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Bt FE A S 5 ST ASAQ AN B A AR SRR A TEY s Dt bR R /INRINER it 5 SCAT 9 1t P CRIL AN Noteh {5 538 1
AHOE R F I mRNAZR A AKCE 5 G B 7L K Noteh 5 538 BAH G F 1 8 TR IB K. 853R SRR INTIAS49
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ASA9A A A AR B AR A A S8 2] bR /NIRRT BR AL, 22 R BE SR L (P<0.01) o 5
#HNotchl, VEGF, Delta4, HES1, HEY1 mRNAZ AR HX] FE4H B @2 ( P<0.05) , S2564H Notch 155 F W f i
/b, PTEN, p-PTEN, p-AKTHJW I (P<0.05) . &5 7Esh¥/K T, &I v Al ) Notch L{F 53 & 42 4k /N
NN T, AT RRSE @ /D VEGRIN R K, T i Delta 47KF, MM Notch 15 530 #4115 /b . Notch1fF
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[ Abstract ] Background and objective It has been proven that chlorogenic acids can produce anticancer
effects by regulating cell cycle, inducing apoptosis, inhibiting cell growth, Notch signaling pathways are closely related
to many human tumors. The aim of this study is to study the mechanism of chlorogenic acid on apoptosis of non-
small lung cancer through Notchl pathway in animal level, and hope to provide theory basis on clinical treatment and
research aimed at targeting Notch1 signaling in non-small cell carcinoma (NSCLC). Methods MTT assay was used to
evaluate the AS49 cell proliferation under the treatment of chlorogenic acid. The effect of chlorogenic acid on apop-
totic and cell cycle were detected by flow cytometry. The animal model of A549 cell transplanted in nude was estab-
lished, tumer size and weight were detected. The mRNA level of Notch1 signal pathway related facter were detected by
RT-PCR; the expression of Notchl signal pathway related facter in tumor tissue was detected by western blot. Results
Chlorogenic acid inhibited the AS49 cell proliferation. incresed cell apoptotic and cell percentagein G,/M (P<0.05),
and in a dose-dependent manner. In animal model, tumer size and weight were lower than control group, the difference
was statistically significant (P<0.05). The relative expression of mRNA of Notch1, VEGF, Delta4, HES1 and HEY1
were decreaced (P<0.05) in tumor tissue which treated with chlorogenic. The expression of Notchl were decreaced,
PTEN, p-PTEN, p-AKT were increced significantly in tumor tissue which treated with chlorogenic (P<0.0S). Con-

clusion Chlorogenic acid can regulate theapoptosis of non-small lung cancer through Notch pathway in animal level,
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which may be associated with the down-regulating the expression of VEGF and Delta4. Notch pathway may cross talk

with PI3K/AKT pathway through PTEN in NSCLC.

[ Key words ] Lung neoplsms; Lung cancer A549 cell; Chlorogenic acid; Notch signaling pathway; PI3K/AKT
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Ji g e ™ A N SRR M R 2 —, eI
RIFFRIEFCT R B 2 s, Caloh/™E G
A AR B . B/ (non-small
cell lung cancer, NSCLC ) SRR —Fp, RO AT
R B 80% A 11 H RTNSCLCHY A YT 1t E
AFAR BT AT ARG, RITORAT LA A
NSCLC, {HAHSrNSCLCE A Iz B, Bt
ARARAI L. BRI, MmN (vascu-
lar endothelial growth factor, VEGF ) JNotch{55-1l i, X
AT A& Jie BAT B2 ] . Noteh {5 5 i BE LR
HiNotch3Z {4 . Notchfii{f, CSL DNA%54K T ( CBF-1, sup-
pressor of hairless, Lag ) . H:Ath 4500 9 Al Notch it I 15 70 F
SN HARSB A Notch 2 44 | BCIAAHR E AT, v-43
W HE AL 2R E iNotch il N B, 22 Ji Notehlifl PN Btk A4
TR PN &5 5 T BTG B s IR FRBP Ik, IS S I T4l
7 Hes FliHey 73155 5%, AN S 4L ik . K&
WA . AT AE IR . Notchid i 5 A5 538 B AE 1 AC
S, NIRRT . HETE A AT
Notchi i 5 i i G 2R ™, Al i AR I i — A~ W it A4 245
W, 1M Notchid # A )= V8 HIH (9 AR B HLR T 3k
Z., VRATRE— T

