
Vol. 186, No. 1, 1992 

July 15, 1992 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Pages 129-134 

DIRECT IN VIVO GENE INTRODUCTION INTO RAT KIDNEY 

Naruya Tomita I , Jitsuo Higaki I , Ryuichi Morishita I, Keiko Kato 2, 

Hiroshi Mikami I , Yasufumi Kaneda 2, and Toshio Ogihara I 

Department  of  G e r i a t r i c  Medic ine ,  Osaka U n i v e r s i t y  Medica l  School ,  

Osaka 553, Japan 

2 I n s t i t u t e  f o r  Molecu la r  and C e l l u l a r  B i o l o g y ,  Osaka U n i v e r s i t y ,  

Osaka 565, Japan 

Received April 3, 1992 

We e s t a b l i s h e d  a s imple  and h i g h l y  e f f i c i e n t  method f o r  in  v i v o  gene 
t r a n s f e r  u s i n g  HVJ (Sendal  v i r u s )  and l i posomes .  P lasmid DNA and h igh  m o b i l i t y  
group 1 (tiMG1) p r o t e i n  were c o - e n c a p s u l a t e d  in  l iposomes  by a g i t a t i o n  and 
s o n i c a t i o n  and were c o - i n t r o d u c e d  i n t o  c e l l s  by HVJ-mediated membrane f u s i o n .  
pACT SVT DNA, as a r e p o r t e r  gene,  was i n t r o d u c e d  i n t o  the  k idney  of  i n t a c t  r a t s  
th rough  a cannu la  in  the  r e n a l  a r t e r y ,  and SV40 l a r g e  T a n t i g e n  was d e t e c t e d  by 
enzyme immunohi s tochemis t ry  in  g l o m e r u l a r  c e l l s  4 days a f t e r  i t s  i n t r o d u c t i o n .  
This  newly deve loped  k i d n e y - d i r e c t e d  gene t r a n s f e r  method should  be u s e f u l  not  
on ly  in  b a s i c  r e s e a r c h  but  a l s o  in p o t e n t i a l  gene t h e r a p e u t i c s  of  r e n a l  
diseases. © 1992 Academic Press, Inc. 

Gene t h e r a p y  now, seems a p romis ing  s t r a t e g y  f o r  t h e r a p y  of  v a r i o u s  

d i s e a s e s  i n c l u d i n g  r e n a l  d i s e a s e  (1) .  The a p p l i c a b i l i t y  of  t h i s  s t r a t e g y  to  the  

c a r d i o v a s c u l a r  system has been demons t ra t ed  by Nabel e t  a l .  (2) ,  who showed 

e x p r e s s i o n  of  a t r a n s f e c t e d  l a c - Z  gene ( ~ - g a l a c t o s i d a s e )  in  imp lan t ed  

e n d o t h e l i a l  c e l l s ,  and by Lim e t  a l .  (3) ,  who r e p o r t e d  d i r e c t  in  v i v o  t r a n s f e r  

of  the  l u c i f e r a s e  gene i n t o  the  v a s c u ] a t u r e  of  i n t a c t  dogs.  However, f o r  succes s  

in  in  v i v o  gene i n t r o d u c t i o n ,  a h i g h l y  e f f i c i e n t  gene t r a n s f e r  method i s  

r e q u i r e d  to  make p lasmid  DNA pass th rough  the  c e l l  membrane and to  c a r r y  i t  i n t o  

the  n u c l e i  of  the  t a r g e t  c e l l s .  R e c e n t l y ,  we e s t a b l i s h e d  a s imp le ,  h i g h l y  

e f f i c i e n t  method f o r  in  v i v o  gene i n t r o d u c t i o n  which i n v o l v e d  the  en t rapment  of  

DNA and n o n h i s t o n e  chromosomal p r o t e i n  w i t h i n  l iposomes  and the  use of  Sendai  

v i r u s  to  enhance f u s i o n  of  l iposomes  to  c e l l  membranes. This  d e l i v e r y  system 
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r e s u l t s  i n  t r a n s i e n t  gene e x p r e s s i o n  in  l i v e r  c e l l s  of  a d u l t  r a t s  ( 4 , 5 ) .  Using 
\ 

t h i s  t e c h n i q u e ,  i n  t h i s  s tudy  we f i r s t  succeeded in  i n t r o d u c i n g  a r e p o r t e r  gene 

i n t o  the  k idneys  of i n t a c t  a d u l t  r a t s .  

