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The method to coat ﬁolystyrene (PS) with hydroxzapatite (HAp) in a simulated
body fluid via a protein adsorption layer has been developed. This method can apply to coat the
subjects with complex structures and various kinds of proteins were used as protein adsorption
layers. The differentiation from mesenchymal stem cells to osteoblasts was promoted on HAp-coated PS
compared to PS for cell culture, and differentiation into adipoc¥tes and chondrocytes were
suppressed. In the polysaccharide composite films prepared by utilizing the hot press method,
adhesion and proliferation of cells depended on the type of anionic polysaccharides of the films.
The influence of mechanical physical properties and signals derived from interaction between sugar
of polysaccharide and cell receptor was suggested. The possibility of control of differentiation of
mesenchymal stem cells depending on the type of anionic polysaccharide was expected.



¥ £ C—19, F—-19—1, Z—19.

1. MBSO 5

% o0{bhE & A CEREE &2 OF 8 b oAl i X
FAE RSP E IO 3 8 OIS R
MBI TS, D OHINBER, 5
UVME R E ARy — L e LTI SR D
72diid, [255bRE L B CERIGE A HERF L
DORKEICEEET HHIT) & FFEOMIIC
EhERIZATE - B9HE S DT OB AR
AR THDH, TTHMEEEREMIE (hMSC) X
RVERE (ES) ffu=° A T.ZHettes (iPS) #i

fa b iy 5 L ZERETIIHE D bDD, H,
NEWG. #KE 72 EEeMle~D I LREZ A L,

BERNOEMIREN SRR ATETHD Z
&0 B RIS AN B 7R DS AT AT 72
b TWBD, hMSC IFLEEAIfEMFEIZ in virto
ICBW TN ARETH D23, MR- T
HAFERE. S LREDME R 5 Z &AL T
%o FT2. hNMSC & 5 E DM~ E T %

Tk E LTEG) B ~ O PER T O 7N,

(i1) 7 4 — & —ffn & oz (1ii) HR
MRS EToRE, FLTInG B4
BORETTFENRBEE I TS,

R oI 2EEE 7o v e (D) E
YERLT P A MR Y ZAF L (PS) L
) 2FEDNA TV BN 2 BA% L,
ENEN DR MG TEEZ B 5N L
T&Ele, WDZHEEE7 NV AiTar Fadg
FUNREE C (CS) 72X DT =F LML
~> (CHI) @ —FEDKIEMELIEDTRK %
BELTEONAZRIAA A raryT Ly s
AV BRI X 0 kS ERE L, B
L AT 5 I & TRIEAISAL &M 7 LI
HZEMTEXLBHD T 4 VLA TH D, CS L
SHE 2 DT =F ML R A T RS
THIENTED, —JH, (1) BFEET N
2 A B PS 1%, b LU X O OEREA A
>RERR A ARARL U 72 VR C & D EEUAHR (SBF)
FHWTCARAAL A I XTIV E—T 3 a2k
L7 et X0ELND, PS HA Rk
MILET V7 2 v (HSA) OWAETE TRk L.
WAL v o DKERHE TV L 72%%, SBF @
1.5 fFIREOWHK (1. 5SBF) ([ZIRESHE S 2
LT, PS 7' — hOFRm A ZH O 70 M
oy ThiHe Faxs 7 %4~ (Hop) T
WETDHZLENTED, KFETELND
HAp 1% Ca® D —HA5 Mg 7 CIZ@E#A S iz
DL EHELT E A FTHY, BEEERE
WXV ERIENTZ D X0 b E W AERTENE.,
AR ATE, WS A S v, BRI ZndiE
RREENELET I Y= R_ROFHNTH
BI/ERICE 2 Z Lo, B BEEHIE O it
WWEHREEZBNT,

2. RO BEM

AWFETIE D)ZHEEE 7oL E G{DFE
YARLT RZ A NFE PS L) REEOHTA
ATV REFHE RSO hMSC DESER « 77
{EFE~DISHEZ B L, M EToO hMSC
DA - B EEE) & AR ~D o LREE
FHONITHE E BT, BONTHAER

CK—19 (Jtm)