PJLAER, R 23S PR M AR 3 1z ok
W, AT E A EEE L SRR
( chlorogenic acid, CGA ) HiZ5JEfik ( quinic acid, QA ) 5%
AR ( trans cinnamic acidst-CA ) 455 R I EEZAL S
WG, e B2 h i) —FE sy, RABURIE
L BUREEER . BEIAR A MM E . SUEARPE . 1
SEMLIA GRS 11 S5 2 A sk . CA BSR4t
Jir PR ELA 1 it 8 A B (AN R, 375 s A0 A e
BIVE . ABFZEEE ST T NSCLCAH 4 BUBC AR, 18 1 A6
Notch {5 58 i S AH BAE FIE 5 18 B4 i G YRk,
k20 B B ¢ )52 3 ) Noteh L{F 55 1 B% PR NSCLC Y T
HIFEHIBILER

1 ##RF0A*

L1 255 R A 4R (250 mg, >98% ) ¥ [ Sigma-

Aldrich/A v (IR T 1640855558, 0.22 um B IE )

G2 T A L igik TABRA A, RPMI-164055 55
W H E AR YRR A BR A ], AR I H
GIBCO/ZN ], Annexin V-FITCEI L8 146 M1t 77) €20 1 22
o R ARBFFERT, TRizoll [ AL 50 H B AR =AW R
FAMRAF, SEAHRGAG S A Sigma-Aldrich 3w

BCAZE IV I 0 & W B B 36 AR B 2R A
PRONE], 3R 5 & . SYBR Green Mix, DNA Markerll4)
HAtm XS AEYRHCARA R, PTENSUA (HRP0) |

p-PTEN#i{A (p-Ser370, Pl ) . p-Akt (p-Ser473,
Pt ) LA H Santa Cruz/vH], NotchlHifk (i) .

GAPDHFTIA (Hdt) . HRP-Hi (Lhif ) ZMIEiik
1) H Exapha Biologicals/A v, HA I 7 At 504 [ B &
APERIAEL. I EIEESEIR A BOR A B A .

1.2 FERS ZUHEMR L (Wallac/AH] ) 5 TS-100£]
EAHZE WA A H AN NikonZA H 5 Real-time PCR
BIO-RAD/NH), S kil F48 (RCO3000TVBA ) It H
2% [E REVCOA ]

1.3 SCI0hY S AR FBALB/ c-nu b o AR B ZE A
B AT BRA FHRAE AT IES . [SCXK (&) 2014-0004],

B g4 il i) (e FRESPRAHEME /N, AKE S (18.77+1.02)

g, BREVTETCRE W I AR S N 2 e NI SR, o5
YETF e A . Rk IR K FIbR e R

1.4 AffilEF NSCLCHHMIARAS49WE A H [ B2~ R4 b
o P RS R SE AN, A0 RS 32 70 % 10% iR 44 1L
THRPMI-1640, L& 2k B 100 pg/mL 75 5 2 FlHE
%, 2 mmol/LIL-B24WtME ; F40M # T°37 °C. 5% CO,
WEAR R R 2 ARk, B EICAE K A i 5
1.5 MTT{ A I 240 L8 GE A0 32 R X B 2E K AS 4924
R FoefLh, HALHERF I 10400 ; HigR24 hz
G, TERGFRIEIN A MR B M SR (AW Ny 0,

