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Summary . Three-dimensional culture was performed using gamma-irradiated type I
collagen gel prepared from rat tail tendon. The morphological outgrowing appearance with
in type I collagen gel provided a marked difference in accordance with histopathological
diagnosis, subsequently suggesting the difference in adhesion ability to type I collagen. On
the other hand, type I collagen may be involved in differentiation-related proteins expressed
during in vitro morphogenesis, such as carcinoembryonic antigen for tubulogenesis of the
salivary gland.

The present experiment system would be useful for studying further the relation between

type I collagen matrix and metastatic potentiality and/or cellular differentiation.

Index Terms

type I collagen, three dimensional culture, salivary gland, tissue reconstruction
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Table 1. Collagen gel preparation
1) pulling out and dissection of mature rat-tail tendon
2) washing with distilled water for 30 min
3) solubilizing 1 gram tendon into 1,000 ml of acetic acid
acetic acid : distilled water=1: 300 (v/v)
4) overnight solubilization with constant mixing at 4°C
5) discarding ppt by centrifugation at 10,000g for 60 min at
4°C
6) lyphilization
7) sterilization with ®°Co gamma-ray irradiation at 5KGy
8) solubilization with 10-*NHCI
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@D yBRH=5—FVOIEREF L= ) » 7 2D
P54 (Table 1

B2 7 — 7 v ofERFG N, Price®® Jones® Dk
AR L b 0T, RERE & BK S VBRETRET,
BHHEOBE A - T5 KGy, 0.2 %&EH.

(2) =27 =7 vy LRk

IS & U T OBEMBHIFMRCE b h B
% 22 B & SRS 17 BloEt 39 41, = L CHlaRE 7 41
TH%5 (Table 2a, b).
FMARHCOWTIE, P ERERETE L hiclfs
WM, =29y r—€FHLT FvHED% 0.1 % &8t
2235 (Dulbecco-MEMDIZB L, —Baf v F o <—}

Table 2. Cultured Tissues(a) and cell-lines(b)

a)
Site Histopathological Diagnosis Number
Parotid Gland Normal Tissue 9
Pleomorphic Adenoma 6
Warthin Tumor 1
Pleomorphic Adenocarcinoma 1
Adenoid cystic carcinoma 1
Maxillary Squamous Cell Carcinoma 2
Submandibular Normal Tissue 4
Gland Pleomorphic Adenoma 1
Adenoid Cystic Carcinoma 2
Hypopharynx Squamous Cell Carcinoma 2
Larynx Papilloma
Squamous Cell Carcinoma 1
Thyroid Gland Normal Tissue 2
(Including Grave’s Disease)
Papillary Adenoma 1
Papillary Adenocarcinoma 2
Mammary Gland Normal Tissue 1
Cystadenocarcinoma 1
Pancreas Normal Tissue 1
b)
Line Origin Pathological Diagnosis Character Reference
NS-3 Stomach Poorly Differentiated Alphafetoprotein 30
Adenocarcinoma Production
NS-8 Stomach Poorly Differentiated CEA Production @D
Adenocarcinoma
SHIN-3 Ovary Serous Cystadenocarcinoma CEA & Mucin 32)
Production
Colo-205 Colon Differentiated CEA Production as
Adenocarcinoma
HUH-7 Liver Hepatic Cell Carcinoma Biliary Glyco- ae
Protein Production
JYG Mammary Poorly Differentiated Virus Induced, @
(mouse) Adenocarcinoma Metastatic Potential
++)
DD-762 Mammary Poorly Differentiated Virus Induced, aon
(mouse) Adenocarcinoma Metastatic Potential

+/-
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@B7C, 5%COL7c. BHEERROLCHlaZED, V
VIRREEE T 2 EES R 0 B L LB O REREY & B
E L, -¢— 22— ¥ (Pharmacia #) % i\~ T 2500
rpm T 20 R OEBEEX ST L ¢, Mo ik
REDHBECE DT, A —a— A EOMBEOEE > T\
HEBEE Sy b T D EBRFI LBV vBREHK
TEEE L, 1000 rpm T 5 SEMEREE LAY 2 BT L
fo. RBCHERR CRROBIELHET Lich & LiEHE
DERE, WL CWsRIlaEREER Y ST KEF D5 v
Rag—rvorhogEBssl .
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BRK T 3- 4 EE L, MR OBRIEOR, WKL«
Ml ERE T ST kETOr vika 5 — 7 v ok
HAEL 7o,

