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Human dedifferentiated fat ghDFAT) cells are thought to be a promising cell
source for cartilage regeneration therapy. Nevertheless, the responses of hDFAT cells to bone
morphogenetic proteins (BMPs) are still unclear. Recombinant BMP-4 (100 ng/mL) increased the
expression of SOX9, SOX6, and aggrecan mRNAs in monolayer cells compared with that in cells treated
with BMP-2 or BMP-7 on day 3. Chondrogenically differentiated hDFAT cells induced by CM containing
BMP-4 showed higher expression of eight genes in monolayer cultures and nine genes in pellet
cultures compared with those in control medium on day 14. Dorsomorphin attenuated the effects of
BMP-4. These results showed that BMP-4 had the potential to modulate the early chondrogenesis of
hDFAT cells under both monolayer and pellet cell culture conditions.



B X C—19. F—19—1, Z—19.

1. WFEBAAE S WD 5
— R, WeEMRNT A cEERICZ LL,
Wo o VEEEZZT 5 & ARBIEITED 22
WV, TP IT, EFAEERIT, KECA
e &l & HICHAEERRD LTS IR
BER IS EA TWD 8 THh 5, SHEEEE
ik TRERFEO ) a2 A 7T
v MEEGICERI SICR LT, BREORE
HERE D & WOE IS 2 HEGEE 38 S E 712, BohE
LT THAEREEZED &V HFiENRE
INTW5D, LarL., BCOWEHIEEHE
R SEDICETRER O 7 TV B
T, MIIREICRE W T, B REMIE R
(BMSCs) Zfli 7 2 2I3& 5w % £ 5 B i
BRINVETHD EFoMEARH D, &
512 BMSCs [ heterogeneous 72 #lfa4E [
Thy., BRCHICBIT 222 EE LT
BE. L0MEOBEWBMRALETH S,
i 53 Ak A8 15 #0 i (dedifferentiated fat
cells : DFAT cells) 39 _XToOEEEN S
RSB CEREATRE T, RKHAREEE (X 1)
ZHAOWTERESN S0, EFICHEDO R
(homogeneous 72) flifafEHTH 25, 7=
EWHEGEYE, B, E. JENI e & OfERRIC S
b3 2Zmetts A L, HAEEEREH N —fil
ELTHIfF STV A,

R

‘»)/ Bl AR

\_\—J\_/

1w
25514 I FHEE

DFAT cells R EE

— ~ [T

1. RHHEFRIEIC 2 D DFAT cells O{ESLF
1

FEE#H 51X DFAT cells % F V7= B LGk
LD EIT-oTEY, 7H X DFAT cells
% 3IRILERIE T Ol EAmAa bk E s 2 H
WTEERT A2 LIck T, b 1HEMT
TN ARBENENT A2 L EREL
72o F7-. BMSCs & DFAT cells OF 3l
s bRE & b L= & = A DFATs 3B 3
fas3 b 7 et 23R IEFIT o LREDS &
W CH B Z ENRIB I Nz,

Tz, WEFAEEROWEGE, HEEREKE
HEEFEIOBREREE /2 E~ERL TV
DL, SIFRRE L) e ke EIRE A
T 5 HANRE ORIERLE L D, Fox IR
VHBED X 5 e EKE 2k L, D2
& TIEE D 3 IRILIIR~ & BT 3 2 Feik it
ERFEL TS,

m ASFF—E0nE (ISR 2
( mmms - — m

CK—19 (Jtm)

2. WtoHB

DFAT cells W= A4 —X— X 1 NEEE
HABRRZERICHE 5l & BiFsicid, &
PR (35%) H, R T AL—Tg)
NVIFFE(30%), ERIRAFSE(35%) E T LE L
EZ oD, SAEIOHIFANTIE, P
DO RNT oA L— g FAEEZINZ T,
(1) BEASAIKR L v #4S L7- DFAT cells @
in vitro #E PO, (2) R E 3 &
JUFHR & W 72 B O R A P AR T o A b
(3) #W%E HW T PR 2 2hE HEE &
T 5,

3. WL HE

(1) & hEIEWIRH Sk DFAT cells O %45

t ~ DFAT cells O#551%. WF5C0HEE N LA
BIC 79X T2 5 DFAT cells % fffL
L7245 (J Oral Tissue Engin 2011; 8
151-161. J Oral Tissue Engin 2008; 6:
127-134.) & RIERIZAT 5. ARFMBWHBEIZE
B D ESN R TR R CEAR IR L 0 BRELE
IR A MBI L, 22 7 — Bt
B %, 15 A7 B EE A 2 8 B
(DMEM + 20%FBS) T7E£Iii/z Sz
25cm? 7 7 A 2| ZHEFE L, JEIARIAE Y 7 Z A
INMORHAREICEET DHLI 7T A=
DOEEEmZE I LT, BETDH (KIbg®
LX), 7THK, BHAEBRE L, MlRs T
TFAABMINET DL IICT T Aa%EK
L, WEEEAFGTS, EiioF etk
A R CTERL S u7= iy DFAT cells T
2,

