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ZHIMAED X, N BREE =T 5 & BEMIC K-> 7ofifla 2 gt U, MikoBie & #ae
B LC, fEEReEE L ToEEEE R L TV 20, —RICHILEOHFAREINIREN TH 5,
—F. FHEEMOTTH, HEAESCARMARITES NEHAERNEZREL, W O ONiFdE
BZIILO, MBRBELERIIHAETE S, L, RERETELIEBME TERVENND D
METZDDS TR, ZOEMICEZ 21T, BAMBOMIES & A ZMICHk L, HE5H,
LB LONRT =T D D0 EBFET 2 MERN D D,

PRI O B R A RFET 272, T, FAEMICIS T 2 MR FERET S AT TV D,
TARR— MV EBRAET L ENTE LR, ZOWMRET, suillas ot - #EL T, oo
ARE & RRREOMIICH LT 2 Z ERHL I ENT, o, BT T 7 40 v =2 b SRRk
AEATE, FICEBEZET LV E LEHBAEMEICLY, BEEIEIHFMIEG. WaolkziTH> 2 LT
BAMBEOE ML 2 2 emasni, T0—FH, B7 77 4 v 2 DfEmATIE, BE
12D F MR D P ALLISNT . BT B SRR & AR 3 D BHGTR DA E b R S 7z, L,
ZOX I IEIFEMREEET MO, TAT T 47 4, WE, BESCIERAERCEIT H&E
WZOWTEHB LIS TV e o T,

BHMRIC L > TESGNDEIZ, KORESZ LT EELMEM TH D, BIXE ORI 2 MR
L7, BEFMaAHEZ TG S, BlEE Y =2 — 7 L LT T D, HRSEICRIT H0F
ZECIE, BRI (MSO) ([l L, BIFRIEAINE (OPC) & miE 3MliE 4 #% T,
e TnWb, —FH, BEBOEFMIZ, T XTOFHEEDY T, MREO 0, FF
WZIREIDO—ECTHAMHEHINLAET DL Z ENMBN TS, LarL, BiRIZEIT S MSC X OPC @
AENIZEB T 2 JRECHERIZL < Do TE BT, £72 MSC <° OPC O34 LD R A FHIREESR
i & EO LR T DO TH o7z,

AKHZEIE, BT 774 v aDEOHAEEZETNVE L, TOFABBETHEIND Z LIRS
NTWEBIBTOOEDTHD VAN w2 XX r 777 7 — 9(mmp9 OFRBAMI % AT L
oo NTUAVz=w 7 2ERL, BAMBICET D mmpAHRlaE aldi{b3 5 & TSN,
mmpIAH) MBI AR DREDHT (a4 v M) ITRIELTEY ., MEQAHEELA S & BAMRR
~BENT L ENDoT, 2O mmpIAHFIEDRGEE . Cre-loxP ¥ AT LI X D& RFA72
AIATRR I X 0 BBR L7 R, AR~ E L <, F3EMla~0bT 5 2 E BN -T2,
DFED . mmpIAH)T a A v MEIIZE RO, 725 OPC & LTEH 2 ERRS
Nz, 6T, ZhHoflaixe ER S LT, el ELeYaAs v FoMBIZE o722




Enb, OPCITAECHER-EL DI & bRnahi,

F72. NTR %4 L7220 /ilabR 212 L - T, OPC N IEH 28k F ot L. a
JRAL L7285 OFAICE s TEHETH D Z LIRS, kR, BT 77 4 vy aDESRED
BBV, BEFOFFMEARE LT, BEFEMRAFAEIND 2 ERHRE SN TV,
OPC L, BHOHAICE TS 9 —2>OFHFMBOMEIRCTH V| Bk Ui Fiaic X 2 fiAE
EET DI ENHL MM,

—J., OPC %, BRESNTHTITHAET D Z RSNz, OPC ORIBRHIALANEL OREHE
ARCAFTET D LB X2, Z ORI 24T o 1o/ S, OPC A kbiLd & Lo MEEMALL b4
FEINDZ LRI TE 7=, OPC & Z ORIZEMAL & W\ 5 EEORTEGMAL T — V23, B O L
FFEMERICTAEERAN=ALTELEZZBND,

