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ABSTRACT

The Fidgetin-likel gene regulates proliferation and
differentiation of osteoblasts and isinhibited

by basic fibroblast growth factor

Su Jin Kim

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Sung-Kil Lim)

The Fidgetin-likel (Fignl1) gene encodes a new subfamily member of AT Pases
associated with diverse cdlular activities (AAA proteins). Though the Fignll
protein localizes to both the nucleus and cytoplasm, the function of Fignll
remains unknown. Using a microarray, we identified several genes that mediate

the anabolic effects of bFGF on bone. Fignll was one of the genes down-



regulated greater than twofold in MC3T3-E1 cells after treatment with bFGF.
Reduced expression of Fignll by bFGF treatment was verified by RT-PCR
analysis. Overexpression of Fignl1 caused up to 20% fewer MC3T3-E1 cdlls (P <
0.05), and WST-1 analysis also revealed a 20% reduction, compared to the mock
transfected control cells. In contrast, SSRNA treatment against Fignl1 increased
cell number (P < 0.05) and viability (P < 0.05), and overexpression of Fignl1 does
not appear to alter apoptosis in osteoblasts. Meanwhile, Fignl1 enhanced mRNA
expression of akaline phosphatase (ALP) and osteocalcin (OC), both of which
are genes expressed during the late stage of osteoblast differentiation. In contrast,
siIRNA treatment against Fignl1 decreased the expression of ALP and OC. A green
fluorescent protein-Fignll fusion protein (pEGFP-Fignll), transfected into MC3T3-E1
cells, had an initially ubiquitous distribution that rapidly changed to a nuclear distribution
one hour after bFGF treatment. From the above results, we proposed that Fignll, a
subfamily member of the AAA family of proteins, might play some regulatory
role in osteoblast proliferation and differentiation. Further analyses of Fignl1 will
be required to better delineate the mechanisms contributing to the inhibition of

proliferation and stimulation of osteoblast differentiation.

Key words. Fidgetin-likel, MC3T3-E1 cell, bFGF, SRNA
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differentiation of osteoblasts and isinhibited

by basic fibroblast growth factor

Su Jin Kim
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The Graduate School, Yonsei University

(Directed by Professor Sung-Kil Lim)

I. INTRODUCTION

Osteoporosis is a multifactorial disease charamdrby reduced bone mass,
microarchitectural deterioration of bone, increabede fragility, and increased
risk of fracturé? Anti-resorptive agents stabilize the bone remiodelby
reducing the number and activity of osteoclastsrahy reducing the risk of
fracture without actually increasing true bone maBBus, although the prevalent
treatment for osteoporosis consists primarily ofi-essporptive agents, these

agents have the significant limitation that theyruat reverse decreased bone



strength. Thus, the identification of agents thlaually stimulate bone formation

would be a great advance in the treatment of ostesfs. The only anabolic

agent presently approved to treat osteoporosishés garathyroid hormone

[PTH(1-34)], but, unfortunately, the use of this @igleas been limited because it
may cause bone tumdrsThe development of new anabolic agents is, thos,

important research objectiV@é.

Basic fibroblast growth factor (bFGF) is one of &% known FGFs, and it is
involved in the regulation of various cell typesFGF is expressed abundantly in
osteoblasfs andin vitro treatment of bFGF increases replication of cahtarélls
and stimulates cell growth and matrix mineralizataf bone marrow precursor
cells’. bFGF stimulates bone formatiamvitro by stimulating proliferation while
inhibiting differentiatiori™ In vivo treatment of bFGF increases bone mass and
formation of new trabeculae by increasing conndgtior bridging of the
trabeculag® bFGF treatment also increases recruitment obbfist precursor
cells to the endo-steal bdfi&>. Conditioned FGFR2 knock out mice revealed
defects in proliferation of pre-osteoblast cells asteogenesis'’. bFGF is also a
strong stimulator of osteoclastogen&%i The effects of bFGF on osteoblasts
are quite complex and variable. Although key traipsion factors, matrix
proteins, and growth factors have all been assatiatith bFGF activity, we

wished to use microarray analysis to identify bF&&Beciated genes that play



key roles in osteoblastogensis.

