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Codonopsis pilosula polysaccharide inhibits the proliferation of keloid
fibroblasts and induces cell cycle arrest through PISK/AKT signaling

pathway: an experimental study
Tian Yan,Zhu Fei,Song Caiying ,Zhu Qiuxuan,Cheng Shengrong ,Chen Wendong
(Department of Plastic Surgery , The First Affiliated Hospital of Anhui Medical University )
[ Abstract] Objective : To investigate the effects of Codonopsis pilosula polysaccharide on the proliferation and cell cycle progression of
human keloid fibroblasts , and the possible molecular mechanisms. Methods : The 3—(4,5-Dimethylthazol-2-yl)-2, 5—diphenyltetrazo-
lium bromide assay was used to determine the effect of C. pilosula polysaccharide on cell survival rate and select the concentration of
C. pilosula polysaccharide. The clone—forming ability of keloid fibroblasts was determined by plate cloning experiment. The cell cycle
distribution and apoptosis were determined by flow cytometry. Western blot was used to analyze proliferating cell nuclear antigen, cy-
clin D1, collagen I, collagen Il , and the phosphorylation levels of phosphatidylinositol 3—kinase and protein kinase B. Results : When
the concentration of C. pilosula polysaccharide was less than 80 wmol/L, there was no obvious toxic effect on keloid fibroblasts. In this
experiment, C. pilosula polysaccharide was added at the concentrations of 10,20, and 40 pmol/L. Compared with the O pwmol/L group,
the clone-forming ability of keloid fibroblasts decreased in the 10, 20, and 40 wmol/L groups; cell cycle was arrested at the G/G,
phase; the expression of proliferating cell nuclear antigen, cyclin D1, collagen I ,and collagen Il was down-regulated; cell apoptosis

was increased; the phosphorylation levels of PI3K and AKT decreased (P<0.05). Conclusion : Codonopsis pilosula polysaccharide can

inhibit the proliferation and cell cycle progression of keloid fibro-
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blasts, and the molecular mechanisms may be related to the inhibi-

BEEE .4 &, Email: hizfzx@163.com. tion of the PI3K/AKT signal pathway.
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(phosphoinositide 3—kinase, PI3K )/2Z 75 % iR £ H ¥4
i (protein kinase B, AK'T ) i 14111 il J1T-J 41 B 119 A= 4
TR, Seri BB FE PR Bt Tk , R WK IR
FIE f0% 38 2ok 00 T I 92 9 2T 4 4 1 1 5 K ECM
BYTCAR, 0 2 4 ML 08 12, IR IZ % 1Y I R IR T
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1.1 Zmfade £ E9X A

NIRIRIZIE AT A A oh E IS A A R BRA 7]
Pk s 36 2 M (S >98% ) | UM L Lb (2 0 72 7 [3—(4,5-Di-
methylthazol-2-yl) =2, 5-diphenyltetrazolium bromide, MTT],
RIPA 215 3% W T~ 25 [ Sigma 23 7 3 JIG 246 137 , H [ K eagle
15 7 % (Dulbecco” s modified Eagle’ s medium, DMEM) , A HX
M v— 5 B SRR IR (Annexin V—fluorescein isothiocyanate,
Annexin V=FITC)/BLAL N BE (propidium iodide, PT) J& 1= 1
7 & 0 F 35 [ Invitrogen A 7] 5 ECL 1k 2% & S 3K 71 F L
T 2% 112 I %2 1% (bicinchoninic acid assay, BCA ) £ 1 E =
ERH G T E I = R AW E RIS BT 5 84 58 40 I8 4%
BT B (proliferating cell nuclear antigen , PCNA ) | £l fifd J& 14 25
1 (Cyclin D1) . T 8 52K [ (Collagen T ) | T 24 i JF 2 14
(Collagen I ) | B JIg ik JUL 52 3% % (phosphoinositide 3—kinase,
PI3K) #1255 5 B2 45 11 i (proteinkinase B, AKT) (B R fL
B 15 B Ik WL EE -3 3 % (phospho—phosphoinositide 3—kinase,
p—PI3K) 1 FR 1k 11 22 75 24 2 45 11 38 i (phospho—protein
kinase B, p—AKT) . 5 [ 7 14 I AR 5 460 £k ) B Chorse

radish peroxidase, HRP) BB/ 9004 F & E CSTA R+
ot S B R BN - B T M Bk IE BE I R VK (sodium dodecyl
sulfonate—polyacrylamide gel electrophoresis , SDS-PAGE ) B
il R Gl T AR AE Y E ARG R A AL

