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Table 2

Gene control| OPLL | Ratio| uptk | downlkt Gengbank
BMP1 ; procol lagen C proteinase 2 (PCP2) 1259 10981 0.87 1.1 |M22488 ; US0330
BMPZA 344 4621 1.34] 1.3 M22489
BMPS 123 173] 1.41] weak M60314
BWP7 ; osteogenic protein 1 {0P1} 57 66] 1.15] ND ME0316
BMPS ; OP2 572 482] 0.84 1.2 M37016
VEGFB 42 64] 1.52] ND 48801
FGF3 48 64 1.33] ND X14445
FGF6 88 101 1.15] ND X63454
FGF9 238 1951 0.82 weak  [D14838
bone—der ived growth factor 1 (BPGF1) 176 87 0.5 weak |L42379
PDGFB 196 178] 0.91 weak [X02811
CSF2 , GMCSF 56 44 Q.77 ND M11220
CSF3 ; GCSF 194 3201 1.64] UP X03438
p};;ﬁé?‘*aC"Va"”g factor receptor se2| 434 0.7 1.3 |W54995 ; M38441
B-cell growth factor 1 {BCGF1) 73 68] 0.93 ND M15530
TGF-a Ipha 530 485] 0.92 1.1 k03222
TGF-beta 83 122] 1.471 ND X02812 , J05114
TGF-beta 2 171 203] 1.18] weak M19154 ; M22045
TGF-beta receptor type 15 ALKS 2872 29601 1.03] 1.0 L11695
TGF beta receptor |1} 590 633} 1.07] 1.1 L07594
serine/threonine-protein kinase receptor
R3 (SKR3);TGF-beta superfami'ly 44 3] 0.78 ND L17075
receptor type | (TSR1)
breast cancer type 2 susceptibility
brotein (BRCAZ) 172 118 0.69 weak |U4374%
B?g:;a??socnated ring domain protein 1 183 124l 0.62 weak  |U76638
sonic_hedgehog (SHH) 533 468] 0.88 1.1 ]L38518
estrogen regulated protein 750 599] 0.80 1.3 |X54079
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Introduction

In 1960, Tsukimoto reported an autopsy case with cervical myelopathy caused
by ossification of the posterior longitudinal ligament (OPLL). Since his report, OPLL
has been widely recognized in recent years. In particular, OPLL is frequently
observed among Asians. However, the pathogenesis of ossification of spinal lizaments
is not vet well known. Therefor, the Investigation committee on OPLL was organized
in 1975 by the Japanese Ministry of Health and Welfare", to clarify the etiology,



epidemiology, and pathogenesis of OPLL. We have studied the etiology of OPLL
using proteome analysis as the member of Rsearch Committee. Proteome analysis
facilitates systemic analysis of proteins involved in the development of diseases, and
may be useful for galenical research. Proteomics has undergone a dramatic shift
from an essentially 2D gel electrophoresis based technique to a broad field concerned
with assigning function to large number of proteins”. In proteome analysis, it is
necessary to separate proteins as a first step prior to characterization. Thus, the
overall performance of the analysis strongly depends on the performance of the
separation tool, usually two-dimensional electrophoresis (2-DE), While IPGs have
considerably improved IEF as described above, there are still some drawbacks., It
was hoted quite quickly that the resolution of some hydrophobic proteins (membrane
proteins) was poor and others were lost when separated by IPGs. It is thought
that this is because of hydrophobic interactions between the proteins and the basic
acrylamide derivatives of the IPG matrix. More recently the protein patterns of
some membrane preparations were compared on CA-IEF or IPG-IEF 2-D. These
experiments clearly showed that the abundance of some proteins in the second
dimension was significantly diminished when IPGs were used. Conversely, a wider
study by Marc Wilkins and Keith L. Williams® indicated that poor protein solubility
could be a contributing factor accounting for the absence of hydrophobic proteins
on 2-D gels. These authors examined proteins identified on 2-D gels and matched
them to the proteins predicted by genome sequencing. Proteins whose overall amino
acid composition displayed a hvdrophobic bias were almost completely absent from
the 2-D gels. Interestingly, the mode of IEF (CA or IPG) did not appear to affect
this result, suggesting that the initial sample solubilization was the primary point
where hydrophobic proteins were Iost. In recent years, a greater understanding
of the biological and pharmacological importance of membranes has prompted
significant efforts to improve the separation of these less soluble proteins using the
high-resolution method of 2-DE. The solubilization and separation of membrane
proteins has proved more complex than that of soluble proteins, especially in IPGs
for IEF because of their chemical character and membrane compartmentalization.
However, with the benefits of IPGs outweighing most drawbacks, improved
techniques and strategies for membrane protein separation have slowly evolved over
the past two decades.

METHODS

Samples Preparation for 2D SDS-PAGE.

Patients with OPLL and ossification of the
vellow ligament were obtained during surgery
from 39 patients (ranging from 23 to 78 vears
old) with cervical, thoracic, or lumbar vertebrae.
After informed consent was obtained f{rom
patients, ossified regions were surgically excised
with ossification of the posterior longiludinal
ligament, vellow ligament, and both ligaments,
Normal ligament and bone were also excised
for comparison. After excision, specimens were
separated and the central regions of the ossified
regions were frozen in liguid nitrogen and
crushed using a frozen sample crusher.

Staining and image analysis

Protein spots on the gel slab used for the
differential protein display analysis were
visualized by staining with an old version of the
Wako silver-staining reagent Kit because it had
the highest dynamic range of staining among
commercially available reagents tested. Two-DE
gel images were acquired by scanning with a
G3-710 Densitometer (Bio-Rad Laboratories,
CA, USA). recluction,
hackground subtraction, spot detection,
quantification, matching, and
differential analysis were carried out using
PDQuest software (Bio-Rad  Laboratories,
Hercules, CA, USA). Gels for
degradation microsequencing and MS analysis
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gel-to-gel

Edman



116,000

&

B, gy

51,800

Figure 1

> pHI10

Twodimensional gels of various amounts of total protein extracted from OPLL. OPLL

was homogenized in the homogenization buffer and subjected to protein assay. After
quantification, various amounts of proleing were loaded in the first-dimension IEF gels,
followed by the second-dimension SDS-PAGE. Differential protein display by 2-DE we
found that 3 protein spots were increased and these spots (P-1, P-2, P-3) were specifically

detected in OPLL and OYL

were stained with CBB 4-250 using Quick CBR
staining reagent kit.

LC/MS/MS analysis

Protein spots were excised from the gel and
in gel digested with trypsin according to
published procecdlures as modified by us. In
contrast to the protocol described for
Coomassiestained gels, all prewashing steps
were omitted. Protein for microsequencing was
digested overnight with 02 ¢ g of lysil
endopeptidase In 100 1 of 8 % v/v acetonitrile,
20mM Tris-HCI, pH8.5, at 35°C. After removing
acetonitrile by blowing with nitrogen gas,
peptides in the samples solution were trapped
on disposable Cs resin packed in a Zip Tip c18
(Millipore, Bedford, MA, USA), and eluted in a
small volume of 75 % v/v methanol, 1 % v/v
formic acid'V. LC-MS/MSYH  (MAGIC 2002,
Michrom BioResources, Inc, USA) for peptide
sequencing were performed using a @Q-Tof 2
with a Nanoflow-LC ESI

system  equiped

{Micromass UK, Manchester, UK), The peptide
solution was charged into a borosilicate capillary
tip and subjected to ESI at a flow rate of 2kV.
For microsequencing, digested peptides were
purified by HPLC with a Magic CI8 (0.1 X
50nm, Michrom BioResources, Inc, USA).
Sequence homology was analyzed using the
MASCOT (Matrix Science Ltd.
http://www.matrixscience.com/) program.

