7 v MERIHBRTEREEATRICE T S ZME 1 A
v ZAEA A DREIZEE T S5

&8 jpn

HhRE

~FHH: 2017-10-04
*F—7—NK (Ja):
*—7— K (En):
YRR

X—IJL7 FL R:
FiT/:

http://hdl.handle.net/2297/9233




580

SRASTLESLME $106% H55 580-586 (1996)

Z v NMERDBRL FEEEAECBT 5 M1 4 v,
ZAfila A 4 v OB 5 oL

SRAPEFHELHGRABLRE (EF  BFEHRED)
+ #F B2 ¥

BEFEEEACRE T, Wk sBFTHEBTOHMIES DNA HF2R ALY H5 HIWT, 752 3 F DNA
BRCEMERA 4+ v, B4 Y OEXHES TR LOERGMREERESEL BN T BEADMERYINL T » + BRE
WZEHEEAL, TOBETEAGDRELE Lz, VR4 -BEFELCRBE A I F 7 ' v —¥RETF, 725472
SI=NTEFANLEFT VAT =27 —~EEETF, DAV AREIAMNY T 2 F-KERETEER L. FRERCEVT, BREG
T, BVR-2—BETOREIBDOON, BEOHBELALTT7AI FBIVEGCTFEARMIBELTCW2Z vl
fo. 75 A3 F DNA REMLABAOHEDS S, 7Y av i) 7Y » vBRESWT, BEED~Y VICHER CAT IE
HOWAERDI. ~3) vETSZ 3 F DNA R ELREMEA v OERDFTHY, SBEEDO~2Y v DNA OMlla
AR D RABIEBNTREL T A AREERE L Dz, ¥BEASMEERO Y 7> v DNA SBEBEZEORADK LI 1T
+—+K, DNA S FEHBEEHCHEGTALEZLN DAV LV OVIZE W BEFEARIEEI .

Key words direct gene transfer, naked DNA, heparin, glycosaminoglycan

19904F, Wolff 51375 2 2 ¥ DNA ®# BT~ v A BEG
WHEATSEE, 207523 F DNA LOBREFHRTOFERE
THRETHILERELL". Z0BREI, BETEHEEAE
ERMfTBR, FELTY 25 v E LCOFIBAYERNETAH
RHAED ORI, Fi, ZORWEIEHE LT, BEETESR
DEEFHREOWEN/ABER IR TEL", Fofd, Bl
Thiz DNA 200, FD L5 Ak BRI D
REh, FOLPIEETERINZ DN, W5 BFRED
BANETORTHE, BERALERLERTBHOEETTH
B0 HRETFESEAETHED DNA ARHDATRBZET
EHIRAN, RYIcEOEE DNA RIOAThIOn, &
BB &% DNA SR 035 LBZFEALY
REELHBHTLBDOTHA 5h, Fic, BHEHO DNA b
RABHL DNA 572 B0 AL DI BRI AR - T
WEHEDTHA I, L EDFEMMBBHD. ZhbenL, APE
Tk, BHEEh/c DNA REBEBRHEX L 2EAD FTHAHAK
EHLT, MRCEERNEDEXRSFTHD IV ay i/ 7Y
HVBRBETFEEEACRBVTEETFEAYRCEEY 525
DNEPEHOIZ, DNA ERICERHMEERSEL B
TAHAERO DAY BEEINL, TOBEBCOWTHRE L.

MRS LV H®
1. 759X FEBERSLUT A k DNA OXBHRE
pRc/RSV 7% & § F (Invitrogen, San Diego, USA) ® 5
AAEY 14 L AREKRMKIEBF (Rous sarcoma virus long

