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Establishment of Artificial Bone Marrow

Toshio Taira, Utako Ohno, Yasuhiro Miyoshi, Yumi Isoda,
Masami Abe, Asako Nakane, Hiroko Hoshi
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Zkbh, EMEIToTWLHENE, HEER, WE, #E8, B8, LVofoRiEOAh 2D, FHEOBMIIEARNTES -
TWAEIMBZE DREE, B, BILEZEBRL, inviroll BOTHEMBEZHERTLILIIHA. invivollBWT, bE b EBTIE
BV IHIIRBNIIENDOHE DO AT ENTEL, 7y FOBBE THEERICEB LA - Yo P40 750 b Bk,
REEK, EEELET, SMEMKEERT 5. 45 HEbone morphogenetic protein(BMP)IEMHEI 412 Z DBEK 2 B0 5. —F,
FREABEMLVFEIT -t~ MY v 7 AEEABS & L TBone Proteoglycan(PG), ¢2-HS-Glycoprotein(a2-HS), Bone-Sialoprotein
(BSP), Osteonectin(ON), Osteocalcin(OC)Z N EHHER L, FRITRISRMBEERIIMR S L, REBZREKSHDON, PG, a2-HS, #5
58 C BERAMERA A~ Db % #0] L7z, BSPIX I HERAIR ML ZIRE L. ChOORRP LR EETICILENMOBH1ES, T71-#iE
THRBIIEMIBWENEET S EFHEEINS,

Pluripotential stem cells first appear in the yolk sac in embryogenesis. Later on, the fetal liver becomes hematopoietic organ and stem cells are found
as well. Following birth, the bone marrow is the major source of hematopoietic stem cells. All of bone marrow produces blood cells at the newborn
age. As the growth goes on, hematopoietic active area decreases gradually, and the bone marrow of the extremities changes into adipose tissue. The
aim of this study is the establishment of artificial bone marrow in vitro. It is possible to induce the ectopic bone with marrow at the non-bony tissue.
Crosslinked collagen gel induced hematopoietic organ followed by chondrogenesis and osteogenesis by implantation subcutaneously into back skin
of rats. Bone morphogenetic protein(BMP) purified from bovine bone enhanced this osteogenesis. On the other hand, when the mineralized bone
matrix protein, collagen(CO), bone proteoglycan(PG), a:2-HS-glycoprotein(a2-HS), bone-sialoprotein(BSP), osteonectin(ON), osteocalcin(OC),
purified from bovine bone were added to pre-adipocyte, PG, o:2-HS and ON strongly inhibited the differentiation into adipocyte. BSP enhanced the
differentiation. These data suggest that mineralized bone might contain several kinds of factors to control the hematopoietic activity in the bone
marrow.—Key words: Artificial bone marrow, Hematopoietic organ, Osteogenesis, Adipogenesis, BMP, Bone matrix protein.
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Fig.1. Hematoxylin Eosin staining of HMDIC crosslinked collagen
gel implanted subcutaneously into back skin of rats for 18

weeks.
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Fig.

Dose-dependent effect of BMP cocktail on cellular alkaline
phosphatase activity in MC 3T3-El celis

(n=3)
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Purification of BMP Cocktail on a S-300 GPC.

A:Fractionation of proteins, B:CBB Staining,
C:Western blotting, D:in vitro osteogenic activity.

AL Vol 5. No. 3, 1997




2.3 KRBT DOIEIFAE A LIS SN E DK

LREEHD O OEEERIGE S, RUYERE S 7 = U
5EiFEIT - U HEAELERL0ASUMA VT T T 4
5 —bRE%, FRRFRTERMAZIT3-LIIC, 0, 10, 100pg/mLo M TR
252 TR 72, FE3IE3T3-LIHIAZ %24/X 7 L — b TconfluentiZ
%% FTHEIFEL, 0.25uM dexamethazon, 10ug/mL insulin {2 & Y g
PR~ EZ /E L, | HEEESYT 7V 2R Ss 8 %M
FEILL, FERMRROG D~ —H— & LTH ) Lo — L akkEe
MK B3 (GPDH) G 1 % IsE L 7=,

A

1BC 1BC

IBCE&DH + +
100ug BMPH &5 )b 300ug BMPH & 51
B Dose-dependent changes of alkaline phosphatase
activity

120

100 }

80 |
2 50
O
het

40

20

0 A
0 100 300
BMP cocktail (sg/pellet)

C Calcium content

6

5

4
¥3

0 100
BMP cocktail(ug/pellet)

