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In vitro culture of epithelial celis derived from human umbilical cord

Shigaku lkeda, Masayuki Mizoguchi, Yasushi Suga, and Hideoki Ogawa

Department of Dermatology, Juntendo University School of Medicine, Tokyo, Japan

The umbilical cord (UC) epithelium is composed of a single epithelial layer that is
thought to be derived from the amniotic epithelium. Occasionally, stratified regions and
zone of cornification on the surface were observable in UC epithelium. Our previous study
showed that the differentiation-specific markers such as keratin 1,710, lorierin, TGase
were posttive in UC epithelium. In order to analyze further its differentiation capacity, UC
epithelial cells were cultured in serum free-medium on insert filter substrates. Within 1
week UC epithelial cells formed multiayered structure more than five layers containing
keratohyalin like granules by the culture at high Ca* concentration (1.5mM) in 95% O
-5%CQO, at 37°C, but not formed by incubation in 95% air-5%CQO. at 37°C. Stratified
epithelial CK10 were positive in the suprabasal layers, and involucrin were also ovserved in
the upper part of cultured epithelium. These findings suggest that UC epithelial cells have
an ability of stratification and differentiation in vitro as well as in vivo, and that these

features may provide us with useful information about epidermal differentiation.
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Gene therapy of intractable skin diseases such as congenital skin disorders have been
desired. For this purpose, safer and more efficient gene delivery system should be
developed. On the safety issue of gene therapy, we developed new methods from two
different aspects. One was the development of a compltely synthetic vector and another
was the regulation of expression of a transgene.

To construct such a synthetic vector, we developed reconstituted fusion liposomes using
purified fuion proteins of HVJ (hemagglutinating virus of Japan; Sendai virus). Fusion
proteins F1 and HN of HVJ were extracted by mild lysis of the viral particles and purified
by ion-exchange column chromatography. Purified viral fusion proteins were inserted into
liposome membranes by detergent-solubilization and dialysis to construct the reconstituted
fusion particles. These particles retained fusion activity during more than 4 weeks,
DNA-loaded liposomes, which were prepared by vortexing-sonication, were fused with the
reconstituted fusion particles to deliver DNA to cells. Using the reconstituted vehicle,
fluorescent isothiocyanate (FITC)-labeled oligonucleotides were introduced into 100% of
the nuclei of target human amniotic FL cells. In addition, luciferase gene expression upon
transfection of human 293 cells with reconstituted fusion liposomes was almost the same as
with standard HVJ-liposomes. The LacZ gene expression in mouse skeletal muscle by
reconstituted liposomes was also the same as that by HVJ-liposomes. No cytotoxicity was
observed both in vitro and in vivo,

Then, to regulare tarnsgene expression, we investigated the usefulness of heat shock
protein (HSP) promoter. When luciferase gene expresion was driven by HSP promoter,
luciferase activity in transformants of mouse mammary carcinoma cell line, FM3A, was
markedly increased after heat shock (41-45°C), with maximum activation {about 400-fold)
at 3 h. In mammary tumors of FM3A in mice, luciferase expression was enhanced 19 and
14 fold at 12 and 24 hours after heat shock (45°C, 30min).

These methods will provide us with much safer gene therapy in various organs including

skin tissues.



HVJ

olubilisation by detergent
lon-exchange column \

AR
A RN

Lipids in detergent

Fusion proteins

Dialysis R
Plasmid DNA
Lipid mixture

FITC-ODN

Liposome with plasmid DNA
or FITC-ODN

Reconstituted fusion particle

Reconstituted fusion liposome with plasmid DNA or FITC-ODN

1 PPERAEE S < vy L DR,

— 29—



Luciferase ac tivity (RL1T)
. j— [ b
h > A = Ln
= S S S S
S S S S S
(=} = = = =
[} = = e =

K2 RAEEEERE ~ Y 7 VR HV I liposome 1 & 3 HEK293 #HIF T DL & 7 2 5 — ¥B{EFHE,

~igg- HSP-Luci
-~ CMV-Luci

0 3 6 12 24 48
Time after heat shock (hours)