M a t e r i a l s  and Methods 

C o n s t r u c t i o n  of P lasmid .  phct -c-myb (a g i f t  from Dr, I s h i i ,  The I n s t i t u t e  of 
P h y s i c a l  and Chemical Research) ,  c o n t a i n s  the 5 ' - p r o m o t e r  r e g i o n  (370 base  
p a i r s )  and the f i r s t  i n t r o n  (900 base p a i r s )  of the  ch icken  f l - a c t i n  gene (6) .  
The gpn I/Bam HI f ragment  of the  SV40 genome, c o n t a i n i n g  the  SV40 l a r g e  T 
a n t i g e n  gene,  was c loned  i n t o  pUC 18. The Stu I s i t e  of the f ragment  was changed 
to the  Nco I s i t e  by l i n k e r  l i g a t i o n .  The Nco I/Bam HI f ragment  encod ing  the  
SV40 l a r g e  T a n t i g e n  was i s o l a t e d  and c loned  i n t o  the Nco I/Bam HI s i t e  of p a c t -  
c-myb to  g e n e r a t e  pAct-SYT. 
P r e p a r a t i o n  of HYJ-liposomes.  Liposomes c o n t a i n i n g  p lasmid  DNA and H~G1 (high 
m o b i l i t y  group 1) were c o n s t i t u t e d  as we d e s c r i b e d  p r e v i o u s l y  ( 4 , 5 ) .  B r i e f l y ,  
d r i e d  l i p i d  ( p h o s p h a t i d y ] s e r i n e ,  p h o s p h a t i d y l c h o l i n e  and c h o l e s t e r o l ) ,  and 
p lasmid  DNA, p r e v i o u s l y  i n c u b a t e d  wi th  HM61, were shaken v i g o r o u s l y  and 
s o n i c a t e d  to  form l iposomes .  Then the  l iposomes and HVJ ,  i n a c t i v a t e d  by 
u l t r a v i o l e t  i r r a d i a t i o n  (11J-m-2.s  -1) fo r  3 minutes  j u s t  be fo re  use ,  were mixed 
to form HVJ-liposomes by f u s i o n .  About 200 ~ g of p lasmid  DNA was en t r apped  in  
4ml of l iposome s u s p e n s i o n  (lOmg of l i p i d s ) .  
I n t r o d u c t i o n  of DNA-HMG1 complex i n t o  a d u l t  r a t  k idney .  S ix -week-o ld  male 
Wis ta r  r a t s  were a n e s t h e t i z e d  by i n t r a p e r i t o n e a l  i n j e c t i o n  of p e n t o b a r b i t a l  
(50mg/kg), and both  k idneys  and the  abdominal  a o r t a  near  the  r e n a l  a r t e r i e s  were 
exposed,  h c a t h e t e r  was i n s e r t e d  v i a  the  l e f t  common c a r o t i d  a r t e r y  and the  
t h o r a c i c  a o r t a ,  p l a c i n g  i t s  t i p  p r o x i m a l l y  to the  r i g h t  r e n a l  a r t e r y .  The 
abdominal  a o r t a  was c l i p p e d  d i s t a l l y  benea th  the l e f t  r e n a l  a r t e r y .  The v a s c u l a r  
lumen and k idneys  were f l u s h e d  with 1 ml of 0.9~ s a l i n e ,  and then  2ml of HVJ- 
l iposomes  s u s p e n s i o n  was i n j e c t e d .  The c a t h e t e r  and c l i p  were then  removed. Two, 
four  or seven days a f t e r  t h i s  p rocedure ,  the  r a t s  were d e c a p i t a t e d ,  and t h e i r  
k idneys  were f i x e d  by p e r f u s i n g  a 4~ paraformaldehyde s o l u t i o n  and then  removed 
fo r  d e t e c t i o n  of SV40 l a r g e  T a n t i g e n .  
D e t e c t i o n  of SV40 l a r g e  T a n t i g e n .  SV40 l a r g e  T a n t i g e n  in  6- Z m- t h i c k  
k idney  c r y o s t a t  s e c t i o n s  was d e t e c t e d  with a commercial  enzyme 
immunohis tochemical  k i t  ( H i s t o s t a i n - S P  k i t ,  Zymed Lab. I n c . ,  South San 
F r a n c i s c o ,  CA) wi th  a mouse monoclonal  a n t i b o d y  a g a i n s t  SV40 l a r g e  T a n t i g e n  
(Oncogene Sc ience ,  ~ a n h a s s e t ,  NY). 

