h J5 , B AW WAL 10° A4l L, 10001/ min, B .0 Smin, %
VE L PBS PR 1T ke H MR BB B A Iml A A
(DNA staining solution) il 10l ix 5| B ( permeabilization solu-
tion) , Z i WEOGIE H 30min, 300 H i Wi uE 1k, b = A i
ASCIN 5 40 M R 0143 A . SEgR AT 3 R, OHE I E . T Flow
Jo B4R 43 4 BOR B8 o (4) 2856 & i PCR ARG AH ¢ B A
ik i 7F 60,80 100 umol/L (% UA fEHI 40 I 24h J5 , 2.0 W & 41
ML (25 x10° A4 ) , F PBS Peifk 2 K. 42408 RNA 3
FEANE M 1ml Trizol, HI# WAR S & AT, % L & Smin, NI
200l S A7, T3 M ZUHE 5% 15s, RE AR 3L A, 4C
12000x/min, &0 15min, /NG W HC_E 3 400 L, fin A S5 R TS5
N R R ENR 2] 2 %1 ,4°C 120001/ min, .0 10min, 5]
P B3 0 1ml Z B Pk % ,4°C (12000x/min, #.0> Smin, &5 2
W, FE LW, THJG, 20wl DEPC KM . FIR IR 2 Hr Y
D7 RNA fy e B2 R0 B2 o A FE 5B Lpg & RNA i Oligo
(dT) (100wmol/L) 21, fiM/K & 121, 65°C ,5min, yK¥ 4min,
B L. 5 x buffer 4pl, 10mmol/L dNTP 1pl, 7 %% 5% i
(M - MLV)O0. 5ul, RNA B30I 0. 5pl, /K F 20ul, 42°C,
60min;72°C ,5min;4°C , 10min, & | & )i, real — time PCR "
4 cyclinD1 | cyclinE | p27 . pl6 , Ankrd17 ,FOR20, 3t A 5| ¥ 89
Wit L3 1, real —time PCR [ N & & B4R cDNA2pl, [T
S1H4 0.3ul,2 x SYBR GreenlOwl, il /K & 201, 314 5544 .
95%C ,10min;95°C ,155;60C , Imin, 3L 45 M EHF . @l fi il 4 4
#7:95°C 15s, 60°C 15s,

x1 s5|MFENS
=) R/ )]l P44 R B BE (bp)
US4 5" - GCTGCGAAGTGGAAACCATC -3’
cyclinD1 135
FHi5I#:5 - CCTCCTTCTGCACACATTTGAA -3’
L3814 .5 - AAGGAGCGGGACACCATGA -3/
cyclinE ) 30
T34 .5 - ACGGTCACGTTTGCCTTCC -3’
s 5" - CACGGCTGATGGTAAAGCCTT -3’
Ankrd17 . 75
FU#B|4:5' = TCCAACGCACAACTAACAGAC -3’
LB .5 - AACGTGCGAGTGTCTAACGG -3’
p27 209
T#TI4 .5 - CCCTCTAGGGGTTTGTGATTCT -3’
W81 % :5' = ATGGAGCCTTCGGCTGACT -3’
pl6 108

FUEE4 .5 - GTAACTATTCGGTGCGTTGGG -3’

.69 .
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3. GeibaE ik R SPSS 17,0 B fF HE 47 52 122 40 B, H 100 UARISPCAIAINIRHESEIRAER] o
F 3 TR 0 4 223 B = 272 AACH = S280.41 (H £ Co - 80- i
WZ Cu) - XA (H YL Co- 92 C)  GAPDH Jh N & geo- e
SRS AIYE = AR 2 (x = 5) FOR B BRI 1 0 -
1P 227 224097, L P <0.05 25 AT B2 2 . 5 e

= =B T 20 4

1. MTS V5 4 0 4 i 38 58 40 1) 24 . ik B2 Ry 40,60 0 P S A W

80,100 ,120pumol/L 5 UA 43 5I4EFH A549 J¢ SPCAI v U&fﬁ‘ﬁmﬁ o

A0 12 .24 48h JiT, 4 0 A 16 B4 ] R BE UA ¥k i 14
T A FH B 18] S P A 46 o, 5 o RE — ] RO S

