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P3N, 1 BURR IR A5 b (R B S5 . Western blot A ZRAH 0.5, 1.0 mmol/L ) Poly P 21 H#% 0 mmol/L Poly P ZH () 1 74
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Polyphosphate promotes tendon stem cell proliferation and energy metabolism: a study in vitro // LEl Chang—bin, TANG Xin—
wen, GUO Zhi—wen, LI Jian. Clinical Medical Research Center, Affiliated Hospital, Xiangnan University, Chenzhou 423000, China

Abstract: [Objective| To investigate the effects of inorganic polyphosphate (Poly P) on the proliferation and energy metabolism of ten-
don stem cells in vitro. [Methods| Rat tendon stem cells were isolated and cultured, their surface molecules were identified by flow cytome-
try, and then treated with 0 mmol/L, 0.5 mmol/L, and 1.0 mmol/L Poly P. The Ckk—38, cell cycle and ATP energy assays were performed. In
addition, the immunofluorescence and western blot assays were used to detect the expression of type I collagen. [Results] The flow cytome-
try showed that > 95% of the isolated cells expressed CD44 and CD90.1, but almost no CD45 and CD106. In term of Ckk—8 assay, the OD
values of in all groups increased significantly over time (P<0.05) , which increased significantly in Poly P concentration—dependent manner,
with statistically significant differences among the three groups from 4 to 24 hours (P<0.05) . The flow cytometry revealed that Poly P in-
creased the percentage of G2+S phase and promoted cell proliferation in dosage—dependent manner with a statistically significant differenc-
es (P<0.05) . In terms of ATP detection, the ATP detection in the three Poly P groups increased significantly over time (P<0.05) , which sig-
nificantly increased in Poly P concentration—dependent manner with statistically significant differences among the three groups from 4 to 24
hours (P<0.05) . Regarding to type I collagen presentation, the immunofluorescence staining showed that the fluorescence intensity of type I
collagen increased significantly with the increase of Poly P concentrations, additionally, Western blot analysis showed that the expression of
type I collagen in 0.5 mmol/L and 1.0 mmol/L Poly P group was significantly increased compared with that in 0 mmol/L. Poly P group (P<
0.05) . [Conclusion]| Poly P does promote the proliferation of rat tendon stem cells by up—regulating the expression of type I collagen and
ATP production in vitro.
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LSS (tendinopathy) 2 Il R 19 5 WL M 22 %
W, AEREAELHYG 3 000 J1 U, T E
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Z BWEIR L (inorganic polyphosphate, Poly P) J&
HI LA B0 TR ER S o = RERE IR B R &
TR LRAEZ B, B R A RE T 22 5 ZUHE R |
TR . WERIRRSE 20 TR . Poly P24
Jf1 % DNA H1 RNA J& 025 =R E 2 2 RAKP & 1
(polyanion) ' #FFEINA Poly P 78 J5AZ% FIEAZ A Wb
BAT (RSN SR oA o L 35 7 e EEE I
MG ROE R H R SRR, B R AR L
SN FEE M ANE R . WFSCIESE, Poly P AT LAE L |
JAHE ) BB AN AL BT 2R3k, DT 2 A AN A Y
AR ASBFSEE T CKK-8 A4 5E . 40 )
S50 ATP RE 2 A6 0 4255 A I AS [V B2 Poly P
Xof JULEE T 4 M pE A RE BEACE AE A, JF @ West-
ern blot FIZEDECRTIM T BRI I i Fih 25 5 o

I MBS

1.1 SEESEhYSH R

3~ H i SD (Sprague—Dawley) 554 MEPE K B,
40 S50 3 U e 2 e B T 5 B 2 90 S A PR B
A, IS HADCIR R . W3Rk DMEM
(Life Technologies, & ); 10% JG4- 17 (Fetal Bo-
vine Serum, FBS) (ATLANTA, EH), %5HMEZ
(Gibco, 2E[E). Hifk: CD44, CD90.1. CD45 Al
CD106 (Proteintech, ™1 [E ), Collagen type I (ab-
cam, F[H), B-actin (Affinity, H[E); 1L
Collagenase type I (Gibco, FE[E), Dispase II (Roche,
D) KM &: CCK-8 W& (RFEEAH,
[), ATP il & (PerkinElmer, 5[ ). HAlF M
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AR FFEM I A KB E R AR PR A A
1.2 Ao SR

