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.Cellmatrix
-1.Cellmatrix

-2.Cellmatrix Typel



m -1

(Organ Culture), (Tissue Culture)
(Cell
Culture)
m -2
EDTA
(Primary Culture)
(Passage)
(Culture Medium)
(Serum)
(Monolayer
Culture), (Suspension Culture) (Embedded Culture)
(Epithelial Cell)
(Fibroblast)

(Microcarrier Culture)



m -3
m -4
Ehrmann

(Soft Agar)

(Anchorage-Dependent Growth)

(Anchorage-Independent Growth)

1/3

1.2)

23)

2)
Gey % 1953  Grobstein
5) 6) 7 8)

10)



Cell types Type of collagen Reference
Cell lines
BHK cells Addition of collagen to medium Sanders and Smith (1970)
Hela, BHK cells Gel Schor (1980)
Cell lines including Hela Gel Cleator and Beswick (1972)
Hamster fibrohemangiosarcoma, L. cells Hela, cells Gel Cuprar and Lever (1974)
Diploid fibroblasts (WI-38) Film McKeehan and Ham (1976)
Melanoma cells, Synan hamster Gel Schor et al. (1982)
Rama 25 cells derived from rat mammary tumor Gel Bennett (1980)
Human breast tumor cells Gel Leung and Shiu (1982)
MCF-7 Collagen-coated cellulose sponge  Russo et al. (1976,1977)

Walker tumor 256 Collagen-coated cellulose sponge  Leighton et al. (1967)

Several transplantable tumors Collagen-coated cellulose sponge  Leighton et al. (1968)

Neurons

Cerebal and sympathetic neurons, chick embryo Film Iverson et al. (1981)

Sympathetic neurons, chick embryo Film McCarty Zr;crl];irtalz\;v Iilzail?w (1978)
Optic lobe neurons, chick embryo Film Adler et al. (1979)

Sympathetic neurons, rat Film and gel Hawrot (1980)

Sensory neurons, fetal rat Film Bunge and Bunge (1978)
Tumors

Mammary tumor, mouse Gel Yang et al. (1979, 1980)

Colon carcinoma cells, human Film Murakami and Masui (1980)

Renal tumor cells, hamster Gel Talley et al. (1982)

Bladder cancer, human

Collagen-coated cellulose sponge

Leighton et al. (1980)

Liver cells

Liver, human embryo Film Hillis and Bang (1962)

Liver, human embryo Film Festenstein (1963)

Liver, human embryo Film Zuckerman et al. (1967)

Liver, human fetus and rat Gel Cleator and Beswick (1972)
Liver, rat Film Alexander and Gnsham (1970)
Liver, bullfrog Film Stanchfield and Yager (1978)
Liver, rat Gel Michalopoulos and Pitot (1975)
Liver, rat Gel Sattler et al. (1978)
Mammary cells

Mammary epithelial cells, mouse Gel Yang et al. (1980)

Mammary epithelial cells, rat Film Salomon et al. (1981)
Mammary epithelial cells, human Gel J. Yang et al. (1981)
Mammary epithelial cells, human Gel N.S. Yang et al. (1981)
Other epithelial cells

Skin epithelial cells, human, rabbit, mouse Gel Ka[?ji:gnfaizzgtag%?l);
Corneal epithelial cells, bovine Gel Gospodarowicz et al. (1978)



Transitional epithelial cells, rat
Thyroid epithelial cells, porcine
Submandibular epithelial cells, mouse
Pancreatic endocrine cells
Miscellaneous

Brain capillary endothelial cells, rat
Capillary endothelial cells, bovine
Preimplantation embryo, rabbit
Granulocyte / macrophage progenitor cells,mouse
Chondrocytes, chick

Muscle and fibroblasts
Muscle, chick embryo

Muscle, chick embryo

Fibroblasts, chick embryo

Foreskin fibroblasts, human

Kidney fibroblasts, rabbit

Mesenchymal cells

Collagen-coated nylon-mesh disks
Gel
Gel
Gel

Film
Gel
Film
Gel
Gel

Film
Gel
Gel
Gel
Film

Gel

Yang J. and Nandi S. Int. Rev. Cytol., 81,249-286 (1983)