3 BMEIcESsEwY AFMIAIRTO VY 7 = T - EREDEE,



5) HFEEEREA L B 72 COLTAl Bz FERBRNEORR

sSEFRE & B T B (RREHEHAKFREREFERE S —)

x LU & K

COLTAl 3HEMREMERZIKEEOFINEZFTH Y. RBRTOERNL7 L -4y
7 FERPT I/ BMERERIIL - UKEEEARET 3, BERTFOERLKRMTLIFHRELTIL.
=2 xvi vy, 2. S8CP#: (Single Strand Conformation Polymorphism). 7% & 53K
FMaFRE LTH T ons, LirLads, COLTAl OERAE I NSORETRIE T 512,
RICE B &5 BB TFRMHEM S SRWESREN L 745, OCOLTAl REHD 7 — F
RS Okb H 0, BETR IS8T v o h bl TBOERFHRKEL, ¥—7 1V A,
SSCP & S ICEHMOBRTWRICABL TEITLRGhER S, @3- FiREO GC 2.
PSP T 60% & iE < . ARSI 80RICEL T VWD, THid PCREBERO ALEELMIE, &
UHEBERERDR Y » 7HEEFERHILPT VN, &Ry -2 Yy FEJIEERT Y L
RBETAHLE, E—0FEL->TLESLDICHRHEREA TS S L0 - R0, SSCP & T RE
HICHOVWBTA Y b—T7ORBIC, FOBRAKHBHESZILZE V- HHESOEET 2, 25 L
FoRIEE A LR LRI AR AR A BB A VAT v 281 Y X F LOVEREB I - 1,
WIS AR 1 1SR, REKFEETIREEIE D F o 23 4 EROFENZVESNTED, &
DI7L—Ly7 FERAHEICEBOATICL > THTT 2 HE0MHIEALRS 7, RT-PCRA'EE
iZ& - THR L 72 COLTALl OBz THR %2, BR~7 ¢ —LREL THEEEER®R L.
HABRA AR I T LI -TRENY F—RNICETNEY 7 v LAKBELBAEALTEMRS
. UI Y ARIBEMETOABICL T 7 v -0y 7 P EROEEAHET 2, ZEHME L in
frame T uracil F TR N NITIRITT 545, BE#&EE 2 F 12 X 4 protein truncation #5848
ERL, EIREH L CET RS, ALK -TO9kb D COLTAI D7 L—46 27 FER
OFEMAEF L ARETHIET 5 C EFEEIC ., BE2oRFE LicT kT 200 L Bhbn s,

b1 i

79 23 FOEROWId TypeBIOBH o bo— 735 23 FOE  IBla s -4 v &
A%xff URAS EOEEOE L THARMICEASNAZ T IR I FHoRBESE, 75 v LK
Bt T OIS HIEOEEL T 24 MEEAIBROER URAS A TE LM ED
PARET A5, Wild Type BOMMED » F o -4 75 2 3 FAPER L 720 COLTAl BiE
THIRZH2kb F0FHRT 2L HI1C T >0 % RT-PCR #ETIER L. pCl-HA-URA3 @ HA
tag & URA3 Ol in frame T7 o —=v 7 L7z (K2), BE&EBIR PGK promoter D%
TCEBNTHERNICRIF SN S, RNA I KB#» S AGPC Tl L., SETRIG I
Gibco-BRL @ Superscript 112 TiT > 72 PCR 4 Takara Ex Taq o TiT » 2o QRIS o
F v &E-> Mutant Type IO v bo— L7532 I FOER . Bl v ro—L 735 7 3
FiZZ o—=» 7 07 COLTAI NI H 6 2 = — 7 LHIFRBER SR TUINT L. KI5 Lk
MICT AL ORME LTI L -5 L, HEMBS Y, QHEEHE A A B gap vector @



{REK ; MEH A A 2R & ¥ 2 o oic, £ COLTAL W iICxs L T gap vector % 7E% L 720
gap vector 3% COLTAL Wrh Oy OETH) 100bp 2% pCl-HA-URA3IC 7 u—= ¥ 7 L,
gap EN S & 3 ICHIFRBEFRRE L A -A L 72,

