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a9 1. Dose response curve of rhBMP-2 on newly
synthesized proteoglycan, measured by incorpoaration S
rhBMP-2 with a dose of 1500ng/ml showed 250% increase
of newly synthesized proteoglycan compared to control.

21

a3 2. Dose response of thBMP-2 on mRNA expression of
aggrecan, collagen type I, collagen type II, and osteocalcin.
Aggrecan, collagen type I  collagen type II mRNA
expression was dose dependent to concentration of
rhBMP-2.  Osteocalin mRNA  expression was not

upregulated compared to control in given dose of rhBMP-2.
22

% 3. Densitometric analysis of dose response of
rhBMP-2 on mRNA expression of aggrecan, collagen type
I, collagen type II, and osteocalcin. Aggrecan, collagen type
I, collagen type II mRNA expression was dose dependent to
concentration of rhBMP-2. Osteocalin mRNA expression

was not upregulated compared to control in given dose of
rhBMP-2. 23




1% 4. Aggrecan, collagen type I, and collagen type II
mRNA expression on culture duration. Decrease in mRNA
expression of collagen type I and collagen type II was
observed with increase i1n culture duration. Aggrecan

mRNA was maintained throughout given culture period.
24

it 1. ¢cDNA primer sequence, product size, and annealing

temperature of P-actin, aggrecan, collagen type I, collagen

type II, and osteocalcin. 25
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a1 5%
heat-inactivated fetal bovine serum (FBS, GIBCO-BRL, Grand Island, NY),
0.2% trypsin 0.1% EDTA (Calbiochem, La Jolla, CA)E *3}3t Hams F-12
medium and Dulbeccos Modified Eagle Medium (F12/DMEM, GIBCO-BRL,
Grand Island, NY)& ©]&8ke] 37CelA 60&3F 43441zt F12/DMEM S =
Az & Ao @4 8§99 A clostridial collagenase type II (Sigma, St.
Louis, MO)Z thx| A7l #| 29] EagHo g Al 37CoNA 443 AE 43}
AR 88 F73 A ¥E F12/DMEMe 2 A% 3 Nylon ¢J#A (pore
size 75 ym)& /\P%ﬁ}oﬂ i 245 AAGAT Ax B3 HJAF 2 AXE
UeE A & 5 x 105 Al ¥:/mle 2=2 24 well plate (Falcon, Franklin
Lakes, N]olA nwjstt), Alx wjgdS 10% FBS, 1% v/v penicillin,
streptomycin, nystatin (all antibiotics from GIBCO-BRL, Grand Island, NY)
< 338 F12/DMEM< Ab&stal #3h9k M= 3 71 37C % 5%9] CO2
sholl 4wl st ok

2. F Al 3k vt

0.156M NaClg9 1.2%¢°] low viscosity alginate gel (Kelco, Chicago, IL)S
oA A3 1A F TrypsineZ fFEld F7HE MEE mililiterd BT
o] H]& 2 alginate gelol 53 4+ gauge TAMIES &3 102mM
CaCly &9of alginate gel ¥ AX EES S e ooy £7t8og
3ty 133ty algiante gel-AlXE WS CaCl, €90 107 HX ujfste] ¢
A%t polymerizations =313t 0.15M NaCl &9 A#3g ¥ F12/DMEM
v kool 3 A2 3kt}h Alginate bead: 24 well culture plateo] 10714 w1

M E wjekele 10% FBS, 1% v/v penicillin, streptomycin, nystatine S 3

-

-7 -



F12/DMEM-& AF&3}o] 48417 37C 2 5%¢] COo3koll A v 9F&} i ot

3. Az A =3 BMP-2 (thBMP-2) A4t

A3 %%ﬂx} 13 plasmid DNAS! pcDNA3.1/hygro vectorE ©] &3}
AAE Az 3 F, Chinese hamster ovary(CHO-K1)Al
Xz Oﬂ lipofectamine (Gibco  BRL)Z o] &3} A 27 7 2
pcDNA3.1/hygro/BMP-2AE oA Z k. dels'l CHO-KIAMXEE hygromycin
ol 5o = WX F& 3 st e dol Al E(CHO-K1/BMP-2A)=

ri
o 2
=
)—U
N
>
Lo

A=t B3k AFoA A E EvEHo Yo 27t AE3 BMP-2AE
A, Heparin sepharose A ChromatographyS %3] %43 & YM10 94S =3

H
WEE YOR FEae] AL WYl AT F UXS Wdsn A Sl

SA Urol A —70TC el Bkt

&N
i1t
o
My
jus)
——
(e}
0,
2
>
N
2
>
)
=
g
N
N
X,

d F AR B9 PS(20uCi/mD)
S 233 g (serumless medium, Newman-Typel) &2 A stal 4]k
F7F W T =S Ee Bislal alginate beadsi= Na CitrateE 37T ol A
2gste] gelS %<9 ¥ HCI Guanitidineo 2 4TolA Febu]l B2 & 4847+
Attt WA FdAR F4YHe el ARAd EA4S 913
Sephadex G-25M<& ¥3F3+ PD-10 column (Pharmacia Biotech, Uppsala,
Sweden)o.2 FIHAA £xAHOFE scintillation  mixture  (Ultima  Gold,
Packard, Meriden, CT)E #7}3sled PD-10 coumno.2 F&5%+ §4S A3
s & A 2, 3, 4 &Y scintillation S F43sFe] Al Zo] AAE TGk o

