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— Abstract —

Study Design: In vitro experimental study

Objectives: To examine the effect of a synovial supernatant on the cell viability, osteogenic phenotype, nRNA expression of the
types collagen and various transcriptional factors on osteogenesis in ligamentum flavum (LF) cells stimulated with synovial
fluid from a degenerated facet joint.

Literature Review: In degenerative lumbar spinal stenosis, hypertrophied LF or osteoarthritic hypertrophy of a facet joint often
causes neurogenic claudication. The facet joint is a synovial joint with hyaline cartilage on each side. Therefore, osteoarthritis of
a facet joint eventually occurs with aging and other degenerative conditions of the spine. In lumbar spinal degeneration,
inflammatory mediators or cytokines are released from the facet joint tissue, which consequently affects the adjacent LF
because the LF covers posterolateral aspect of the spinal canal near facet joints. However, there are no reports on the relation-
ship between a degenerated facet joint fluid and the LF in the lumbar spine.

Materials and Methods: LF surgical specimens were obtained from patients with a lumbar spine stenosis, and the cells were iso-
lated by enzymatic digestion. Each of the synovium tissues were weighed and recorded. Each tissue was cut into small pieces
with a pair of scissors and then washed 3 times with PBS. The washed tissue pieces were then cultured for 96 hr at 37°C, 5%
COz in DMEM/F-12-01% FBS with a density of 200 mg/ml medium. The supernatant was collected after 96 hr. In order to
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measure quantitatively the proliferation of cells, the AlamarBlue assay was used. The total cellular RNA was extracted from
the cells and amplification reactions specific to the following types of cDNA were performed: the osteogenic master transcrip-
tion factors, DIx5, Runx2, osterix, and types collagen and osteocalcin. Alkaline phosphatase staining for the biochemical assay
and western blotting for osteocalcin protein expression were performed.

Results: Human LF cells cultured with the supernatant from the facet synovium showed a slightly stronger AlamarBlue stain-
ing than the intensity of the control culture. RT-PCR revealed the upregulation of the osteogenic master transcription factors,
DIx5, Runx2, and osterix in the synovium supernatant group from one hour to 72 hours, and an increase in osteocalcin, types
collagen I, III, V, X1 levels from one hour to one week. LF cells cultured with the supernatant from the facet synovium showed
positive staining for alkaline phosphatase. The level of the osteocalcin protein in the LF cells cultured with the supernatant
from the facet synovium was higher than the control group.

Conclusions: The supernatant of the facet joint from patients with degenerative spinal stenosis affects LF cells by increasing the
level of cellular proliferation, upregulating the mRNA expression of osteocalcin, types of collagen, osteogenic transcription fac-
tors, positive alkaline phosphatase staining, and osteocalcin protein expression. Therefore, degenerated synovial fluid from the
facet joint is an important mechanism of LF hypertrophy and ossification.

Key Words: Ligamentum flavum, Facet joint, Synovium, Synovial fluid, Spinal stenosis

M 2 3 A S Az ASAAS W, Al7ko] A
whe} g tolo] aolt) ALY B4 W FAE, 2
A 239 H5e F4] 3@, 420 9 A AY H 2FA o gF= 71 A=Al et &
e FRE ] AU S Sl AW e F0F0] F ohE A TH
ofA WA A1 el hute] @, =] A 5184 W3tE o
oA 5o} Aol o) 7hA) B AFF4E Y
oAE gt 229 AZe) e yoez=sz AT Ofd H U
B E0w, TR 454 WF, 293 FAA0
Arstel mE WS 5 5 Tk 1. M|E HHoE
o] T 2F FHHL A AFTE o|FAX At 3
AEA AN B HERAE AAT BFLES 3 2F A2 YAF O PGES AP 109 B
7l Mol AA Aoz A FHAS Bk 2.5 AgAAAN FEAl B BFE A5 FAAHE A
THEde FHU2 FE AGHAAM 5 LR o] F SHSATE A It Al E i F2 ol d o] Bid WS o
o[ Qo 1 HHE 98 YA BAd oz AusA  SAT. AME JxsE AHE FNAY 22 L
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3. AlamarBlue assayS E5t M|E =Al HIZ2 =X

96 well plateo] zz} 2% A oIt A Lol Al E2
A} 8L 72517 98 10% AlamarBlue solution

(Serotec Ltd, Oxford, UK)S 2] 3} 37°C, 5% CO; uj
F71 A ) FatrA A A TH6, 12, 24, 48, T2A] 7F)o] A

o] u}z} plate readerS AF-£-3he] 570 nmz} 600 nm 3}%
N9 EBEE ZH o] A G2 ALY 24 2

Fojo g3 o)) 54 of g BASAT.