RESULTS

In this study we have developed procedure
of OPLL proteins profiling using subprotecmix
with

[ractionation. Examining among 157 spots on

enhanced sequential extracted
a reference map, we identified 12 proteins.
Comparing between OPLL and OYL, we found
that 3 protein spots were increased and these
spots (P-1, P-2, P-3) were specifically detected
in OPLL and OYL.. Mass spectrometric analysis
was performed at three points in OPLL and

vellow ligament, and lumican®® (P-1), chainA,
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Figure 3 LC-MS/MS spectra of the

crystal structure of human

beta-2glycoprotein-19  (apolipoprotein-H)} (P-2),
and proline arginine-rich end leucine-rich repeat
protein™ (P-3) were obtained.

tryptic digests generated from spot F-2.

DISCUSSION
Functional involvement of the collagen
11A2 gene in ossification of the posterior

longitudinal ligament has been noted”. Type
X1 collagen is present in a structure in which
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Figure 4 LC-MS/MS spectra of the tryptic digests generated from spot P-3.

the triple helix region is braided deep in type
II collagen fibers, and tyvpe XI collagen plays an
important role in determining the diameter of
tvpe Il collagen fibers'®, Since the region of type
XI collagen molecules encoded by the variable
region of exons 6-8 is considered to be exposed
on the surface and this region is very basic, this
region may be a domain that interacts with
acidic proteins such as proteoglycan. Thus,
proteins such as lumican, chaind, crystal
structure of human beta-2glycoprotein-1, and
proline arginine-rich end leucinerich repeat
protein tend to ossify. The results of this study
may provide insight in characterizing
ossification of spinal ligament in the future.
Proteome analysis may advance health care by
contributing to the elucidation of clinical
diseases and development of drugs.

Summary and Conclusion

We performed proteome analysis of
specimens which were obtained from patients
with OPLL and/or ossification of the vellow
ligament during decompression surgery, and
investigated proteins by LC/MS/MS.  After

two-dimensional electrophoresis using
specimens from patients with OPLL or
ossification of the yellow ligament, differential
display was performed in each specimen. The
common spot was detected, and analysis was
performed by LC/MS/MS. The results will lead
to clarify the etiology and to development of
treatment on OPLL.

ACKNOWLEDGMENTS

We thanks Prof. H Matsumoto (The
University of Oklahoma Health Sciences Center)
for discussions. This work was suported by Y
Ishii (Department of Orthopaedic Surgery,
Nishitaga National Hospital) and S Shindou
(Department of Orthopaedic Surgery,

Kudanzaka Hospitail).

REFFRENCES
1. Tsukimoto H (1960) A case report-autopsy
of syndrome of compression of the spinal cord
owing to ossification within the spinal canal.
Nihon-geka-hokan. 29. 1003-1007.
2. Pandey, A. & Mann, M. (2000) Protecmics
to study genes and genomes. Nature, 405, 405,



837-846,

3. Kahn P. (1995) From genome (o proteome:
Looking at a cell's proteins. Science, 270
369-370.

4. Grover J, Chen X, Korcnberg J R and
Roughley P. J. (1995) The human lumican
gene. J. Biol. Chem. 270. 21942-21949.

5. Chakravarti 8. et al  (1995) Primary
structure of human lumican {Keratan sulfate
proteoglycan) and localization of the gene
(LUM) to chromosome 12g2l.  3-q22.
Genomics. 27, 481-488.

6. Schwarzenbacher R. et al. (1999) Crystal
structure of human 8 2-glycoprotein 1
implications for phospholipid binding and the
antiphospholipid EMBO. 18
6228-6239.

7. Bengtsson E. Neame P J., Heinegard D and

syndrome.

Sommarin Y. (1995) The primary structure
of a basic leucinerich repeat protein, PRELP,
found in connective tissues. J. Biol. Chem. 270.
25639-25644.

8. Grover I, Chen X, Korenbherg J R. Recklies
A D and Roughley P J. {1996) The gene
organization, chromosome location, and
expression of a 55-kDa matrix
(PRELP) of human
Genomics. 38. 109-117.

9. MaedaS. et al. (2001) Functional Impact of

human collagen « 2 (XI) gene polymorphism

prolein

articular cartilage.

in pathogenesis of ossification of the posterior
longitudinal ligament of the spine. J Bone
Miner Res, 16. 948-957.

(1997) A
the promoter

10.Inoue, L et al nucleotide

substitution in of human
angiotensinogen is associated with essential
hypertension and affects basal transcripticn
in vitro. J Clin Invest. 99. 1786-1797.
11.Toda, T, et al. {2000) Proteomic analysis of
Epstein-Barr human
B-lvmphoblastiod cell lines hefore and after
immortalization.
1814-1822.
12.Wilm, M. el al  (1996) TFemtomole

sequencing of proteins from polvacrylamide

virus{ransformed

Electrophoresis. 21,

gels by nano-electrospray mass spectrometry.

Nature. 379. 466-469.

13. Shevchenko, A, Wilm, M., Vorm, O. & Mann,
M. {1996) Mass spectrometric sequencing of
proteins from silver-stained polyacrylamide
gels. Amal, Chem. 68. 850-858.

Correspondence and requests for materials
should be addressed to M. T.
(e-mailmichivo@medkurume-uac.jp) or K. N
{e-mailspine@medkurume-u.ac.ip).

WFFE R

H16h AREEAR TR RV D A
BN ALAE &7 2 LT T T A — AR &
P& LT
Ogsilication of the
ligament and genome analysis

longitudinal
Proteome

posterior

analysis for evaluation of gene functions

HEESNK M Tsurw)*-** skl B4 (K

Nagata) * **, {7 A0 (K Sato) *, B4 1§17
(H. Matsumoto) ***

OB AOREERS, TR K IR o 2 =)

FHEE, A TR e KA e F oS s

IR Rk 131410 )



FHEMAFRILEORZMEEG TR

i FBL (RLARTRFHEREARD, W A= GAITRERBAR),
i T GLATATEISNEY, /NI — 85 (W E R BIAR),
miE HE (BRBRFEEAR), JvE @il FREKFEIEAR,

R AEFT (AR P IIEED), H o B&l GURKEERPGERT Y/ AESE R 2 HHEM)

[(HREE)

HRE LT (LUF, OPLL) R Zh ¥ TOBEETMATIZLY, 29 —4 2 11A2BRETO
BENRBESNTND Y, $124 )/ AR TORBERIGFRA 7 J—=v 72k b, BMPA % &%
72 DT REHIEET SRMEETOES LRI T2, ULL7Ad 5, OPLL®
E O BNFHEBTE, Y8, MCLBET5BEFOFENTHREINS, 2 CHa i, ®
THEBETFOMBURIEZHEL, ¥/ A0S 25T L, BbMCEE LR
21Q21.3 DfETH Y, LOD Score 36 #1505, L LARME, /ST A MU o 7 Es
BBV 10— 20cM (Z o FF|/LH ) REEIC LRE R 4D 2 LR TE RO T,
TREREKIRA Y Vmm Ml Dy BT, FOMMIZFN 4 2 B0 #EF 1220 T SNPs (—
BEEW 2T —F = AL L@ FAN VT b= T RILEARY U= 3G R
Hro D BANS U< ri-HEEsS L, B - I 21T - 72, X 5IZSNPs #8458
Trd A TEEEL, EENYAERRL, BERIBEET S BECFEMOMRESBE LA,
ZAUZE M SNPEZOLONRNEEREBOFERIZA > T T, J4 & 3EA TS ZH D 2R
DREHICLY, BEEEGETRICOEKE LCTEMRAFEEAY S5, TALOHFECLD,