BERIO T E R B & UHEHh ; B3 YPHA99 2 H Vv, BROT i FiEe ) 5 v o0k -
THT » foo BEMIATE R GRS SC 2 V. BEOMC o v v /RIBES, MEOHEIZY 5
VOVRIBEHIAF W, WIEOHIED 2 ic, EIREHIC 7L —F 1 v 7% 30°C T 48 B5R o 1
BEBIN ST,

5 R

BB I UBEE T v P o— 1D SC-lev-ura 15 E TOWE AR 3 It~ et v o —
HAIENE b CHERES B8, Btk o v b o — Vi3RIl E B,

£ %

DNA ¥ =7 = v o v FEIRSEFEZEEHEL XS, e e by 2OLEHE LI
BAIELTVAR, KARLE L THEY ODMAETEZ D LA ARERIT AEREE H i Clats <,
B TEROMERSHITAEROMRBROERIEA TOEV, Genebank @7 — 4 < — 2 FIc &G
EN TS COLTAl OFEFIE, MEEIC L » THEERF IO S OBEVHEH SIS, §opri
me 7 557 4000 R LB OB HIEEIZ GC rich TH 0. cDNASES A0 idvr—2v v v v
FOBBTOFHEATRES ckE T2 0L Bbh, ABETOERELIC LR A252 T
WaEEZILNGE, SEOWRE., BEZFO7 L -4y 7 rERABBAAVWTRETE %
B3 6D THY, PCRUTH A2 0% sMENICEA L TEHARE s ¢, BN TRETO
FRAHETE DLV KNS 5, —HAEOBRES IR, 7/ - DNA TIIE < RNA %
AW3E0WIETHE, ¥/ LDNATT » A 32 BERAORINRIBETH 52, RNA %
FOWAESRREEBELTOIMB,» oREZEN L AEFSE L THEELZIEB SF,. b
RricERRE A AV AIESICKIEE S5, &5, 731/ BERERIEEMCRETERVT
Eb. b0 DOBEETH B, KEOXIBHBERHET, —IRRA7 ) —= v 7 E&iT0, Bk
PlafR N F o bicBHAARE L TV LW 00, IERNTREETH 2 E8bN 3,

Ei} 52
GIEAINE i1 Pa LA A AT e & | o 21 15 2 I AT (R = i 1115 ola e 2 LAY S U 3

& & 3wk

1) Hovanian A, Rochat A, Bodemer C, et al: Characterization of 18 new mutatuions in COL7AL in ressive
dystrophic epidermolysis bullosa provides evidence for distinct molecular mechanisms underlying
defective anchoring fibril formation. Am J Hum Genet 61: 593-610, 1997

2) Jarvikallo A, Pulkkinen L. Uitto J: Molecular basis of dystrophic epidermolysis bullosa: mutations in
the type VI collagene gene (COLTAL). Hum. Mutat. 10: 338-347, 1997

3) Shafman T, Levitz S, Nixon A, et al: Prevalance of genomic truncation mutation in ATM in woman

wilh a second breast cancer after radiation therapy for a contralateral tumor. Genes, Chromosomes &



Cancer 27: 124-129, 2000

4) Ishioka C, Suzuki T, Fitzgerald M, et al: Detlection of heterozygous truncating mutations in the BRCAL
and APC genes by using rapid screening assay in yeast. Proc Nat Acad Sci USA 94: 449-453, 1997

53 Tamai K, Murai T. Mayama M et al: Recurrent COL7Al Mutations in Japanese patients with
dvstrophic epidermolysis bullosa: positional effects of premature termination codon mutations on
clinical severity. J Invest Dermatology 1999, 112: 951-993

6) RIFRIAL BlLESE FEARTh, ADNIFEML . BB ROKGHREA TR 817 5 DNA BHro 3 & o — Wiy
LW DRI E F OV 2388~ | WA UL, D MEa B s e B B HE, SR
TAREEHE R, ppl9-21



COL7 A1l
$11000bp PCRfragment £351 00w

- -
-

- S

~% <

- ey Ll

o’ - '_p-' -

-,

-,

LY

Fi

PEI-EAURAB)E  URAS

LEU2 PGK term.