4. Reverse Transcriptase-Polymerase Chain Reaction
2 0|28 mRNA &5 ZA}

RNeasy mini kit (QIAGEN, Maryland, USA)E o] &3} o]
Totd RNAE £ 5}3 o) 3hA el e A £ 2] Tota RNA 1 g
2} aligo (dT) 1 4 (Invitrogen, USA, 0.5 /) o} 33} =7 +5
E3t3te] 50 Wl o2 =33l &, AccuPower RT-premix
(Bioneer, th A, d=t)ol| ¥ o] Reverse Transcription Poly-
merase Chain Reaction (RT-PCR)2- 3} 1 T}. 42° Coll A 60,
94° Col| A] 537+ wkg-3te] cDNAES FAdstA L, g
CDNAE o eH-&E A 3te, FF 53 204 E =T
o] = 7z}7}2] cDNA 1 dE 3 5}od, sense primer<} antisense
primer 10 pmole, 33} =/ 45 £33led 10 4 2] Wk-2-8-of
< vHE o] Sgpphire PCR-premix (Sapphire, USA)ell ¥ 77, RT
(Redl Time)-PCRS Al 8 5141t} PCR A3 A &2 2% agarose
oA A7195E o) 2 FaAe) BEL AEFATY
(Table 1, 2)»=2=¥, RT-PCR]| t) 3t th 2+ 2 2 GAPDHE
AF-&-8F1 2.1 TINA 20 programs- 53l ZHzhe] 23 J
£ 43 A

Table 1. Sequences of primers used for reverse transcription-polymerase chain reaction to amplify various cDNA

Gene Sequence (5 —3') Length Size (bp)

DIx5 TGA CAGGAGTGT TTGACA GA 20 378 bp
TGA TACTGG TAG GGG TTGAG 20

Runx2 AGA TGG GACTGT GGT TACTG 20 321 bp
GTA GCT ACT TGG GGA GGA TT 20

Osterix CCT TTA CAA GCA CTA ATG GG 20 367 bp
CAC CAT GGA GTA GGA GTGTT 20

Osteocalcin CACTCCTCGCCCTATTGGCC 20 237 bp
GCC AACTCG TCA CAGTCC GG 20

Collagen type | CCT GTCTGCTTCCTG TTA AC 20 182 bp
AGA GAT GAA TGC AAA GGA AA 20

Collagen type Il CTGCCA TCCTGA ACT CAA GAG TGG 24 447 bp
CCA TCCTCCAGA ACT GTGTAGG 22

Collagen type V GGA TGA GGA GGT GTT TGA 18 345 bp
GCCCCT TCA CTGGTT TCA 18

Collagen type XI GCT GAA AGT GTA ACA GAG GG 20 452 bp
GGTTCTCCTTTCTGTCCTTT 20

Betaactin GGCGGA CTATGACTT AGT TG 20 238 bp

AAA CAA CAA TGT GCA ATC AA 20
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5. Western Blot analysis& O|2&t osteocalcin 2t&d erophosphate] 97 o-MEM, 2] @ejst 24 o
2 A} THE L1E £ 895 717 A ato] v &3 th
7} HH Sl A AME SA 3 g FHA AAJIA

Lysis buffer (0.5% Triton X-100, 10 mM HEPES, 150 mM (Runx2, DIX5, Osterix) ¢} A 13, 38, 53, 118 w94,
NaCl, 0.02% sodium azide, protease inhibitor mixture) 123 osteocacinol] o) 3F mRNA & S =3 3191 0,

(Sgma)E o] &3l cdl lysateE W= 3 o] £ 10% tricine- Alkaline phosphatase &4 2 Western Blottingg o] &3}

SDSgd e olgale] £ealw Aolai k. Odeocdcing A 24 B HF 9 osteocdlcin W AALE S A @
$415}7] 98] 1x TBST with 5% &4 %] block ¥ blot- %, Zolu} 22 A4S0l t)a Sejo} FHo| F§54

ted membrane2- rabbit anti-osteocalcin antibody (1:10,000 ko DMEM/F-12E =2 223l Aol M| E o] A
dilution)(Chemicon international, Temecula, CA)ell 1] 7F o x40 =2 A5ttt

2 A At Membrane& 1x TBSTC. & A 3 % sec-
ondary antibody (1:10,000 dilution of goat anti-rabbit 1gG,
horseradish perocidase conjugated, Santa Cruz, CA)ol| =%

A7) 3L 2F ol A 455 2F B ksl T Immuno-reactive Fl9F 22 AP = 38 ol AAA whEste] 23S A
bands= 1x TBSTZ 39 A & & ECL kit (Amersham Phar- O, REAFTERWEZF NS VESEZA HH4+E

macia, Piscataway, NJ) = o] & &}o] &4 3} 9]t}

250 Alamarblue reduction curve
6. Alkaline phosphatase 34H --a- -+ Control
200  —*— Supernatant
kAol A 3 = citrate buffered acetone (Sigma) o] &
o) = THAL AL 3e] 0% Fok 3NN 5, 5 8190
T2 453 T o] YL me] EulE & dkaline-dye 5100 ________
mixture (Sigma) S 7} wello]] 2 &3} 9t} o] & AF-L-of A &
W AT A 0% Bk HIAAT MEAN ALE 50
2 Eot =742 Aol T Mayer' sHematoxylin £ <4
o Al 107 REGAIZ o1, uh3- & thA] g W SRF 0 ' . . .
218 7F M o] Yo} BEaty o, 6hr 12hr 24hr 48hr 72hr
Time
Fig. 1. Alamarblue assay for cytotoxicity and cellular metabo-
7. MEE lism. Control (white round) denotes ligamentum flavum
cell culture with culture media. Supernatant (black
kAol o) Al ol 0.1% $-Elo} &3, 10 mM B-Glyc- square) denotes ligamentum flavum cell culture with

supernatant mixture from facet joint synovium culture.