HxdATEZE Db<005) #ROIBEFEZVLONABLTHE,

A BREREH

W, B FOY S AFT T YO 1405
Hoe FEIET-ER (SNP) oy, —Kicy
S ABEL L, RA = A ]
Do T AP ST B T RIR B Ml
{GTRRAT, FRZERFEREBSENICTEENEE Y 22
5, Common Disease, \ b A H D LM
ML, WESCRER e SR AR A L DL, HEk
e VBRI S & & S E AR N A E M
o TRIET HHERTHEBTH D, OPLL (IEF
AEHEEZ 35T A Common Disease DT & 2 Th
0, BRIV TINE THEEOREN S
NTWDHLOORMUPARELB S, ZHE T2
T 7o /7 Gl 7C o0 BB R Rl %t M 8 AT 12
21q21.3 OfFEEIZE LIEVEEZ 38D, Z oMo
FEA~OBEEIREIN TV DY, BREGTOH
ECFESHARET D, FITHkA, I
LOHFTE LW MMFREFDIZIEAL, OPLL
OHFBERZ MR ETFORTEE HE L TWhD,

B. HARAE

MERTIZ v e SNPs i3, =71 TalEh
T B AL I TS SNPs T,
NCRI dbSNP (hitp://www.nebinimnih.gov/SNP/)

KMUIMS-JST JSNP DATABASE (http://snp.ims.
utokyo.acip/) 5B L, BHOBLZEET 5
A2 LT, SNP R/ 5-2< 3~ 10kb CH%
RS LWL, £ a—F 1 7o SNP % 8
Fli, 8AOOPLLETZMWi-RrRy Y —=1 0
RO T LV 1/16 LLEOSNP i@ L, # 2
B BID, T LB R SNP W0 gAY A
BLAAE T _ESNPEFEEL, #1405
i, =AMz be—nAt o A2 96 4
TITV, BRESRTIC L Y Pvalue< 005 L <7
LAV R % EOSNPICH L, E&5icr— AT
1924, 22 o — A TO6 ot 75BNl T
fifpT 217 » 7=, # 4 &2 7t Pyrosequencing #l:
T PSQ96 K 1 ABI PRISM 377 DNA Sequencer %
L7,

C. IRNEZER

210213 oA T I L 112 #{EBT, 412
SNPs DR 7V —=2 7 (KBK) 12T, B TR
112759 b genes, 9 SNPs TP-value < 0.05 D&
AW OH TS, Hh T, Bmfsricce—s %
R LIZD21S263 = — 1 —h 5 4y 2.3 Mb Bl 7= i
{28 2 SNP (rs762178) X, PIEAEMTIZ THE %D
TUABEERSY), x RETIIRLBOVERE



*1

SNP 1D contig |contig position|variation| OPLL® [CONTROL® x? P-value

INTOT {19028)° [NT 01151 18842194 delC 0.347 0,282 4.0028( 0.0454
2

rs2070371 NT_01151 18945106 ¢/T 0.323 0. 386 3.9289] 0.0474
2

EX11 {28%)° NT_01151 18948041 (va) 0,426 0.344 6.1018] 0.0135
2

rs2009130 NT_01151 19975096 C/G 0.403 0.489 5.0219] 0.025%0
2

rs762178 NT_01151 19976319 G/A 0.184 0.103 11.0853| 0.0009
2

JST056070 NT_01151 20479445 T/G 0.233 0.305 4.0530( 0.0440
2

JST016805 NT_01151 2243419 A/G 0.329 0.432 9.5675| 0.0020
5

JSTQ22079 NT_01151 3327022 G/A 0.419 0.325 6.7106] 0.0096
5

a Allele frequency

b screened SNPs by direct sequencing

A58, OPLL ~OP 5.255R0 &7z, E. %
MR IC TR LR T A D7 2102135
D. E% g & i, SNPs & B v/ BEE SR AT & 77 Wy,

SNP i34 /A2 300~ 1000 B BELZ 1 2 & s
TR T HBETEHTHY, M%W@ﬁwvH
ﬁw&ﬁﬂ 7o SNPIZ & 2 $5 sl S Pk s 1 1R] 487
L B T (r— R e 3 P A
F ) BT C0d, it T ShrzFEEic
T AN G o &) FREHNTODS
WOFmF %M (SNP) Hv—E T 5 ajaetk ﬁ‘r’ﬁb‘J
LS Common Disease-Common variant {BEwic
s, WEIEE & B IBIE T T LV BDE TR 2 R
MRS T 2 2 S L 0Tt d, 7 LobHiE o
WIEIRE x (FA) BETHRE S D, SNPEG L
OIRERERIMNER & s> Cofuid v, BB 2
WA S BART AR TR IS D D LN,
SNP (1if{k % Tdh H o TR El Lich
= ’C‘T&iﬂlﬂéﬁ“ﬂf XTI
R D EA A TR, MEINIZIE VLSNP Tzl &
&m$¥ﬁMwaL&wg~mmmqiA%wﬁku
P, F O LAREICHETE S, Jedb b T
LV OERBEMEN TS, Fa LT LA THS
VP R b B, L Ol T
mﬁéiﬁ%wm&M¢@®T,%%mﬁmﬁﬁk
WEHRIAAT S D SNP &Mt 2 = bz L 0l
TREORE G IAFFPTEE A D, FRA4 L ZHVETIS,
JRR A e+ 2 A et 2 e+ 28R4 9Dk
HLTHEY, SHRNEHESYEET S0 S5
LSBT L0, L0 RIEA RIS e 8T
Ta—F LT 2b 0 ThHhS

hHgenes, 9SNPs T OPLL ~® 5 711\7‘ afvf,

LIE I NS OERE PO, EBIZEERS
N—= T ﬂo\wkwﬁm%_WLfﬁmmm
Wi 3 hTunBHWERLD,

(B% Rk

1} Maeda S, Ishidou Y, Koga H, ¢t al : Functional
a 2 (XI) gene
polymorphism in pathogenesis of ossification
of the posterior longitudinal ligament of the
spine. J Bone Miner Res 16 : 948-957, 2001
2) Furushima K, Shimooncda K, Maeda S, et
al : Large-scale screening for candidate genes

impact of human collagen

of ossification of the posterior longitudinal
ligament of the spine. J Bone Miner Res 17 :
128-137, 2002

3) International Human Genome Sequencing
Consortium : Initial sequencing and analysis
of the human genome. Nature 409 : 860-921,
2001

4) Venter JC, Adams MD, Myers EW, et al : The
sequence of the human genome. Science 291 -
1304-1351, 2001

5) The International SNP Map Working Group :
A map of human genome sequence varialion
containing 1.42 million single nucleotide
polymorphisms. Nature 409 ; 928-933, 2001



F. I ER

FER T
Furushima, K., Shimo-onoda, K., Maeda, S,
Nobukuni, T, Ikari, K., Koga, H, Komiya, S,
Nakajima, T, Harata, S, [noue, L. 2001. Large
scale screening for candidate genes of
ossification of the posterior longitudinal
ligament of the spine. J. Bone Miner. Res. 17,
128-137.

Maeda, S, Ishidou, Y. Koga, H., Taketomi,
E, Ikari, K, Komiya, S, Takeda, J, Sakou,
T, and Inoue, 1. 2001. Functional impact of
human collagen « 2 (XD gene
polymorphism in pathogenesis of
ossification of the posterior longitudinal
ligament of the spinc. J Bone. Miner. Res. 16,
948-957.

Havelka, S, Vesela, M. Pavelkova, A,
Halman, L., Ruzickova, 8, Koga, H., Maeda,
S, Inoue, 1, 2001. Are diffuse idiopathic
skeletal hyperostosis {DISH) and
ossification of the posterior longitudinal
ligament of the spine (OPLL) genetically
related ? Annal Rheum. Dis. ARD : 118,

Maeda, S, Koga, H., Matsunaga, S.
Numasawa, T., Takeda, J, Harata, S, Sakou,
T. Inoue, L 2001. Gender-specific haplotype
association of collagen o 2 (XI) gene in
ossification of the posterior longitucdinal
ligament of the spine, J. Hum. Genet. 46, 1-4,

. —r ES {‘Ef&

23rd Annual Meeting of the American
Society for Bone and Mineral Research
[Phoenix, Arizona, USA] October 12-18,
2001

Osteogenic  differentiation of  human
mesenchymal stem cell could be regulated
by 8 -catenin pathway.