R e s u l t s  

Four days a f t e r  i n j e c t i o n  of HVJ-liposome, SV40 l a r g e  T a n t i g e n  was 

d e t e c t e d  immunohis tochemica l ly  in  15% of the  g lomeru la r  c e l l s  (mesangia l  c e l l s  

and /o r  c a p i l l a r y  c e l l s )  i n  the  k idney  (F ig  1) .  T h e r e a f t e r ,  e x p r e s s i o n  of the  

SV40 l a r g e  T a n t i g e n  gene decreased .  SV40 l a r g e  T a n t i g e n  was not  expressed  a t  

a l l  i n  o the r  t i s s u e s  such as t u b u l e s  or v a s c u l a r  c e l l s  (F ig  2) .  The b lood u rea  
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F i g . 1 .  E x p r e s s i o n  of SV40 l a r g e  T a n t i g e n  in the  g lomerulus  of the  k idney  of 
the  r a t .  Four days a f t e r  i n j e c t i o n  of HVJ-liposomes c o n t a i n i n g  pac t  
SVT, the  r a t  k idney  was p e r f u s e d  wi th  a 4% para fo rmaldehyde  s o l u t i o n .  
A f t e r  f i x a t i o n ,  the  t i s s u e  was s e c t i o n e d  a t  6 z  m t h i c k n e s s  in  a 
c r y o s t a t  and s t a i n e d .  SV40 l a r g e  T a n t i g e n  was s t a i n e d  red  by enzyme 
immunohis tochemica l ly  (XlO0 o p t i c a l  m a g n i f i c a t i o n ) .  

n i t r o g e n  [ c o n t r o l  ( p r e - t r a n s f e r ) ; 1 7 ~ 2  m g / d l ,  4 days  a f t e r  t r a n s f e r ;  17~1 m g / d l ]  

and  p l a s m a  c r e a t i n i n e  c o n c e n t r a t i o n s  [ c o n t r o l  ( p r e - t r a n s f e r ) ;  0 .40+0 .01  mg/d l ,  4 

d a y s  a f t e r  t r a n s f e r ;  0 . 4 2 + 0 . 0 2  m g / d l ]  d i d  n o t  c h a n g e  s i g n i f i c a n t l y  a f t e r  t h e  

p r o c e d u r e .  P r o t e i n u r i a  was n o t  o b s e r v e d  i n  t h e  r a t s  t r e a t e d  w i t h  H Y J - l i p o s o m e s .  

D i s c u s s i o n  

S u c c e s s f u l  i n  v i v o  g e n e  t r a n s f e r  d e p e n d s  m a i n l y  on t h e  m e t h o d  u s e d  f o r  

i n t r o d u c t i o n  o f  t h e  gene  i n t o  t h e  n u c l e i  o f  t a r g e t  c e l l s .  S e v e r a l  r e s e a r c h e r s  

h a v e  r e p o r t e d  t h e i r  p r e l i m i n a r y  s u c c e s s e s  i n  e x p r e s s i o n  o f  f o r e i g n  g e n e s  a f t e r  

d i r e c t  i n j e c t i o n  i n t o  t a r g e t  c e l l s  by  u s e  o f  r e t r o v i r u s e s  o r  l i p o s o m e s  ( 1 ) .  