Fidgetin-like 1 gene (Fignll) was identified as afi¢the genes down-regulated
greater than two-fold after treatment of MC3T3-Ellswith bFGF. The protein
encoded by the fidgetin gene is a member of théasily of the AAA family
proteins and plays a regulatory role in signalingthgvays that regulate
development of the eye, inner ear, and some skdletees. Despite having some
role in these processes, however, the functionigilE in bone remains unclear.
Therefore, the goal of this study was to betteridate the function of Fignll in

osteoblasts.



II. MATERIALSAND METHODS

1. Plasmid constructions

The mammalian expression vectors pcDNA3.1 and pEGERvere used
to drive the expression of all fusion proteins. THignll insert was first
generated by PCR. For pcDNA3.1-Fignl1, the PCR pebdnd vector were
digested withXbal andBamH1. For pEGFP-Fignl1, PCR product and vector
were digested witlsall andBamH1. The digested gene fragments were then
inserted into pcDNA3.1 and pEGFP-C1, respectivaty, generate the

expression constructs pcDNA3.1-Fignll and pEGFRHEig

2. bFGF dose response and WST-1 assay

At 50% cell confluence, the medium was switche@.id FBS for one day
before addition of 1-20 ng/ml bFGF. Cells were rtaiimed for 1-3 days, and
a cell proliferation assay was performed, usingdék proliferation reagent
WST-1(RocheApplied Science, Mannheim, Germany), ofalhg the

manufacturer’'s recommendation.

3. Cdll culture and transfection



The mouse osteoblastic cell line, MC3T3-E1, wastucatl in a—MEM
(minimal essential medium), containing 10% (v/viafdiovine serum (FBS)
and 1% penicillin/streptomycin. During the cultugeriod, cells were
incubated at 37 °C in a humidified atmosphere of & and 95% air, and
the medium was changed daily. The concentratioDNA was transfected
into each well using LipofectAMINE Plus Reagenttrogen, Carlsbad, CA,
USA), according to the manufacturer’s recommendati&fter 24-72 hr, we

performed the cell proliferation and differentiatiassays.

4. bFGF doseresponse and RT-PCR reaction

For RNA preparation, MC3T3-E1 cells were plated ibd® mm Petri dishes
in a—MEM containing 10% (v/v) FBS, 1% penicillin/streptycin. During the
culture period, cells were incubated at 37 °C inuanidified atmosphere of
5% CQ and 95% air and switched te-MEM containing 0.1% (v/v) FBS at
50% confluence. Cells were then treated with varioancentrations (16,
108, 10°M) of bFGF for 6 hr at 70% confluence. After 6 total RNA from
MC3T3-E1 cells was extracted by standard protaesihhg the Trizol reagent
(Invitrogen, Carlsbad, CA, USA). The RNA pellet wdissolved in DEPC-
treated HO, extracted with chloroform/isopropanol, and ppdated with

70% ethanol at -20 °C. The purity of the RNA wasnitared by noting the



ratio of absorbances of samples at 260 nm. Thatgudlthe RNA samples
was assessed, using agarose gel electrophoresigetilyd visualize the
integrity of the 18S and 28S ribosomal RNA bandag2f total RNA was
reverse transcribed, using 2 U of MMLYV reverse $@iptase (Promega, WI,
USA), 1 ul of Oligo dT (Roche, Mannheim, Germany), 2.5 mM TdN
(Promega, WI, USA) and 10 U RNAsin (Promega, WI,AYSn a final
volume of 25ul. PCR amplification was performed witlulof RT products,
10 mM dNTP and 1.5 U Taq polymerase (Promega, VBAWin a final
volume of 20ul. PCR amplification of Fignll was performed witid 2ycles
as follows: 94°C for 40 sec, 53 °C for 40 sec &2d°C for 1 min. The
primer sequences used for Fignll amplification veef€ECGGCTGCCTAAG
GAAGGAAACTA-3 in the forward direction and 5’-ATGCGCTCACTTC
CGTCTT-3' in the reverse direction. The PCR produetere separated by
electrophoresis on a 1.5% agarose gel and visdaligeethidium bromide

staining.