FREFNROEZENIAL 1.0 ml/dish DEIETH LT
Da—=F 4 VIZLTEBWCa T =45 v LD base layer
®_kiz cell containing layer & LT 2.0 ml/dish D &l&
TERBLLFig D. 3051 vFa2—-%-@7C, 5
% CODICHBEL, Y LHREE - Thd, MHIEEERY
over layer & LT 2.0 ml/dish DEI& TNz 7z, BET
yYalla—=v/7HBoR B mm AN, 25 -5
VIREL0.2 % & Lic, MERFRSRR O 3 Bl
T L7, RHiEeEskicy, D—-MEM+HAM® 1

a
Fig. 2. Three-types of typical outgrowing appearance.
a) branching (normal parotid gland tissue), b) spiny cystic (normal thyroid gland
tissue), ¢) smooth cystic (adenoid cystic carcinoma in submandibular gland).
Observation by phase-contrast microscopy.
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1 (V/V) % EpsEE3% i L ¢, 5 mg/ml bovine serum
albumin(BSA, Sigma), 5 ng/ml epidermal growth
factor(EGF, EHEEHE LIV 10ug/ml 1 v =2
VERHRM UM & L.

BRTFHDOIDIZA PV T+ =4 100 gg/ml <
=) v G100 U/ml ZEHICTRIN Ui 23, HRicREen
FRINLBCEIHLIZI /74279 V1 pg/ml &7
7 VFY V5 pg/ml bEML .
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Fig. 1. Schematic diagram of gel embedding culture
system.
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branching, spiny cystic 83X Oz LE 2 bh b
smooth cystic @ 3 # 4 7 (Fig. 2a, b, o) &4 CTHE
L, &Y v 7 VORBEVEERH L TR S V7 T AL —
24 T THESEL, HRERNERE L7 L NEEE
T\ THBHRES L 7e.

@) YAAMRREEEMRN~ Y v 7 REEE LD
BafROBIE

a0 1825 -y vy VRAEBE 74 Te iy
F VSN L DBREFANSB 1D 2 D0~ v A F
¥k(Table 2b)F e b in vivo CEEB E 2 R T
JYG?, in vivo TIEIEBAETH % DD 762'0% X OHifg D
ML LCER ~ v AFREBE AV TRE L. b)Y
T VBIZ L - TE bR 2 X105ED Zh bk
%, ) VEREEWR T 25 ug/ml CFER Lice b 74 T m
* 7 F v CEEBMT) ik, D-MEM E38% % 2. <
90 5B AH L 24 BRE 37TC T VFa =+ L. %
D) v ERIEEIR CUEE R TREIMTT L, #E MR

LY FSVABEL, YA b)Y —EAWCHEE L.

¥ e A TEMAS < b ) v 2 R EOBEEEY BT 57
3,25 ug/ml D=v 25 3 =v(EBBT) R L OIVE =
=7 VEBEPERCT 0 FHO1 vEFa -
a vk, FEBRIELET L. £ L Cilast~ 1ty v 2
ALSDXIRE LT, 25 ug/ml @ Bovine Serum Albu-
min(BSA, Sigma) T2 —75 4 v 27 Lizd DI L TH
RRERIE 2 164T L 7c.

3. 1Blas—rv=1t) v 2 ARTOEKIEMES
LoBEE

(D) MW IR MR o R AR L2 R et

BRI P DDy VEREIRDHBL, <774 VIELS
XAEAIER DO HE, ABCH(TEC Y ELFF Y, <
¥ X —+EF v b, Bectastin £ IC X B Gt % i
fTlze. &—XPiho [FHREE, RIGCKRH] X, MEB
-011(# CEA = v 2% / 7 v — F LHifk, Biotest #) 2%

500 £%, 30 431, anti-human CEA, Alpha-Fetoprotein
(AFP, S € v + R Y 7 w—JF ¥k, Lipshaw #)2

[1000 f%, overnight |, HFUEKR + v & vHE(= 7 AR
Y7 m—JF A, BFRERDSIL000 £%5, overnight |TH
ofc. £ L THEHF|E LT Diaminobentidine tetrahy-
drochroride(DAB) % Fi\ 7.