2 UA xf SPCA1 2 ffa 3% 58 41 1 4E A

YRR R, 2 R HA S FE X (P <0.05), il %2 UA Xt A549 & SPCA1 kY
S 0 ) 9 24 35 5 B R R 25 R R gt B L (P > EEMEMER (% v £5,n=3)
0.05, F&1 1 J& 2,25 2) . 4 8 5 40 4 % (IR% ) = o
4 12h 24h 48h
(1 = SCUR4H A /% BRZH A ) x 100% . W oL
100 UAXFASA9ZH M fss 5 34 e P A549 40 6.36+2.92°F  6.39+2.69"  13.18+5.46""
~ 80 -4 60  10.56+2.49°*  18.11 £5.62%% 23.98 +4.52°"
s —+ 48h 80  26.66+3.95*" 47.31£7.79** 63.50 +6.28*"
%\i‘ 60 100 43.26 +8.41**  67.70 +5.02**  76.07 £3.17*"
£ 4. 120 47.46 £6.06**  80.39 + 3.92** 91.67 £4.70**
= SPCAl 40  4.42:1.07"* 6.98+2.13  17.59+7.83
204 60  12.09+4.90* 19.30 £6.78*  23.84 +7.51"
0 80  28.84+8.03*" 45.35:7.13** 60.65+9.80*"
0 20 40 60 8 100 120 100 37.44 +£13.35°" 68.14 +4.49%* 75.23 +3.18*"
UAHJE (umol/L) 120 51.63+6.66°" 78.14£2.45""  86.34 +3.03**
1 UA 3§ A549 48 438 52 00 4 46 FB SABALR, P <0.05, 7T P<0.01

2065 FANMIE S E A A B BB T g MRS B, A BT 4 B v IR AE (3
TE B 20 MO S O R A I S R A O T 2 2 4 Kl4).

%.

B3 BERRET AS4 @REESETH ( x100)
A.Z5 145 B.60umol/L;C. 80 umol/L; D. 100mmol/L.

B4 FEIERBHET SPCA1 @laFESTH ( x100)
A. Z5 145 B. 60 pmol/L; C. 80 wmol/L; D. 100 mol/L
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®3 FERE UA EF 24h 5T REH
DHTHITM(% x £5,n=3)

4B fukk o Gy/G, S Gy/M
(wmol/L)

A549 SRRl 43.28 +1.13 46.12 +1.33 9.58 £0.26
60 52.42£2.51 41.27 +2.64 7.53 +£0.96
80 55.44 +1.81°* 39.43+£2.53**  5.56+0.95""
100 74.43 £3.45%*  27.08 +4.87**  1.67+0.37**

SPCAT  xfHHZH  48.77 £0.98 38.80+1.10  11.70 £2.59
60 51.59 £1.02°  42.69+0.81"* 6.49+1.65"
80 68.33+1.21°° 28.03+1.99"* 4.30+1.13"
100 87.45+1.19** 13.56 £2.22** 1.0820.06*

54 R, * P<0.05, ** P<0.01

4.9 E B PCR A I AH G 5 Y« AN [A] ¥k i UA
(60 .80 .100pmol/L) ¥E /] 24h J5 , 5 XF BRZH AH L, &
2540 cyclinDl mRNA | cyclinE mRNA | Ankrd17 mR-
NA KWL p27 mRNA pl6 mRNA % 3%k 8 i, 55 %t
MM, 2R A5 L TR R 4,

R4 AFERE UAER24h THRMBMERX
HEWRE(x£5,n=3)

Mikk  mRNA 60pmol/ L 80umol/L 100 mol /L.
A549  cyclinDl  0.55+0.2  0.08+0.02"* 0.03 +0.01"*
cyclinE  0.17£0.08* 0.05+0.01* 0.0l £0.003"

p27 1.4£0.16  3.28+0.46" 4.2+0.98""

pl6 2.19+1.04 4.24+1.23" 8.6+1.23""

Ankrdl7  0.73+0.21 0.71£0.14  0.60 0.21
SPCAT cyclinDl ~ 0.77 £0.27 0.28 £0.13*  0.09 £0.04 **
cyclinE  0.46 £0.14* 0.16 £0.10"* 0.03 0.01""
p27 0.58 £0. 11" 2.44£0.20"" 4.99 £0.43""
pl6 1.67£1.05° 6.05=0.82"" 13.30 £1.38""

Ankrdl7  0.80x0.27 0.77+0.10  0.69 +0.16

SXtRR4 R, " P <0.05, "* P <0.01

15 s

A SRR XoF 22 i v 723 240 J B A 3 A4 ol 4 R 4 i
RN S N N = RN R B I R
By 20 SR S BEL i 35 S R Ak e iR 2R v s
Jed 240 O T A R a0 A AR 2 A O T R FE BT
JeA VR T, JHC v 20 i ) S0 L s o IR 9 A 1Y R 4 i
o ASEE O IT 45 R R U], AR AN W) Uk B AR R R AR
J& L ilideE A549 Je SPCAT 4f il 4% 5 37 51 B @ 4 1l , 46
B JE 30 40 1 A G,/G, M, 4 B cyclinD1 mRNA | cy-
clinE mRNA DA & Ankrd17 mRNA k&K, p27 mR-
NA H1 pl6 mRNA 2k 880, Ankrd17 mRNA % ik 4%
LG L

A R G, S G, A1 M 4 AN B B, R
K43 h: JA R (eyelins ) | J8 301 28 4 6 P 0 16

<72 .