H COLRAMER RS, fERWE#EAER Far Bk
FUEMEL1ZY, HICHEBY I 8yie)s, %84 100 mg 41
AU A 1 ml PBS JHAL M, HH % 3 mg Collagenase
type 1 Fll 4 mg Dispase II, 37°C FiHfk 2 h, BEWTE
2500 r/ min £5.0> 5 min, F L3, FXKINA PBS i)
10 ml, E2JJ5 FKAE 2 500 r/min .0 5 min, #
W, RIGIMAR:FEE (DMEM, 20% FBS, 1% P/S) 5
ml, PRI 2 T25 3R, BT 37°C CO. 4%
TR RESE. AW, FHSS S0 A e B A T 4
o, FRARM K EHI 70%~80% J5 , THAL4H, HEAT
CD44. CD90.1. CD45 H1 CD106 #yE g s, %Mk
YA T3HT
1.3 {RHMba

B P2 ACURE T4 132 3 000 cells/well $£7H % 96
LR, FRAipuliEEsS, 50 A 0. 0.5, 1.0 mmol/L
Poly P 1555,
1.4 kiR
141 4HfaEFE RE I e

sy A 1, 4, 8. 24 h 5, HALIIA 10
pl CCK-8 VAW, dk2lbiss 4 h, (H R EGHR RN 450
nm [ EEE (Optical density, OD) .
1.4.2 2R E 30

ARG TR 48 h s, WHALAnME, HEfT PLYf, JF
K FH T X A0 A SOx 200 B BT A 70
1.4.3  ATP femA A

i HIEE SR 1. 4,0 8. 24 h 5, F ATP {5
SRCEWREME, BFLIMA 50 pl mammalian cell ly-
sis solution #EYGIFFZSN 5 min, FEEFLITA 50 wl sub-
strate solution #EYEE S 5 min. 8 FEEFR LN 2 450
nm WOEEE (OD), Kl T ATP ¥RIE (aM), J5RH
Quant—iT PicoGreen dsDNA Assay Kit Il %2 55 FLFE fh 5L
DNA & i (ng), B ™A APT (nM) HFRHEL
FRFLE DNA i (nM/ng).
144  HPEHEH Western blot K T 7Y S5 Y283k

GoRE DRI 1 B IR 263k, R [l &
Poly P b FRANAL 48 h J5, K 20 i FH T4 11 PBS 121k
3, B3 min, F 4% 092 % HEEE A 10
min, PBSIEVE3 K, HK 3 min, RiGMA—HL 1A
JEJE (12 200) FFAR S, 4CIHFLRMK. 524
FH PBS T5¥E 3 8, K 3 min, MAZOETHL, i
WEH 1h, PBSIEVE3 M, K 3 min, SRJGHIA DA-
PL 3B E 5 min, PBSWHVE 3, AKX 3 min, I
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JRTEPOL BB T WETERAERISR FA 3 WYL SR PSR B LA & =5 205, RH]

AR 48 h J, FH RIPA 224 manie, 42 PR Ty 20T, BT HLECR A LSD ¥k, P<0.05 K
HUAS 4 BE FUA I BCA IR & & Mk, K5 ERAGIEE X
PEAT Western blot Kl T B¢ I (1 35, fdFH 4%~
209085 B RN EE . UEBHIK . Fls, =R T 2 & R
TE 5% RS A= 5B A 1 he 4350 A —40 T B0 5
(1:1000) 7F 4°C #42F- 6 Fid . 45 2 d ] TBST 2.1 U4 S e
FUWWER 3 BZEEERTMA S (1110 K ERALEE 53 B WU AN 2 2 Jl ), m DA v
000) Jf#EHESE 1 h, FRUER 3 K, T FHRIESEA Fe ( 1a), X7 REYE (B 1b), KRR
IO 8 A A AT A 2E e, 9T Tmage J #44F0EF T FH U A M A R 18 TR T S, K>