12 Fik

1.2.1 ARG FR AR SR & 10% K4 7% 1) DMEM
WFRHE, T 37 °C.5% CO, M0 T, 15352 NRIRIZ 98 W4T 4
i

122 MTTHR  HRAE KRS R AT AR IRIZ 75 LA 4 41
FEA 2 96 fL AR, SR A [l ¥ 82 (0.10.20,40.80, 160,
320 pmol/L) B 3 2 22 Wi T TUM IR 2 98 U241 4L 40 ifd , 24 h B
J5 10 pL MTTRFUIMA 24 LI F 4 he 77 17 0%
150 WL — H LW AR A B AL DLA R MTT &5 . e ic
5% 570 nm AL G2 FEAE (optical density , ODE) , B J5 1138 41
MLFFI 2

1.2.3  JCHIMARK I XSO 04 IR 2 I AT 2 A
2oL R IR MR B 5 2 2 AR 3 24 h I A4 LTk
R W1 9% vh ik (phosphate buffer solution, PBS) k3
K, LA 500 WL 7 i JE 2 4, A 250 L PLAT 10 pl.
RnaseA 4, 37 °CitE6 520 30 min, |- 370 28 4 4S040 B 4 it
FEHA L 20 A . WCEAL B 24 b5 RIS IZ JE LT Ak 2 i, 4
#5104 /mL, fifi Fl Annexin V=FITC/PT I 746 0]
TRF S AN PE TR

1.2.4  SFEHERESIIGA I B AR I AT 4 AT
FhZE 6 FLAR P, RN 18 Sl 310N R, SR TS TR 9 ) 0
10,2040 pwmol/L) W56 5 Z M T T4 ML, R0 2 d T4 1 Ik %
FEW L 2 JR S5 1 R IR T DR 200 L o R B, SR P PP G2 T 22 , 45 7 5%
e tt, JHEORT 504 A A 5 BEE, LAAH A 5 B B8 A
21 e TR A A

1.2.5 Western blot Kzl IR 2 525 2T 4k 240 iy LUAS [R) ik
(0.10.20.40 pumol/L) B 5 2 Z2 W5 T-11 24 h, AR 41, RIPA
LR AR A, R H BCA R 1A v 2 I 2 3% 790 6 60 000 40 i e
B WG B R AR AT S R AR AT 4E R R [ RIATAH
o — 40 F B (PCNA | Cyclin D1, Collagen I . Collagen I .
PI3K . AKT.p—PI3K Fl p-AKT 42 1:800 #i ) T 4 “CH 7
B 12 h, B B 5 HRPARIE M 1gG P = iRMEH 2 h, L
ECLAb2# % et AT W3, i FH Image J VEAS 5 558, R AT H
T T -3 W iR M &It (glyceraldehyde 3—phosphate dehydroge-
nase, GAPDH) 2435131455 PCNA . Cyclin D1 Collagen 1 .
Collagen Il . PI3K ., AKT . p—PI3K I p-AKT & H 1 4 4} 3
13 %it®H %

R JH SPSS 20.0 MUERA: X BHls AT e 125 40 B, DA 5
BB EA 3, TR TR LR = AR 2E (x x5) TR, 241
(1) 22 5 R 2 2H [ 2 5 Eb A 43 i) SR T B IR 38 7 2243 B \SNK—¢
90 538 , K 37K U =0.05 .
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2.1 A S MR IE R R A Y A E B

K MTT S250 45 5 /R, AHE T 0 wmol/L ZH[(100.00 +
9.62)% |, J I JZ F5 AN £ 4k 40 M f A7 15 AE 80 mol/L
[(80.04 £ 8.11)%].160 wmol/L[(63.42 + 6.06)%].320 wmol/L
[(41.38 +4.27)% |58 S S HEALEL R R, 22 A G2
M (F=20.769, P=0.000) . [ It J& £ 52 56 06 3% 0 BH o 40 i 75
PEVEFH I 3 4 (10,2040 wmol/L)VE 562 20N 2 br
W
2.2 HH G AEIT IR L R AT Yt R S TETY R A ) 6 R