Fig. 3. In vivo osteogenic aciivity of BMP cocktail.
A:soft X ray analyses, B:ALP activity, C:calcium content.
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Fig.4. Inhibitory effect of bone matrix proteins on adipogenesis.
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A Fine Performance of Albumin Production of Human Liver
Cancer Cell Lines Using a Radial Flow Bioreactor

Satoshi Hasumura®, Tomokazu Matsuura”, Hideki Aizaki?, Masaaki Kawada?,
Hidesuke Shimizu®, Satoru Mizutani?¥, Seishi Nagamori”

FREEOOKREEEZHME LT, #iZt BB (human liver cancer cell lines) % AV, 7 V7 I > (albumin), AFP(alpha-
fetoprotein) B &4 & % Hifg(monolayer culture) & =k 7} #(three dimensional culture) 2 THIE L, BEEOEWIC I A HBERE L.
BEEZRITCEENTRELR I VTN 70 —RNA 370 -DF VT I U 23EEE LR EORKERBELR AT AOEL ¥ E- 7.
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The present study was designed to establish a mass culture system for liver-specific proteins in a radial flow bioreactor, which aliows high density
and three dimensional cultures. We examined the effects of monolayer and three-dimensional culture systems of human liver cancer cell lines on
albumin and alpha-fetoprotein production levels. Albumin production was 6.9 times greater and alpha-fetoprotein production decreased to 1/400
than with the monolayer flask culture when the mass culture system was used. These findings showed that the mass culture system allows three-
dimensional cultures that are closer to in vivo conditions than the conventional monolayer flask cultures and that it is helpful in expressing functions

originally present in liver cells.—Key words: Albumin, Human liver cancer cell lines, Radial flow bioreactor, High density culture, Three-
dimensional culture.
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Fig.1 Radial Flow Bioreactor Column
—medium flow

The radial flow bioreactor solved problems of the conventional hollow
fiber bioreactor, such as
1) concentration gradient of nutrients and oxygen,
2) deviation of metabolites,
3) influence of shear stress according to the medium flow rate
and its viscosity
4) cell precipitations due to gravities
5) incompleie three dimensional culture
by feeding the medium radially to the matrix bed in a
cylindrical shape. Using spherical porous glass beads.
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Fig. 2 Radial Flow Bioreactor System
Fresh medium[3] is fed to the conditioning vessel[2] by feeding
pump. NaOH[S] is added to the vessel in decreasing of pH of

medium. Conditioned medium circulates in a radial flow bioreactor
[1] at the rate of 100 liter a day. Samples are taken to aliquots tank
[4] by recovery pump. Solved oxygen, temperature, pH, feeding
volume and circulation rate of the medium are checked every 20
minutes, which is controlled by microcomputer[6].

iTh, BHIROZILEH F AT, BEEHO.6mm, MNEIZERIKIZIL
MENWT B Y, ZERIT50%, FKEFEIZ900cmYmL-matrix, HiiZ
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10cellsbh E DMk E & 2 5.
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(Fig.3)
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—@— =ipha-fetoprotein
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Cuttivation time [days]
Fig.3 Concentration of albumin and AFP level from FLC-7

cells in monolayer culture

32 . FLC-7#RRICE I D= RTEETCOT LTI U EAFPESAR
(Fig.4)
AOMLBEED/NA F Y 77 ¥ — TOFLC-THIREETIE, BB
BEELRLY, EEZADEELTT VT I VEAIZAFPEAD
g E % 77 L 72(Human Cell'© X 1) 51 ).

200
albumin

3 arp

100 -

[mg/day]

[} 1 3 5 7 9 11 13
Cultivation time [day]

Fig. 4 Production of albumin and alpha-fetoprotein from FLC-7
cells in reactor culture
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3.3. FLC-7T#HBD=RTEEICH 3B TN A - EBFEYEBE

(Fig.5)
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Fig. 5 Consumption of glucose and oxygen of FLC-7 cells

in reactor culture

3.4. FLC-4#BBaN 7 )L 7 3 L% (Fig.6)
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Oxygen consumption[g/day]
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1000 +

800 4
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Fig. 6 Production of albumin from FLC-4 cells monolayer and

reactor culture

3.5. FLC-4#R3 DAFPEE4 (Fig.7)
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Fig. 7 Production of alpha-fetoprotein from FLC-4 monolayer
and reactor culture

3.6. FLC-4#iBR D =RTiZ'TOT7 I T I >, AFPRE(Fig.8)
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g - 300 g
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Fig. 8 Concentration of albumin and alpha-fetoprotein from
FLC-4 cells in reactor
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