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The white of an egg, rendered opaque by boiling, can be converted into a thin, transparent and rigid material like g-
lass by evaporating the moisture. This phenomenon is known as the vitrification of heat-denatured proteins. We applied
vitrification technology to a collagen gel and converted it into a rigid glass-like material. We attempted to rehydrate the
glass-like material and succeeded in preparing a novel stable state of collagen gel that was a thin and transparent mem-
brane with excellent gel strength and protein permeability. We called it ‘‘collagen vitrigel’’ because it was produced from
the vitrification process of a traditional hydrogel. Further, a framework-embedded collagen vitrigel membrane that can
be easily turned inside out with tweezers was prepared by inserting a nylon membrane ring in the collagen sol prior to the
gelation, thereby allowing the membrane to function as a removable cell culture substratum. Different types of an-
chorage-dependent cells could be cultured on both surfaces of the substratum by the manipulation of two-dimensional
cultures, and consequently a three-dimensional crosstalk model with paracrine effects from each cell type was recon-
structed. Also, the collagen vitrigel membrane containing a bioactive molecule provided a drug delivery system (DDS)
with sustainable release. In this review, we summarize the recent progress of applied studies using the collagen vitrigel
membrane as follows: a corneal model for eye irritant and permeability tests, a skin model for sensitization test, a renal
glomerular model for evaluating blood filtration, an endometrial model for developing a new treatment and a DDS of
hepatocyte growth factor for improving liver disorder.
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Fig. 1. Advantages of a Collagen Vitrigel Membrane

(A) A nylon membrane ring-embedded collagen vitrigel membrane is
readily removable with tweezers. (B) Different types of anchorage-depen-
dent cells can be cultured on the both surfaces of the collagen vitrigel mem-
brane by the manipulation of two-dimensional cultures, resulting in the
reconstruction of a three-dimensional crosstalk model with paracrine effect.
(C) The collagen vitrigel membrane containing bioactive molecule (s) pro-
vides a drug delivery system. Remarkable angiogenesis (arrow heads) was in-
duced by the transplantation of the collagen vitrigel membrane containing
vascular endothelial growth factor (VEGF).
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Fig. 2. Growth and Morphology of Normal Rabbit Corneal Epithelial (NRCE) Cells
(A) The number of NRCE cells was measured on day 5 after seeding the cells on collagen vitrigel membrane and control plastic substrata at an initial cell densi-
ty of 1.0X 104 cells/cm?2. The cells cultured for 5 days on collagen vitrigel membrane (B) and control plastic (C) substrata were observed by a phase-contrast micro-

scope. Bar represents 100 ym.
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Table 1. Effect of Sensitizers and Non-sensitizers on CD86 Experession and Cytokines Release in a Three-dimensional Human Skin

Model Using a Collagen Vitrigel Membrane (VG-KDF-Skin)

Molecular weight CD86 experession IL-1a release IL-4 release LLNA
Cinnamaldehyde 132 + + + +
CoCl, 130 + — + +
DNCB 203 + + + +
DNFB 186 + + + +
HCA 216 + + + +
HCHO 30 + — + +
Isoeugenol 164 + +
Glutaraldehyde 100 - — + +
DMSO 100 — — — —
Isopropanol 60 — — — _
SDS 289 — + — false positive
Tween 80 1798 — —+ — _

Plus and minus signs in the column for CD86 expression represent increase and decrease in comparison to control, respectively. Plus and minus signs in the
columns for IL-1a and IL-4 indicate increase more than 150% level of control and values less than it, respectively. The data in the LLNA (local lymph node

assay) column were cited from the references.?3-26)
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Fig. 3. Cell Morphology of Porcine Renal Glomerular Cells Cultured on Collagen Vitrigel Membrane Substrata at the Confluent

Stage

Epithelial cells derived from podocytes (A), mesangial cells (B) and endothelial cells (C) were observed by a phase-contrast microscope. Bars represent 100

um.
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23R Z AR C TRFTICIRKT %2 DDS 2L %
FLWERbARE TH D EEA. FTICHLTHE
INTEA 2 GT 2 ENTENUL, 2HEEGICX
LEWERZMA D I ENTE, RERIFNRBEE
ER0ES, T, A7 CENITIERE
MW/= DDS O RZEMEET 2 HIWT, ik
K+ (HGF; hepatocyte growth factor) Z&fH 3
o= E NP IVEEEERL, U ZHE
M ICF R 2B 5 2 & T, FEREOHE
BIEEDEENRBINE0ENZFTML /2.
BARBNTIE, <7 AT AR % i U 7= 121 BIE
L, WhERCEEANOMEZ 2 v TICTHRDZ
EICXOFEIRDOK 70% 2 RIMIREE Lz, 60 47
MOMFRMOE, 71Uy Tesd I EickDilikz
HERSERZ, 25— 2E NIV HERIT,
HGF 2 ATWaRWE (a2 ho—)L#f) & HGF
ZEUMR (HGF #) Z{F®L, ZThTnlFEoE
& FEBRICHEREmMZBEBNHEE 2. U XITHER
24 BRI S B, MK Oz > 7
) 27 U THAALSER T OV 3 LR 0V fghT U 7z
ZTORER, O3> hO—) LTI ICL #EPE O
R O— AZ#FEFE L 7=/3 [Figs. 5(A) and (B) ],
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Fig. 4. Reconstitution of Human Normal Endometrium

The glandular cells and the stromal cells were separated from human normal endometrium. The stromal cells were seeded on the collagen vitrigel membrane
substratum and were cultured for 3 days in DMEM containing 10% fetal calf serum. Then, the substratum was inverted. The glandular cells were seeded on the sub-
stratum and were co-cultured for additional 7 days. The glandular cells (A) and the stromal cells (B) co-cultured on the collagen vitrigel membrane substratum were
observed by a phase-contrast microscope. Also, the cross section stained with hematoxylin and eosin was histologically observed by a light microscope (C). Bars
represent 100 um in (A), (B) and 50 um in (C).