21)

in vitro

in vivo

20

15,16)

19)

Chlapowski and Haynes (1979)
Chambard et al. (1981)
Yang et al. (1982)

Montesano et al. (1983)

Bowman et al. (1981)
Schor et al. (1979)
Cole et al. (1966)
Lanotte et al. (1981)
Yasui et al. (1982)

Hauschka and Konigsberg (1966)
Gey et al. (1974)

Dunn and Ebendal (1978)

Schor et al. (1981, 1982)

Rucker et al. (1972)

Greenburg and Hay (1982)

20)

22)

J.Yang, J.Enami, S.Nandi

2,18)

2,12,13,14,15,16,17,33)

11)



m -1

-1-1.
(a) 23)
1/3 2/9
a
1000
o 10 |a 29 |a 1(1)9 |a 1(11)®
o o |
la- 85| 85| 91| 127
| 45| a7 43| 48
16| 17| 22| 14
34| 24| 26| 44
77| 11| 87| 71

135120 129 106
327 |328| 333| 366

|

|

|

|

|

| 120 | 101 102| 82
| |
| 18| 34| 17| 12
| 7| 4l 11 7
| 9| 17| 9 11
| 21| 34| 26| 15
| 44| 3| 1] 3
| 12| 16 14 9
| 55| 11| 23| 7
| 32| 21| 15| 25
| 3| 8] 2| 8
| 50| 57| 51| 44

a) Rauterbeg, J., and Kuhn, K., Eur J. Biochem., 19, 398 (1971).

b) Fietzek, P. P., Munch, M,, Breitkreutz, D., and Kuhn, K., FEBS Lett,, 9, 229 (1970).

c) Miller, E. J,, and Lunde, L. G., Biochemistry, 12, 3153 (1973).

d) Butler, W. T,, Birkedal-Hansen, H., Beegle, W. F., Taylor, R. E., and Chung, E., J. Biol. Chem., 250, 8907 (1975).
[Bornstein, P. and Traud, W., The Proteins (Neurath, H., and Hill, R. L. ed.) vol. 4, p. 453. Academic Press (1979)



(b) 23,24)

Gly-X-Y

X, Y

X, Y
X Y

3 Gly-X-Y
‘ ‘a () XY ‘a 2 X/Y?
| | 1e/4 | 90/3
| | 1171129 | o/83
| | 1270 | 1000
| | 1871 | 2575
| | 42 | o35
| | 12720 | 8710
| 72 I R 72T
| [ 6/5 [ 1377
| | a2/6 [ 313
| [ s/12 [ ar9
| [ 18717 | 127212
| [ 1715 | 1m
| | 59763 | 39/46
| Yz | 9720
| EYZ! | a8
| | 25 | osa
| | 20 | 51
| Y7 | o7
| | 0/0 | w0
| [ 10 [ os0

a) Rauterbeg, J., and Kuhn, K., Eur J. Biochem., 19, 398 (1971).
b) Fietzek, P. P., Munch, M., Breitkreutz, D., and Kuhn, K., FEBS Lett, 9, 229 (1970).
c) Miller, E. J., and Lunde, L. G., Biochemistry, 12, 3153 (1973).
d) Butler, W. T., Birkedal-Hansen, H., Beegle, W. F., Taylor, R. E., and Chung, E., J. Biol. Chem., 250, 8907 (1975).
[Bornstein, P. and Traud, W., The Proteins (Neurath, H., and Hill, R. L. ed.) vol. 4, p. 453. Academic Press (1979)
1

”_1_2 23,25,26)

Gly-X-Y 1000 10

3 3.3 1
30 45
coiled-coil



1000
3000 15
40 o
23)
H,O
B1 I1EaS—+FroifE
T3 /RE AF=4Alws R NIRF LR
FORTFF (Gly-X-Y) sar FORTFF
(1674 3) (2534%)
[1-1-3.
0.05
670
pH
[\
0.14M, H=74, =37
28)
E -
29)



m -2

lI-2-1. 23,30)
IV I
a 1() o 1(l), a2 C D A B
| 80 90%
o 1(l) |[a 1(h]a 2 | 2
a2 15%
[a 101 I
o 1(1) |[a 1(10], 1l 50%
o 171 |[a 171D, 1} |
|
C ? 3- 1%
D (v )
A BA, B, AB AB ( \Y
B )
[ , p.112, (1982), Bornstein, P. and Truub, W., The Proteins (Neurath, H., and Hill, R.L..ed) Vol.4, p.419,
Academic Press (1979) 1
[-2-2.
60