S. Maeda'™, K. Shimo-Onoda'?, T. Nobukuni’,
K. Havashi®, H. Koga® 3. Matsunaga®, K
Yone?, 5. Komiyva? L Ituro'.

'Division of Genetic Diagnosis, The Institute

for Medical Science, The University of
Tokyo.

“Department of Orthopaedic  Surgery,
Faculty of Medicine, Kagoshima University.

H19 M AR HFEE

(5Bl 4 HRERSEE 8A 10, 11 A
ERRERBMEOEEMESICBET S
B -catenin @ ¥ 45

]E!}Emf -F 7: ?nl’-}ﬁ?f/%ﬂ ﬁf

SRR FEER GRS AT HIG 2k
AP E =, TN A —5 1, FETE:,
SR A WAL OBORETL Kk R, NE
BhER', FH ./ _EifelR?

95 16 [E A AR S22 LR r il s 4
Dokl iREEgSES 10818, 190 (A
B K EEFR B AR

b EERSMIROB FMIZS k& 8 -catenin
OOHEH W%L

'R RN AR A B R
Hu\k-ﬂiﬂ SRTERE S SAE IS 2
RIFFHELE 2, TFARBFAT—55 2, (S[EFES, )
N VE IR 7 maum*@_,x fofE!, e
HRER', H ./ il



LHEHNESLEOHBREN . (7 0T34 b —H—
& B EREEFIER

W T (RS EMEN2),
KHE EH (EMNRFREZFHNED,
B i (A

J/’(%'j’]’/]/;(*f");
8 AR (FEREREERAR,
R (BRI

W et CGRMERDTEmRE2),
Bl EEZ (SNRFRBEREALT

EE R (BEREERTTA R,
fazk B (FBIRRER
meE 5 (BRREBEKSERSAR)

FHRIESNED,

(AREST]
T it, OPLL OFFECEHS T MEMNERELY ) LEadR L LEERN~A 2 a7 T 1

b —H—{Z L DM Lo THO
IR S oI E e DY

A B A fEdE LT & o, #5 3,000Mb 4
— T,

LAV AEN
#1 30,000 Thd, Z0EED~—

A — R ﬁfétm_q%4N@®$%@@LMW&AMWEE%T Bl A DO LT

£ A B LT, BERle — T —

T LRI IR T h Y —
T L,

A HIRBEM

FFHELHER A B R IE (OPLL) O JSIE 1 BHR T % i
R LT, 225 —4 2 11A2 (COL11A2) #
f7- 0 £ NPPS BHZ %2 TGFB1 #5001 4. 29 78
WESNTWA, L La s, OPLLORIECHE 5
T BT OMEEFH, B S0 s b Criin,
OPLL ORIENSEHOBEE=FIZLs0THEN
i, A AEMA g Y L, BEE ST A
WETARDOFRFETHL, LhLans,
B N4 AOWEIESDIEIERE SR B IC B
W, flx OBEOSF ) LERFETSH I L EBE
B Gty LMo T, —HEoBRev /o
H7 T A DL D ABREAEI -~ — - O3S RE
BT,

R TiE, OPLL REEEF2IET DD
E/AG%P&K%ﬁmT(w)wX7UH:Vf
AR A K 28,000 o BH -~ A 2 uHT T A
h« ﬁ DS E B E L,

B. MIZAk

HFREE T DL LTvA7ua¥T T4 b
oA S AT 4 PR B+ DD,
GenBank/EMBL/DDBI H B F| 57— # ~— AT
BASH T AE oA 7 LHEESIL D, #RE R
T o EAMFREN SRR LAY, bt 2m
K~ SHEDCHE LM THLvS 7 a7 T4 b
AME R LY 7 a7 (nnmt) 125V i

MG 0009, FrEl~—b—%& L T19311{EoLrE %T'i‘
v FOWF S5 e BT, DL ORI,

HELCH B 1 ~w—Hh—/100kb OB

— A CTE 2 S OPLL MBI fRAT A3 SHEAGTE DA

L, o R E, RIEEER oL LT 2HRED
A 7T T A BT, L0EIRL E, 3~ Sm%mv
A7 a¥F T4 FTiE, 5 BILLEEE LD
OBV EBIR L, B~ A 7 D#%?%Ihﬂk
i, PCRI{Z L #8bE L 7=z 200bp ~ 460bp 3
AREEB LIS T —FEF LTI, ThBD
T v—fy ML oTRHENAY S 7 atT
Z4 MRALAY, A ZKAGJ—'ﬁiﬁ‘%P‘JECHV\’C*HB?Jﬁ"ﬁ

Bz e RS0 Z ik, DI Ok
L, M L7 DNA K, YkPEHHERS Lh
WU SZIT®%, 17 +—AFartr bz
L0, RIEEES 1004 0 HA NS ORI A
BRMH U7z, filiH U7 DNA %4 %6 3 pico green
ZINVTERTHZET, 100 BRSO DNA 45
L <iRE U7- DNARWE & % L T PCR UL O B5RY
VAR L7, PCRIZ L0 IO L 7o pEsiid, Bl —
AL LI DKEN L, REF LTt~ s ud T T A
hv—A—DEZRME AR LT,

C. MR

NIz Bl —h— L LT, HiE 1
HWHEEZR (SNP) L=A2a¥7 I FHRIHIEN
TG, v 78774 M, SNP & H~ATH
BIGFEPEZEO~T e ESEEEONT, BB
Fle—H—L L TLuBYTHA, L, HE
AOBER A xR & LIANZiEE, TAARRIZE

LHEME SR LA 2T TA b



DREBRFEIRTH -7z, TORHIFHE~L, EEE
* ClzBEm o ~—H— 6,180 f#l & Hlo~—5—
13751 ALY, 13909 EOEHI~1 7 5 T4
hw—h—%fr L, v17a%T 74 hv—
A — O FHAMRELR 100kb THLHOT, #
30000 il —Ah—lcl»Tb | £7¥ /%D
N=TE L AEEL, 5 X FHEEERS T — & ~—
A FEN-E MY LD KT 7 MEHEESI L
LR —h—Zo0T, FOLEML K
U 7o, ARBFETE, WBEIE O Loz 1Eo
PCR Bz k> T 100 ko~ 2 a¥F 54 K
T —EHE L THRNT A RS HVE, BAE
T2, 100 AOHAABYEH % 2 ha—/ DNA
ELT, 4541THHO~ A 7 aF 5 A pw—H—|Z
DWTELRMEOHTERFE T Uiz, BAMET L
A=, MR BB A ST 2841081z L
=

D. E%

b~ LE 30,000 @D~ oA 2 ad7 74 MZ
& T 100kb O fifie CHRET HMBMmETo L R
TLEHEE LTSN ——%%m L C&/, &
N7 A ORUEEROS | S BE TR, R I o— L
TWRWIZ EEEBES L, ChE CoERIZLY,
FIETE L7 EO S < — 7 — 035 E S AT n]
fEZe iR BRI B X AL 7o, 15 57240 28400 fH oo 4
AT OWT I hv—h— o ML, AAAKERH
WTOZRMERRIEENTE Y, HAAEFICFE
WAL DI OIENTIZ LTI TH D EEZLEND,
BEL S H oIk A ) BRI AV 5 TiE G 3 LT
WAHN, BBEEBE T2 0860 bbb, 0
kT 2 BB 5 — 2O, AR D R~
Fa M THETH S, OPLLIGES —# Tiin <,
COLI1A2 BR T TRENTZERIIMENHH YV 2
LG, MATREIZIERRE T H UL S 5
ETHAHY, T, B a YT T he—
H—IZ L DIBESENTIC L - C OPLL FIN&E LT 4
#1100~ 200kb REOFEFAICIRE L, &6
WD T, BB T-ONESR SNP~—Hh —%{}f
L, L0EBERMBERFETT ) TETHS,