7e3 MEB-011 & W e e gefaic o\ T, FEEER
BBk W ERICR T, —EOQRBRELYE L
Fr R EEmERRMED CEA BIERRFER I & LT
FALl7e, ZLTRBEOMI Y, EHCRABCREShiz
% o (distinct (4 +)), WD S M C R RD B b
o (moderate(+)), 100 fEHRENIC &\ Th T IR EaE

B &R LY BT 5 b 0 6ligtly(+/-)), RBEFICE
WA AR TR o D (negative(—))i2 5
HLTHEL.

(2) BFHEMENELE

FABRADO—E% 0.1M # 2 2 VBREER 2.5 %
I E =TT e FIRTCHIBEE, IHLIR2%FAIY
ABECHREE L. BEEEARE, BA#g=xvagEL,
BE T (R BRI E TS JEM-1200) TBZE L
fo. Ele—EIBKEEOR, BRARERS X OSER
ENBERIELC, EEIEFES-405) CHREL .

(3) CEA BAEFUR D57

a) CEA BIEHIR O EBERKE

BEEWIACT B B) & %1128 B B) o 52 EE R IF M fa
EL v I Y L ¢, Western blotting
T L. Thbby Ay Irkrkedr AL
%, 5%DTT %inz, 100C, 545MMBEBEL. %
DHB%T V=V 7 RV TREICL Y KB
L. T30V, 12BMT= b r e — A EAEKE
L, MEB-011 fifd% F\CRESVF F o & —€HET
DABEABKILEHIT L. ¥ VATA VNG TFE
~—Hh—ELTIF>v, -5 27 & —x, BSA,
AT NIVEBIOIAR= vy 77V E RN T —ERHW
7z,

b) in situ hybridization iz X 5 CEA Rz

BESADZ YV AAZy PEEEYA K LTI situ
hybridization % Singer & ®J5#:12% —ERZ5E: L T jifT
L™, RERBETZAH ) 72 A7 7 2 —EiEMEDOBRER
1% Jensen D JFEMIZ#E LT 0.01 M MgCl,T 30 £
ML Te. 7 m—7 & LT, CEA O£ cDNA ThH
% CEA 3’-untranslated region ® Rsa I /EcoR I W
F0.39 KbGGLIBE REE—ABHFHE, Rtz @l
HEEVERA W VA AT TA = —ETEAF VEH
dUTP(Bethesda Research laboratories) #Ht h A % &
Jo. E R BEEHE & L Tk Feinberg 5 non -
isotopic method T#t» T, v — 7 EDFDEH 4+
FVILA b+ Vv F 7 € v (Boehringer)lug/ml, €A
Fvib7AH Y 7+ A7 7 & —+¥(Vector labora-
tories) 1 U/ml,= bt » 74 —5 + 5 V' ) ¥ A (Sigma)
0.33mg/ml, 5-7rE-4-70Rr-3-41VFINL7Tx%
A7 = — } (Sigma)0.17 mg/ml DR AEE % A\ T F
B L. BREIKIiiy 7 A bV y FRAWE. TEY
DRFHEBALERBER E LT, NCA EZZELVE/
7 v —F A Pifk MA 208'9% FH\CR LRGSR 2 W
T ABCYE TR L 7e.
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1) BaEfilaiaiE & s

DD F WA RE & B

IR I B\ ClE, branching B o AR ILIER
M T 15 Fid 14 41, BHEBMET 7 Fid 6 FliciRd
7o Thuek UGBS MIIEE AR S e b 04
12 Gl 4 % 2 b, branching I IEFEHAED 8 Hlk 1
Bl L 2RIy o fo. % U CEMEE M X smooth
cystic O BEFETSRE % 8 FIrF 4 FlIciR®, EE B I URE
MEE Mt L CBFE (p<0.01)12 branching # o #
TETSRED A T o 7o (Table 3). & & AHFA CEMEE
sk ¢ 3 Mfa#k i 35\~ T iX branching & o BEFE RE %
7 Ble 5 BBt (p<0.05).