0.15 05M NaCl in 0.05M a B |
Tris-HCI, pH7.5
0.5M 0.1-0.3M \
pH3.5-3.7
pH | Il LI}
m -3
-2
/3
9.0 9.2 48 52
65 9.0
(
95%)
3/4 1/4
220nm |
pH pH (25
(25 37 )
| NaCl |
30 10 (@) 20 (®)30 (v) 30
10
| NaCl |




m [|-4.

-4-1.

[1-4-2.

31,32)

1000 10000

10



drug delivery

drug delivery

hollow fiber

A. L. Rubin, K. H. Stenzel.,

11

. p.90,

(1976)



[1l.Cellmatrix

m |lI-1.Cellmatrix

Cellmatrix Type FA

Cellmatrix

Cellmatrix Type I-A
®  Cellmatrix Type FA 3.0mg/ml, pH3.0 Type |

® Cellmatrix Type FA
® Cellmatrix Type I-A Cellmatrix

®  Cellmatrix Type I-A in vivo

w
= I
Cellmatrix Type I-P
®  Cellmatrix Type FP 3.0mg/ml, pH3.0

®  Cellmatrix Type I-P Cellmatrix Type I-A

12

Type |



®  Cellmatrix Type I-P
®  Cellmatrix Type I-A Type I-P

Cellmatrix Type I-C
®  Cellmatrix Type I-C 3.0mg/ml, pH3.0 Type |

®  Cellmatrix Type FC

Cellmatrix Type I

° Type lII 90%
Type | 10%

®  Cellmatrix Type Ill 3.0mg/ml, pH3.0

®  Cellmatrix Type Ill Cellmatrix Type 1-A

13



m |II-2.Cellmatrix Type |

I-2-1.SDS-
Cellmatrix Type I-A, Type |-P, Type I-C  0.2% SDS
5% Waber Obsorn
Cellmatrix Type FC I-A I-P

B2 Cellmatrix Type |@SDS-F U P& U L7 I FSILESHE
Cellmatrix Type |-C
o

Cellmatrix Type |-& Cellmatrx Type |-P

ol

&550
&550
&350

o2
ol s =

)

~-—— migration

—=———— migration -=————— migration

-2-2.

Cellmatrix Type FA, Type FP TypeI-C 45 30

Cellmatrix Type I-A I-P I-C

B3 Cellmatrix Type | @ TOYOPEARL HW-003%(Z £ &
FILFEBEAT FEFFTT 0 —

— Cellmatriz Type -4
""" Cellmatrix Type |-P
=== Cellmatrix Type |-C
015k

A230

005

o0
Elution %olume (ml)

14

45 30

TOYOPEARL HW-60S



-2-3.
Cellmatrix Type FA, Type P
Cellmatrix Type I-A 395 I-P 39 I-A

B4 Cellmatrix Type | oiEfk EEL

400
300
=)
AL
I
200~
I I 1 I I
1] 10 20 30 40 =0 &0
Temp (G}
l-2-4.
Cellmatrix Type FA, FP I-C 6N 110 24
Cellmatrix Type I-A I-P I-C
Cellmatrix Type | 1000

97.0 | 1004 | 991
435| 441| 445
172 165| 165
332| 313| 345
730| 708| 710
1176 | 1135| 1120
3245 | 3202| 3324
1138 | 1129| 1110

‘ Cellmatrix ‘Type I-A ‘Type I-P ‘Type I-C
|
|
|
|
|
|
|
|

15



l-2-5.
Cellmatrix Type |
Cellmatrix 8 10
400nm
Cellmatrix Type I-A

Type I-A  I-

P

20F

Ad00
iz

| | 227| 243 240
| | 67| 55| 50
| | 122 146| 145
| | 302| 308| 301
| | 50| 25| 12
| | 125 135[ 140
| | 92| 90| 80
| | 231| 226| 227
| | 52| 49| 48
| | 538| 538 531
NaOH1 4 pH7.4
BEE Cellmatrix Type | @9 L {LEE
at 25°C 20r at 37°C
Cellmatrix Type |-F
Cellmatrix Type |-& =
/—//— T 10r Cellmatriz Type |-4
.a-’f;]'lmatrix Type 1-H
1 1 u] L L

l-2-6.