RO

|

...........................
..........................

FEEIRRA IR 2

mutation L mutation 7 ¢
3C-Levu-Una
JL -t
B degrowthd 5 BE& (dno growth

1 BN o ¢ v B OEEE
BERFCE 75 2 1 F pCI-HA(URAZ) IS, COLTAL E{z Wi B = B RER T HI# A8 2 THIA A,
URA3 & 4 v 39 & LTRIREH B, SN F o455 &, URAIORAHEINDE I LI K
D, Iy RN E TR TEAL S,
LEU2 ZkgATO 75 2 3 FOHERITHIV B,
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1

frogrent 1 fragment 3 fragment 5 fragment 7
229 2067 3403 5028 5869 7692 7672 9201

9288

1903 3612 4909 6435 6769 3034
~fp—- el B ey
fregment 2 fragment 4 fragment 6

R 2 COL7Al RT-PCR ¥ OERE

7 ﬁo. 1
No.3 .
- NoS

_-No4

3 FANEBEME o FoERBIC L AR OER



6) ¥+ VIHDIREERICBIIA2 2+ L{LORH

HMARHE  H @ R KHRFERZHREERD

3 %

FxRERT 5 F v OBRENHLHROBEICRIZTEELHET 50, 75 F VRO
EFNEMHITEI ARSI, 9. L by S5 F vy UBETICEBS-DMBITHEINLE
R (Argl26—Cys) % PCR I X DA L, heat shock promoter & ecdysone,/glucocorticoid
response element % & 2FE X7 ¥ —TH 5 pIND,/V5-His 7 § —itfA LI, TO~NT ¥ -
g pVgRXR % HaCaT 8IS b 5 >~ 27 = # ¥ 3 » L. ponasterone A 12 & 2 5EANINZ 714,
MV HiEEHOHARREAT & 2A, BERy 7 F v EARBE LTV MlAICEVWTr 5
F o OBERSHES N, SROTELLT, OERYy 77 v [HilaR sy v <7 BORE
BE| CEENBEERLLTVAAEFF L EEAL TV BTN €4 T Y HifFEAL
AR AR LR T oy FMECXDRERT L TETH Do

i L ®» Iz

i, 2L OERERBERICIBVWTY 3 F vEBETOERMEHESNATED, IS5 OHER
B[y K] SshT0E, COERY S F v OREICL D, EEFRNGHEENE
WENB\RBITHO>VT, BALBZINBUSHVEBENSECREh TV 2, Flad. £ERT7 57
YORBICL D, [HEESINET 200, ., HABSRES STHRET 00, H20104,
AHEEPERENE CEMNHE 00, HEKETIFMEEFRE{AHTHE, INoidr
SFVOREEFEERAZON T 2B SHFARETH S L & b, BEERRARAONBOBRT
HHEEEOHRRBICHEBEEHLLZ OO TH DL, JOEIMICHBAIBEASA 2 onicid, HEAKE
REBALLY 5 F VBETAERMIBCHRAS 20088 6MENEHETHA I, €I THL
BCoflat sy s F vBETOREILL » TRET 2EEZERERBOMIREFTVET LI LE
RABDTFETH B, COWFEIZINFE THANOED - 1247 5 F VIRORIERIA & L ORFR
DI E LA D,