5. Cell proliferation and differentiation assay
One thousand MC3T3-E1l cells were plated in a 96-piate for the
proliferation assay and were transfected at 70% flwemce, using

Lipofectamine. Within 24-72 hr, cell proliferatiomssays were performed,



using the WST-1 reagent. For the analysis of déftrentiation, MC3T3-E1
cells were transfected at 70% confluence withglpcDNA3.1(vector) and
Fignll, using Lipofectamine. After cell transfectjdotal RNA was extracted
by standard protocol, using the Trizol reagent, Hrah reverse transcribed
into cDNA. 1 ul of RT product was then used as a template for PCR
amplication of type 1 collagen (COL1), alkaline ppbatase (ALP),
osteocalcin (OC), anfi-actin, using the following cycles: COL 1, 94 °Q fo
30 sec, 58 °C for 45 sec, and 72 °C 1 min for Zesy ALP and OC, 94 °C
for 30 sec, 58 °C for 45 sec, and 72 °C for 1 min35 cyclesB-actin, 94 °C
for 30 sec, 53 °C for 40 sec, and 72 °C for 30 fom20 cycles. Primer pairs
were as follows: COL1, sense primer 5'- GAGGCATAABGTCGTGG-3
and antisense primer 5-CATTAGGCGCAGGAAGGTCAGC-BLP, sense
primer 5-GGGACTGGTACTCGGATAACG-3' and antisenseirper 5'-
CTGATATGCGATGTCCTTGCA-3’; OC, sense primer 5-CGGCTGAG
TCTGACAAA-3' and antisense primer 5-GCCGGAGTCTGTTTCCTT-
3’; B-actin, sense primer 5-TTCAACACCCCAGCCATGT-3' aadtisense
primer 5-TGTGGTACGACCAGAGGCATAC-3." The PCR prodiscwere
separated by electrophoresis on a 1.5% agarosandelisualized by ethidium

bromide staining.



6. Trypan blue staining

Fewer than 2xITcells were seeded into six-well plates. After tfaoton
with the indicated plasmid, cells were recoveredlibfo FBS o—MEM
medium. After 48 hr, cells were collected by trypsi EDTA and suspended
in 10% FBSa—MEM medium. Cell viability was then determined thyect

counting using a hemocytometer in the presence58b@rypan blue.

7. LDH assay

5x1C cells per well in a 96-well plate were cultured &# hr at 37 °C in a
humidified atmosphere of 5% GGand 95% air. Forty-eight hours after
transfection with 0.Jug pcDNA3.1 (vector) and Fignll, cells were harvdste
for LDH analysis, and cytotoxicity was determinedcarding to the
manufacturer's recommendation. The LDH released the extracellular
medium was quantified using the Promega Cytotox ned-radioactive
cytotoxicity assay (Promega, WI, USA). The resgjtabsorbance at 490 nm
was measured within 1 hr, using a plate readerttandelative cell viabilities

were determined.