SR FH VW T A 9 6 G DU 3 2 22 W E AR Y2 98 I 2T 4
i 7 B T AR RE T RO EE R, 25 R R (R 1), 10 pmol/LL
20 pmol/L 40 pumol/L 3 Z: Z2 Ml T T 2H 4H 0 B B TR I SAH
F 0 pmol/L &b #E 41 B & ik /> (#£=68.423, P=0.000) , It 7,
PCNA HY2IK7E 10 mol/L .20 wmol/L .40 wmol/L 562 4+
9 2H 41 M 19 263588 0 emol /L &b B2H B SR 3 (F=78.926,
P=0.000, & 1 13 1) ; Cyclin DI ) 3 35 7F 10 wmol/L |
20 pmol/L.40 pwmol/L 5 2 Z Hf T 10 20 4H d rf ) 3% 35 3%
0 pmol/LANHLH L] I T 4 (F=45.578,P=0.000, Kl 1 F1F 1),
BB 5 2 2 05 Wk 5 ) T = 20 M v B TR A BE 1 L PCNA il
Cyclin D1 25 BEZ BEAL, BA Ve AR PE

Cyelin D1}

GAPDH

B 1 Western blot#& iR IR 258 A £F 4 40 B B PCNA F0
Cyclin D1 HIFRE

F1 BAMREERTEMITERMKE.PCNAF Cyclin D1#Y
FiLLLB (x £5,n=3)

WS (umol/L)  TEREIE AL PCNA Cyclin D1
12633 +10.15 0.42+0.04  0.51+0.04
10 93.12£9.03*  0.33x0.03*  0.40 % 0.04"
20 60.30 £ 6.24"  0.23+0.01" 0.29+0.03"
40 42.27+4.23" 0.11+0.01™  0.21 0.02""
FAE 68.423 78.926 45.578
P1H 0.000 0.000 0.000

¥ ra, 50 pmol/L 4 HHL , P<0.05;b, 55 10 wmol/L 41 H.45¢ , P<0.05;
¢, 520 wmol/L 40 45 , P<0.05

23 oA S MR IR IE R AT Y fa R B AR 60 B

F2 4R WK, 50 wmol/LALAH L, 20 umol/L 40 pmol/L
WS ZHET U G/G, AN L5 55 0 umol/L 41 AH L
20 pwmol/L 40 wmol/L 4% 2 Z M T i 4l G,/M 3] 41l il 1L 5] B
1% ;55 10 wmol/L 120 pwmol/L 41AH Fb , 40 wmol/L 3% 2 Z T+
T4H G/, T4 M EE A5 155 5 55 10 wmol/L T 20 pwmol/L 41 4H

L, 40 wmol/L 585 Z 0 T 40 G,/M W40 At HL Bl ik . LA I
Ho A 22 A Giit 2t 7 (GG, ], F=14.159, P=0.002; G,/M
4, F=17.580,P=0.001)

%2 SAREEERFEMBMG,/G,H.S M G,/M 5 H il bk

(x +5,n=3)
B EMH (pmol/L)  G/G, ] S G,/M )

0 4833+2.03 2958292 22.09+203
10 5336+ 1.51° 27.02+223 19.62+1.95
20 5828 +3.54' 2623+243 15.49+1.89"
40 64.17 + 447" 23.62+2.08" 1221+ 1.26™
FAH 14.159 3.046 17.580
PAH 0.002 0.092 0.001

Hra, 50 pmol/LA L5, P<0.05;b, 5 10 pmol/L 41 HL4s%, P<0.055¢,
5520 wmol/L #H H.#5¢ , P<0.05

2.4 55 A% b E R R JE JE R A Y 48 Be P Collagen [ A=
Collagen Il & ik #9%va

Western blot Z5 5 7~ , 5 0 wmol/L ZH A Fb , 20 pmol/L
40 wmol/L 5% 2 Z Ml T4 4 L Collagen 1 AYFEIK T 1
50 pmol/LEHA L, 20 pmol/L .40 pmol/L %& 2 £ i Fi4H 41
A Collagen [IT FIFEIA T ; 5 10 pmol/LZHAH Y , 20 wmol/L
F140 pmol/L 4% 2 Z M5 T WAL 4 fd Hh Collagen 1 BB T
P55 10 wmol/L 4040 1L , 20 mol/L 140 wmol/L 562 2 #5+
THZH 40 B Collagen T Y 235 T ¥ 5 5 20 wmol/L 41 A L,
40 pmol/L % 2 Z M T T 40 ML Collagen T AYFRIET I ;
5520 wmol/L ZH A1 Lt , 40 wmol/L 3% 2 22 4 - 19 £ 41 Jifa v
Collagen Il AYR3KFE (F1 2 F1583) o DAL A2 R A 5E
12 7 ¥ (Collagen I, F=113.600, P=0.000; Collagen Il , F=
67.867,P=0.000) .