10 20
Tirne [rnind

Cellmatrix Type I-A, Type |-P

Cellmatrix Type I-A

I-P

16

Tirne [rin)

37

25

37



EeE Cellmatrix Type @ T ILsEECHT 3 BEOEE

00
C
i .
= Cellmatriz Type -4
< 200 Cellmatrix Type 1-P
L
&
T
o100 -
0 1 1 1 1 1
1 2 2 4 a
Conch. of Collagen {mg/ml)
pH
Cellmatrix Type | NaOH pH 6 10 37
pH
Cellmatrix Type I-A  |-P pH

B7 Cellmatrix Type | @5 LBEEE T 3 pHo

Saak Cellmatriz Type -4 g
= 4nor - -
=
g 200 b
s /
@ [ ]
= 200 o q
[da} e —_
i /"" Cellmatrix Type |-P
100 ,_..-f‘"' a
| ] ,G..-“#.
-
L L L L
& 7 a a 10
pH
Cellmatrix Type | NaOH pH 74

Cellmatrix Type FA I-P

17



Gel Strength fg)

Blg Cellmatrix Type |0 T ILEELCHT S
1A EEOEE

400

300

200

1ao

Cellmatrix Type [-&

/T

lomic Strength

18

- r .
o Cellmatrix Tupe [-P
JD,__..--""' “-‘,“‘“‘- a
o = T
1 1 1 1
01 0z 03 0.4



m V-1
vV-1-1.
A B C
A 0.3% Cellmatrix Type I-A Type I-P
B 10 5
10
10 10
DME 10
C
(0.05N 100ml 229, HEPES4.77g
HEPES 20mM
1
Co, 10ml
100ml HEPES4.77g )
V-1-2.
A/B,C 8Ll
A B
I
]
C
‘-f;:’f:/
E
g U
B 7211

19



ABC

A BC

A BC

V-1-3.

25

2N

ABC

A B C
Falcon, Corning 5ml, 10ml
50ml
pH,
811 pH7.4, NaCl 0.14M pH
pH 74 IN-HCI IN-NaOH
pH CO,
0.3%  Cellmatrix Type FA
10 20 37 5 10 -2.
Co,
Iml CLAY ADAMS
50 60 30
120 , 15
HCI

20



m V-2

V-2-1.
(Attached Collagen Gel Culture Method)

1. IvV-1.
2. Cell Suspension

3.

— EEE
k3
L

21



V-2-2.
(Floating Collagen Gel Culture Method)

(IV-2-1)

— HEER
il ka
v

(Ui T 20

22



m V-3
(Collagen Gel Embedded Culture Method)

1 Base Layer
2.
3. Base Layer 37 Top Layer
Cell Layer
4. Top Layer (Overlay Medium)
E12
¥ 5
Cell Layer
Base Laver

7

Base Layer Cell Layer
9

| |Base Layer |Top Layer |Over|ay Medium
|16 mm osm  josm  |1ml

35 mm 1 ml 2m 2ml

60 mm 2ml /5 mi 5 ml
100 mm 5 mi om |12 15ml
Cell Layer 37

23



0.3% (pH3.0)  0.2%, 0.1%, 0.05%

0.3%
0.15%
0.3% (pH3.0) 0.3%
Cellmatrix Type I-A Type I-P
Cellmatrix Type I-A Type I-P
Cellmatrix Type I-A Type |-P
Cellmatrix Type I-P Type [-A
Type LA
m V-4
V-4-1.
1 3mm
Type S-1 0.02% rotary shaker
100rpm Iml 20p I 1%
37 Iml 30
2.
3.
4. DNA

24



V-4-2.

+EDTA

IV-4-3.

1. (10> 10%cells / 60mm dish)
05 mm

+EDTA

25



m |V-5.