BHERANT 1 — R/ 7 L, hMSC D43 {LRE
HIE TRE MR 2 PRS2 2 L2 AR E T
50

3. RO FIkE
(1)HAp #8758 PS 7 L — F O/E#RL & hMSC D43k,
WM D fFAT
PSH 24 v7 = )L 7 L— F D4 7 = /)L|T HSA I
WAEMA, 3 h FrERZRICEEL, Zith HSA
W PS 7 L— k& L7, HSAWEE PS 7 L —
r~100 mM AL A L 7 APEHE L 100 mM Y
VEEIKFE U U NYRIR B R HASENIN - e
T D EEE 2 VR U721 SBF ¥ L,
36. 5°COIEIEFENTA »F 2_X— L7z, 24
h &, MK CPEE, 205925 2 & T HAp #
BPS S — R EH, o7 L— M
A E PSS (SEM) @Blg2, —x/L¥—
STHOH X #4536 (BDX) . 7 — U =25 RSy
J¢ (FT-IR). FBXL O X FEHT (XRD) 2LV
R L 72,

HSA DIShD Z o X7 B s )E & L CRIH
TAEEITIIE S X7 D PBS IR &2 A,
W 35 & DR LA IE HSA & FIEE D FIET{T -
7o FRERZEE M PS (TCPS) ZHWALAITIX
A HARTEALVER LA DBED A FT - T2,

HAp #¢%8 PS 7" L — b iZ UV BREFIC X - TIK
B L7otk, MfsEBRICH W, Uitk
NEBEEH R MSC 2 & L, FrERFME &%,
T URBENNA T Ly NREIZE D RO
e x #5345 & & $1Z, Hoechst33258 = H
VN2 DNA FE B K D MRk A E Lz, &5
iR OE . JEN. B DR RFE~D L
HELH CRTE ISR 5 2 & Tkt
ZiTo72, ®EE LTH, IBI~Dkiz>
WCIEHERaEE# H PS (TCPS) 7' L — b, #E
A~DAIZTHONTIIPSHL 96 T = LU JES L
— hEeEnZEnHW, Mlak Y Total RNA
ZefhH U RS SO C eDNA & Sk L 72 %
U7 NEA L PCR & HWTAACL TRIZEL V%
RIND oAb~ — T —BIE T OB EE E&
Tz, BOLET VI Y ERAT 74
—¥ (ALP) ¥efa, EMibZEA AL L > RO
Yett 2 X0 R L7,

(2) ZWEEE 7 4 v 2 O/ERL L WA

7 4 Vv AOVERNZ T Y A #RE H K CS, FLAERER
EHke T vm g (HYA), 7 & BkhiE ok
~/XU 2 (HEP), Bk 7 L% U (ALG)
BIXOS=bkCll #H\W=, 7T=4 1"
ZHERIR & CHL IR EIREGT 5 Z & TH L
% PIC 7V & 1w 4y BfERS KL ONHRE REge s L 0
HEEL, A=Y —FHW AT L2952
ETHEEZ 100 pm EO 7 4 LA~ E L
oo BONTZHEEE T 4V TEERE
PBEEIEE. B— ¥ BALAIE, REHMERIE .,
AR e e I A i e Bl

~ U ANEIF HRARHESE AR NTH3TS 3 X
Ve i i b Rz g M ik AB49 % v
TEPEL 7 4 VA ETOMBEE#E 21T -
770 T ANDLE 96 well FL— MIIE DK



X XZFEMr L, UV RS (254 nm, 9 W) 12X
0 B B (10% 7 S BE VR I IE S A D-MEM)
21 FEEIRIE L, ST B W, Bt
EF O ZERE L, 6, 24, 48 h 558 L7z,
BEEMEECIL. R~ U UIERIRIC X B

RSy

DEE. ~v MU UIRIRIC X A%,

SR BEMEL 2 VO TR O T RE 852 1 Ul
fR B iR 21T > 7=, HIRREESEME T WST-8 7 >
ALY FHE L7,

CS/CHI 7 4V b ~DT7 47 axyF
(FN) DWFE I THEIRRED 7 4 /L % FN D
PBS TR R ICIRIE - A S5 2 & TIT o 72,
CS/CHI 7 ¢ /L WA L 7= FN £:i% ELISA i
WLV EE LT,