@) YA REEVREE&EMa~ Y v 2 REEENE

FEMBEE DD 762 & JYG i@ o WTlRER LR, 1
= 5 — 5 vz L € branching ! » #45& % /< 3~ DD
762 DEEFEMBA% A, smooth cystic Bl D BEFETE B AR
JYGoxrhXIvd 05 T4E 24 FRIT36 /%<, 7
17 REA7FVERLCEEEOR VWEAYRD
(Fig. 3a,b,4a). ¥ BSARKELT74 Frkr5v
EIVEa s -7y, mfilaks S cEsEEsrEm-
BEZXRBDIN, T3 =vEONTEBSA KL T#
EHDEERAD I - 1= (Fig. 4b).

A

2. BEERREMREoSEME< Y v 2 X

(1) MERIEMB D 7 L P T O JRETER

TF B W Y% 15 40 B2 13 branching Bl 0 A M BB 7R L
(Fig. 5a), MR ENRETIL AT v HWLERIR

a b

Fig. 3. Morphological difference between the 2 cell
-lines within the gel.
DD/762 showed branching outgrowth(a), but
JYG-MC showed smooth cystic outgrowth
(b). Phase-contrast microscopy

Table 3. The relation between histopathological malignancy and outgrowing

appearance within the gel

Normal Benign Malignant Malignant
Epithelial Tumor Tumor Tumor
Cells Cells Cells Cell Line
Branching *
14*(13) 6*(6) 1**(1 5**(0)
Spiny Cystic
1 1 3 1
Smooth Cystic
0 0 @ 4 D 1
Total Number of Growth 15 (13 76 8 (@ 7
Cells
No Growth 2 (® 3@ 4@ 0
Total Number of Cul- ;g 10 ® 12 (@ 70

tured Cells

Parenthesis indicates the case number of salivary gland tissue samples. *p<

0.01, **p<0.05
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< Cellular Attachment to each ECM(%) >

IV Type
Collagen

< Extrarcellular Matrix >

Laminin

0 Fibronectin

The outgrowing appearance and cellular attachment to each extracellular matrix.

The concentration of each extracellular matrix and BSA was 25 xg/ml (a, b), and treatment time was

90 minutes(b).
NT : not tested

ECM : extracellular matrix
NMG : normal mammary gland

Table 4. Ducts formation and CEA families expression in cultured cells of normal salivary glands.

Ducts Formation

Anti-CEA Immunostaining d(ljixjgt mg?iréte S(iliogr;l
intensively positive ) 4 1 0
moderately positive +) 0 2 0
slightly positive (+) 0 3 1
negative (GD) 0 0 2

Thirteen speciments of normal salivary glands showing branching outgrowth
were classified according to the number of formed ducts. CEA families expression
was subjected using anti-CEA antibodies (MEA-011). An example of positive
staining is shown in Fig. 6a.
*distinct : more than 10 ducts in X100 light microscopic area.

**moderate : a few ducts less than 10 ducts in X100 light microscopic area.

DO E X OWHEDOFE LR D7 (Fig. 6).
(2) in vitro JREHHK & H1 CEA YefazR D HEE

T DEEFEER 13 B, IREWR A SE R bh Dl 4

Blc, BrrRbhEnocbod 3FERD, LHRORE
R LIy v 7o 4 Befl & b CEA Bt L <
BYE M %R L7z (Table 4). CEA BIEHLR & JrEHL
L OBRI IS\ THIB D I\ T D FEHRY T B B X IR H
RIehy o e A FHBIE R 7R 7 (Table 4).
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& i

Fig. 6. Ultrastructual observation of lumen forma-
tion.
Duct space was formed by cellular elimina-
tion and microvillis were observed on the cell
surface (arrowheads)from the same sample
of Fig 7a.

W &

Fig. 5. In vitro differentiation of human subman-
dibular gland.
Normal submandibular gland cells showed
branching outgrowth within the collagen
fibers after 7 days of primary culture (a). As
for submandibular gland cells, mucinous sub-
stance was observed in the lumen (b), sali-
vary hormone was only in the formed cells (c)
after 4 weeks of primary culture.
a) : Scanning electron microscopy
b) @ Alcian blue staining (Nuclei were stained
with hematoxylin.)
co)Immunostaining with anti-salivary hor-
mone polyclonal antibody (Counter staining
was performed with methylgreen.)