10 pyg/mL, SO pg/mL, 100 ug/mL) , HFNKER6AF1T
fL, LRIRRRZHE N0 pg/mLE R xf BEA s il e 25k
FHAS494H 24 h, 48 h. 72 hJ5, EFLINA20 uLiYS mg/
mLMTTIRAF], & TAMIE A a4 hEl, mA
150 pLIDMSOIRF], 5% I, HZURemFn A
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490 nmiff KM R GRE o TN G AN IR, P
K (%) = (1-2544b P41 ODfH /X FEZ41ODAY ) x100%.
1.6 it X 24 I S 000 240 e ]k 000 R 248 SR B b
MR AS4 AN ML e b T oLtk , T AN, 2
mL/fL, RFLANMIE H K25 h4x10° 4>, 24 hJF il A R4
WS FE B SR IR PR TR0, SRR AR Ry 0,
10 pg/mL ., 50 ug/mL. 100 pg/mL; H#HLEFFE72 hiFIsE
M, FI195 yLAYBind Buffer B2l ff, JIIAS uL Annexin
V-FITCIRS), ZE M E 10 min, B0k s, H
190 yL#Bind Buffer f B 21, FIIIA10 uLBALTARE ( 100
mg/L) , FHS5ROGHCE, BE RIS T3 A0 SOk 240 i
PTEO, IR TBEE . o5 — LR A
FE Sk )RR A FRAH 72 b WA AL, PBSIE BRIV 1Y
95% LML, B2k BiFJE, BUENIE (100 mg/L)
(% RNase 1 g/L) 0.5 mL, ZEEE 7 E 30 min, FEEIIE
Arias A R SR T A4t ) 9 23 B
1.7 B R RUSRAR R KRR IR ASAoNE A, Wk K
RS RAF A A0S AT IR, A2 x 10 F) e 40 M o A
BREUEZ T, ER30 AR, IR SRR BBV 1 0
FEREFP2JE 3R G , MR /N L e, BEPRIIR /N
P20 HUNEL, MRARFEL Y AN, Sy 2 . SR
20 B RAE e DI S 4 S RV K (1100 pg/mL ) 5 X AR
2 R R S AR (R AR A AR BER K BRI T AR A 100
uLo S LTI e AR B O . B I e K A2
(L), e (W) o MRER/IMEARV=1/2LW L
2524 48] 5 A HURR BRUBCRE AR, G 2 I it S e g
RGO B IRy, — o TR Ug 4
ZUEH, 75— R IEHZRNA,
1.8 ZZAJ 9 Y EHPCR ( Real-time PCR ) Kl mRNAAH X
Tt 100 mg e A IR LHEY, JIAL mL TRIzol, FHHHER
P 25 JC B 8 RO HR ] DL A . e BRI B E A0 B, 4R
HURNA, SR 54 B RCfG sadn & D B, 4RI RNA
TRk, 133 cDNAJSYBR GreenJu L4551, #EAT
Real-time PCR, H 3L A {4 A1 X 3658 485 W S hrfb e
o3 (K1) .
1.9 Gyl ( Western blot ) Kl & 176k B at ik
AL, RO EORPON G TR, RIERALLE
F, FIBCAJLHEA TR IR BN (LR AL DL RS it 136 ]
) o BEMRSEA A RIRS)E, 100 °CAEPEL0
SRIGHEATSDS-TREN IR TR BERE LK o HIKS , B
TEERE, ARICTT S AT, B, EE P (IR
Notchl, p-PTEN, PTEN, p-AkthpiA$i iR 1:800%¢ FE ke

min,

FL#iBe, GAPDHPL AL IR 1:2,0000% B LA RS ) , FE —
PU CFEPUR PULIAL:S,000K BEFRRE LR RE ) , G4
WIS, BTG, sl

110 GEit=A M RAISPSS 18.0 GEit=r R Ak v Kt o
B, Bl A brifEZE (MeantSD ) o, (A HLAL
K JHiStudent’s ti %, P<0.055/R 225 HA LI 2o

2.1 LRJEFERXINSCLC ASA94M 3 5 (K520 45 J5t iR Ak B
AS4971iI48 hJ5, X RELLANAEAE KRS EAr s msnzhdl
2 Bt 2 D R R e ) R, AR VR R R
%, WA TR