PE R 95% ) 4 Jifd 3 32 15 CD44 F1 CD90.1, JL P Ak
1.5 St CD45 1 CD106 (& le~1f), $EAVEE NI/ 255
K H Graphpad Prism7.03 4175811504, K U2
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B 1 RENUE TS e 1a: KBSV SR A QR A, #5554 12 d 5, ol W BEUE A spE  1h:
Y e R Y L IR e~ 1 KERNUBAIIER G 2 F A2, XL ek ) 7o i T4 R midRic 4 CD44 F1 CD90.1, {H
HANERTARICY) CDA5 A P 2 4EHEbR ity CD106 Y58 (A

2.2 ZRUEIRER G VR 20 At 3 7 R0 40 i SR 30 %) 5% %1 CCK-SHMEER (ODE, n=3, i+) S
M ]2 Gl O, @l PE
CCK-8 Zi s M 25 R W3 1. Bl 55370 A Ih 1.13£0.07 1.1320.03 1182008 0317
MHER , =AU Poly P 2119 OD {H ¥ I 2 3 4h 1.22+0.07 1376002 1.44:0.04  <0.001
(P<0.05) . Poly P AT LAfi i/t A RN T~ 2 ffd ry 4 7 8h 1.46+0.05 1.91x0.03 2.05:0.07  <0.001
HEWBEMWE, Jif 1h iy, =W Poly P 4H[H] 24h 227+0.04 2.64:005  331:0.07  <0.001
2GRS (P>0.05), fHERFR 4~24h, = P <0.001 <0.001 <0.001

A2z F A G FE L (P<0.05),
S LR R 25 S LI 2, 5520, Poly P T 2.3 ZRUEREL XTI 40 M RE A Y 52

DASE R 2 G2+S JIR Er 23 b, DA fie 2 240 L ) 434 2 MR ER S UK+ 2 g RE R ACISE ATP G 25
B, BERAGHREE Y (P<0.05), RILF 2. BEEEIRIRIAHERS , = HRIE Poly P ZH 1
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B2 AR AU AR 2a: WHHRAL
JFi. TTULBE Poly PYREEHINN, G2+S 9k b 448

K2 BEERE ATP EEKWMLER (nM/ng, n=3, #+s)
5t

FSF ] A5 0 mmol/L 0.5 mmol/L 1.0 mmol/L Pl
1h 484.78+53.69 519.45+83.16 507.27+53.09 0.651
4h 426.53+87.49 489.18+37.09 545.83+85.07 0.042
8h 522.03+27.25 602.94+76.53 642.06+91.31 0.029
24 h 622.68+85.46 804.96+90.06 752.06+87.42 0.008
P1iH <0.001 <0.001 <0.001

2.4 ZZBREWRERRER XS JUBE T 240 Ak B A S s i

o BE DY AT UL Poly P A 1t K UL T4 g 1
R B ) 238 LI 3a~3c, AT ULEE Poly P AN, 7%
PRTALL R TSI

Western blot il 25 5 ULIA] 3d, A Ik — 20 B
UE T ue e kil 25 5, Western blot 45l 45
Wk mn J o LK 3e, FH 0.5 mmol/L, 1.0
mmol/L ] Poly P 4% 0 mmol/L Poly P £ 1) T U it J&
IR BEIGIN, ZRA5ETHEE X (P<0.05).
33 #
JUUREE o5 R 2 A8 ME R O B D iR Ry, R T IR
iE, FEOUBERME SRR, TR ) S
mnE . WU A B EARRE D 2, AREA)S
T R H U E A AL RE 22, A5
PO WL U T2 A U . R il
W55 22 m AR RE Ty, e FoE K SIUUBE T4 A n] A7 2%
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2h: 0.5 mmol/L Poly P Zb¥ 48 h 5  2c: 1.0 mmol/L Poly P Zb¥f 48 h