TEE 7ok

(o,

rO(

iy

5. aggrecan, Al I8 wYPA A I8 YA, osteocalcin mRNA =& A}



Alginate bead Woll A ®jkal F
/ 0.15M NaCl# chelations A] 71t}
2l %, D-PBS £do=z A
Technologies)& ©|-&3dto] 2]t

F7H AlES] F RNA 1pgol Oligo d(T)16 primer 2.5uM, dNTP mixture
20mM, 10x buffer 240, 20U/ul RNase inhibitor, 256mM MgCl2 &< 4pul,
MuLV Reverse transcriptase 2.5U/ulE AA 207} = A E&3sle], 427C ol A
30+, 95CelA 5%, 4TCelA 5&ZF wh&3te] cDNAE 4% 5 oebs= 4
Alste], HF -5 20u2 S AT

20l = 3uE FSFe] aggrecan, Al 18 YA A I8 YA, osteocalcin

v AlEE EEE7] 98, 28mM EDTA
Sqo] 5o = AEAA] 103 HESA
_:[5‘_

% RNA+ TRIzol reagent (Life

D

9] sense primer ¢} antisense primer(Table 1) Z+Z} 10pmole, 25mM MgCI2 1
w, 10x PCR buffer 2540, dNTP mixture 20mM, Taq polymerase 2.5u%} &
e, PCR #H& 272 D 94T 2% @ 94T 30%, 55C 30%, 72T 1+ @
72C 3Fo 2 3t}

6. A

BMP-29] % ®FgS H7] flgte] st X9 rhBMP-2 (2.5, 5, 10,
50, 100, 500, 1000, 1500, 2000ng/mD)E Z+ Hjto] Fosfar ofo] st et
w23 A " oaggrecan, Al 18 wPA, A I3 LY A, osteocalcin mRNA 23

S =A%t thBMP-2 (50, 100, 1000ng/ml) & A28 F3+3 AlF vk

o A wjF 7]7toll wWE aggrecan, Al 18 wdF, A I YA, osteocalcin
mRNA 2dS SAAT A FdTE FAS 03 Ax g s dx=a
o7 Agton RT-PCRel thet thxa*C 2 p-acting AM&dte] 2 Fxa 2

q AEe wa 2As.
7. %7
2}z = SPSS (SPSS, Chicago, IL)E AF&3ste] Aelstla 29 vlus

t-test ¥ ANOVAE ol&ati o TA4 f9 52 p<0.05= AstAth
- 9 -



—
=5
oS!
=
g
N
lo
lo
o
o
L
LE;
=
kel
1o
oft
AV
=
o2
o,

o2 F%x° rhBMP-2 (2.5, 5 10, 50, 100, 500, 1000, 1500, and 2000ng/ml)
of Folsta A= A dauls FAsds W e 2
w Aol mlE] S50ng/mlF-H 9wl = FE A ST T&%E]“%,
300ng/ml &=l A+ 50%, 1000ng/ml &%=l A= 100%, 1500ng/ml & %ol A]
= 250%9] e g S #EHAT (p<0.05) (2F 1.

et
I _m’
)
r <l
X
=4

2. tThBMP-2°l 9]st 33 AEQ] aggrecan, Al 18 WA, A I L

A osteocalcin mRNA 24

o

Aggrecan, Al 19 w94, A 28 wYd mRNA @S RT-PCRZ 43}
W rhBMP-29] si=ol wlalsiA 2k fd2ke] mRNA 2 F7bshsivh (1|
2). 53] aggrecan mRNAT thz+ o] H]&] 1500ng/mle] rhBMP-2 & %ol A+
400%9] & =717 A2t Densitometry® 413 Ayl % A1 wdd
mRNA+ tixao H]s] rhBMP-2 100ng/ml 5%9] A% tizxz=a-o Hvls] 70%
°of B S AU A2d wdd mRNAS A$+= 22 F%° rhBMP-2
oA 50%< wd F7F7F AT ool wWhElA]  osteocalcink mRNARE
rhBMP-29] FXko #AI§lo] that st nlals) AFo]7k gl (11 3).