8. Flow cytometric analysis



To quantify the level of apoptosis, we chose avflytometric propidium
iodide (PI) based staining method to detect nuddéA fragmentation, a late
apoptotic event. The Fignll treated MC3T-E1 cellsrev harvested and
washed twice with 1x cold PBS and permeabilizechv0% ethanol. The
cells were centrifuged at 2,0@Pfor 10 min and resuspended in 500TE
buffer, containing 4@g/ml P1 and 4Qug/ml RNase A, and incubated at 37 °C
for 30 min. The PI stained cells at different flascence intensities, and this
was measured with an FACScan flow cytometer (CouFealllerton, CA,

USA)

9. Synthesisand transfection of small interfering RNA

The 21-nucleotide small interfering (SiRNA) sequesic specifically
targeting mMRNA, were designed and synthesized gutia Silencer siRNA
Construction kit (Ambion, Austin, TX, USA), follomg the manufacturer’s
recommendation. The siRNAs procured from Ambion evewvaluated for
their effectiveness by measuring the extent of seggion of Fignll mRNA.
The optimal oligonucleotide siRNA sequences werBAAGCAGAAGGC
GATGCATACCTGTCTC-3 and 5-AATATGCATCGGCCTTCTGCTCCT
GTCTC-3,” which were synthesized by vitro translation with a sSiRNA

Construction kit, following the manufacturer's remmendation. MC3T3-E1



cells were plated onto six-well plates for RNA pasggion, and they were
transfected at 70% confluence with 50 nM contr&INA or Fignll siRNA,
using Lipofectamine. After 48 hr, the effect of telRNA on Fignll was

measured by quantitative RT-PCR gel analysis.

10. Green fluorescent protein analyses

To determine the localization of Fignll in osteableells, MC3T3-E1 cells
were grown on glass coverslips in 10% FB&MEM, 1%
penicillin/streptomycin. These cells were then siantly transfected with the
pEGFP-Fignll plasmid, using Lipofectamine. Afteratraent with 16 M
bFGF for 1 hr, pEGFP-Fignll transfected cells weeashed twice with PBS
and fixed in 3% formaldehyde at room temperaturfbmin and then rinsed
thoroughly with PBS. For nuclear staining, Hoestbtk solution (0.mg/ml,
Sigma, Dorset, UK) was added and incubated for itbatnroom temperature.

Fluorescence images were acquired, using a CCD eamer

11. Statistical analysis

10



All of the results were expressed as the meansstemtard deviation.
Statistical significance was determined, using$hadent’st-test. A value of

p < 0.05 was considered to be statistically sigaiit.

11



II. RESULTS

Effect of bFGF treatment on proliferation of MC3T3-E1 cells and Fignll
expression

To confirm the effect of bFGF on the proliferatiohosteoblasts, MC3T3-E1
cells were stimulated with bFGF in various concatitns (0-20 ng/ml). Cell
viability was measured at 24, 48, and 72 hr afteGB treatment. Cell
proliferation increased in a dose-dependent manmeng dosages of 1-10
ng/ml (p < 0.05), and the proliferation was highegser treatment for 24 hr ( p
< 0.05, Fig. 1).

To confirm the effect of bFGF on the expressionF@nll at the mRNA
level, RT-PCR was performed, using RNA obtainednfriMC3T3-E1 cells
that were either untreated or treated with varicoiscentrations (I8, 10°,
10°M) of bFGF for 6 hr. Fig.2A shows that various centations of bFGF
suppressed Fignll mRNA expression. The effect égdbf Fignll mRNA
levels was dose-dependent. All Fignll mRNA levetravnormalized to the
level of B-actin mRNA, and this analysis revealed that theellef Fignll

reduction was significant (p < 0.05, Fig.2B).

12
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E48H
LI

Cell proliferation
{ Relative percentane )

bFGF ( ng/ml )

Fig. 1 . Effect of bFGF exposure on the proliferation of MC3T3-E1 cells. The
effect of bFGF on MC3T3-E1 cells was determinecerafe4, 48, and 72 hr of
treatment. After the incubation periods, the abapnde was determined by an
enzyme-linked immunosorbent assay reader. Eacle veloresents the means + S.D.
of triplicate determinations. ) < 0.05vs 72 hr ; #,p < 0.05vs 24 hr ; *** p < 0.005

bFGFvs control.
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A bFGF (log M ) control -10 -8 -5