4. WFTERRE

(1)HAp #7Z PS 7' L— K

FTe FaF 7 8% 14 8 (HAp) #RERY
AF L (PS) 7 L— FOERFIEONE %
1To7=, TERIX PS FL— MRt LTH 8
7 & L CHSA Z2Weag S, by w bk
VAR C 24 FRRIATALER L7-F812 1.5 fFIRED
BHLLARE (1. 5SBF) 12 24 BEESESH A Z &
T HAp JE 2 HTH &/ TV =23, BiTRLER & AL
BN T LRRE D BT IKETFT NY T A
WA AW RZERBIZTHZET, BLF
H0y DFEE, v SBF TERI % Fik
ZHENL LT-, IRIZ, #3407 HAp #7% PS 7

L— M & T hMSC D ATV, B -
HEATE S B 2 G L 72, = OFER. HAp #78 PS
7' L— b EIZ hMSC 1 3HEAE - iR L, B2
Jaid TCPS 'L — b LIRIERIFEE TH - 72,
X 512 HAp #%58 PS 7 L — | D hMSC 1% TCPS
L FREDBATEREN 2ok LTz, B8 BICHERE L
72 hMSC % F-HHIE R BN ~D LB SR 12 &
TeRs i CRTE ISR L, BRI, NRIH
fa, BRI~ LI OWTHIT L2 & 2
A, TCPS &b T HAp gt PS 7L — k |
TITE M~ L AMEE S Fu, ARG/
SR M ~D ML’ EnTnb Z Lk
Nhnot-,

ISR — A DK FIETII LG 72 M
7RI DR EFRENIZ % L C % HAp (2 X B #E
EITZHEZEZBND, £Z T, TROZIL
B PS AR AR HAp 12 5 i & ik e
Tro XN WaE, RHIZIENE, SBF ALEf
St m b5 2 LT, SAUEREE AR
L FBEBHAp IC L 0y — o+ 52
LR TE HAP IC K VI L= FLE PS )2
T hMSC Z 8B, B35 &, MBI E
TIPSR L TV AR Sz, R
SLEED ZFLE PS MEFCT OB & bhi LTl
faJE BEIZ X 0 £ < ffeiiast~ ~ Y > o
AINFEELTEY . HAp #BELLUEM BT
DRI L VM OTENEL DS RIE STz,

P VAT V=103 IR
L7z, oW E L THER-WTE 72
b MIET AT I (HSA) DISMCE TR S
— TRV T — A X NI ET T
TELTCRY I I UiE RS AIC

t HAp MTHSFEIE S iz, o X7 @D
D OEIIEME S T ORI E~OFH LB
Z Bz,

X 0 fE {722 HAp Ak & U CHESMIfas:
FH PS 7' L— N OPEBIEIZOWTHRKRE L
77o Fio, HAp tF~D ¥ /)7 EH#HEFHFIRIC
OWNTHRE L, 782 A N~ i
K7 OMEC LD hMSC DD D 7= 8
B R 2157,

(2) ZWEEE 7 14 L I

ZREEA T 4 NV LIZOWTIE, CHI &7 =F
UPELBEL LT CS Iz T HYA, HEP, ALG
MHIRDT7 4 NV AEERL WERHT 21T 5
LBz, v U AR IERHESE IR OB 5 25 E)
DT 1T 272, ¥ b LA DLEDT
=F ML BEOFRIEIC L o TSR
JSOMEMEMEN KE S B d Z ERHAL N
olr, FIZTHERRT =4 L MELBEOFRIAIC
X DM HESE A OBEE . M OEIZ DN
T. ELISA 1 ZHWE N REBEDOEER L
FA A — 2 — % T B A = O W E 2T
Y ETHFDODAD=ALDOERHAE B LT,
FES, 7T =AU MEZHEOREIC L o THRERGH
PERNKE LS Bp->TEY ., 2O FAEE
[ZEES W2 RE O AR BEAER 2N 2T
7 4 v OB FRE O a S ~0 5
HRIB X7z,