R84 T HI6HZ AT, PRl 84 9 A26H 38

terminal repeat, RSV-LTR) (D7 rE— 2 —THICKBE
B-7"5 7 b v X — & (B-galactosidase, B-gal) BIEF, 7 =54
Tx=a—=NTEFI)NFFVARAT 25—+ (chloramphenicol
acetyltransferase, CAT) #ET, BAHWIIKRZ ALY T 25—
+ (luciferase, luc) BEFEBEAL, VE—-&% —#EF&ELTHE
AL (®1). pRSV-B-gal X pSV-B-gal (Promega, Madison,
USA) © p-gal &{E T % & Ts Hindll-BamHI #7 ;% pRe/
RSV @ HindI-Not! #igf A LER L7-. pRSV-CAT &
pRe/RSV @ Hindll-Notl {1 pSVO-CAT (5k41L05 ek
Foo = —BHEBEWRRAN, BREAELL 0ty k0
RSALA7 z22a—=ATHFLESVAT =T —EEETFEED
Hindll-Hpal WA 2 H A LIER L7z, F 72, pRSV-uc ik
PGV-B (P v, BH) @ Bgll -Hindll %1  pRe/
RSV @ RSV 7'm £ - % —-%&1r Bgll-Hindll Wi &AL
FERC L7,

BERG~NOEETEAHATS DNA (X, Sambrook O
FEEZRENT A A V) -SDS e T, B =51 v
= — L (polyethyleneglycol, Sigma, St. Louis, USA) iz CHEBL L
Tob O L™,

I. 75X 3K DNA OBEHRIA

SR 2BMOVA RFE~RTF » + (FiGHhE 23g) DK
KA N, KEBFHEH B L. DNA BB OEAIL,
ROERTEE (R 2) CEE L28y — SHEghgt (347, "R
EHGT, BHIACKBENEGYEESH LTk, &
ARENI0MAE L, A, KEL@EE L. HEASHE,

Abbreviations : B-gal, S-galactosidase; CAT, chloramphenicol acetyltransferase; luc, luciferase; PBS,
phosphate-buffered saline; RLU, relative light unit; RSV-LTR, Rous sarcoma virus long terminal repeat;

X-gal, 4-chloro-5-bromo-3-indolyl-8-D-galactopyranoside




7 v VERBEETESEEAL L SMEA + v

7y FREEERL, KABEEHEIRL, ZhxvHE-%—
BEFORBEOWEHERN Lz, EARE, BxOBRECH
gL 7z~-%) v (heparin, Sigma), ~/%3 v Bi# (heparan
sulfate, Sigma), A 5 % v (suramin sodium, 7+ 3 v, K
%), 7 < & ik (dermatan sulfate, Sigma), & 7/ v VEE
(hyaluronate, Sigma), & V-L-V ¢+ (poly-L-lysine, Sigma), &
# } v (histone, Sigma), VH7 = 7 F v &I (GIBCO BRL,
Gaithersburg, USA), F ¥ 7° v (trypsin, Sigma), 7'r 73—
¥ K (proteinaseK, FYEHIZE, KER), = 5% 5 — 4 (collagen-
ase, Sigma), ~-%V F —+& (heparinase, Sigma) DFERIC,
75 A 3 F DNA 20ug & 0%, 100u OF#EHE (NaCl 0.9%) &
L.

0. B-gal #ER{LELE

DNA (pRSV-B-gal) BIRIEA 3 B, ZTOXBEEH IR
L, FSA4 714 ARTHHBRE LT + b VIR CRHERRE S
fFieote. TOFEEHPS, 754 FAZ y MT 20pm DHE
SR EIER L, B-gal R{LFRBERTIn o7z, 0.25% 7 &
ATAFe P24 100mM YV vEBFEE ¥ (phosphate-buffer-
ed saline, PBS) (pH7.4) T 4 C104-MEES, X ETI0HAET
- PBS TI3EMK, BRI THAREHR L.
LR D HFEZH T w7z, &%, 0.5mg/mld4-7 m r-5-7
B8 %£-3-4 V FYA-BD-FF 27 bF /¥ F (4-chloro-5-bromo-
3-indolyl-8-D-galactopyranoside, X-gal, Sigma), 2mM MgCl,,
0.02% Nonidet P40 (Sigma), 5mM 7 = V7 v{kA VYV ¥ &
[potassium ferricyanide, KsFe (CN)e], 5bmM 7 = m > 7 v{kH V
¥ & [potassium ferrocyanide, K,Fe (CN)] % PBS I L7
BIS# T, STCITR MBS, WERE R TH V=4 v v Tx
e LR L.