Fignl
p- actin
B B 1sy
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Fig. 2. The effect of short-term exposure of bFGF on Fignl1 mRNA expression in
MC3T3-El cells. The short-term effect of bFGF on MC3T3-E1 cells wWatermined
after 6 hr of treatment in various concentratiat®'f, 108, 10°M). The results of gel
analysis of RT-PCR are shown. Each bar represdmsniean and standards of
deviation for three separate experiments of Figldtsitometry values normalized to
B-actin. Subscripts (control and Fignl1l) showed sigantly different values. Fignll

MRNA expression was significantly decreased by [Eighp < 0.05 vs control.

14



The effects of overexpressed Fignl1 on osteoblastogenesis

To investigate the impact of Fignll overexpressionosteoblastic function,
MC3T3-E1 cells were transiently transfected wittgrffl. After 48 hr of
transfection, the actual cell count of Fignll tfaeted cells was significantly
decreased (Fig. 3A). Cell viability also decreadsgl 20% in Fignll
overexpressing cells, compared to a mock transfegteup (p < 0.05, Fig
3B).

Overexpession of Fignll also affected the expressad osteoblast
differentiation marker genes. COL1 mRNA showed mgnificant change
after Fignl1 introduction. However the osteoblaffecentiation markers, ALP
and OC, were remarkably increased by overexpresdibignll (Fig. 3C).

To determine whether Fignll overexpression causells do undergo
apoptosis, we performed LDH assays and FACS analyitiis Pl staining.
After 48 hr of transfection, there was no changt@proportion of apoptotic
cells nor LDH enzymatic activity between mock trfaesed and Fignll

overexpressing cells (Fig. 4A & B).

15
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Fig. 3. Effects of Fignll on proliferation and differentiation of MC3T3-E1 cells.

(A) The cell count of MC3T3-E1 cells transfectedwiignll decreased, compared
with  mock transfected control cells. (B) MC3T3-Eglls were transfected with
Fignll, and the proliferation level was determinaging the WST-1 reagent.
Proliferation of MC3T3-EL1 cells was significantlgcreased at 48 hr. Fignl1l appeared
to suppress cell proliferation. The results areresged as means + S.D from triplicate
individual experiments. * p < 0.0%s control (C)ALP and OC mRNA expression

levels significantly increased by overexpression Fagnll, compared to cells

16



transfected with vector alone. The amplificationfeéctin was used as an internal
control for cDNA quality and PCR efficiency in ealeme. Data are shown from one

experiment representative of three or four simebgoeriments.

A . B
control ¥ W .S.
u_2 -—E- ’—\
o= c
2 S 100 F
=
T
o
vE % 50k
2
= [}
L\: I
Fignil z” 2 .
= control Fignl1

Fig. 4. Correlation of Pl staining and LDH assay for estimating cell death. (A)
Flow cytometry analysis. Pl staining of apoptotellE revealed that there was no
significant difference between cells transfectethweector alone and cells transfected
with Fignll. Data are shown from one experimentr@spntative of three or four
similar experiments. (B) The effects of Fignll aadonist on LDH activity in
MC3T3-E1 cells. The LDH activity of the control fahsfected vector alone cells )
group was taken as 100%. There were no signifiddéferences between control and
Fignll groups. The data represent the means dfifiieate determination.*, p < 0.05

vs control  (Student’s-test).
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The effect of suppressed Fignl1 on osteoblastogenesis

To further examine the role of Fignll on MC3T3-Ellg, Fignll expression
was knocked down, using RNA interference againshlEigsiFignll). RT-
PCR analysis revealed significant inhibition of HIgmRNA expression after
siFignll treatment, while no change was observeld aicontrol siRNA. The
expression of Fignll mRNA was suppressed by 70%mpewmed with the
control (Fig. 5). Proliferation of MC3T3-E1 cellsaw significantly increased
by siFignll introduction for 48 hr (p < 0.05, Fig)» There was no change in

COL1, but we observed a significant decrease in Ahé OC levels (Fig. 6B).