WIZ hMSC IZFB W T H EFEEL L HYA R CS &
FHERT D Z ERNmbN TS D44 (1TiE
H L. CD44 DOIFBLOFIp 5 IR CoHE .
HAFHZE BN O LLE & 1T > 72, CD44 =3Bl &
L C A549 flifa, RFEELAMAE & L C NTH3T3 #H
fa 2 e, fESR. CD44 OB LM E
\CREET, BRI L., DX
O MBS ITITEIC T 4 L LD S
PEAERE- L. 5 M6 L T RN 1EH
JEY 7T ANFE I TND Z & DN HER S
iz,

LEomRAZ s &I, £7 v A BT
VT hMSC 22 B0 - BB behiE 21772 -
72, FEHIRGERIC X AR O RILR O T
HEThHoT,

B FELD
AWFFETIE D) ZHEEE 7 v L E G{DFE
FLT "2 A MR PS Lo RO FHL
ATV REFHE RSO hNMSC DESER « 77
L E~DINHE B Lz, BT & A
NEFE PS FIZ3V T hMSC OB b AMEE X
NHZ ENbnoTz, BEUT RZ A NE
PS IZBWTIEWAERE & LRI 2/~ D
2N EOTEE, ZHEE T 4 VA TIEH
WABT =4 U EREORRIZ L D hMSC D431k
HIE O FTREME BRI S, WA 7 U » K2
G EED hMSC 152 B85 & L COAINEDR
N7,



5. ERFEAGmICAE
(WFFEEAE . ITIEoHE R O IE |2
=Y

CMEREamsC) GE 4 1)

)

Kazutoshi Iijima, Mineo Hashizume,
Utilization of proteins and peptides
to create organic-hydroxyapatite
hybrids, Protein & Pep. Lett., &HAH,
Vol. 25, 2018, 25-33 DOI
10. 2174/0929866525666171221115033
Kazutoshi Ilijima, Ayako Iizuka, Ryo
Suzuki, Hitomi Ueno—Yokohata
Nobutaka Kiyokawa, Mineo Hashizume,
Effect of protein adsorption layers

and solution treatments on
hydroxyapatite deposition on
polystyrene plate surfaces in

simulated body fluids, J. Mater. Sci.
Mater. Med., ##HiA, Vol.28, 2017,
193 (10 pages) DOI
10. 1007/s10856-017-6003-7

Kazutoshi lijima, Yuna Tsuji, Izumi
Kuriki, Atsushi Kakimoto, Yuichi
Nikaido, Rie Ninomiya, Takuya Iyoda,
Fumio Fukai, Mineo Hashizume, Control
of cell adhesion and proliferation
utilizing polysaccharide composite
film scaffolds, Colloids Surf. B, #&
3t A, Vol.160, 2017, 228-237 DOI
10. 1016/ j. colsurfb. 2017. 09. 025
Kazutoshi Ilijima, Ryo Suzuki, Ayako
Tizuka, Hitomi Ueno—Yokohata
Nobutaka Kiyokawa, Mineo Hashizume,
Surface functionalization of tissue

culture polystyrene plates with
hydroxyapatite under body fluid
conditions and its effect on
differentiation behaviors of

mesenchymal stem cells, Colloids Surf

B, #FiA, Vol. 147, 2016, 351-359 DOI
10. 1016/]. colsurfb. 2016. 08. 020. 2016

(%) Gt 26 )

O LR AT
(D Kazutoshi Iijima, Mineo Hashizume,
Creation of Polymer-Hydroxyapatite

Hybrids by Utilizing Proteins and
Peptides, International Conference on
Functional Nanomaterials and
Nanotechnology (ICFNN-2017), 2017 4
10H11H, x7N ¥Y7&A T 4 (X
IN—=Jb « J p= o RX)

Kazutoshi Iijima, Ayako lizuka, Ryo

Suzuki, Hitomi Ueno—Yokohata
Nobutaka Kiyokawa, Mineo Hashizume,
Simple and Rapid Surface
Functionalization of Tissue