E. #5%

OPLL 32 EE R L, FORKA EEL L
AATEHHATE vl b, L0 1 R
BETOBRRILE LT, ERlvsond7 5 Ak
W AHBAARAT 2 L, T oofigdTiz L,

RHARANEMAICSEOEER v 2 a¥F 54 b
RAIRTEY, FOWEET-HER, BELTIC
28410 D ER~v—h—Oi¥ @ L, T LFBE
(100kb/v—H—) * kL1,

(£ k)

1) Koga H. et al
ossification  of
ligament of the spine. Am J. Hum. Genet. 62 :
1460-1467, 1998

2) Okawa A. et al. Mutation of nucleotide
pyrophosphatase gene in a mouse model of

Mapping of
longitudinal

Genetic
the posterior

ossification of the posterior longitudinal
ligament of the spine. Nature Genet. 19 :
271-273, 1998

3) Kamiya M, Harada A, Mizuno M, Iwata H,
Yamada Y.  Association

polymorphism of the transforming growth

bhetween a

factor-betal gene and genetic susceptibility to
ossification  of longitudinal
ligament in Japanese patients. Spine Jun 1 ;
26(11) : 1264-7, 2001

4) Maeda S, Koga H, Matsunaga S, Numasawa
T, ikari K, Furushima K, Harata S, Takeda J,
Sakou T, Komiya S, Inoue L Gender-specific

the posterior

haplotype association of collagen alpha2 (XI)
gene in posterior
longitudinal ligament of the spine. ] Hum
Genet. 46(1} : 1-4, 2001

ossification of the

F. AR&E
L. GRCHER

L. ERIRASER, Hr-E(  DNA #r & #E R &
S BEEDV T bR, ERE R o ¥ — 15 JAMF
FLERE, MEHTE A2 o & —, W,
2001 ; p. 32-35.

2. EAE—, OEAI, HEFEE RS
J LAFROBIGRTE REECR, 7 A
T A RAHBERENTIC L 2 R MR T O
€, ERAL HAL 2001 ; p.47-68.

3. lkewaki I, Tamauti H, Yamada A. Aoki
M, Yamamoto R, Sawada A, Inoko H : A

microfilament formation inhibitor,
cytochalasin strongly  enhances  the
low-affinity Fc  receplor I (CD23)

expression on the human monocyte-like



cell line, U937. J Clinical Imunology 20 :
424-433, 2001,

4. Deguchi R, Takagi A, Kawata H, Inoko
H, Miwa T : Association between CabA +
Helicobacter pylori infection and p.53,
BAX and TGFb-RII gene mutations in
gastric cancer patients, International J
Cancer 91 : 481-485, 2001.

5. Sugimura K, Ota M, Malsuzawa I,
Katsuvama Y, Ishizuka K, Mochizuki T,
Mizuki N, Seki S, Honma T, Inoko H,
Asakura H : A close relationship of triplet
polymorphism in MEIC class [
chainrelated genc A (MICA) to the
disease susceptibility and behavior in
ulcertive colitis. Tissue Antigens 57 : 9-14,
2001.

6. Ota M, Katsuyama Y, Kimura A,
Tsuchiva K, Kondo M, Naruse T, Mizuki
N, Sasazuki T, Incko I : A second
susceptibility  gene  for  developing
rheumatoid arthritis in the human MHC
is localized within a 70 kb interval
telomeric of the TNF genes in the HLLA
class III region. Genomics 71 @ 263-270,
2001.

7. Mizuki N, Yabuki K, Ota M, Verity D,
Katsuyama Y, Ando H, Onarl K, Goto K,
Imagawa Y, Mandnat W, Favyad F,
Stanford M, Ohnoe S Inoko H
Micrasatellite mapping of a susceplible
locus within the HLA region for Behcet’s
disease using Jordanian patients. Hum
Immunol 62 : 186-190, 2001,

8. Shilna T. Ando A, Suto Y, Kasai,
Shigenari A, Takishima N, Kikkawa L,
Iwata K, Kuwano Y, Kitamura Y,
Matsuzawa Y, Sano K, Nogami M, Kawata
H, Li S, Fukuzumi Y, Yamazaki M, Tashiro
H, Tamiva G, Kohda A, Okumura K,
Ikemura T, Soeda E, Mizuki N, Kimura M,
Bahram S, Inoko H : Genomic anatomy
of a premiar Major Histocompatibility
Complex paralogous region on
chrormosome 1g21-22. Genome Research
11 : 789-802, 2001.

9. Matsuzaka K, Makino S, Nakajima K,
Tomizawa M, Oka A, Bahram S, Kulski
JK. Tamiva G, Incko H : New
microsatellite markers in the human MHC
class [l region. Tissue Antigens 57
397-404, 2001.

10. Mizuki N, Ota M, Katsuyama Y, Yabuki

K, Ando H, Yoshida M, Katsuhiro O,
Nikbin B, Davatchi F, Chams H, Ghaderi
AA, Chne S, Inoko H @ HLA class 1
genolyping including HLA-Bx51 allcle
typing in the Iranian palients with
Behcet’s disease. Tissue Antigens 57
457-462, 2001.

11. Gasper JA, Shiina T, Inoko H, Edwards

SV : Songbirs genomics : Analysisi of 45
kb upstream of a polymorphic Mhe class
II gene in red-winged  blackbirds
{Agelaius phoeniceus). Genomics 75
26-34, 2001.

12, Andoc A, Kawata H, Murakami T,

Shigenari A, Shiina T, Sada M. Tsuji T,
Toriu A, Nakanishi Y, Milsuhashi T,
Sekikawa K, [ncko H : ¢DNA cloning and
genctic polvmorphism of the swine major
histocompatibility complex (SLA) class II
DMA gene. Anim Genet. 32 @ 73-77, 2001.

13. Holland 1.7, Rached LA, Tamme R,

Holland ND, Inoko H, Shiina T, Burgtorf
C. Lardelli M
developmental eXpression of the

Characterization and

amphioxus homolog of Notch (Amphi-
Notch) : evolutionary conservation of
multiple expression domains in
amphioxus and vertebrates, Dev Biol. 232 ;
493-507, 2001,

14. Obuchi N, Takahashi M, Nouchi T, Satch

M, Arimura T, Ueda K, Akai J. Ota M,
Naruse T, Inoko H, Numano F, Kimura
A Identification of MICA alleles with a
long Leu-repeat in the transmembranc
region and no cyioplasmic tail due to a
frameshifi-deletion in exon 4. Tissue
Antigens 57 : 520-535, 2001,

15. Arai T, Yoshida K, Kaburaki J, Inoko

H, Tkeda Y, Kawakami Y, Kuwana M :



Autoreactive CD4(+) T-cell clones to beta
(2)-glycoprotein I in  patients  with
antiphospholipid syndrome : preferential
recognition of the major phospholipid-
binding site. Blood. 98 : 1889-1896., 2001.

16. Kulski JK, Martinez P, Longman-
Jacobsen N, Wang W, Williamson J,
Dawkins RL, Shiina T, Naruse T, Inoko
H: The association between HLA-A alleles
and an Alu dimorphism near HLA-G. J Mol
Evol 53 : 114-123, 2001.

17. Tsuda TT, Tsuda M, Naruse T, kaata
H, Ando A, Shiina T, Fukuda M, Kurita
M, KeMaho 1, Kuliski JK, Inoko H
Phylogenetic  analysis of  penguin
(Spheniscidae) species based on seuence
variation in MHC «class 1 gene.
Immunogenetics 53 : 712-716, 2001.

18. Taniguchi Y, Sato M, Tanaka O,
Sekiguchi M, InckoH, Kimura M : HOXD3
regulates expression of JAGGEDI, a
ligand for Notch receptors. Nuclel Acds
Reserach Supplement No. 1 : 43-44, 2001.

