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A Study of the Effect of Platelet-Rich Plasma on the Cellular

Proliferation and Differentiation of Osteoblast Cell Line

Tae-Wook Jung, Kyung-Soo Jang, Chang-Whe Kim, Yung-Soo Kim
Department of Prosthodontics, Graduate School, Seoul National University

The osseointegration in implant therapy is achieved following general wound healing mechanism. Platelet play a major
role in wound healing process. In addition to blood clot formation, they secrete many growth factors which regulate the
attachment, proliferation and differentiation of nearly all cell types. The use of these growth factors is now known to be
very effective methods to improve the cellular activity. Platelet-rich plasma which is made with the newly developed
technique concentrating platelets 3-folds or more is also proven to be very effective method to stimulate and accelerate
the healing of bone and soft tissue. Previous study proved that platelet-rich plasma enhanced the cellular attachment by
inducing fibronectin, vitronectin from osteoblast. So, this study was aimed to investigate the effect of platelet-rich plasma
on the cellular proliferation and differentiation in vitro. The effect on the proliferation was evaluated by MTT assay. To
evaluate autocrine and paracrine effect, conditioned medium was made and compared. By measuring alkaline phosphatase
activity, the effect on the cellular differentiation was evaluated.

The results were as following: The cellular proliferation of osteoblast cell line increased depending on the concentration
of platelet-rich plasma and conditioned medium. The alkaline phosphatase activity increased depending on the
concentration of platelet-rich plasma and conditioned medium.

These findings imply that platelet-rich plasma enhance the cellular proliferation and differentiation and maximize the
cellular activity by using the autocrine and paracrine effect.

Key words : platelet-rich plasma, cellular proliferation, differentiation. conditioned medium, alkaline phosphatase activity.
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A A oF Fape] FEES 9 AFoE Ak
HolHd dEHREE 7| St d9E vt
o8 FAle v Ao} RS Eee Ao HE H
ARG golM AHEHAL Ak B399 gl tEof
dEe] AAzUE Fugh A xze] FE|ot &
w3k AF7I3ke] Fofol tigh g e wol Bk A
HoATh o] 55 Agde ahEAdE, =
o|Xz, Aots AdEss Tl AR dE
HEES A9 7 JA HAAL =4 o] Y F 59
T AEANES Y, WAY 55 =4 FE
SHA BSAA 78 253S 45 JA HA
th oo]dl WA= =gl ek 2AA2L o3 9
7k Ferlee] e dSUE AR, £ A
W EY FE YL vyt At HTole AR
717Hs GSAI7E = AlEEC] Bol A il e
b I F 7t A58 (Platelet rich-
plasma, PRP)S ©o]8-3}= Zlo|t} o] A3
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matrix protein), =7|% 74 H(mineralization of bone
matrix)'s 2] Y#o] YA FFo] dojrp=t] o7
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1. M=l 2(cell culture)

Abehe] 23 A A (osteoblast cell line)E American
Type Culture Collection (CRL-11372, ATCC,
Manassas, USA) 3]AFol| A 918}l (Fig.1), 10%<] o
AFob2] A (fetal bovine serum; FBS: Gibco,
Carlsbad, CA, USA)©] ¥3F%¥ Dulbecco's Modified
Eagle Medium: Nutrient Mixture F-12 (DMEM/F12;
GibCo, Carlsbad, CA, USA)°] & ZAu|FZetra
(Tissue culture flask 75cm2, SARSTEDT, Newton,
USA)l A 71 9 THFig.2). ATCCOIA AE FUFA
HUIE protocol WIZ 2.5mM  L-glutamine(SIGMA,
St.Louis, MO, USA), 15mM HEPES (Gibco, Carlsbad,
CA, USA), 0.5mM sodium pyruvate(SIGMA, St.Louis,
MO, USA), 1.2g/L sodium bicarbonate (SIGMA,
St.Louis, MO, USA), 0.3mg/mL G418(Gentamycin,
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Fig. 1. Osteoblast cell line
(CRL-11372, ATCC, Manassas, USA).