Table 2. Conditions of reverse transcription-polymerase chain reaction

Conditions
Primer
Denaturation Annealing Polymerization Cycles

DIX5 94°C b5sec 58°C 5sec 72°C 30sec 35
Runx2 94°C b5sec 58°C b5sec 72°C 30sec 35
Osterix 94°C b5sec 55°C b5sec 72°C 30sec 30
Osteocalcin 94°C b5sec 60°C 5sec 72°C 30sec 30
Collagen typel 94°C b5sec 48°C 5sec 72°C 30sec 25
Collagen type Il 94°C 30sec 54°C 30sec 72°C 1min 30
Collagen typeV 94°C 30sec 60°C 30sec 72°C 1min 35
Collagen type XI 94°C 30sec 54°C 30sec 72°C 1min 40
Beta-actin 94°C b5sec 53°C b5sec 72°C 30sec 24




FHAE EA8FH 2.1, SPSS (SPSS Inc. Chicago IL)E
o] £3}o] A g &%t One-way Analysis of variance 2
Fisher’ s protected LSD post-hoc test, power analysisz 4
F7F Bl ek FA W e f9 FF2 p<O.05E
Bl

Alamarblue solutionS 53] A|7bol] WE A Z 2] EA
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Fig. 2. Reverse transcription-polymerase chain reaction prod-
ucts of osteogenic transcription factors collagens and
osteocalcin. (A) DIx5, Runx2, Osterix. (B) Collagen
type I, Ill, V, XI and osteocalcin. Early osteogenic
(DIx5, Runx2, Osterix) and late osteogenic marker
(osteocalcin) and various collagens (type I, 111, V, XI)
showed increase in expression with treatment of synovi-
um supernatant from degenerated facet joint.
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Fig. 3. Densitometry of osteogenic mMRNA expression. (A) DIx5, (B) Runx2, (C) Osterix, (D) Osteocalcin. DIx5 and Runx2 mRNA
showed increase in expression in 6 to 12 hours after synovial supernatant treatment. Late osteogenic marker (osteocalcin
mRNA) showed upregulation 1 week after synovium supernatant treatment.

-929 -



CHEHA 29| 1}8}5| K| Vol. 14, No. 1, 2007

2. =& MARIXICl DIX5, Runx2, osterix, —12|11 3M e, 3, 58, 118 WHES| mRNA 25
osteocalcin®] mRNA 2454
GA QI =2 o] A fF3stet st Alxe A 19,3
gAY 20 Faio Bestel ud 294 4 ¥,5%, 1T 118 L 92 mMRNAS] 2E A E den-
AFel ztel DIX5, Runx2, osterix¢] %= 7] mRNA 23 A& sitometryg 53l A3k A3}, Foul 27 G A A
£ RT-PCRol| th&t A7 Q5= dolH skt 747} 9] 2k G A E AP+ thxol vls) o =2 %
mRNA 2& S densitometry & 53 #2415 43, gt d 2712 By A1, 38 nY9d o A9 gz
%A /\L ‘% ] 2] 8k §]—Z\H o1t A i A]@J—TL_‘Q: o) Z+
o] 3| 1 o 1wy =712 Bt E35] w3l 2 6 Negative Positive Sup.

Cont. Cont.

A7 5o A@2el A%, INZF Fo 13 DIxse
300%, Runx2+ 340%, 18] 1 osterixs= 123%9] & =

7FES Bt} EE 6A]7F o] o A|7bo] A GSFE T 16kDa
22 234 AARIAE S Bde] EolEe W,
492e PR IHEL Y wv} o9 239 5

Fig. 5. Expression of osteocalcin protein in supernatant of liga-
211 13 mentum flavum cell culture with synovium supernatant
o uy =7 e }M,Jl] 1Z OWH de= % 7] 1X] 7+ HH (Sup) for 2 weeks. Expression was detected by Western
o H]3] 300%2] W& =712 B ti(Fig. 2, 3). blot analysis. Negative control denotes ligamentum
flavum cell with culture media mixture and positive
control denotes ligamentum flavum cell with BMP-2
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Fig. 4. Densitometry of collagen mRNA expression. (A) Collagen type I, (B) Collagen type I11, (C) Collagen type V, (D) Collagen
type X1. Typel, I11, V, XI mRNA expressions were upregulated with course of time after treatment of synovium supernatant.
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