(2) DFAT #ia O #E 43 b ik

& 57~ DFAT filaokg s bFEix. T
FLORH A W CHIE 2 iR 14 BRI L
TiTo7-:1. 2 b —/LEEHL, 2. #E 4
{LFFERF I, 3. 2 OEFHIC 10 & 5\ iE 100
ng/mL ® BMP-2, BMP-4, BMP-7 ®%il%
AR U=, Mifid, BEsagik &
Ly MNESREO QFEORE T CHEELX{T-
77 BB~ —h —DEIcFREFEIZH
Wik, €& PCREZHWTHE L=,

Bal v@=hLivhlas—iFy
(a-TCP/CS) HEAKRDIER

a-TCP/CS =27 — 4~ V¥R 150 mg/ml
272559 aTCP #iRAE L. FNE~A T A
80 JE THFEHIIREZITVN, Z D% 140 ETH
ZEEREIE AT, ERL L 72, o« TCP/CS (3
R EFIEMEE (SEM) = v 7 ZfET
(XRD) 72 & N 7 — U = 2Bk 44 43
(FTIR) #H\W\WT4T- 7,



(4) e RMEZEHET L O/ER

FTEECE TER £ 2. B EAEA~DISH O
e DI REHAHET VOERZIT- 72, 8
i F344 7 » M RMESRHE T V2 1E
I 5, THO Fixxk B> CRIGICUIB % i
T, FEEOPROZEMIT FHEFES LN
D

4. WFFEEE
(1) b NEASVAASE DFAT cells D4
BHESHADODZ I AaIZEEF LMD
SAMSEE 5 EH 2 X 2 (2R L7z, ASCs & DFATs
R 2R O FT RNBlER S iz, T
B, ASCs 123\ TIIAAEIEIREE DI EE 2
L 7=/ O #AE . DFATSs (2 38\ TIIA I
/N, A O, 3 X OSHIER O #iE2E
HEEDIRE R EMFRD BT,

2 RIFRERIBEIC KX 0 ERL & 7z ASC(L) &
DFAT cells ( T) FEMiE (GRKHI) DFAT cells
(FRHD)

(2) DFAT #ifa kg 43 ikE

% BMP Z# &8 2CE b (CM)
(ZBE & 7= HiJE DFAT #II O 8s - R Bl 8
Ze bl L 7= fE 5. BMP-4(100 ng/mL)& A8k
Bk R S R < SOX9, SOX6, 77
UJ1v (ACN) ZTNENDOREE LHIES
TENHLMNE T,

s SOX9 ” SOX6
ac ac
E s
= ~ a
o @ 10 | b
g b
2 37 b
o
('

12345678

12345678

1 ACN
ac 1: CNTL
12 | 2:CM
3: CM + BMP-2(10)
a 4: CM + BMP-2(100)
8 b 5: CM + BMP-4(10)

6: CM + BMP-4(100)
4t 7: CM + BMP-7(10)
8: CM + BMP-7(100)

12345678

3. % BMP z& A7 2E /LI iR
ST HJE DFAT Mifa o8 s+ 5 B 55 8

F 7o HEE TR EIC BV T ACN,
AATNaT = OREANEF L (K4),

CNTL CM + BMP-4

coLz

ACN

K 4%z b CM TS N-HE
DFAT i Z o % 7 35T 25 H)

BMP-4 & A #CEE#C 14 ARBE SN
DFAT fiifaix, HEE8REL XLy MERE
DOMEEFIBEO VTN OEEEER FICBWT
ST, T b — LB TEER S - R
iR, 7Y, Mo —Fr g
HEBOEE b~ ——DOFEN EH LT
o, SOX5 OFBLIL, HER#E FCilda
b — LR TR S R L IR TR L
—Ji, XUy MEBETFT I EARNRBOLND
MMM T ORERE T,

PLEofER L v BMP-4 i< DFAT fifao
HESMEERE TR TTHLZ EHAL
Mmelpol-, BRAHFHEMBRFNLETH D
28, BRE bR~ BMP-4 O#ANIL,
DFAT HkO#EHaZHET 2720 DOHFE
TR AR E e D RTREMEDN B D T L BRI
Y (.