&
ya\\’&&\&o\\

Collagen |

Collagen [T

GAPDH

B2 Western blot#: MRIR 2 55 B £F 4 4l i 7 Collagen | A
Collagen |ll B93Ri%

R3 BEMIRZERTHMAF Collagen 170 Collagen i
RiAKF LB (x £5,n=3)

35 2 (pmol/L) Collagen I Collagen Il
0 0.33 £0.03 0.42 +0.04
10 0.29 £ 0.02 0.38 £0.03
20 0.14 £ 0.01* 0.21 +0.02*
40 0.08 £ 0.01 0.11 +0.01"
FAH 113.600 67.867
PAE 0.000 0.000

a5 0 pmol/LA ELEL, P<0.05;b, 5 10 pmol/L 41 HL4%, P<0.055¢,
5520 wmol/L #H H. 45 , P<0.05
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2.5 SRS M RIRIE B R e a0 T 6 R

R R 2 A ARG 2 22 8 %o N IR 92 98 2T 24 24
AT, 255 B R (1 3), 50 wmol/L 41 (6.41 + 1.23)
ML ,10(12.94 +2.41) .20(18.81 +2.73) .40 pmol/L(26.47 +
4.05) %S 2T A MMM T 2T &, Z R A5 EE X
(F=28.066,P=0.000) , H.Fifi 5 2 Z HHHk B (1) T v 40 A 7 2%
Wil T, B U AR

0 pmol/L 10 pmol/L 20 pmol/L 40 pmol/L
1A= 0*Y 10* E 10*
103 o |10 G |10 sfir (104 s
= o 104 - on i | &

) T EE E|
g W e
gm0 Py ... N D .l N =

10° 10" 10% 10° 10* 1 12)‘ i“‘Oz IE)J 104 10° 'l"bl 10* T(‘}" 10 1

Annexin V=FITC

3 RS SHENRIRIETE R AT 4 4 R T YR

iy ey e o
10" 10210° 10*
0' 10z

2.6 A% HET IR IR R AE Y tm e PIBK/AKT 4% 5 38
B E KT e

P 4 F1 3 4 FIF 78, Western blot £ 1l & 7%, A %8 T
0 wmol/L 41, 10 wmol/L .20 mmol/L .40 wmol/L 3¢ 2 Z B+ Tl
18 N IR 92 9 LT 4 20 i p—PI3K Y R 3h T i s A AT
0 pmol/L 4 , 10 wmol/L .20 wmol/L 40 umol/L 3¢ % £ B4 T 1
B NI 2 P55 AT 2 40 e v p—AKT B9 R A TH R 5 BB 58 5
22 MV BE (9 FH 5 40 M p—PI3K il p—AKT B9 35 iA B> FHi
FAWBERE, DL 2R H S48 X (p-PI3K, F=
72.797,P=0.000; p—AKT, F=70.897 , P=0.000) .
&\) §V 0\\\) @§V

&
& N X
of oY Y

p-PI3K - —
AKT

p-AKT

GAPDH

El 4 Western blot il R 295 B £F 4 40 B PI3K . p—PI3K
AKT #0 p-AKT B K&

R4 BEARIRERE BT T PIBK.p-PI3K.AKT # p-AKT
FAKIKFE LB (x + 5,n=3)

(pmollL) PI3K p-PI3K AKT p—AKT

0 0.86+0.07 0.62+0.06 092+0.09 0.71+0.07
10 0.85+0.08 0.50+0.05 0.89+0.08 0.56=0.05"
20 0.88+0.08 028+0.03" 093+0.09 0.32+0.03"
40 0.84+0.07 0.15+0.02" 0.92+0.09 0.21 % 0.02"
FAE 0.155 72.797 0.117 70.897
P 0.924 0.000 0.947 0.000

a5 0 pmol/LAL L, P<0.05;b, 5 10 pmol/L 4 HL 4%, P<0.055¢,
520 wmol/L £ HL#5 , P<0.05

303 i’