(CDKs) | J& $3 22 4 8 1 380 1 40 i) (A 7~ (CKTs ) 3 2,
cyclin — CDK 42 & W) 1E [n] 4 4% 40 Jifg J4 497, CKT )0 & %)
TPV A9 VR o 40 i R 300 A 3 R 4 R i) o
G,/S .S W . G,/M ], Horh G, /S MW 5 5 e o G
. G, B4, 40 5 8 & D1 (ceyelinD1) 55 CDK4 5§
CDK6 454 i cyclinD1 - CDK4/ CDK6 & &%), 1
PEANM ) S WG e, G, e, A0 R R OE (ey-
clinE) 5 CDK2 %54 i cyclin E - CDK2 & &%), 44 Jitd
HEA S H. 2 cyclinDl I cyclinE i F 5w, 46 i 4
U8 7 S, AN S R A, S EOWMOROE . A IESE
RIE , cyclin D1 3 35 2 5 W EE /N 40 3 il i 1 &
Az K S T TR )R] A Sy 3B /) 240 i il s 26 5 S AN R Y
SFARE& . FEFTAE S CDK2 45 4 19 I &, eye-
lin E J& M — BE G A g FL IR /)N 200 i fils 98 9005 74 0 7
b5, B cyclin E 53 3 7k 5 3E /)N 40 i il Je bk L2 &5 5 7%
Ao ARBR GG R R, UA EIR AS49 K
SPCAL 4HMfd i 8 G,/ G, WA LL I KA, S WA G,/M 1
e T 5, 40 cyelinD1 mRNA 1 cyclinE mRNA 3%
IKREAR 278 UA STt /5 JHmT B8 5 F 3 cyclinD1 F
cyclinE ik AH XK,

CKI 73 Wi 2, — 28 J& Cip/Kip £ 11 (p21.p27,
p37), F E M H cyclin — CDK2, — 25 & INK4 & H
(pl5. pl6, pl8), 4% = 4 #1 il cyclinDl - CDK4/
CDK6, p27 F% 5 cyclin E - CDK2 254, # il cyclin
E — CDK2 43 P, G 18 45 200 i & 409 , folf 40 e 0 300 L
Wi G, W AR, p27 BEw LLJE cyclin E -
CDK2 il 5], 3Lal 24 eyelin E — CDK2 #4E F I
Wyt AR /INGN R R p27 B SRk Gk
o A LK B, p27 1 3R R IR AR /DN Al e S A
X pl6 fE S EA ] eyclinD] - CDK4 & 43
Yy, B2 ) S B P . AE i SR P ople SR
W AIRER IR, RS L AL 65 )5 3 7 5 W kAl 2l
FH AR, o R T A oy
Belinsky 251" ¥ URIE W] p16 e R S 4 P Al 2 I 36
S S O AT AR O il i RS W I O AR S
LW - 95 B it 9 & AE o Guzman %[mﬁﬁﬁﬁw,w
AR s 968 £ 5 p16 P RE AL AR B B Wl v T (e, T LA
A by WS AR s 98 R 0 B2 W A . A, pl6 (R
K FI CDK4 /35 3R 3k 5 i 6 200 M bk 00 45 %% 7% 5 25 A0
Kbk, ARG B IR UA BT LU il s AS549 Jz SP-
CAL Zifg ) p27 mRNA Hil pl6 mRNA kT, 70
20 R 301 43 A, 400 4 3G 40 IS B 9 . Deng % A
TAP 35 Fil 2l 4k 3 AR 52 Ankrd17 (ankyrin repeat pro-
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tein 17) & cyclinE/CDK2 BJ/EFHJEY) . Ankrdl7 A 3
AR AL AL B Ser'™  Ser'™ BN Ser™ , #H B cy-
clinE/CDK2 W21k . Ankrd17 52t 3% 1k A 412 f 20 i 1
G, M1 e e, G 1) o A0 M JE 8. 72 UA ERTE,
Ankrd17 mRNA FIRFEAL, H 22 5 G827 8 L, B
UA (5 filides V8 AT B8 5 4% Anked17 B93RIBTER

Zi bPRik, UAFEHR, i iR i AS49 J SPCAL
M0 cyclinDl mRNA Hl cyclinE mRNA 335 &A%, p27
mRNA I pl6 mRNA Rk Tt &, % 5L K % 5 4i il 5 39
1 G,/S W4 S A ¢, Hon] Be il i A A E 5 3 &
Zofili AS49 Je SPCAL Zu i A M 78 G/ G, 3, igg
o1 i 154 5 2 B, & 4% UA BTl ge 78, DT ok
UA F il R 3R 43E 1 B JE Al

5% 3k
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