V. CAT FHRIE

KEBPUBARA O Y R i [25mM Tris-HCI (pH 7.6), 2mM
MgCl,] 200! % h0 % BEEF W A E 07 1 ¥ — CHIlRZ HE, Hiw
TEEBRBLIOITCHEEMC X 2REMBL 3EKEL,
15860g, 30O LCH EEX T BE L. CAT FHf
Rosenthal® O HE# UCTHIE Lic. B5hci bR 20u 1
80ul DFBEW, 05uCi/ml "C-7 v 5 47 = = 2 — /L (D-threo-
[dichloroacetyl 1-“C] chloramphenicol, 7% 4 & ¥ 4 22V,
BR), 250mM Tris-HCl (pH7.6) 3 X ImM 7+ F v CoA

RSV -LTR

pRSV-B-gal

SVpA

M13 origin

(A)

Fig.1. Schematic presentation of the reporter plasmids.

Yufh |t Sanes

PRSV-CAT

5.96 Kb

SV early p

RSV -LTR
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(acethyl-coenzyme A, Sigma) ¥ N2 37C60fiE L7, T
Fefp = v (BHF, FE) 5000 MAREEE LI 2.
15,860g, 5 &0 LEEE =5 VB (LB) EIRL, &L =N
RLA 2 —VCI8 (KB, ) CHRREEE LK. 20u OE& =
FAEML, YV A X LER T LV~ (MERCK, Art. 5735,
Darmstadt, Germany) iIZ ARy 95 5 tkD 7 raFiL A -
AR —-NBEAWERBREELTIa b F o vA—-HNTREL
Tz, U= b ERHLBKL, 1 4 —27 v — FBAS (B4
THE7 4 0h, BRI CCUFBEX LK, So41 2 -
CT7FSAV-BAIO (ELEEZ7 s L2 LD 7T A
T e=n—LOT FMEELRIELL.

V. 7z 5—EERRE

R H 2K TR Imm BECHT L, 404 ©o b o—
VIREH (REA v ¥), 10ug/ml = 1 _ 7 F v (leupeptin,
Sigma) L ImM 7 2=V AFNANT =T AF T4
} (phenylmethylsulfonyl fluoride, PMSF, Sigma) 2004 % %%
WELT, XETIOOMBEL:. B<HEEA L,
15,860g, 20O L CHLEER S HELIc. v 7 = 5 —EHENR
i) A—a— (L—=y b LBISOL, <L F =)L Fp R
v, HR)RAGCTRE LR, ¥y h P — v RLRER G
V) 100pl W 20ul OB EEXERL, HANEXE (relative
light unit, RLU) % 308fEHIE L.

VI. #EatEEnyst

ARIRT CATEMB IO Y7 = 5 —EESER, VT
NLRLBHAI 4TS5 A 3 ¥ DNA #EFEA LCEBET
BB, A=y FDTIAI FeEAK, CAT FHEL L X
N7 =T —CEUENEL, BRiDEET CORAEYL K
L.

BoREER, —TRESBSTELHAY, 2vie—n
BEEBIVCEEMOBE ARSI OWT, Dunnet B L O
Tukey FETHNT L7c. fEfR 5% LUIFE2EEEHE L.

B

. B-gal ALZERERZ (K 3)

EEOEB LIS v P AR DOEETEEEAREREL
TWABHHBENT, 7723 FEASHROFRGO Xgal
RAEOKERER 3R L. Bbs i B-gal Bz

#

RSV-LTR

1 ori

PRSV-luc

BGH polyA 6.20 Kb

M13 origin

Neomycin

(B)

(A) pRSV-B-gal, (B) pRSV-CAT, (C) pRSV-luc.

(C)

ori, origin of

replication ; Amp’, B-lactamase gene; LacZ, Escherichia coli B-galactosidase gene; BGA polyA, bovine growth hormone poly
ad@ltlonal signal; M13 origin, M13 bacteriophage origin; SV early p, simian virus 40 early promoter; neomycin, neomycin
resistance gene ; SVpA, simian virus 40 poly additional signal; fl ori, {1 bacteriophage origin.
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bR ok, 7R3 FrEALRERG TCIIEQRA
Ehic B-gal BB ERFEY B TR BEKERAD S
hiz.