N — — —

control comntol sSiIRNA  siFignl1

5. 027

5% 15

ge

g5

< £ 1F

£ i :

Exz 05 F

-

2, . ..
= control control siFignid

siBNA
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Fig. 5.. The effects of siFignll on Fignll mRNA expression in MC3T3-E1 cells.
Gel analysigesults of RT-PCR, showing specific inhibition dfi1 expression by
siRNA. Each bar represents the mean and standérdsvation for three separate
experiments, with Fignll densitometry values norpeal to those of-actin. *, p <

0.05vs control

coL1

8
:
il
¢

control sSBNA  siFanll

Coll viability { % of control )

Fig. 6. Effects of siFignl1 on proliferation and differentiation in MC3T3-E1 cells.
(A) The effects of siFignll on proliferation of MT3-E1 cells transfected with
siFignll. The proliferation levels were determinegasing the WST-1 reagent.
Proliferation of MC3T3-E1 cells significantly inased at 48 hr. The results are
expressed as means * S.D from triplicate indiviégxgleriments. * p < 0.0&s control.
(Student’st-test). (B) The effect of siFignll transfection on mRNA eggsion of
osteoblast differentiation markers. COL1 mRNA esgsien level was not

significantly different between siFignll transfetteells and vector-only transfected

19



cells. ALP and OC mRNA expression levels were digantly increased by
transfection of siFignll, compared with vector—ontyansfected cells. The
amplification ofB-actin was used as an internal control for cDNAligyiand PCR
efficiency in each lane. Data are shown from ongedrent representative of three

or four similar experiments.

Nuclear trandocation of Fignl1 by bFGF treatment

To determine whether bFGF treatment alters theedluttar localization of

Fignll, Fignll was fused with enhanced GFP (EGBR}, the fusion protein
was transiently expressed in MC3T3-E1 cells. pEGHEPH1 was initially

found throughout the cell, whereas, after 1 hrtohgation with bFGF, the

cellular pEGFP-Fignll rapidly localized to the reues$ (Fig.7).

20
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Fig.7. Effect of bFGF on thelocalization of Fignllin M C3T3-E1 cells. MC3T3-E1

cells expressing pEGFP-Fignl1 were treated witHF@B) or without (-bFGF) 10M
bFGF at 37°C for 1 hr. Cells were the fixed and stained withelsicht stock solution
(Final concentration, 0.;ug/ml). Observations were made using a fluorescence
microscope (100x). Aleft, no GFP signal is observed in the absence of theRFE
Fignll plasmid under fluorescence microscopght, Hoechst staining of the same

cells, showing the nuclei. B, in the presence pEGKI1, a clear signal was present

21



in the cytoplasm, as well as in the nuclei of tledlsc(in green). C, pEGFP-Fignl1
localized to the nucleus as quickly as 1 hr afteGb treatment. The nuclei were

stained irblue.

22



IV. DISCUSSION

In this study, we found that Fignl1, a subfamilymimer of the AAA family of
proteins, plays an important role in the inhibitiainproliferation and stimulation
of osteoblast differentiation without causing ampparent changes in apoptosis
occurrence.

The anabolic agent, PTH (1-34), enhances the diftation of mesenchymal
stem cells to pre-osteoblasts and stimulates pralibn of pre-osteoblasts while
inhibiting the apoptosis of both pre-osteoblasts asteoblasts. Meanwhile,
another strong anabolic agent, bFGF, increases foass and formation of new
trabeculae by increasing connectivity or bridgirfgtiee trabeculde*®!* The
anabolic effects of bFGF are also mediated throgtghulating proliferation of
mesenchymal stem cells, osteoprogenitor cells, ane-osteoblastd
Interestingly, bFGF is known to inhibit apoptosfgpoe-osteoblasts but stimulates
apoptosis of osteobladls Therefore, these two anabolic agents appear to
increase bone mass by somewhat different mechanisRGF regulates the
recruitment of precursor cells, proliferation, dintiation and apoptosis by
acting on cells at different stages. To identifg genes regulated by bFGF, we
performed microarray analysis on cells treated WitRGF. This analysis
identified Fignl as one of the genes down-regulaezhter than two-fold after

treatment of MC3T3-E1 cells with bFGF.