512, OPC OFAMEIRAZ I 5T L& 5 EilAade, BEOF ML O A MRIFITAREIZH
D2 ERLENZHME STV elad, OPC b E7oREICHEKkT & T L, 22T, BAEHO
REHIAEZ B L7- 45 R, OPC 24 U722 & vn, OPC I33AEMOMKENCHKT D 2 L b
ST, TAUTEY . BAROE ML & AR OB TN & ORERA, #E LD THD Z LN
IZUOTH LN oo, S HICREDORREMICI T 2 M REMEAT & BREEMAT 2N &L IRETICHIR
FTHAAE, REBETEOY a4 M=y F2/E-> TIRIRIREED OPC & L TlH&E S 2
Wb oT,

Fo, BUAOIEFAEMBICE T 2 B OMILENZ1T5 & Y a4 > MIRET S OPC IL,
Do <Y EFIFMBU T D Z LRSI, o T, OPCITHARTZIT T2 < IEH /A
DYEAHERR A BT AT DIEFEMEHERFOBRIC S, B A G L T\ D 2 BRI E T,

KIFFIZLD, BT T 7 4 v 2880 T, BRI OPC OFE, RTERHONIITE,
B OFAE CEFEIEHERNCBS T 2 & 2MA9 5 2 LN TE 2, B MTBWTH [EEEO B ZERTBEH
il OPC & B AEMENFET 5 2 EXHER S, PEFLEEIC 1T 2 RIBR O MR A E - ffT S
52 LT, SESETOBERBOFRKMPAS, T OIBF~T - HAEEROBENFFS LD,

5« FmSCE B IE, FISC 2000 G2 & 930 300 5% 1T D452, b L <UL 800 564 1R LT 72& W,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

HE  ASTE SR, TRV —FURTR (T2R) I TA L H— Ry MARSNET O T, AR A RE7efiH O NATIERL TZE 0,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




(HE3RR)

Doctoral Program
=2\ =
A j( % =]

THESIS SUMMARY

B Py HRE . (U L o

J==% T SN
Department of éEﬂn rﬁ ﬂi ﬁ 5( Academic Degree Requested Doctor of ( B )
~ - C e N
SRR % sl ARG () - N
Student” s Name Academic Supervisor(main)

fREEE E)

Academic Supervisor(sub)

FE (3L 300 FEFRE)
Thesis Summary (approx.300 English Words )

Fish have the extraordinary ability to regenerate lost fins and other organs. Recent studies
in zebrafish, which regenerates bones even after amputation of fins, have suggested that
bone-forming cells, the osteoblasts, are generated by dedifferentiation of existing osteoblasts
at injured sites. But, another report has suggested that de novo production of osteoblasts also
occurs. The source of osteoblasts during tissue regeneration has been controversial.

Here, I have found a population of dormant progenitor cells that regenerates osteoblasts.
Genetically engineered transgenic zebrafish showed that a population of cells marked by high
expression of matrix metalloproteinase 9, an enzyme that catabolizes collagens, provides
osteoblasts during regeneration. I termed these cells osteoblast progenitor cells (OPCs). I
showed that eliminating OPCs prior to tissue injury significantly impaired bone regeneration,
indicating their significant contribution to bone regeneration. In addition, long-term cell
tracing showed that OPCs also supply osteoblasts for normal bone maintenance. Overall, the
results showed that OPCs are also required for bone homeostasis.

I further investigated the developmental origin of OPCs and found that OPCs are derived
from embryonic somites and reserved in niches of calcified tissues in adult animal as the
source of osteoblasts. Embryonic somites are known to produce osteoblasts during vertebrate
development, but its relationship to adult osteoblasts has not been known. The study revealed
that the somites produce both the embryonic osteoblasts and the OPCs, which are preserved
as the dormant cells for later production of osteoblasts in adult animal.

In conclusion, these findings suggest that a lineage of bone-forming cell, which are specified
in embryonic somites, are maintained throughout the animal lives as progenitor cells for bone
regeneration and also for bone maintenance. Considering the higher bone regeneration
potential in zebrafish, OPCs will be a potential target for enhancing bone regeneration in

mammals.
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