Invitrogen, Carlsbad, CA, USA)E H] ol #7}8}3]
om 5% COx3 ol A 34C, 100% =2 Z7o] 4]
= Al 7](Multi Gas CO; incubator, ASTEC,
Fukuoka, Japan)oll A 8] %8} thFig.3). &5 Akl A
Hagk N327F 7 w2 F248k= Al ZH(doubling time)
& 364 7ol AT

rs59% AxE 9okl semLe] &-5-a1A
@l citrate phosphate dextrose adenine (CPDA)7} & A
YU (blood collection bag)oll (Fig.4) A1A| 7733t
AR e dde AA Adste] F 400mLe]
AEFHYE wEJTh oA AReA IEC
central GP8R centrifuge (IEC, International Equipment
Company, Needham Heights, MA, USA)E ©]-&-3}
(Fig.5) 2500 rpm(1400g) .2 10%-7F LA -2 Z A]
ot HI+SS A E2d(blood separation
stand) S ©]-&3te] Felsf WAtk AE75S £
o 5 oA A4S Ao A 3000rpm(2010g) 0=

1583 A QAR E Adske] somL 7he
Ga5E AL A 9 YABEFERS

Ao AHEEHSItHFig6). AR E5TLS de

|
d A= A 3024 E=STE Ayt Ay
o] AT 42 239,0007 /L2 BT &30
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Fig. 2. Tissue culture flask 75cm2
(SARSTEDT, Newton, USA).

Fig. 3. Multigas CO2 incubator
(ASTEC, Fukuoka, Japan).

Fig. 4. Blood collection bag.



Fig. 5. IEC central GP8R centrifuge
(IEC, Needham Heights, MA, USA)
(left; outside view, right; inside view).

Fig. 6. Platelet Rich Plasma
(left: acquired PRP, right: PRP in use).
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Fig. 7. Diagram for PRP preparation.

Fig. 8. Conditioned medium of PRP.

463% W 5ol o]Fo] A} Fig7< o] 34
S QoA 7l ot}

ZFAETFE 100mm’ e A FE]FE A (cell
culture dish: Falcon, Becton Dickinson, USA)°]
80-90% = Z=wtal 2 uwj7}A] wjokdlt & o LolX]
&go] 2354 ¢S 5ml DMEM HjA| 2 143}
48217 wQh AlEufgTIske]l  AA AL
100ul/mLe] FAa55TgS W F7}sto]
koA A FAvEFI ] AxE =EAIA
7, oA ojadold @Hol TEolRA %S
Sml®] DMEM A& wA|ste] 24 A7 5 vl
7] 3tell & F S EATHFig.8). ol Z A 3t
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4. MTT =482 0|88t MESAZA(Cell

proliferation assay)

ZZAEFZ 2x10° cells/mLe] FE=E 96 well
culture plate] &5 F 10% & FolA] o]
2 3HE DMEM/F-12 WX & o]&3lo] AEE 34T,
5% CO,, 100% H=9] Z70] A1 5= Al a7l

oA vistATh AE 5 - 6AZke] A AlE



3ul/mL, Sul/mL, l0u/mLY Yards=d43
lul/mL, 3ul/mL, 5ul/mL, 10ul/mLe] dAAs=d%
ZAMAE A7k om A w1, 24, 3

9l 49 597 ¥
Oﬂu} MTTA1 &
© 40| yAEE
&2 @ A~(dehydrogenase)ol] 9]dte] ZAAS
formazano| gt EYE A= 4L &
o= Hhg & YA ¥ formazan®] ¥ F
A FA g o] FHEE Aoldle AXE

Higgtt, 2 A3olAE MIT -E’_—’ﬁ/\l‘l._o—
CellTiter 96” AQueous One Solution Reagent(Promega,
Madison WI, USA)S AF&-3}SIth A gux]o] MTT
AN kS A7 20uLE H7FSEAL 34C, 5% CO,,
100% FE7F A E = WG A 24 ek v
Sk 5 490nmoA 2] &B 5 354 7](sphectro-