&5 WUBEAS 005 1) o SRR A R 1] 5 o 1 40 e 3 25 391
KN, EERNBIASEMERT, oTLAER ]2
T B 3 AN RN B A, R AR
B AR B AT A T (ARSI T2 M
T N LR IR GE AR SRS, R H i TeA
UFINEAE R ISR PR T AR e M . ARBFTRIRT
Poly P X ZLah U T 40 s, A3 Bl U+
AR I PRI

AFFAUETS, ANFEVEEE R Poly P 1] LI #E{A 4
JLREE 41 ff i 38 5, Hodb 1.0 mmol/L Poly P %% 0.5
mmol/L Poly P & #F U 20 i 3% 58 5T M 2. . Car-
ney " HRIETEE /MR IMIE H (Platelet-Rich Plas-
ma, PRP), Poly P 7] LIE#EM 11 b Rz difafe Az, {2k
GirT A G . TRIRE Gawri O 3 1 Xof 2 M 6] 455 B 2% 20
LM EFRUESE , Poly P AT LN A% 40 i £ 4%
FEFIZHZ3 Ak . PRI Poly P Al DA #E44 41 JULREE T 41
MLRXETE, AR T U T 20 A RS E 5%

Poly P 7EHILM B b i frfE =, FTREUN T4
AR . TR . BE AR I B AR 7 6 B
JC ', Poly PIRAR N RERACHMAAE A, 40 M sk i
YR A R AR ATP, AT LU E 22 SR MR
fiti K £ Poly Po AHEZ, Y40 HHE IR ATP
WDEE, BN, SN R PR, W]
PARES# Poly P oy ATP ' ARBFFRIUESE, 0.5 mmol/L,
1.0 mmol/L. Poly P 1] Lk 3% Jin UL Bk 1 21 JfL ) ATP A=
W, JFHAE 4. 8. 24 h ATP 425 0 mmol/L Poly P
M 2ZERA G2 E X (P<0.05),
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0.5 mmol/L

pactin W S —

Kl 3 Poly P X K MU 400 1 BURSIRFIRAIREI 3a~3c: FuResEERnm 1 B JE ek, nl
Seam R, BAB T RS AR IATFE 3d: Western blot K1l T B R AYFE15  3e: Western blot 2
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TR SEIOZH 5 0 A ThE P<0.05, #3275 1.0 mmol/L 205 0.5 mmol/L 4 14 P<0.05

VR 2k A DU UL T4 L BT 2 1 Collagen 1 HY
Foik, KIAFEUSER Poly P ] LML UEWLIE T 20 iy
Collagen 1 Y33k, JFH 1.0 mmol/L Poly P A4 F
0.5 mmol/L ¥ [ T Beit — B R . X 5AHIBA
HI I WE ST Poly P AT LU F A AAHE 1] 4% 2F 4 24 4 i
ATP B AR 5 40 A 58 B AR iy 45— 3
KL I Poly P AT LA i JUL A 1 240 At ) i AL EE 5 1] 3
b, A BT HAE WU G R B . Poly P 7EA
7/ N TR i L SRy SR 2B SR ) = =P S i
WG R THHEE T, RATRR RS

JE . bR T, TJ}EJJQHEI%%% A
KB LR AE " WHEIE R B Poly PRI 25 4fl i

f14 A= BRAC R Y @%1‘2{: DNA ¥e5¢, ZopiiRia 5
P, [FIRFFERAAE . BRI, Bl B WA —aE i
A

I PR 43 85 FAS I Poly P A5 /2 R 201, 75 2 01 i
il WERIRY TR . HATE R Poly P Al LU HEARSMIL
R s s AN RE S QI RAARTREANILA 1
A, 3 TR L RIRARISE
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