MOoB &

(1) BR7S5F RRE vector OEH
EEREEAFATEY 7F Y UBETFRY a v & 7% v AREER & 0 AF L1, BHEE
HFEMERKEEORZRIEBOWTERICE M > T3 (Coul ombe PA et al. Cell, 66,
1301-1311,1991) »r 5 F » M EAD 12 FEHO T L F = v &2 v X5 4 VICEBIR (Arg-125—Cys)
5728, overlapping PCROFEEHRWT, ¥ 3 F v 4% 23—~ Fo2ERTINAERER%
A L1, bbb, pET 7 4 —hDsr 5F 2 14cDNAZF v T — b LT4EDT 54
v —%2FAVTPCR %710 4BOF347—D55754<2—1%2%HVT, 360bp @
PCR 7047 b8, 754 v—3,42HVTIkbOPCR 747 F2E L, ChbD?
D7 b AEFYTL— LT " ETI5Av— 1¢S5 —A2FHWTERTr S F



cDNA % % tz, PCR ®&#id 2ng ® cDNAZF v 7L — bV, 100pmol D754 = —%
ML, 1 U®D Taqg polymerase %/ L Ty 94°C 2 53 OB AT\ 94°C30 #2, 55°C45 £,
T2CLNDPCR AV H A7 MiT-t, IHLTHONLERY 5F v 14 EET % pIND,VE-
His~#7 s —ic#7ro—=v 7L (LEBIOa 257 % pIND MutK14-V5-His &
3 COIVYARMS T PRY =720 2870, PCREX» TANE T 2IALIAICE R
BAXRTOWRWT & 2R,

(2) EEHRADEGTFEBA

DJIM-1 fifa %4 Vv o 58 (KGM) TREEL, 60%2 v 7l v Mzl -~ oREZE L
Ty 0.7hug @ pIND, MutK14-V5-His & 0.75 g @ pVgRXR &£ 2 pg D F R - K/ — =
W=V bARSLAGOERIIDICRNT A I ELLOERFEAZE A~/ b7
YR7 2 va vid 6 ERIIT L 2.

(3) ERYTSFO—iBMHRIR

pVgRXR <7 #—icld, v F /4 FX Vv ey -,y 54 vy L7 5 —-%a-FF5H2
BEOBETHHAATFNTVE, LF/AFX LTy 222514707y —L DR
ha~Fa8Av—lcR®FR5Fo A (2774 AEE BEESL. pIND,/VE-His <7 ¥ —
CHEAETRALIFA VY YRAEYRILA Y MCERTAIEICED, 2O TFHREBICHAAT N
TWw5 MutKl4 OEEMNBEE NS, 22T, b3 r27 7 v s yHBKR2EE®%RICS ¢ M
O+ 2 F oy AEZEMCEINL, MutKl4 OFRRFEEET- /0, pIND/VS-His N7 -5
RBMENLEAEICIEY 7 His tag 8 LU VH tag) HHAET 20T, SEIEH Vo biidzH
WT SRR LR AT 1o DIM-1HIRZIZ—20C A &/ —VITEDREIEL o 1 RbUE &
LT 241 V5 Ik (nvitrogen #5) 2 &b, 2K FITC R Y Fii<= v 2 [gG
(Cappel 8 2EH L. BET 0 KIS SHE 1,

] R

TR F yBEETFEEALT HaCaT fIREEMNIC, I VHfKic THRE & 1 5 BB HEE
3 (AN

£ =

ERARERTHE O 3T VRIRT B L{THEERANI KBNS B 20h 7 £ LT, Ih%
ofeic LCBIEd 207 SN ok s 5 F v ORE LREEREZ UM s EEUHRETH 5 L &
biT, BERMEOREBOEN TS 2EHEEORRBICEERMD2LDTH L, TN TR, DR
BRI RS A S A B0 RBINE R 2 HiEERPE S, THIRERRERAFALLYy > F V4
ETARERRCRE IS 00RO BENRAETHE L, L LEKL, EEORKE~7 ¥ -
EHOWIERSYF Y MBEFAMNSI YR 72 v a v LEEES, ANy 557 - BHER
FEmsibRT 2 &, T oMidmiao@EfSsEHE s Lo, MRIEESTEL(N L, 20K
. BERERY I FVERBRE T, SERHTUBVTOARENKERYY 9 F v 2RHT 5
R AERT 20 H B, TDH, I OARPI T Ecdysone Inducible Mammlian
Expression Y 2 F &5HWE I EE L, d6bbE, HEMLMRICSERERASE>Fy 5 F
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