G ZHZ} MTT assayS A3 o)
=PAS = tetrazolium ©] 2F
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p-nitrophenylphosphate solution(NPP : Sigma, USA)¢]|

A7}t

A /y\]

37%9  0.1% Triton

X-100/saline, 0.1M glycm-NaOH buffer & <ol 30
3w F3ke 3M sodium hydroxides ©]-8-3Fe] 1t

& THA7IAL

18 ol g3tol S4s9,

N

405nmol A2 P2 Bg=A

photometer, GeneSeclll, Hitachi, Japan)E ©]-&3}¢] Table 17} fig. 9> AR5 Y T8 G
SAskth SHA 1 39, 44, 5do] A & SAG
THE o] WstE BoFa girh BE AF Tl
5. Alkaline phosphatase specific activity A A Zbol| o Z7} 44 Hd ks Holt}
54 N e B oY EAdES
RS A5 AES2H 0] T7kete
A Ef RS AJEeA] 49A] Hi= ol alkaline S B
phosphatase activitys 57 3}3IT}F Alkaline phos- Table 2 7718 AN S AE Al
phatase(orthophosphoric monoester phosphohydrolase ETA ] Bo] 7k 4dA 9] FHE s
alkaline) activity™= pH 10.4°A]  p-nitrophenyl- Hlu sk A E7F lu/mLE A Qs BE 7o
phosphate®l| A 2] %= p-nitrophenol®] &= 41 A EAA o A= AEFA Y ST &
o ZM o]Fo] Xt} 20ul aliquot®] cell lysateS 200ul 2] A TH
Table 1. The effect of platelet—rich plasma on the cell proliferation(0.D., n=>5)
day 1 2 3 4 5
control 0.335 0.356 0.473 0.662 0.615
lul/mL 0.447 0.448 0.571 0.758 0.683
3ul/mL 0.452 0.455 0.572 0.823 0.678
Sul/mL 0.514 0.456 0.604 0.885 0.574
10ul/mL 0.561 0.588 0.625 0.939 0.588

(0.D.: mean absorbance at 490nm, n: number of experiments, control: serum free DMEM)
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cell proliferation assay (PRP)
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Fig. 9. The effect of platelet—rich plasma on the
cell proliferation

Table 2. Cell proliferation on 4th day(PRP)

O.D. S.D. % control
control 0.662 9.20E-02 100.00
lul/mL 0.758 1.52E-01 114.51
3ul/mL 0.823" 1.43E-01 124.32
Sul/mL 0.885" 1.27E-01 133.69
10ul/mL 0.939" 1.36E-01 141.84

(*: P<0.05, t-test, significant difference compared to control
group)

Fig. 102 &S 100% 2 AAsta 249
e St A 19 2ot AavsSd
whe}A  10ul/mL(41.84%), Sul/mL(33.69%),
3ul/mL(24.32%), lul/mL (14.51%) =2 A|EF24
o] S717F vebstt

o
1o lo

=

cell proliferation on 4th day (PRP)
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Fig. 10. Cell proliferation on 4th day(PRP)
cell proliferation assay (PRP-CM)
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Fig. 11. The effect of conditioned medium on the

cell proliferation

2. @rmsEE e =AUK| sZof wWE Mz
Z4o| #s}
Table 3, fig 11 & 25 FHE 4o 2AuA

Table 3. The effect of conditioned medium on the cell proliferation(0.D., n=5)

day 1 2 3 4 5
control 0.265 0.293 0331 0.532 0.494
lul/mL 0.291 0.307 0.354 0.634 0.591
3ul/mL 0.309 0.337 0.399 0.688 0.523
Sul/mL 0.347 0.352 0.434 0.719 0.584
10ul/mL 0357 0.362 0.487 0.753 0.585

(0.D.: mean absorbance at 490nm, n: number of experiments, control: serum free DMEM)
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Table 4+ 425547 v =2 SAE
Ng 99 P ALZA0] wol Lolut 4Ll
FHE S vl Aolth, e dol A FAA L
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(p<0.05).