BRSO Iz —3R 2 5 — 7 v & DBESATHEEER
T2 (Fig. 7), £z 5 2 & —NE DM TH - 7= (Fig.
Ta, 7¢). T LTxRE LTl CEA EAME
¥k SHIN-III(Table 2b) i3, ERALEFEMED o £ TOM
s CERER 2R (Fig. 7b). IEFERE
Bz s\, CEA BIEHIFITE 7 7 » —F A5k, R
7w —F AR cBETh B AR USLBEEEATH S
AFP Iz 2Tk AR ) 72 v —F AHMBETIEMETH o 7o
(Fig. 7¢, d.

(3) CEA BS#EHR D FE

RFEESKIKENC X 550 TE» DO T, BRI
BE) T, BBEER TH 5 BGP(M. W. 80-100 KDa) 23
FOGFENHRBE I N (Fig. 8(D). Thicx LEHE
BIIC4BB) T, VWb %5 CEAM. W. 180-200 KDa)
D HE 3 X O Biliary Glycoprotein(BGP) D 18 23 %
z bt (Fig. 8(2)). #7:in situhybridization 35 & O¢
Z DEY OBBAFERBRE D b CEABRF cDNA
DHHE 7 T AE — B TRD(Fig. 9a, b).
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Cc

d

Fig. 7. In vitro differentiation and CEA families expression.
a) Anti-human CEA monoclonal antibody (MEA-011, Biotest) was positive in the cells in the lumen
(large arrowheads), cell onto the lumen (small arrowheads) and some cells adjacent to the collagen

(arrow).

b) Positive control for Fig. 6a. CEA was positive in all ovarian cancer cells (SHIN-3).
¢) Anti-human CEA polyclonal antibody (Lipshaw) was also positive in the cells in the lumen and on

the glycocalyx of the lumen foming cells.

d) Anti-human AFP polyclonal antibody (Lipshaw) as a negative control for Fig. 6b.
a) ¢) d) : The same samples obtained from a 14-year-old submandibular gland

b) : See Table 2b.

% =

1. YA RBEME L BB L OBRIZ DLW T

IEH ER MR, $55 KA Mg (anchorage-depen-
dent cell) & LT, I#as—rv=t)yzxidd
ELBEREALEEL, ThxPWEMNIRELLT
branching B DB EHEL & 5 L35, BHED

L CAMRBBICE G Lic LMilg s [ B=5 —rv
DEEETNELT, BEEEATHE 74 T rEAIFYV
ZALTC, MIEABTEREESG LS YT 27 vBST
INEHETHECI RADENTH A9, wpd 5
smooth cystic T A& DB H Bk ch s [ 8
25—V EEETE ook, B4 ORIfasTLRE
TR T & TS I e - - TREME A B E B 2 5.
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Fig. 8. Immunoelectrophoresis.
1) 7 days after primary culture.
2) 4 weeks after primary culture.
1), 2) : The same sample as Fig 6.
Anti-CEA monoclonal antibody (MEB-011,
Biotest) was used as 1st antibody.

W &

FLE A Badk DD 762 & JYG % A\ TR KB T3
branching B D HEFE < & — v &7~ DD 762 25 & g
DOWREIRE L SBIRNR BB 7 4 T ek FVOL DEE
HNRIJYG CERTEL, Fhavie—-2:tLTHW
FeBSA XD 747wk FvREEERNEEWD
APFROMRIC LY, D & IBEEROFEIRE X
iz, Ffoy AT smooth cystic RIEREHREE & » T
Wiz JYG AYin vivo % DD 762 12 b CEER M E
LS ESER, RIS T A ATREDZ A
FEHADBEEITIDEL, O\WTIXin vivo BEBMEE B
BARA D HWTREME L FIE L 7o\

PREBCB N TH—RICEBELD D & Sh b ES
[EE MM TSR e & S b BEEES 3 X O
Bz X CH Bz branching # 1 7 OB RE R A e
Mot RIS —rvADEEE~DEX, B
Wi 2 SR O BB ENME & D BIRL T BB KT
DIEEHRET DS DTH%. in vivo TOEBMDOHE
LI a5 —rvr v ABBOZERIZOWTISREW,
BB R\ e g, S%5 5 EEBMROBENE
HERHRT B HIc D, HERMES N/C gz,
FLWBESEM Y R T 2 RHLTE 5 REEERET 5.