DNA
IV-5-1.DNA (Hinegardner sl
01y g DNA( 1.7X10%ells )
1. Microcentrifuge,
8000rpm OFF
2. PBS (Phosphate-Buffered Saline)
3.
4.5 10
5. Diaminobenzoin Acid 0.4g 1ml 1.5ml
0.2ml 60 45
6. IN-HCI  1.5ml (Ex 415nm, Em 505nm)
V-5-2. Sanfordetsl %)
1.
2.
3. 0.1M 0.1%
4.

26



m |V-6.

V-4-2.

10%

2. 0.02% NaN,

70%

50

Wet Sample

27

PBS

Wet Sample

100%

Dry Sample

Dry Sample



m V-1
1. pH30 10
2 25
3 uv
15w 20cm 20
4,

5. Cell Suspension

m V-2
pH7.4, NaCl 0.14M
Collagen Fibril
1. IV-1-2 4
2.
3 V-1 2 5 4

28

uv



V1.

60 36)

37)

Cellmatrix

(1982)

.J. Yang & S. Nandi, Int. Rev. Cytol., 81, 249-286 (1983)

. H. K. Kleinman, R. J. Klebe & G. R. Martin, J. Cell. Biol., 88, 473 (1981)

.R. L. Ehrmann & G. O. Gey, Natl. Cancer Inst., 16 (6), 1375-1400 (1956)

C. Grobstein, Exp. Zool., 124, 383-388 (1953)

. D. Gospodarowicz, G. Greenberg & C. R. Birdwell, Cancer Res., 38, 4155 (1978)

. M. Wicha, L. A. Liotta, S. Garbisa & W. R. Kidwell, Exp. Cell. Res., 124, 181 (1979)

8. J. C. Murray, G. Stingle, H. K. Kleinman, G. R. Martin & S. |. Katz, J. Cell Biol., 80, 197 (1978)

9. C. A. Sottler, & G. Michalopoulos, Cancer Res., 38, 1539 (1978)

10. G. O. Gey, M. Suotelis, M. Foard & F. B. Bang, Exp. Cell Res., 84, 63 (1974)

11. J. T. emerman & D. R. Pitelka, In Vitro., 13, 316-328 (1977)

12. J. Yang, J. Richards, P. Bowman, R. Guzman, J. Enami, K. McCormick, S. Hamamoto, D. R. Pitelka & S. Nandi, Proc.
Natl. Acad. Sci. U.S.A., 76, 3401-3405 (1979)

13. J. Yang, R. Guzman, J. Richards & S. Nandi, In Vitro., 16, 502-506 (1980)

14. J. Yang, J. Richards, R. Guzman, W. Imagawa & S. Nandi, Pro. Natl. Acad. Sci. U.S.A., 77, 2088-2092 (1980)

15. J. T. Emerman, J. Enami, D. R. Pitelka & S. Nandi, Proc. Natl. Acad. Sci. U.S.A., 74 (10), 4460-4470 (1977)

16. J. Enami & S. Nandi, J. Dairy Sci., 61 (6), 729-732 (1978)

17. 9 (10), 397-400 (1983)

18. 56 2 (2), 48-49 (1983)

19. G. Michalopoulos & H. E. Pitot, Exp. Cell. Res., 94, 70 (1975)

20. S. D. Hauschaka & I. R. Konigsberg, Proc. Natl. Acad. Sci. U.S.A,, 55, 119 (1966)

21. 3. W. Dodson & E. D. Hay, J. Exp. Zool., 189, 51 (1974)

22.J. C. Murray, G. Stingle, H. K. Kleinman, G. B. Martin & S. |. Katz, J. Cell Biol., 80, 197 (1978)

23. P. Bornstein and W. Traub.,in The Proteins (Neurath, H. and Hill, R., eds), Vol. IV 411-632, Academic Press (1979)

24.D. J. S. Hulmes, A. Miller, D. A. D. Rarry, K. A. Piez, and J. Woodhead-Galloway, J. Mol. Biol., 79, 137-148 (1973)

25. G. N. Ramachandran, in Treatise on Collagen (Ramachandran, G. N. ed.), Vol. 1 pp,103-184, Academic Press (1967)

~N o U A W N e

26. . , 26-34 (1981)