Fig. 125 HZTS 100% =2 kol 23+ 7S 3
AR adelt A sSddy vRHA R 2
ARl Frel bl whEl 10ul/mL(41.54%),
Sul/mL(35.15%), 3ul/mL (29.32%), lul/mL(19.17%)%=
o7 AEFA o] F7ekA:

3. €Aames=dd =50 U2 alkaline

phosphatase activity2| B3}

Table 5&= dA2H5F5IS lul/ml, 3ul/mL,

80| =EMEF MESA & Zalo| olx= ekl ofet o5

Sul/mL, 10u/mL9) H%2 H7}e}9lS o alkaline
phosphatase &2 WslH S HojFa Q)
RE TN AR fo dsAe] 7t
HEER o AhdEHEYY] st S
= S35 E ZoM tHp<0.05).

Fig. 13& 29 SH %S 100% = st $HaF
g ART gre] WstdtSs BoFa e L
oty AW EHIH w5 Skl wet 10ul
mL(199.13%), Sul/mL(135.65%), 3ul/mL(110.14%),
lul/mL(55.94%)°] &573¢] 5717t H2E AT

4. dapsEEYL| =duiA|

=-1L1T" o

SEof o=
alkaline phosphatase activity2| 2z}

Table 6 dadsFdde] 2AMA sks
lul/mL, 3ul/mL, Sul/mL, 10ul/mL= Ze]3}e] v ] o

Table 5. The effect of platelet—rich plasma on the
alkaline phosphatase activity(PRP, 0.D.,

n=5)
Table 4. Cell proliferation on 4th day(PRP—CM) oD. SD. %% control

O.D. S.D. % control control 0.345 1.30E-01 100.00
control 0.532 1.17E-01 100.00 lul/mL 0.538" 1.23E-01 155.94
lul/mL 0.634" 1.62E-01 119.17 3ul/mL 0.725" 1.28E-01 210.14
3ul/mL 0.688" 1.09E-01 129.32 Sul/mL 0.813" 1.34E-01 235.65
Sul/mL 0.719" 1.67E-01 135.15 10ul/mL 1.032° 9.60E-02 299.13
10ul/mL 0.753" 1.34E-01 141.54 (O.D.: mean absorbance at 405nm,

(*: P<0.05, t-test, significant difference compared to

control group)

cell proliferation on 4th day (PRP-CM)

% contro

ocR5883838

control ul/mL 3ul/mL Sul/mL 10ul/mL
concentration

Fig. 12. Cell proliferation on 4th day(PRP—CM)

n: number of experiments, control: serum free DMEM,
" P<0.05, t-test, significant difference compared to control

group)

alkaline phosphatase activity (PRP)

% contro!

100
LB
0
control ul/mL 3ul/mL sul/mL 10ul/mL
concentration

Fig. 13. Alkaline phosphatase activity (PRP)
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Table 6. The effect of conditioned medium on the
alkaline phosphatase activity (PRP—CM,

0.D., n=5)
O.D. S.D. % control
control 0.323 1.42E-01 100.00
lul/mL 0.565" 1.33E-01 163.77
3ul/mL 0.643" 1.29E-01 186.38
Sul/mL 0.758" 1.49E-01 219.71
10ul/mL 0.953" 1.51E-01 276.23

(O.D.: mean absorbance at 405nm,
n: number of experiments, control: serum free DMEM,

" P<0.05, t-test, significant difference compared to control

group)

alkaline phosphatase activity (PRP-CM)

8

N
8
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8 8

% contro

8

o 8

. . .
control Tul/mL 3ul/mL sul/mL 10ul/mL
concentration

Fig. 14. Alkaline phosphatase activity(PRP—CM)
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