I. B2DSILOY I /5N OBEFREENORE

1. ~2) vORREER (K4)

DNA LABRCERSFTHIBUHMELZRD D7) =24
IV VIZEBL, ~U v B LURORE & LTS
BOZLwe7e vEEERIRL, FORESHREOBE KT
A L. &% 10pg »»5 100pg FTD 6 2DOBERIC S
i, DNA BB inz CHiELL. eT7e vBIILEGTE
AR EDRIIAD Bhich o e, 10pug D~ v

Fig.2. The injection technique. The right quadriceps
muscle was exposed and injected within 30 sec with 20 ug
of plasmid DNA in the presence of various materials in a
buffer using a 28-gauge needle fixed to a stereotaxic
apparatus. The same amount of plasmid DNA in the
buffer was injected into the contralateral uninjured
quadriceps muscle.

B

Fig.3. Cytochemical staining of muscle fibers expressing
the Escherichia coli B-galactosidase. Cross sections of
muscle injected with pRSV-8-gal at X10 (A) and %50 (B)
optical magnification, respectively. Triple arrowhead, site
of injection; double arrowhead, B-galactosidase-positive
muscle fibers distant from injection site; filled arrow,
B-galactosidase-positive muscle fiber. X-gal stain.

Hyarulonate
N=8

Heparin
N=12

T
0 10

T T

20 30 40

CAT activity (% conversion)
Fig. 4. Effects of heparin and hyarulonate concentration coinjected with RSV-CAT plasmid DNA on the efficiency of
transfection of the DNA. “N” indicates the number of muscle specimens analyzed. T bars represent their SEM. * and **
denote values significantly different from the control at p<0.05 and p<0.01, respectively.
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Heparin (1001g)
Suramin sodium (1011g) N=6

Heparan sulfate (10118) *

Dermatan sulfate B (10 Lg)
Hyarulonate (10Lg) ~{ —
DNA only
T T T T T T T T
0 100 200 300 400 500 600 700

Luciferase activity (RLUX103)

Fig.5. Effects of glycosaminoglycans coinjected with RSV-luc plasmid DNA on the efficiency of transfection of the DNA.
“N"indicates the number of muscle specimens analyzed. T bars represent their SEM. * denotes values significantly different
from the hyarulonate at p<C0.05.

Negative control
DNA only
Poly-L-lysine 20 g
Poly-L-lysine 200 lLg
Histone 4 [1g

Histone 40 pLg
Heparin 60 |Lg
Heparin 600 pLg
Heparinase 0.25U
Heparinase 2.5U

Heparinase 25U

Trypsin 0.05%
Trypsin 0.1%
Lipofectin

CAT standard 1.0U

t T T T T T T T T T
[ 20 40 60 80 100

CAT activity (% conversion)

Fig.6. Effects of various substances coinjected with RSV-CAT plasmid DNA on the efficiency of transfection of the DNA.
Co-injection of polycations such as poly-L-lysine and histone with the DNA inhibited the direct gene transfer. Cationic liposome
such as lipofectin also moderately inhibited the direct gene transfer.

N=6
Poly-L-lysine 20 g *k

DNA only

T T T T
0 100 260 300 400 5([)0 600 700
Luciferase activity (RLUX103)
Fig.7. Effects of poly-L-lysine coinjected with RSV-luc: plasmid DNA on the efficiency of transfection of the DNA. “N”
indicates the number of muscle specimens analyzed. T bars represent their SEM. ** denotes values significantly different from
the DNA only at p<0.01.
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Collagenase (10{1g) N=6
ProteinaseK (20118) * ok
Trypsin (0.1%) * %
DNA enly
T T T T T T T T T
0 100 200 400 500 600 700

Luciferase activity (RLU X 103)

Fig.8. Effects of proteases coinjected with RSV-luc plasmid DNA on the efficiency of transfection of the DNA. “N” indicates
the number of muscle specimens analyzed. T bars represent their SEM. ** denotes values significantly different from the

DNA only at p<0.01.

Table 1. Factors inhibiting the direct gene transfer

Isotonic glycerol”
I-Iydroxychloroquineh
Heparin®
Poly-L-lysine®
Trypsin®
Proteinase K°
Cationic lipids®

)

a) Wolffetal."”
b) Manthorpe et al
¢) The present study.