Culture—treated Polystyrene Plates
with Hydroxyapatite, % 26 [B]H A MRS

FERKS, 2016 4F 12 A 19 A, R
PERLS SR (P41 R T
Kazutoshi Iijima, Ryo Suzuki, Ayako
Tizuka, Hitomi Ueno, Nobutaka Kiyokawa,
Mineo Hashizume, Surface
Functionalization of Tissue Culture
Polystyrene Plates with
Hydroxyapatite under Body Fluid
Conditions and Differentiation of
Mesenchymal Stem Cells Thereon, #& 25
[B] H AXMRS 4R K4, 2015412 H 10 H,
BRI BAVE RO AR il (R 431 IRAR e TiT)

) HEB

@D Kazutoshi Iijima, Izumi Kuriki, Yuna

Tsuji, Rie Ninomiya, Takuya Iyoda,
Fumio Fukai, Mineo Hashizume, Effect
of  Anionic Polysaccharides of
Polysaccharide Composite Films on
Adhesion and Proliferation of Cells
The 11th SPS]J International Polymer
Conference (IPC2016), 2016 4 12 H 15
A, taREERSERS R IREZ )
Kazutoshi lijima, Ryo Suzuki, Ayako
Iizuka, Nobutaka Kiyokawa, Mineo
Hashizume, Surface Functionalization
of Polymer Substrates with
Hydroxyapatite, 13th International
Conference on Ceramic Processing
Science (ICCPS-13), 2016 45 H 9 H,
WRIF b # — (RERRART)
Kazutoshi Tijima, Ryo Suzuki,
Nobutaka Kiyokawa, Mineo Hashizume,
Surface Functionalization of
Polystyrene Cell Culture Plate with
Biomimetic Apatite for Preparation of
Artificial Bone Marrow Niches, The
International Chemical Congress of
Pacific Basin Societies (Pacifichem
2015), 2015412 A 20 H, "NUA a3
Noyg ks — CKRE - ~T AN
L)

Ryo Suzuki, Kazutoshi Tijima,
Nobutaka Kiyokawa, Mineo Hashizume,
Preparation of Hydroxyapatite—Coated
PS Plates and Culture of Human
Mesenchymal Stem Cell, The
International Chemical Congress of
Pacific Basin Societies (Pacifichem
2015), 2015412 A 18 H, "NUA a2
Noyg ks — CKE - ~T AN
L)

(XE] GF 1 F)

faRnlERE, B, FIH—F b
B+ ARG IR OFIENE R EA2 B L7z
RULPHYE, BakfEEwiS, 26-30

(PEZE PERE)
mL



(Z Dfh)

ol

(1) 2016 4E 10 A 30 H TBSIKkiLjF] #HF
R AR

(2) HRRPESEHE 2016 429 H 13 HEATI [
otz R L ~ 2 ED 7 4V A, 1K
IR - HEFEE) D X AR5~ )

6. MWFFTEHR

(D) WFgeFEE

s —& (I1JIMA, Kazutoshi)
WHRERIRY: - T T FF - B
oeE&Z: 30468508

(2) WFFES3
( )

MREE S

(3) HEEHF TR

¥&ah  WEHE (HASHIZUME, Mineo)
HORERRL K « TR T3 bR - #d%
M7eEHK=S 40333330

B {28 (KIYOKAWA, Nobutaka)

[E SR B E R o 2 — 7N
R« BT - &

MoeE&Z 60195401

(4) WFEh 117

/I BHLEHE (KOMARU, Kanae)
HOER R P RFPE - AL 9eF - K
FRHE L 24 (R 27 B E )

WMot EEE 7oL

5K FE (SUZUKI, Ryo)

FURHRL R P RERE - AL ErseR - K
FRHE L 24 (R 28 4B E T)
WotEER 7L

ZEYE FnSR (KURIKI, Izumi)

BORCHR R R - AL ZER - K
FRHE L 24 (R 29 B E T)
WotEEE 7oL

% 1 (11ZUKA, Ayako)
HWHRERRY: - T TEEFR - 54
o (OERE 27 FFEFE £ 0)

WMot EEE 7oL