19. Taniuchi Y, Suzuki H, Ohtsuka M,
Kikuchi N, Kimura M, Inoko H : Isolation
and characteriation of three gemnes
paralogus to mouse Ring3. Nuclei Acds
Reserach Supplement No. 1 : 247-248,
2001.

20. Seki SS, Sugimura K, Ota M, Matsuzawa
J, Katsuyama Y, Ishizuka K, Mochizuki T,
Suzuki K, Yomeyama Y, Mizuki N, Honma
T, Incko H, Asakura H : A stratification
analysis of MICA  triplet repeat
polymorphisms and HLA-antigens
associated with ulcertive colitis, Tissue
Antigens 58 : 71-76, 2001.

21, Sano K, Yabuki Y, Imagawa Y, Shiina
T, Mizuku N, Chno S, Kulski JK, Incko H ;
The absence of disease-specific
polmorphisms within the HLA-B51 gene
that is thesusceptible locus for Behcet’s
disease. Tissue Antigens 58 : 77-82, 2001,

22. Romphruk, AV, Naruse TK, Romphruk
A, Kawata T, Pauapairoj Kulski JK,
Leelayuwat, Inoko H : Diversity of MICA

(PERB11.1) and HLA haplotypes in
Northeastern Thais. Tissue Antigens 58 :
83-89.

23. Mizuki N, Ota M, Katsuyama Y, Yabuki
K, Ando H, Shiina T, Nomura E, Onari K,
Ohno S, Inoko H. HLA-B%51 allele analysis
by the PCR-SBT method and a strong
association of HLA-B*5101 with Japanese
patients with Behcet’s disease. Tissue
Antigens 58 : 181-184, 2001.

24. Kulski JK, Dunn DS, Gaudieri S, Shiina
T, Incko H : Genomic and phylogenic
analysis of the human CD1 and HLA class
1 multicopy genes. ] Mol Evol, 53 : 642-650,
2001.

25. Ishikawa Y, Kashiwase K, Okai M,
Ogawa A, Akaza T, Morishima Y, Inoko
H, Sasazuki T, Kodera Y, Juji T.
Polymorphisms in the coding region of
mtDNA and effects on clinical outcome
of unrelated bone marrow transplantation.
Bone Marrow Trangplant. 28 : 603-607,
2001.

26. Niizeki H, Naruse T, Hecker KM, Taylor
JR, Kurimoto I, Shimizu T, Yamasaki Y,
Inoko H, Streilein JW : Polymorphisms in
the tumor necrosis factor {(TNF} genes
are associated with suseptibility to effects
of ultrviclet-B radiation on induction of
contact hypersensitivity. Tissue Antigens
58 : 369-378, 2001,

27. Suemizi H, Radosavljevic M, Kimura M,
Sadahirc S, Yoshimura S, Bahrama S,
Inoko H : A basolateral sorting molif in
the MICA cytoplasmic tail. Proc Natl Acad
Sci USA 99 @ 2971-2976, 2002,

28. Kulski JK, Dunn DS, Hui J, Martinez P,
Romphruk AV, Leelayuwat C, Tay GK,
Oka A, Inoko H. Alu polymorphism within
the MICB gene and association with
HLA-B alleles. Immunogenetics 53
975-979, 2002,

29, Yahuki K, Mizuki N, Ota M, Verity D,
Goto K, Kimura T, Nomura E, Madanat
W, Katsuyama Y, Kimura M, Stanford M,
Inoko H: A Ohno S : A strong association



between MICA gene and Behcet’s disease
in Jordanin. J. Opthamology in press

30. Ando A, Kawata T, Murakami T,
Shigenari A, Shiina T, Sada M, Tsuji T,
Toriu A, Nakanishi Y, Mitsuhashi T,
Sekikawa K, Inoko H : ¢cDNA clone and
genetic polymorphisms of the swine
major histocompatibility complex (SLA)
class II DMA gene. Animal Geneticc in
press

31. Kulski JK, Martinez P, Longman-
Jacobsen N, Wang W, Williamson J,
Dawkins RL, Shiina T, Naruse T, Incko
H: The association between HLA-A alleles
and an Alu dimorphisms near HLA-G. ]
Mol Evol in press

32. Kuwana M, Arai T, Yoshida K, kaburaki
J, Inoko H, lkeda Y, Kawakami Y
Autoreactive CD4 + T cell clones 1o
b2-glycoprotein I in  patients with
antiphosholopid syndrome : Preferential
recognition of the major phospholipid-
bhinding site. Blood in press

33. L. Abi-Rached, A Gilles, T Shiina, P
Pontarotti, H Inoko : Large scale
duplications in vertebrate evolution
insights from amphioxus. Nature Genetics
in press

1. Inoko H : Genomewide scan of disease

genes through microsatellites, Special
Lecture, The 1st Indian Society for
Histocompatibility and Immunogenetics,
2001.

2. Naruse TK, kawata H, Nakashima M,
Inoko H : Simple and rapid HLA-A and
DRB1 SSP genotyping using the 2 color
dves fluorescemce detedtion sysem. The
1st Indian Society for Histccompatibility
and Immunogenetics, 2001,

3. Inoko H : Strategy for genome wide
disease mapping using microsatellites :
EXTRA SEMINAR in Department of
Immunohematology and Blood
Transfusion Leiden University, 2001.

4. Incke H : Strategy for genome wide
disease mappimg using microsatellites by
assocaition study. Seminar in
Max-Planc-Institute fro Molecula Genetic,
2001. -

5. Inoko H : Comparative MHC Genomics,
5th Chromosome Workshop, 2001

6. Inoko H : Genome-wide scan of diseac
genes through microsatellites. The Korean
Society for Immunologu, 2001,

7. Inoko H : HLA to human gencme
diversities @ Genomewide scan of disease
genes by association analysis using
microsatellites, Plenary session in the 16th
European Histocomaptibility Conference
EF1 Meeting

8. Inoko H : PSORS1 and genome— wide
mapping by microsatellite—  based
association analysis. The 6th Internatinal
Psoriasis Geneics Committee Meeting.

9, Inoko H: From HLA to human genome
diversities : Disease gene mapping by
association analysis using microsatellites,
Keynote  addresses in  the 13th
International Congress of Histocomaptibi-
lity and Immunogentics. Japan French
Immunlogy meeting

10. Inoko H : Strategy for genome-wide
mapping of common diseases using
association analysis with microsatellites.
Genome Science in the 1st Century ;
Information of the Higher-Order Structure
beyond the Primary Sequence, 2001.

11. H Inocko, T Anzai, Y Fukuzumi, M
Yamazaki, H Tashiro, JK Kulski, T Shiina :
Genome  sequencing and  comparative
genome analysis on the chimpanzee MHC
class [ region. GEMINI Workshop on Ape
Genormnics, 2001,

12. H Inoko : Comaprative genomics on the
MHCs by genome sequencing.
Symposium on Evolution Genomics, 2001

13. Inoko H : Genome-wide scan of disease
genes by association analysis using
microsatellites, The 1st Hakone-yama
Symposium, “Genetic anaysis  of



Multifiactorial Diseases” 2001

14. Inoko H : Genome-wide scanning of
disease-susceptible loci by microsatellite
markers.Genomics and Phenomics of
Vsculitis and Atherosclerosis, 2001.

15. T3 . w4 7 0¥ 774 b&AvizK
BETGTOY v P FOWE, 7/ L3 0R
A, 2001,

16. %7 0ifi : HLA (IATH S < OBIBRAEIZRT
ba®O?, % 100 B AAREER Y REH
HilE, 2001.

CBTEL T ATA RIRBRDY B

T~ A 0¥ 754 FEHWT, B
197 FIDNAFIES, 2001,

18. o w1 7 a7 74 bERVWES
S LT A R RBRET < vV 7 OBE
HLA £ F A & LT F 15| Gl
(gastrointestinal) V) 4 —F 7 4 —F A,
2001.