TELR AR AL FRAS49AifI24 h, 48 h, 72 h)5, 43HlR
FAMTTIEAR I AR A 0 52 . 255 BoR, 55X Iad L
B, SRR T ASAO A L 4 2] S (P<0.0S)
I H R B . 72100 pg/mLER R /EFHAE72 h
F, fi s (61.63% ) (F2) .
2.2 LR XINSCLC ASA94N LA T FN40 M JE A A5 3t
AT ARSI 2 SRR AE T AS4941 g 72 b, Bl 4
FRUCEERG N, G/ MIRAN I A 43 Luaz s hn, H3 & T
SPRAA, 225 (P<0.0SE{P<0.01) ; 4201k
i, AR TR TSR N, B X R, R R
( P<0.058%P<0.01) (&1, #3) .
2.3 ZRJFERXTAS49LH AR Ry e AR Y Jih g G G S ) 3
T ASAOZ AR ST IR AR R 2 B, Sk I TR BE U A AR B
AR RIS A, S 2 AR BRI /N /N X R
HAESG #2255 (P<0.05) , W4, E2. KE3, i
RALSES , RIRIS AR FRICH A2 L, I AExT B4
Jiti v e R 6 8 G/ NFE R T . SR A R E i (0.48+
0.12) g, XfHRZN (0.83£022) g, P ZERHALG
P2EE L (P<0.01) .
2.4 55 R X Notch 5 53§ AH G 43 FmRNAZR I it 152
M SZI64] Notchl (it A Delta4 . VEGF[#mRNAAH X ik
AR /NF 5] (P<0.0S) o SEK4 Notch 15538
H& IR 4> FHES1, HEY1/mRNAA X 2 1k 1t BH i %
ik (P<0.05) . ULK4,
2.5 2R X PTEN-PI3K/AKT I [ AH G N 78 (1 3R A 1
S0 K5 Notch1 Az PTEN-PI3K/AK Tl f&AH A F- 19 & 1
FBKF, SR ER, SXTIEA b, {54 Notch1
IR AW B MK, Hp-PTEN, PTENZE £k ETH,
SAPTENE IR IK S 25 1350 4H p- Akt 1 38 1K 5 Il
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Gene name 5 -3 3 -5
GAPDH GAGTCAACGGATTTGGTCGT TTGATTTTGGAGGGATCTCG
Delta 4 GCAGAACTTACATCACCTCA GCATTGCTGCCTCTAGTTAT
VEGF TCGGGCCTCCGAAACCATGA CCTGGTGAGAGATCTGGTTC
Notch1 ACCTCTTTGGGCTGGTATTG AACGGACAGCTTTGGATTTC
HES1 TGAAGAAAGATAGCTCGCGG GGTACTTCCCCAGCACACTT
HEY1 TGGATCACCTGAAAATGCTG CGAAATCCCAAACTCCGATA
% 2 FREBITASAVMARIETERIHIFIER (Mean®SD)
Tab 2 Inhibitory effect of chlorogenic acid on proliferation of A549 cells (Mean®SD)
Group CGA 24h 48 h 72h
(pg/mL) oD,y Inhibitory rate 0oD,,, Inhibitory rate oD,,, Inhibitory rate
NC 0 0.75%+0.02 0.81%+0.03 0.86+0.03
Experimental 10 0.70+0.05" 6.67% 0.7140.05™ 12.35% 0.68+0.07" 20.93%
group 50 0.59%0.04" 21.33% 0.61%£0.07" 24.69% 0.52%0.05" 39.53%
100 0.44%+0.03" 41.33% 0.45+0.08" 44.44% 0.33%+0.09" 61.63%
The experimental group compared with the control group, *P<0.05, **P<0.01.
% 3 ZEMITASA9M A EH S AT HER M (Mean®SD)
Tab 3 Effect of chlorogenic acid on the cell cycle profile of A549 cells (Mean%SD)
Group CGA (ug/mL) Cell cycle
G,/G, S G,/M
NC 0 66.71+0.69 25.910.60 7.2£0.74
Experimental group 10 57.1%0.72 28.940.61 14.6%0.65'
50 47.9%0.61 31.0+0.32 21.0£0.36™
100 41.1£0.62 28.0+0.63 30.7£0.57
The experimental group compared with the control group, *P<0.05, **P<0.01.
% 4 FEAE SRR A/ ELE (MeanXSD, cm?)
Tab 4 Comparison of tumor size in nude mice at different time points (Mean%SD, cm?)
Time NC Experimental group P
1t week 1.671+0.124 1.222+0.048* <0.05
2 week 1.960£0.171 1.401£0.078* <0.05
3 week 2.196+0.132 1.541+0.098** <0.01
4th week 2.472%+0.118 1.7061+0.112** <0.01

The experimental group compared with the control group, *P<0.05, **P<0.01.

b WIS,

3 1ig

2R IR W) SR A Y M o E A AR AR

JZAAET AR MY R R R, AP AR
£, IHESE ALY T aR IR RR IS T R . SRR
G B bR ROV B G I ) N 1 ) 02 SR e 3
e PO, R . FUMRE . R AT R
TPERT, Bk AR 1A B ) (RS
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Xt i e iV FRATLR RO BT A 22

Notchf 5 il # -5 N 21 2 i I8 A0 47 10 % VT B o6
% o Notchfi5 5 1y A= J2: 1 i A 4B 4 i A Notch P A 5 52
A EAE], Notch# (1284 =W BT, g N Bk ik
AJEBE, WIEHES, HEY, HERPAE§ M- B2 - 21 12 e
(bHLH ) B3l [N 75 e AR RE N, R A A A
Mo Noteh{ i AR UG 1 B IR & 7 R
H, 5 — R R A RIRE DI AR
22 W Noteh {7553 i 2 A 1) S 10 K JReke 2 e LA P
(2 HAAR R AL — BB B AR . AT
NotchZZ A4 | LA LUK AR 5 PR -7 /)N 298 s 40 AL A Bl
TPRBE IS R I, SR Notch 155 1l -5 e A 2B &
JEIISCE, R WA e A A A1 /) A48 A f 240 0 2 114 i
B[R] I Notch 15 5 1 i A #E s A9 R T 2 it 20 5AL