23



Fidgetin is a novel member of the family of AAA pemn<®. Based on
sequence homology, two closely related genes, fiitidjkel and fidgetin-like2,
were identified. Previous studies revealed that Fignll is locatedboth the
nucleus and cytoplasm, with the primary localizatleing cytoplasmic. AAA
proteins are molecular chaperones that participate wide range of cellular
processes, including protein folding, organellegkeiwesis, vesicular transport, and
cytoskeleton regulation, functions that are coesistwith its subcellular
localizatiorf®. However, the nuclear functions of AAA proteinse apoorly
understood and provide few clues regarding the tiomcof Fignll. Even so,
Fignll appears to be an important gene because dbgi&lgetin in mice is
accompanied by striking biological consequences itn@dude various skeletal
abnormalitie§"*®

In this study, we found that Fignll is expressadughout mouse embryonic
development (data not shown), indicating that Higmhs an important role in
early development. Overexpression of Fignll inkeibiproliferation of MC3T3-
E1 cells and stimulated expression of ALP and Qfh mf which are markers
of osteoblast differentiation. These effects wesgersed by transfection of
siRNA against Fignll. Interestingly, there were clmanges in COL1 gene
expression with either over- or under-expressiokighll genes. This might be

because Fignll is acting only on very specific peses occurring during

24



osteoblastogenesis.

bFGF enhanced proliferation of osteoblasts dramifjic through
phosphorylation of ERK (data not shown). Meanwhilei-GF inhibited
differentiation of MC3T3-E1 cells and also inhilmiteexpression of Fignll.
Therefore, bFGF-mediated stimulation of prolifevati and inhibition of
differentiation might be partially explained by suession of Fignll. Notably,
Fignll did not influence the apoptosis of MC3T3-&dlls, as assessed via an
LDH assay and PI staining. Additionally, that bF@feuced localization of
Fignl1 to the nucleus was quite surprising ,congidethat fidgetin, the original
family member, appears to function as a typical Aguatein. This observation
suggests that the Fignll might be working througtifferent mechanism that is
directly associated with  transcriptional processethat regulate
osteoblastogenesis.

Taken together, these data suggest that FignlEralmar of the AAA family of
proteins, plays some regulatory role in the prddifien and differentiation of
osteoblasts. Furthermore, some of the anabokcisfiof bFGF might possibly
be mediated through the regulation of Fignll. kertanalyses of Fignl1l will
be required to better delineate the mechanismsribating to enhanced

osteoblast differentiation.

25



V. CONCLUSION

Present study showed the role of Fignll in MC3T3gté&-osteoblast cell

lines. These results have led me to the followimgctusions.

1. Fignll mRNA expression was significantly decezhslose dependently

after treatment of bFGF.

2. Osteoblast proliferation was inhibited by Figndnd Fignll enhanced
MRNA expression of ALP and OC, which are genesesgad at late stage

of osteoblast differentiation. However, there wasffect on cell death.

3. siRNA against Fignll abrogated inhibition of Ic@roliferation and

suppressed mRNA expression of ALP and OC.

4. Fignl1-GFP fusion protein was expressed bothyatplasm and nucleus

but it was quickly concentrated in the nucleus after bFGF treatment.

From the above results, we propose that Fignllember of the AAA family

protein, may play a regulatory role in cell praldgon and differentiation of
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osteoblast. Further analyses of Fignll will be el to delineate the

mechanisms better which contribute to the enhansezbblast differentiation.
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