19, %% KREFEREREDR 77
Y——HLAMREEF L& L C—, FE8MH
RELEFREEERE YRV OL [5)
AOMEMEREA], 2001.

20, TR EBHEREFREDR b7
/——}mAmm%%Tw&Lf—,MzW
ey 35—, 2001.

21. Bl REBEREFRIEDA NF T
U——HLA @i xTF A LT—, BEkHl
Az 14—, 2001.

22, B T-OR - HLA » A4 2 E ORIl
GFOER, MR HLA St 27—
2001.

. BT  MIC & CD BfnFHE o 7 7 A
ﬁLﬁHOHH$m%EAﬁ”A Ly
oA [Non-classical MHC), 2001.

24 AR v AT I A FERERG
7= HLA L #Ed 2FREBOBE S~ v B
F R, B LOE H AMEE A YS R
VLA TZERFEBOEEBERE LT
HiLAJ, 2001.

25, BFWB RANF s bhv—s sy
iR OEF MM & LT MHC —~ /) L%
FRUEMEAT & e 7 2 L fEAT—, 5 10 [0] B A
BEastEs RV AIMHC—#8EY
S LEEOWE NG, 2001.

26. BTHE  HWIL L o F ST A EBRTE

BO BT BT E D 0 B T
~7 2001,

27 M1 3E  fERBEERETO~A 72
V7T MR F ) AT A Kig=w oy
7 OEME, #OMERIEIRTES, 2001.

28 BTHRE . v~/ 70d T 54 FERNWEYS
2 AT A NI L AEBRERT O
v B, A BRI KPR F R 2
F—, 2001.

G. MMIFFHEEORESKR
L



ZILEEETILIIRAEFAVE 1 BEFEEGRTFEOHEN
RUBRBBHEBRILDORER

WA BT GRS R
BE B GO KRR B AR -
fRHE B RO R SEBRE ERERL -

- HRRRIRRE TR,
WA RIR RS I,
BHRAIRET ),

MY EZ U AR K FERE SRR - BRI ),
M1 BRI GRS R A RO P AR BRI SR
b R UK KRR E SRR - BRI DIF)

[(HEEE]

o2 [ TLLH, (BB~ A RH T 5D SAMPE & S BEOSAMP2 # AW o RRLERIZE S
HENARHT DS R, peak bone mass i3 polygene B0 B TH Y, £OQTL (quantitative
traitloci} ~>% 0, FHEARLBEFEIIE 1L, 1SEAEIFAETA 2R L, 4F, &
11 Kl QTL 241 interval 2> Y x=y 7+ A% 2 RHEMAR L, peak bone
mass ZHIE Ui, MBRHE b EADAy 77T 00 FREIZEL, BRICTELEZRD, B
11 et bz EHAAT TR DAL QTL S EAE-T 5 2 L A%t &z, 75, WE EFH 0 SAMP2
Fihe ™ ADFFHEICIE, XEBEE, MEEARCTH OPLLITHERE ST, SAMEFROEBE &I

OPLL & X o i@ ion EE L L,

A BIRBM

SAM (Senescence-Accelerated Mouse @ #E{K{E
EET v AL HOBETZRY T ATHY,
1O BRHAE(ET D W, FD—2ThDSAMPE (LA
T PB) i3, SAM O Tt ik 5L » peak bone mass
R, ZBEEEFHSEOET VEmE ST D,
7=, SAMP6 xR TH A SAMPZ (LLTF P2) 1,
SAM O TR S EV peak bone mass & RT R
Mo—>ThDH, Lil2 B OAEEERZ JH 70
SEMAT OFE R, peak bone mass Ik k&R T <
polygene ZOBEHNLTHY, FOQTLIXHE 11,
13 B RCFETH LR INETICREENRT
VWA, £, Pé@allele [ HMEF £, P2 Dallele it
EEECEFELTWAY, ZoRNBETERET
Ll E—d & L TiL, polygene FA 5 single
gene ROET LI EBRT L EALETH D,
A, 811 Radlc QTL 25t interval 4 f-0 2
Ym0 A, PO T ROERE
BOP2Z /w2 750 RORWO 2 ZFEEERL,
FOFREFBETSHZ LT QTL O s M4 2
T EEREMNE L, &51Z, donor strain #1de0
interval Zi4 5 2 & T, BREEHETLIRAKR
Lo aEMmicmitd 5 2 & FikAi, £,
OPLL OBRENSHETEE L THRE Y N IH
BZEL, HBRROP2IZOPLLAFET 208
IMXRETE, gL VTS LT,

B. BIRA&

HUBI, RNyl Ur RRPET, W11
RO QTL EOMEMOHA P2 THLI Ay Y=y s
< 7 AOKRIEEFHHT S, £7, RERROP6
EEREROP22CE LFL #/E8 L, LU, P6IZ6
Ehdge R LASAL L T NT 2 {E 5 /o, TEECE, 26cM
D QTL MfESKIZES 3 2O 7y T 714 b
~—H— (D11Mit242, D11Mit90, D1IMit59) (=
BT, &TP2oallele #H>MiE52E/E L, &
Tz X EE T 0% D 7 ST O FAP6 &
A, EO TSRO RO v — b — % 43R
T, £ TP6wallele THSH Z & AR L7, mi&il,
11 ek QTL fElkA~FT 2 CHh D N7 [+
AL CTRECREEEFRL, Lk, AR
THF 21T - 7, B BMEE, peak bone mass %
L7, 4 4 Bl RO RRE S A MD &I T
A Lz, £, ZOBEETEA Pbdl (Peak bone
density 1) & L, a7 RBHE
P6.P2-Pbdlb &4 fhit7z, Z4u & idific F1ERE,
P2l R LR THIET, Ny 7 777 KR
P2 T, #5511 2:&84&0 QTL (Phdl) _Lofaie #503
P6 ThoHardxz=v s v7 A P2P6-Pbdla H1{E
RL T, SAMP Bdcoo Va3 8 —10 » A & #ik
ARTCED (P2iX924 A, P68l #» A), EmT
HoHT-H 8y AWM TLTHERTHD & Ebhb,
LidioT, 8y Ao REOP2Z 5L, K



BEROPE % 3ICEH L, KEEE &L MDiEIZ T
HEL, SFFHEA TR TR X BEZ41T-
Toe =W & flv, 5% ERRA~ Y %
WTHIKEEA % (B8 L, hematoxylin eosin #{7 %
Uelastica van Gieson §:f812 T HE C O LY
WOBLOFIERT LI,

C. HE#HE

1) avvomw e 2dE 1] kit s
dense map P6.P2-Pbdlb Tik, 32cMiz P2 ok
F DA A2 - TH Y, double recombination i
b bivipinot, £, BEiTEle 16cM i
N7Fl BB C~Talll > T, $7-,
P2.P6-Pbdla Cid, Hom{Ifie 16cM /Xyt
T — DNA Ol & 720, 48cM & E U JERER
P6 OREOREICA2->THY, 2129 double
recombination {358 ® St o,

2) AV =y~ A0 peak bone massd &
Him DD~ 7 AOXKBEERERAET S L,
P6.P2-Phdlb > F &L, Aoy 7500 FERET
5 P6 LT ARICELS (P <0.0001),
FOFELPE & P2 OGEAD 268 %ITHY L,
F7iz, P2P6-Phdladiiit, Ry s 4S5
Y FERMTHDLPZ LT HEHEINKL (P
0.0001), FOEILP6 & P2OFRAESE3%IT
M LT, B, 2 TR & 7Ze0gs, MD
DH Y= DDIRT A—F—THBEL GS/D2 L[F
BROB L L, DXA, pQCT & BFERREEE
A THIZFRBEORE BN,