3. thBMP-22 A &]d 37t A FEo|A] vjek7] 7o W& aggrecan, #| 13
A

nYgd A I8 Y34, osteocalcin mRNA 23

o] X9 rhBMP-2 (50, 100, 1000ng/mDE F3+3 AME v Fato] Fof s}
I 3Y, 7Y, 1197 wl ¥ F aggrecan, Al 18 wdA A 28 wdAo] utd s
S8t %7] 3Y3b2 AstA HdEHY w71zt ] ARESFE B A
= ZAsA vk Aggrecan mRNAE A 18 wdd, # 28 wPd o] na) vjd

717ke] HoAqw wd S vaA g wASAE (2d 4).
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Abstract

Matrix Synthesis of Human Intervertebral Disc Cells in Response to

Human Recombinant Bone Morphogenetic Protein—-2

Kyeong-Jin Han

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Soo Bong Hahn)

Recent advancements in molecular biology, recombinant DNA technology and
the cloning of genes, have enabled scientists to obtain sufficient amounts of
pure gene products for experimental and clinical use. The introduction of the
growth factor and gene transfer virus makes the therapeutic gene transfer to
promote the production of the matrix of intervertebral disc chondrocytes
possible. Bone morphogenetic protein-2 (BMP-2) has been known to be an
mmportant factor in differentiation and maintenance of phenotype of the
chondrocytes of the articular cartilage or physeal plate. BMP-2 is also used as
a growth factor to induce vertebral bone union or vertebral fusion in vitro or in
clinical treatments.

The author reproduced and added BMP-2 into the human intervertebral disc
chondrocytes in vitro and analyzed the reactional production of the biological
matrix, especially the matrix from the human intervertebral disc chondrocytes.
The intervertebral disc cells were harvested from the surgical patients for the
degenerative vertebral disease. The cells were cultured in 3-dimensional
alginate-gel beads and different doses of the recombinant human bone
morphogenetic protein-2 (rhBMP-2) was added.

The amounts of aggrecan from the human intervertebral disc chondrocytes
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increased significantly from the minimum dose (50ng/ml) of rhBMP-2, by 50%
with 300ng/ml, by 100% with 1000ng/ml and by 250% with 1500ng/ml compared
to the control culture.

The effect of rhBMP-2 on mRNA expression for aggrecan, collagen type-I
and collagen type-II was also increased proportional to the different doses of
rhBMP-2 compared to the control culture. The expression of mRNA for
collagen type-I increased by 70% in culture treated with rhBMP-2 and collagen
type-II by 50%. Especially, the expression of mRNA increased by 400% with
1500ng/ml of rhBMP-2. In contrast, The expression of mRNA for osteocalcin
was similar to that of the control culture regardless of the amounts of
rhBMP-2.

The results of separate dose-response for chondrocyte aggrecan, collagen
type-1 and collagen type-II were assesed after 3, 7 and 11 days of culture. The
expression of mRNA for chondrocyte aggrecan, collagen type-1 and collagen
type-II after 3 days in culture demonstrated nearly maximal synthesis and
decreased thereafter. Aggrecan mRNA expression was maintained higher than
collagen mRNA expression even though the time elapsed.

The results of this study show that rhBMP-2 promoted the phenotype of
human inververtebral disc chondrocyte in 3-dimensional cell culture. Synthesis
of normal chonndrocyte matrix components was increased in culture treated
with thBMP-2 but rhBMP-2 did not induce differentiation to a hypertrophic
phenotype and osteocalcin synthesis. This characteristics may show a potential
usefulness of rhBMP-2 in treatment of the degenerative human vertebral

disease or osteoarthritis.

Key words : human vertebral disc chondrocyte, BMP-2, aggrecan, collagen

type-1I, collagen type-II, osteocalcin.
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Figure 1. Dose response curve of rhBMP-2 on newly synthesized
proteoglycan, measured by incorpoaration S35. rhBMP-2 with a dose of
1500ng/ml showed 250% increase of newly synthesized proteoglycan

compared to control.
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Figure 2. Dose response of rhBMP-2 on mRNA expression of aggrecan,
collagen type I, collagen type II, and osteocalcin. Aggrecan,
collagen type I, collagen type II mRNA expression was dose
dependent to concentration of rthBMP-2. Osteocalin mRNA
expression was not upregulated compared to control in given dose
of ThBMP-2.
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Figure 3. Densitometric analysis of dose response of rhBMP-2 on mRNA
expression of aggrecan, collagen type I, collagen type II, and
osteocalcin. Aggrecan, collagen type I, collagen type II mRNA
expression was dose dependent to  concentration  of
rhBMP-2.0steocalin mRNA expression was not upregulated
compared to control in given dose of thBMP-2.
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Figure 4. Aggrecan, collagen type I, and collagen type II mRNA expression

on culture duration. Decrease in mRNA expression of collagen

type I and collagen type II was observed with increase in culture

duration. Aggrecan mRNA was maintained throughout given

culture period.
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Table 1. cDNA primer sequence, product size, and annealing temperature of

B-actin, aggrecan, collagen type I, collagen type II, and osteocalcin.

Target cDNA primer sequence(5—3) product size(bp) Annealing temperature(T)

B-actin
GGCGGACTGTGACTTAGTTG 238 50
AAACAACAATGTGCAATCAA

Aggrecan
GAATCTAGCAGTGAGACGTC 541 47
CTGCAGCAGTTGATTCTGAT

Collagen type Ia
TGGAGAGTACTGGATTGACC 296 50
AGTGGTAGGTGATGTTCTGG

Collagen type II

TGGAGACTACTGGATTGACC 413 50
CAGTGTACGTGAACCTGCTA

Osteocalcin
CGAGAGCCCTCACA 312 50
AGAGCGACACCCTAGAC
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