1 21)

KEWT, 2y be— AL B L CEETEADRICHT S
EREOMEIED Hhi.

2. ~XYVHAD I AT ) XY H v OME (F5)

EHEASRYVHUND T ) a3 7 ) AV THBE~AT Y
B, S~ 2 UFiEE, T r vBRESTFO~) VL
{LEHTHAHAS $ V22T pRSV-lue 2FIH L CH#E T
REOHE AR, PSIIGRETFEARKROIE LIRS
bLhieh o7z,

I. 2514028 (X6)

DNA LHBLMCHAET L Z EXATHRIND L1 +
DARY-L-Y v DNA BHICMZ THE LB E VT,
BETEARENRD LA (K7). BB HE - lEF
HARECHD Y K7 = 79 VRIS HEE OFLHE 25
Bdhhic.

V. BEESREFRORE (X 38)

BHSMBEROL ) 7> v B LU DNA S EEORAD
W R T F - KB T b EHET-E AR5 B 7k
ERBDLN., THAERL, 25 ¥ F - CRB LM EET
BAROHEFERZBD LRI -T2,

% %® .

&2, BEGORGTEEEACK T, BRED~T
VUBLORY L) OV, BESHEERL 77 A ¥ DNA L
LAy ARRICEAT S L, HRCRETEARROME

TRRDENBZ EX B LA, EBED~2Y v ITHO
FV 33770 TIEH S TR EFEARDOE TR
Bbhiehot. R1DBETEHEEAKC L 58EFEAY
BT, BEFEAMEFAIRESh TV ARER LV
MEOD—EELETHD. 2O b FrFrrooFx i,
DNA RA#| (intercalating drug) & L€ DNA t#& L,
DNA AR EET A LA MBN TV A%, EEDHM L
RY-L-Y O v OREOMHEERIR OB R L DNA &
WATHZLTETRLEH 2z BRI, —F, ~) V2 IER
TLIeB DI, ~) vOFTHEUEMES DNA OfkFE

H-AAZR LD ETHRIZETEBEEARE T, DNA AT
HHREEEERLCVS.

BRI L B 7 DNA OB 0 AL FEEHIRETHS
2, 2RV OARENMER I T L, B—mE R L
AR, AT & TR A B X h DNA O AR
HERDENSTCHBY, FCTE, B, KW, I, M
EOMMMTIL U, B TN/ DNA OHUAZE L U£D
FRENER TV 2012, BRIGOMSMESSIChR TS T8
HTHD. Tiebb, LEMR, Ik L oMlstez s
SRR RA L TV 2B ROAETES, DNA DI DA
HBEEEHZ T EHELLRTV A, EEA Xogal B
BT, TOBMMRO S ML L LRy b, EEgdc
£ BB BB TSR L E X b h.

HRIICEHEA MR RCE D LT, WETHEEALOR
RETH D Wolf P RBA 4 v-&8atk, Ky-L-yoy
FERYA-Vy FEAE, VE7 =29 -DNA EAHA, <7
AERGONMELBRTE eI ERRL, BSATEIEESEA
R L BEFETD S S 2 1 F DNA OEEFEESAIRITE
LBELTVD. FBEMMEL AT AN DNA 124HEY
B TMNECHMERCBATIRTHH Z LR LTS, L
LA L EEMBELETARY -2 2 210 b-GHAKD
B LEULIHEYBL A2 ENTERVWIELRERTE
h, ThE ¥ DNA D Sl #+ vicidisWEHED
HEEHTHLEZLR TS, WHIZH A b —vALF
tEh % 1000~2000Da LLF 0437 DR D AL 2 2L T,
TSRV DNA OB ODABZEHBELL S ERATNE. 77
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# 3 F DNA 2ERikEEES L0, &/EET 2nmXdnm &7t
p, RrHA b= 2AOEREZHE->T DNA BXRATSHZ &I
FoTREE S By, Riz LT DNA BRI 0 A kg
BEETAPIMEARATHDOE ETHS.