10 ug/mL

50 pug/mL 100 pg/mL

il v R BRI S

AWFFEEI, FEAR R PR b, SRR REA AL
P /N 200 B it 9 40 ML ) A R 385, (R R AR AR T
[] IS} ASBIF 9 2 P S 56 21 il 93 2H 42 1 Notch 1 mRNAF -1
TR BE TR, [FIESF TR YHESTFIHEY1 mRNA
fIFeik, $ER SR ERR T LA i Notch 1{i5 53 54 st /K F
FAEAE/NN A T . AT LB, MHIVEGER
K A AR SR /N Al 8 AS 49 21 R R BB AT 11
MM VER . VEGF] 75§ Notch1 il {A&Delta4 3 ik 1
5, MM AT A 8l Notch {5 544 i . WF5E & B NotchfF
238 BRI R Delta4 ) J2 VEGF 3235 7K, & RS2 6 40 i
/b Delta4 )z VEGFmRNAZK V- 3R35 . RIHG,  #fE4¢
JR R AT BE Sl 1L /D VEGF RiE, N i Deltad /K-, A
I Notch 15538 B 15 1k

B 1 RRERITASAOMMATRAIFIE, SWASITRALLE, *P<0.05, **P<0.01,
Fig 1 Effect of chlorogenic acid on apoptosis rate of A549 cells. The experimental group compared with the control group, *P<0.05, **P<0.01.

2 SRIREERT B A K TE R 220
Fig 2 Effect of chlorogenic acid on tumor growth and
proliferation
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B 3 FARRMIBELLER
Fig 3 Comparison of nude mice tumers of two groups

80 KDa

50 KDa

50 Kda

60 KDa

39KDa

Notch i 53 [ AN [ RE 8 B H2 P8 45 Kt i i[5 3%
ik, M EIE AT DL AAE S E S (UFETGF-B. NF-«B,
Hif-1a% ) MG A AT RS R sk,
Notchii % 5 PI3K-AKT 45 38 fif 2 [A] (1 B AHVE 22 812
() G T 9 3 R PTEN7E PI3K-AKT {5 538 i th R #5562
KELMIEM, PTENM KNG 22 PI3K-AKT i F& 1
ft., PTENBEHS(H#EASMENLEE ( 3,4,5) - — B2 (PIP3)
R, (HPIP3RERR Ik AN/, IHAKTAYIEfL, M
i FJHPI3K/AKT#E B AH & I T-38 ik . 7EPI3K-AKTIHE %

4 Real-time PCR#iIDelta4. VEGF. Notch1.
HES1. HEYTHIMRNARIAKFE, SLRASITRALLE,
**P<0.01, *P<0.05,

Fig 4 mRNA expression of Delta4, VEGF, Notch1, HEST,
HEY1 detected by Real-time PCR. The experimental
group compared with the control group, *P<0.05,
**P<0.01.

5 Western blot#lINotch1. PTEN. p-PTEN. p-AktEHRIAKTE
Fig 5 Expression of Notch1, PTEN, p-PTEN, p-Akt protein detected
by Western blot

W, PTENAT I LABERRLIES (p-PTEN) B, 4k
JE B TR N, B BRIV FAT R R A
AKTHERR A 5 5 B T, AR Notch1
53 [H 5 PTEN-PI3K/ AKT 3 [ (AR A FH 2 5 716 A8
X, SR, XA p-PTEN, PTENZ 1K1k
AL T —E R T, BAYPTENZE 1385 Ry
Z; SxtIRd A, R A p-Akl Kk . R
Notch L J# A il £ % 4111485 5 T PTEN 384 >k 5% i il 48
ML AW~ T RE, G PTEN S PISK/AKT# A7 1558
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SRR

Notch{F il AR # 2%, HIREHLH] H AT IR
PR . Notchfs =il S 7E MR A AR A S R Al w28, {H
J2: H ATIZ8E F 5T PL K Notch 5 5-18 -5 HAt 5 51 1%
(858 SURPETT TR SE AR A, 7 BB R R St — 1
240 ) W Notch 5 S3m B 19 A= W~ VR FHALIR] , SRR — B
FEMZEH, i L in RO I RIS R
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