(3) a-TCP/CS &R D /E#L

F7o. BHUOEERTIE, Y ABO &
IMREEE S FEMR L, 52 & TIEED
3 WITIIRA~ & I 5 B M B 2 W 5 T
TETHTZM, MEDSEUKIE D 72 8 Hi 5 FE
NREETHY , 2T —F 2B RKE T 5K



NEER LIz, aT7—F VO TIZ a-TCP
NIFELTWDLZENR 5 L bnd,

ZORGHMENC, REANEREIEICTHZ &
T DFAT % %% L BMP-4 & A#EFE#T 2
HBWEEZE LT ALY T I —arhE LT~
L ZAFEL PO SN OBERE AL
LizZ ERHEMNE STz,

4 5. a-TCP/CS #4170 SEM Hifg (7 2%
) 227 1% oTCP)

(4) eRMFHEHETT VOER
Ty MR RMHEAEET VEERT S
ZEITRTI L, BIERBMEEREZITo TV 5,

X 6. 7 v MMeRUEEHAET LV () LT b
v 7\ X B E AR

5. ERRERE
(WF7RAR . WFFE4 48 M OV 725 1
I TR

UdEssamsc) GE 4 0)

@O Azumi E, Honda Y, Kishimoto N,
Hashimoto Y, Matsumoto N. Gene
expression profiles of early
chondrogenic markers in

[
@

dedifferentiated fat cells stimulated by
bone morphogenetic protein 4 under
monolayer and spheroid culture
conditions in vitro. Orthodontic Waves
2016; 75: 97-104. EHif

Nishio A, Kubo H, Kishimoto N,
Hashimoto Y, Kakudo K. Chondrocyte
differentiation of human buccal fat
pad-derived dedifferentiated fat cells
and adipose stem cells using an
atelocollagen sponge. J Osaka Dent
Univ 2015; 49: 185-196. i
Okita N, Honda Y, Kishimoto N, Liao
W, Azumi E, Hashimoto Y, Matsumoto
N. Supplementation of strontium to a
chondrogenic medium promotes
chondrogenic differentiation of human
dedifferentiated fat cells. Tissue Eng
Part A 2015; 21: 1695-1704. A Fc
Okita N, Honda Y, Hashimoto Y,
Kishimoto N, Matsumoto N. Effects of
strontium ions on the chondrogenic
differentiation of adipose-derived stem
cells. J Oral Tissue Engin 2014; 12:
27-35. &t A

FR¥ER] Gt 6 1)

O, A L, HH ek, AR
H, AH FaH, K% R, ceial
THR U= MEEGE T F BN
BT A~ N v T R ERETE OB
KR 25 15 [B] B AR AR g BH IR 77 45,2017
£10 A 21 B, KRBEEFERT (KRB
LREH-. RHEFEH, FEAREE, B
W, MAHZ. BHEHDLWIIA T v A
RE:38 T2\ T BMP-4 12 X - THilli4
S AT Wi A ARG I A e o W TR~ —
1 —18A5 1 DR BLEE). 5 553 [ KB
Berafle. 2016 412 1 10 H. KBk
BRY (B

Kubo H, Nishio A, Miya Y, Hashimoto
Y, Kishimoto N, Chondrocyte
differentiation ability of
dedifferentiated fat cells compared
with  adipose-derived stem cells
derived from the human buccal fat pad.
International Dental Materials
Congress 2016 (EFRF43) . 2016 4 11
H 04 H. The Stones Hotel-Legian Bali
2016 4 11 H 04 H (Bali, Indonesia).

VR, R, FEARENE, BA
th, WERE, TTreaT—F L ARy
TE AWz e MEEVIAR RO B
JE W A0 B & RS A5 e el D sk oAb, 3
545 [EI KPR B 743, 20144210 A 18 H.
KBRS ORI, #O5)



® PWERHE, # H, RiERR, b MR

NENA{& D DFAT cells & ASCs @ 3 kIt
BRAR\Z K D s bRED k. 25 59 [
HAR OREARLI SRS - 2T RS, 2014
10 A 17 A, FHEA vt (THER, T
HETH)

Nishio A, Kubo H, Hashimoto Y,
Kakudo K. Comparison of chondrocyte

differentiation ability using
three-dimensional culture in an
atelocollagen sponge on

dedifferentiated  fat cells and
adipose-derived stem cells from the
human buccal fat pad. AAOMS 96th
Annual Meeting, Scientific Sessions &
Exhibition in Conjunction with the
Japanese  Society and  Korean
Association of Oral and Maxillofacial
Surgeons. 2014 4~ 09 A 08 H, Hawaii
Convention Center (Honolulu, USA).

6. HWFIERH

(DFZEEE
7 E{- (KUBO, Hirohito)
PN g N I e R A
WoeE R . 70388362

2FFFE sy
A (HASHIMOTO, Yoshiya)
KB R -« il - e
e 20228430

(3)E I
L

(DU FE &
mL