¥ e MIRRR B EE s DR RBS Lcb o Th B0
Chib b, 74P 5 GIAEEREE R R L, B
BOBMEEENI & R 2 WV -, ZOER
FERE, MBEERSXT LS T ) o F v Ok R RE
THLD LSRN ERRTEEDIT, BT
IO EBEWHECR> CTO AR TRBL TED
BRI,

Fig. 9. Detection of CEA spec1f1c§mRNA and its product.

The mRNA (a : arrows) and the product (b : arrows) were identified on the cryostat
sections obtained from the same sample. The sample was parotid gland cells at 3

weeks after primary culture.
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7o E, RGD(Arg-Gly-Asp) &5 b Y T+ F
BERRPNCRBZR TS a:fp eI A VT IV VHF TS5
R LEBM & OBIRMIEE S h T\ 522, RGD R#*
BEDONTIER & OBRAMBI s b ek F v
oW T b 2 OMIFEERE O K RS &AL BRc i E &
hTE®, Zoffifast<t ) vy 7 AhICEETSH Y
_RTF P ORBEFMEE I B =5 -y vy VABEBOM
BA% TN & L BNSHBOFREED 1 0TH D 5.

2. BRSO IBas—r Y=Yy s 2D
<

EEEREMRE, CoERROFTIH=S -7V
<PV vy REEEL TEBROBERELYRL, BE
L T Evwote X 5 BB b E H o RBE
THIL LTI, SEIOBSR CRIECR IS X IE ¥ ER
BREREEERLHIC A DR, ZOHhTh CEA BIEH
R &8 < FE U BRI ER A EH A D .

CEA L zoBIEFUR ZXFIL 5 2B ENILE L ER
BTRIERER TV, LELY=R2v T ry A
VIZRXBSTFRERAER X O CEA #ER cDNA %/
\~7e in situ hybridization D#EE 2 B4 E R Hifkic
RIE+ 2B 1% CEA TH B & & 288 R & hic(Fig
8,9). IEHMEWRIEMAM CEABEMREYEAL T3
EVIOIHRERIEEHE FTIREBICOWTBFP 75 7 2 v
FBVEERE SR TLWBDRITH Y, HbEFAED
< b CEA BIEHE #HE LB IR IE . THH
W& T H 5 IEFERAOKGHIEE LB s 2 & R
12 CEA % IERICEEA L T\ 2 08 Ml & MBap o £33
BRPREIL DL DRBEINECLETTHD LWV IHER
SEERER TV, KBick T CEA o FEH k45 1k
CBAMRL TV 5 &\ SR S KB o itk & 7ot
EhBEERER TV, IR o> otk e DB
REBEREFTH D,

—7, 3i4E CEA 2 1 Bl = 5 — & v o RGD 67 % 3255
THEZBMEOY T2=y FTHD ESRERNKBED
MRk R R R T S e, BIRER O BRI
BT a25—rveoEMoi\7 522 —-RNEOMIE
DOMfEEN T CEA BNEERRD bh, % OHMiasHiE,
DEUIZEEPREC B EIBI N2 - v
BRI R SRR D CEA EABRRIC O\ TOH
EIRZDOF T2=y PREFELRRL. WThitl T
b=y FHOREED &0 CEA &\ 5 BRAEE
HoOFE S RGD LBRAIIIE, ThiiEE, 7otk
BRI HILERERETET L THAY.

CEA DR EHBA~DEENER IOV TIITHTD
b, BEELE I CEA AROMBM 2 EE ¢ 5
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TEAX DL LAEEEEH/DLEARD SO TR
MEWOIREL H B, & BRI O WTEER X CEA
DDNAZR IV R7 =27 &Y+ I¥-MAGLIEESR
KEHE 1 AR ILBEREL X h 5 2 v CREFT
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