—F, BEEOERTHEERENED bRic~) YIZDWT
i3, Ryser B 2EEMERCE T, BRHRLH LR
ZRERN LIV FH94L P =V A TR AEh S Z
ERRLTWA. ~o%) VOEKTORYARIITEH I T
frnds, RICZ DR D ASBENETRCHET S L THIE,
~Y) vk F S A F DNA IZE QLB 4+ v DERST
THH, BBRED~,) v DNA OMBEPNER DA I T
EALTWAIRENNE 2 bhb. Z0B4, HERER IV
KOMDAEHEREZ DI DN, F—WHE VAL TOHES,
#I DNA ERITL~Y v FHAHER BB TEHDTH
hE, MEVSAPTOREOERCLEFRADEL EbR
%. & 512 Busch 5™ Hela #ifg-o i Hfilic 3T, M
Jast D~ ) vt ) VESEE YA L THRACE DA F
h, B~NEIENC Fos-Jun B EHE L—HOBEFROFR
BEEHT5 L RE LTS, ZORERNERTHCLE
T 5 ETHE, DNA &~ VORI LS, &
AL > TRENLVNLETRSTTEEL DD, ~Y v
DNA ORI BR5N 5B EERI/ LD BMES v D~ 5 v
e, FA~x VB, eTAn VR AT I VICLELETS
WL REEINE 2, EEDORRTAEENA bRt o7
&k, {RIZ DNA &~ vOBESBMERS 2 L ThW, £
DHEERDPIBEOFERNZHEFLCVDZLERLTVWS L
BEbhb. ZHIZOWTIE, Moczar H®H 5 o b OB AE
HIBRIC A~ ) v NREATAMELD D 2 Eh b, FREUHRIEM
RalEd %) v, ~o%5 ViR, T 2 VERBBCRET S
19KDa #¥th&4+HrEAVME LTS, FHENRE Lok
BD3H, MY FYrvBLOT T - KBENOEE T
AMEEH2HSO L, BRHMRICE VT RED~ Y v~
TeEDSMEA A+ v ARG T HEA LS, BB
L, DNA DOffifale 0 AR B EEL R L Cw5b 2 &
ERELTHWDHDOME Lo,

= b

1. BETEEEAKC LY, BHEHO DNA U0 A SRBEHE
W BIRENFOP Tt - 7o, SAkEA 4 v, LA 1
AV RE AR T EAMLE R 2B, ~) v TS
A3 F DNA L& LA A v DEKS FThY, EilE
D~y v DNA OFIFINEL D A ZRRHZERIC B\ TS
LTWBATHENESE 2 Hhie.

2. RYV-LYVOvBIUVERE 2 P vERIIUHBYME
ZHETHRECKCCLEANEEIhAZ L L, DNA ©
ARG ~DOBAIL, FORUMENEELEL bRk,

3. BHOMBEED ) v v LU DNA HBEEORA
DiEWFrFF—LKIHOCEARERRD A E LD,
BEFEAOHEIELSMHRICEATS DNA HHBEE#C
&% DNA 04 @ FDOEREEE 2 HRT, D DNA B
MBI, F M OBABENEELBE R R LT
DT ERTEEIhK. .

4. LIEERBAEA~D DNA RO AZ DB 52 &
TeoTunisndb Do, BREGMEOERE b ERTSMES +

YOS TEREE S IEBNEAT HHHRL IR L.

# 3

P2 2R, SEE, ARNY Wb - BESRAE AR
BFERSRCREOBRBELERLET. $8ERHNE, 2K01%
NEFOTGRAECERRI NSRRI BB R LET. s, &
Proco—fi, BAEY H - MEREBRRETSR BoRA v evy -
B L OERIE B O E R BT 0% (BAM) VR 6 F£EHS
A (1994, WH) B L OHE36MHE H AR EEKES (1995, BHE) THRHE
L.
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Abstract

To explore how naked DNA is taken up and expressed by muscle cells in vivo, the reporter genes driven by the RSV-
LTR promoter were co-injected with various kinds of polyanions, polycations, or proteases. Heparin, poly-L-lysine and
proteases significantly decreased the reporter gene expression. However, other glycosaminoglycans or collagenase had no
significant influence on the expression. These results suggested that direct gene transfer was inhibited by heparin and poly-
L-lysine in some steps because of their polyanionic or polycationic characters. It was also suggested that trypsin, or DNase-
free proteinaseK had a role in interfering with the uptake system of DNA.