Fig. 5. HGF-containing Vitrigel Protected Post-ischemic Liver Damage in Mice

Mouse liver suffered the insult of 60-min ischemia followed by 24 h-reperfusion. Although the control liver showed massive necrosis after reperfusion (A and
B), HGF-vitrigel protected liver damage significantly (C and D). Dotted line shows normal liver tissue. Note that normal liver structure is well preserved near the
liver surface in the liver covered with HGF-vitrigel (C and D). Bar represents 500 um.
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HGF B TIZ T OREENEHICER I N/ [Figs. 5
(C) and (D)]. IfyEDE(LENHRE (GOT/GPT/
LDH) T#%, HGF # CIXFEKICAH BRRAFEEDOH
AR S Nz, iz, REHBANRBE T,
HGF £ O JEREE AT HLAR I T HGF O HEAGED 5
Niz. BUE, BEEIG OFM ST D W THlREA
ST FOVENTR ERITTO TS, Eko#ERKD,
HGF &/ 35 —% > Y N &)l ifis 2 1T s 5 1 1
Miffd %2 &T, BANENHFMEMIFELT,
fresEnMH I NnDs LRI Nz 5H%ERD
MENBETH DM, IT7—7 2 ENIT)VEEIZ
#7-72DDS & L CHRIGHTE 2 REtENRI N
7z,

2B, AW TIT 2B EBIL, JkimE KEH)
MEBRBERORE K VIEKRERTZ#%, FRKFOH
WIEBHE RO SGRR A EDOREL I TA RI1 >
IZHE> THEML 72,

8. EIEFIEY-ILLLTOERER

EFRLUTERELDIIZ, B2ty NTHEIEEKA
LBEWBT—7 2 E NIV, ERE Rk
U7z 3 RILEEERET IV A RS ITHE T E 15 EHK
ELTHEHTHEDOHAIBST, LREESED DDS
HARE L THIEHTESL ZEN N> TER. 2h
5OMKOERICIE, 35— 28 MU T )V EEN
s NI BIE U Okk & IR EBENE T & E i
IED (HHWIE, FESIELRICEHRIES) #
REeALI-EEEIT 7 UBHEOHEMTHD Z
EMRELFLELTE .

Ltk AEREKBLU 2 3RITHEEET I OMFET
3, HET 23T IV, HIFEHERE 2 HERF S
WBITHET B AEMEEE ) TR IS 2 E MUV
RicERIE57 70—F, RORBEHEM™O 7 O
AR—=0 B ICEETS 7 O —FNEEE S
TL 5. iz, RIEEZEY—ILELUTHERT S 3 X
TEEEETIVIZOWTIE, OFEhomMEOiHmICH
WEHEWEEEREBE TSP T 51213@t b
By GEY), RESHE, B, %) 195
BEANZ A LEIMET HEEN S, B sk
THEM T IV (RE#EEFE, 5riw¥, TEER,
TEP, %) ZHETHHEI AT LEHBEL TV
<. ¥/, DDS OB TIZ, BHH&ET 5EMIEN
NTFEFOBERIRLT, 35—~ E RIS I
BN & DR 2 Hl S 5 Heffi &2 i Sr L T <.

9. &HYIC

ARTI, BIEMEEZzXEIZY—I)LELTO
= YERNIFINEROFREZRRT D L%
FIREUT, MifuggsEHgky —IILELUTHALKZS3
RICEERET I OBEEZORIFEME, &0 DDS #
Y =)V & UTEA L2 EEDBEEDRICONT
ALz, 3REREETIVE L TIIRFEE - 5
WY ET ), REEFEEABRET IV, BRERE
I HEEE T TV R OB NIRRT T )L DB FEE
RIZDOWTHR A=, SRIIMOERE (R, &E
DEAIZ Y ) OFHMEETIIZDNTHIEKBHFE
NEDHOEWHEL TS, £z, DDS DK &
LT3 HGF 20 kF 7=, #EFlzEF38/-a
F—47 2B N OVEBIEIER 2 T D kA RS
v FEUTH UWEAERZ LB 9 2 ol qetk 2o
TWBZENS, 5RIZY NNITERXRTF ROA
25T RS TFILEMCEBEFREITDVTHIEKH
HEKPEDHOEHFHLTVWS, ZokdiIca5—4~
> E MU )VEREIZRISEMILE BT D H L WY —
WERVEDZDT, RO ZHEET S - DITE
2E D RISRBE AL H & O AR L Tk iug
WICENWTHD.
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