PR IR I S — o Bz DR £F A 36 A MR g |, 3
A v, YR MR R R R, DL S H A B AR A 25
O FRREAR , 45 T 16 2l 2 PR, £ 30K, 3 30
TR AE IR YZ 9500 A B kA3 1 5 A I Ak
K I DM AN T A, IS i 3] Ji 4 32 0 1) 41
ZUXIRZ A, LU B 4G A 7, 5 1E 5 R IR AR
L, IR 92 92 W R AR AE T BT 48 40 i 82 3 5, A
JULET 24k 4 B0 LE A5 384 i A B ECM 43 (Collagen T
Collagen Il ) {3 Z LA ECM i )5 & H A A%
R34 I o 55 TR IR Y2 98 IUET 4 200 i ) ok B 3 1k
AR, R T 2697 T ARG IRIRIZ
& B e i T AR VIR G55 0T BOGIRYT VR RIT
AT ARG RRCRAIA S N T
IRIZIEVIBRAR G 2 R R &, S BRI IZIE 25
59 bR W WE S i 78 TR 5 s AR S Bl Ak 259
RUE B I R & RN TS Yok B IR 2 %
BT B I RS SR H e TR SO Z Mo ) RIE
FAA R ZE S A iRt T 22 . T EIRIT R IR SE
MIRYT 7, B #ERIVE /NS Re i, BRTAFR E
R HAR IR YT IR IZ 8 b B B Ry i, )
1, Tang ZM 458 o (R 3 R SMIF 52 R T, T+
TR 8 3L A ) S T A A 1 BE R AR 2 2T 4 A i
A T R A TR 92 9% W E B, TR R AL B p-
Akt p-mTOR 14T 18 LA K 1% 1l A5k g 28 14 ) 958
(phosphatase and tensin homolog, PTEN) ) -5, H
2 T BE A8 10 I 92 9 IS 2T 24 A e G 5 AR i
AR, AR HE A R E T, R 92 98 R 2R T AR
FHU B R 2K ) A2 UE miR-29 1Y 3 3k JF BOE
p38MAPK/INK 32 12 9 55 I I I22 98 1 21 4 A0 B 1% 77
FF- 4 il 5 4k A K - B1 (transforming growth fac-
tor—B1, TGF-B1) 7 5 iy & v i P e 3 1 DA I 1
Y s A AT o3 LWL BN 28 11 (a—smooth muscle
actin, a—SMA) [ 35 , R BHLAG PR IR IE B, AF 5
th, CPP BEME A R i PR 92 78 B 2T 24 4 e ) 48 4
FVZH B S AR AR DR R AR E T, HL AT A R
TR A 5 B, X 25 R R A S 2 M T Be T
BITIIRIZIE o

CPP 2 —F KRS AFTE T %S+
PRE9MRrh . feat Eny 4, CPPIEBUR IR T Ak
3 TARZ 56, HAE DU /R I v a0 03 58 A 42 o1
TR TR 20 B Xin T SEIBF5E 7 , CPP
AT A 5] e PR B0 B8 HO-8910 4 Jfd 1) 4% 28 1l
A%, i H X e 20 i B A SO b s e .
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e LAY S, CPP BE S 3 il - 40 L HepG2 11
AR U ZE LT AT RE 5 4 PI3K/AKT #
BT B AT A A0 N 32 4 D A B B T
TRIRIZIETE W2 AN 1] /D 1200 iR 9 2 A B b A
FE LRI KA A S T IR 8, FEARTSE
N5 2] CPP Ab PH AT 300 ] IR 92 95 B 2T 248 40 e ) 3
B, B AN A 22 G /G 9, I B F Collagen |
H Collagen Il 35, JFi7 A IA T, 3 & W]
CPP BT IR IZ 75 I AT 4 A i AT VR (e Uik
B, £ 3F B PI3K/AKT 15 5 3 % 2 5 40 i 3% 5, 4>
Ak, TR A R B R ERTE AR T
PI3K/AKT {5 1% 35 5 MR IZ 575 4l M S50 g,
PR BEAS A R PI3K/AKT 342 19 245 ) vl Gk 2
JRIZIEIRIT I BRI BE 25 . ARSI EE I R B,
CPP 1~ 19l (4 9 1 922 955 1 2 44 248 i v PI3K AT AKT 1Y
T 2 Ak 7K SF- W B ARG, 5 75 CPP AT RE 3 o 317 )
PI3K/AKT i i & ¥4 4EH .

Mz, CPPif i FHAS PI3K/AKT {5 53 B i 105
0] R 9 955 T 2 20 B 4 A | 400 ] U0 2k R A
ECM AH R 02835, [Fnf 2 gh i T, ik,
CPP 1] e 2 IR IZ 5 B AE IR T 259, IF Hov] LIAE
R BIE ST 7 el TR IR

& £ X W
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