3) FESAM = 28R L OPLL O

8r AR THLP2IIPE LT HLEHBICER
iEE o (P<0.0001), £/, WRHE L b X
%, EAL LEFHETORMBEOFILOEES
ot

D. EE
ATy I ADRERNL, 11 RblE
iZH 5 P20 interval 25, P6 L P2ZOFEED 26.8%
YT 2ER%E5] % Bif, P6 @ interval 73 56.3%
HSTAEREESE TIFREL L, BHARN
TEHR SR Tz QTL #% Phdl oM@z HFFET2
ZEMEEH R, o0 EMNIT, Klein & 3
C5H7BL/6 & DBA/2 % %, Benes & 43 SAMP6 &
AKR/I? IO, DXAIC L B0 A BB
NT A= =L LIm#EEES LG LR QTL &
HIRIE—3T 5, HiC, BHE®E L O association

study @Y ¥ 2385 type I collagen o 1 %,
candidate gene O¥ZIFHETHE ME 17 REOME
Elbil synteny #F50@TH H 5,

B 409121 peak bone mass # (il #8145 85T %
DLDOEHEET L5 2 L HETHD N, Tk 5k
WY — o ZOWE IS A strategy & LT, 28
WEHREZONRS, 2R TICARERL T C, B
EbLarYemy v 7 AOF O ETIZ D
7z subcongenic strain # L EFHEMFE L - & T
congenic mapping & Tvy, E#&MNiZ 1cM £ Clilts
BT & 4 50 T, SR DR RLZ 1T 5 Tk
@ positional cloning DISHATHD Y, 4 9 —DiF,
A I RTAFEOREEARH, Yoy
TAFRGEN T T 0 FERKRET, Y%
ORBPEOHRLDBETFEZRETHHIETHD 'Y,
BalZBEZO2 205 LT 7 o—F &Mk
LTw5, OPLLMOEF/AE L Tiittw v 7 A3 %
b 10 positicnal candidate gene approach = T/&
WEETHRIEINTVWAEN, © F TSz el
WEFES LTV AL, SAMP2 <7 A B S 58
R THD ZEIIBEM T -7 T, OPLL ®#-
TRENME T LA DRIREVEA AL LTS, TRHERNAY
O ILEED o1,

E. ##

AV oy e ADEENEORENG,
peak bone mass 2HIfIL THA L EPREE 11
RAEQTL OFEMGE &7z, £/, SAMPZ #
W= AOEBEEITOPLL & i E B TS 72
WeEEBZ SR,

(5% 3CK)

1) Takeda T. The SAM model of senescence.
Amsterdam, London, New York, Tokvo,
Excerpta Medica, 1994

2) Takeda T, Hosokawa M, Higuchi K.

(SAM) : a
novel murine model of senescence. Exp
Gerontel, 32 : 105-109, 1997

3) Shimizu M, Higuchi K, Bennett B, et al
Identification of peak bone mass QTL in a
spontaneously osteoporotic mouse  strain.
Mamm Genome, 10 : 81-87, 1999

4) Hirai N, lkata T, Murase M, et al. Bone
mineral density of the lumber spine in patients
with ossification of the posterior longitudinal

Senescence-accelerated mouse



ligament of the cervical spine. J Spinal Discord,
8{(5) : 33741, 1995

5) Yamauchi T, Taketomi E, Matsunaga S, et
al. Bone mineral density in patients with
ossification of the posterior longitudinal
ligament in the cervical spine. J Bone Miner
Metab, 17(4) : 296-300, 1999

6) Klein RF, Mitchell SR, Phillips TJ, et al
Quantitative trait loci affecting peak bone
mineral density in mice. J Bone Miner Res, 13
(11) : 1648-56, 1998

7) Benes H, Weinstein RS, Zheng W, et al
Chromosomal mapping of  osteopenia-
associated quantitative trait loci using closely
related mouse strains. J Bone Miner Res, 16
(4) : 626-33, 2000

8) Grant SF. Reid DM, Blake G, et al. Reduced
bone density and osteoporosis associated with
a polymorphic Spl binding site in the collagen
type I alpha 1 gene. Nat. Genet. 14(2) : 203-5,
1996

9) Lyons PA, Armitage N, Argentina F, et al.
Congenic mapping of the type 1 diabetes locus,
idd3, to a 780-kb region of mouse chromoesome
3 : identification of a candidate segment of
ancestral DNA by haplotype mapping.
Genome Res, 10(4) : 446-53, 2000

10) Ajtman TJ, Glazier AM, Wallace CA, et al
Identification of Cd36 (Fat) as an
insulin-resistance gene causing defective fatty
acid and glucose metabolism in hypertensive
rats. Nat Genet, 21(1) : 76-83, 1999

11) Okawa A, Nakamura I, Golo S, et al. Mutation
in Npps in a mouse model of ossification of
the posterior longitudinal ligament of the
spine. Nat Genet, 19{(3) : 271-273, 1998

F. BIRKE
L s

1. Nishihara I, Nakagawa Y, Ishikawa H,
Ohba M, Shimizu K, Nakamura T, Matrix
vesiicle and Media vesicles as Nonclassical
Pathways for the Secretion of m-Calpain
from MC3T3-El Cells. Biochem Biophys
Res Comm, 285 ; 845-853, 2001

2. Nishiguchi S, Kato H, Fuijita H, Oka M,

— 31 —

Kim H-M, Kokubo T, Nakamura T.
Titanium metals from direct bonding to
hone after alkale and heat treatments.
Biomaterials, 22 : 2525-2533, 2001
3. Shimizu M, Higuchi K, Kasai §
Tsubovama T, Matsushita M. Mori M,
Shimizu Y, Nakamura T, Hosokawa M.
Chromosome 13 locus, Phd2, regulates
bone density in mice. J Bone and Miner
Res, 16 : 1972-1982, 2001
4. Ito H, Akivama H, Iguchi H, Iyama K,
Mivamoto M, Chsawa K, Nakamura T.
Molecular Cloning and Biological Activity
of a Novel Lysyl Oxidase-related Gene
Expressed in Catilage. J Biol Chem, 276
(26) : 24023-24029, 2001
5. Mivazaki T, Kim HM, Kokubo T,
Ohtsuki €, Kato H, Nakamura T.
Mechnism of bonelike apatite formation
on bicactive tantalum metal in a simulated
body fluid Biomaterials, 23 : 827-832,
2002

L ERER

1. &M %, WHES . 770 rF T
7 Ay Mt MEERATRTICET D
MMPEEAEZTTHEEE D, FEASEIHARY U=
FoEa A AR S, WK 135 H 1A H—
164

2. RasfeF, PREER, NOZER o AR T v
Mods i S EREREOEE MRS T L
FEHEIRITE D FERE. & 74 18] B AR AR S
WrtEs:. SERC134E4 B 19 0—22H

3. K. Yoshida, T. Kobayashi, T.
Tsuboyama, M. Matsushita, T. Nakamura.
S. Narumiva. PGEZ Stimulates bone
formation via EP4  subtype  of
prostaglandin E receptor. 23rd annual
meeting of the American society for bone
and mineral research, Phoenix, Arizona,
US.A, October 12-16, 2001

4. JEARMEAT, PRUGEA, BF I, SR
BB, FAATPRRE, BPME=, wEC0 -, AIIE
Wi, oftZESAM % Vo F &8RS T
JEOMEET, 55 19 MF - v o ARGHTTFZE S,
KR I3F9A 21N



5. IR —RL, BAKEAT, BT I, BANE
RS, PELLECAE, #)NE R, 6355 : Peak Bone
Mass # 1l & ¥ 2 ® & 1+ QTL # £ -
Congenic Mice D& S EE. %5 16 |4 A
OB EME R, T 134101 18
H—19FH

6. FR@EEM, &b BB, Rk, BLE
&, PRILEA, Rt E s &
IfRAT. 5 16 (8] B ARG AN F o 2 B T A
2. ERRI3FEI0E 18 F—19H

ook A T U AR AT
BAE ovEEE M . 55 28 [ H AN B F 2 ik
E EMI3EIIH9A