27. L. Peltonen, A. Palotie, T. Hayashi, and D. J. Prockop, Proc. Natl. Acad. Sci. U.S.A,, 77, 162-166 (1980)
28. , 13-49, (1982)

29. (1981)

30. , 110-133, (1982)

31. M. Chvapil, in Fibrous Proteins: Scientific, Industrial and Medical Aspects Vol.1 (Parry, D. A. D. and Creamer, L. K,
eds.), 247-269, Academic Press (1979)

32. , 251-282,
(1975)

33. J. Yang, J. Richards, R. Guzman, W. Imagawa & S. Nandi, Pro. Natl. Acad. Sci. U.S.A., 77, 2088-2092 (1980)

34. R. T. Hinegardner, Anal. Biochem., 39, 197-201 (1971)

35. K. K. Sanford, W. R. Earle, V. J. Evans. et al., J. Nat. Cancer Inst,, 11, 773-795 (1951)

36. 32 5 38 (1985)

37. 4 (2), 146-179 (1985)
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B FRESFUEERSAE-@HEET B

20104 6 A IR#E

i IEEADS—4 Y Cellmatrix’ wi<hyyha

[ . o
VIR R RUTY 447 # i % ()
17 5ml 20ml 100m/
A 7 4B EEE AIR T TILERE KR
847" 1 B354y 15-4 VU V& 10,000 30,000
-p 7SR ERATVURIA(LE 11/3-73
447" 1 #2351y 15-5-r VEER 7,000 20,000
P EFTTE IEHE
447" 1 B354y 1-749 7,000 20,000
74 3 ZiEMRROEER
447 MEI5-5'Y 1-74v4"H 10,000 30,000 100,000
e YK BIRRTE B K LiEMmDEER.
447 NEI5-FY 1-749 17,000 51000 170,000
aAS—FU-FIIIEETYS / BRIEER / BEAABRER
I B E fii # (M)
aAS—4V-FILIEEX VR 16,000
BEBRARER ImIx 15 & 6,000
| DME EER (5%) 100m/ 6,000
| RPMI-1640 3E&EH& (5%) 100m! 5,000
B nALF-12 3E5E®& (10%) 100m/ 5,000
% MEM NHREEETE (10%) 100m! 5,000
DF iE&Ei® (10x) 100m/ 5,000
199 HE|i®Z (10%) 100m/ 5,000
2553 —€1L
an 100mg 1g
a55+—E L 5200 9 34,500 4

30




EEHZBET % B

=2 =02l sE#E] X, TROMIONEL —HMERLTEBY 7,

HNELT, ZITHENLEHETR T =T UEREZTV., TOMRERRSNLIHGAEIT.
TROmXLZsI ML TWEEEEF Lo BEHNWZLET,

(Fn=0)
A B, OB B, P BRI RMB. WM B, w0 OBE. WP B
*1) a2 —47y « FARGRE(])) Mk 13(1), 26-30, 1987
*2) a2 —7y « FARGRE()) Mk 13(2), 64-68, 1987
(F30)

*3) Enami, J., Koezuka, M., Hata, M., Enami, S. and Koga, M.
“ Gel Strength-Dependent Branching Morphogenesis of Mouse Mammary Tumor Cells in
Collagen Gel Matrix Culture “
Dokkyo J. Med. Sci. 12, 25-30, 1985

*4) Enami, J., Enami, S., Kawamura, K., Kohmoto, K., Hata, M., Koezuka, M. and Koga, M.
Growth of Normal and Neoplastic Mammary Epithelial Cells of the Mouse by Mammary
Fibroblast-Conditioned Medium Factor
In“ Growth and Differentiation of Mammary Epithelial Cells in Culture ”
ed. J. Enami and R.G Ham, pp. 125-153 (1987). Japan Scientific Societies Press (%*% il
v #—), Tokyo, Japan

*5) Enami, J. and Tsukada, Y.
Use of Collagen Gel as Three-Dimensional Matrix for Explant Culture
In“ Cell & Tissue Culture: Laboratory Procedures”
ed. J.B. Griffiths, A. Doyle and D.G. Newell, 3A, pp. 5.1-5.8 (1994). John Wiley & Sons,
Chichester, UK.
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