However ,  t h e  u s e  o f  a r e t r o v i r u s  h a s  t h e  d i s a d v a n t a g e  t h a t  i t  i s  p o t e n t i a l l y  

p a t h o g e n i c  t o  humans ,  c a u s i n g  i n f e c t i o n  o r  o n c o g e n e s i s .  M o r e o v e r ,  t h e  

c o n s t r u c t i o n  o f  a v i r u s  gene  c o n t a i n i n g  a f o r e i g n  gene  i s  c o m p l e x .  L i p o s o m e s  a r e  

s a f e  and  e a s y  t o  p r e p a r e ,  and  s e v e r a l  k i n d s  o f  l i p o s o m e s  a r e  b e i n g  d e v e l o p e d  
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Fig.2. Kinetics of the expression of SV 40 large T antigen as shown in percent 
of glomeruli which were apparently SV 40 large T antigen positive. 
Closed circles show the glomeruli and open circles indicate the other 
cells such as tubular and vascular cells. Each circle indicates 
mean+SE from 5 to 6 animals. 

(7) .  In the  p r e s e n t  s tudy ,  we used l iposomes  wi th  i n a c t i v a t e d  HVJ s p i k e s  on 

t h e i r  s u r f a c e s ,  because  HVJ can fuse  numerous types  of  c e l l s  e f f i c i e n t l y .  The 

c o n t e n t s  of  l iposomes  can be i n t r o d u c e d  i n t o  the  cy top lasm 100-10,000 t imes  more 

e f f i c i e n t l y  by HVJ-!iposomes than by l iposomes  wi thou t  }tYJ (8) .  Fu r the rmore ,  

t r a n s f e r  o f  DNA i n t o  the  nuc leus  i s  3-10 t imes  h i g h e r  on i t s  c o - i n t r o d u c t i o n  

wi th  HMG1 than DNA on ly  ( 4 , 5 ) .  When the  method was a p p l i e d  to  c u l t u r e d  mouse 

L tk-  c e l l s ,  the  f o r e i g n  DNA was t r a n s p o r t e d  i n t o  the  n u c l e i  and e x p r e s s e d  in  

more than 95% of  the  c e l l s  (9 ,10 ) .  Confirmed e f f i c i e n c y  of  the  i n t e g r a t i o n  o f  

f o r e i g n  gene i n t o  genome by our HYJ-l iposome i s  a t  most 1~ in  c u l t u r e d  c e l l s  

(10).  When  we used t h i s  method in the  a d u l t  r a t  l i v e r  f o r  i n t r o d u c t i o n  and 

e x p r e s s i o n  of  the  husan i n s u l i n  gene and the  h e p a t i t i s  B v i r u s  s u r f a c e  a n t i g e n  

gene,  the  p la smid  DNA e x i s t e d  e x t r a - c h r o m o s o m a l l y ,  not  i n t e g r a t e d  i n t o  genome 

( 4 , 5 ) .  

In  t he  p r e s e n t  s tudy ,  we f i r s t  showed t h a t  the  f o r e i g n  gene can be 

i n t r o d u c e d  in  v i v o  l n t o  the  i n t a c t  a d u l t  r a t  k idney .  In the  k idney ,  e x p r e s s i o n  

of  t he  SV40 l a r g e  T a n t i g e n  was d e t e c t e d  on ly  in  g l o m e r u l a r  c e l l s  ( g l o m e r u l a r  

m e s a n g l a l  c e l l s  a n d / o r  g l o m e r u l a r  c a p i l l a r y  c e l l s ) .  The reason  f o r  t h i s  

g l o m e r u l u s - s p e c i f i c  gene e x p r e s s i o n  i s  unknown. A p o s s i b l e  e x p l a n a t i o n  i s  t h a t  
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t h e  i n t r a - r e n a ]  h y d r o d y n a m i c  s t a t e  f a c i l i t a t e s  t h e  c o n t a c t  o f  l t V J - l i p o s o m e s  w i t h  

g l o m e r u l a r  c e l l  men~branes,  and  a n o t h e r  i s  t h a t  t h e  p h a g o c y t o t i e  a c t i v i t y  o f  

g i o m e r u l a r  m e s a n g i a l  c e l l s  f a c i l i t a t e s  u p t a k e  o f  l l V J - l i p o s o m e s ,  b u t  t h e  e x a c t  

m e c h a n i s m  r e q u i r e s  f u r t h e r  s t u d y .  W h a t e v e r  t h e  m e c h a n i s m  i n v o l v e d ,  h o w e v e r ,  

s e l e c t i v e  gene  i n t r o d u c t i o n  i n t o  g l o m e r u l a r  c e l l s  i s  a d v a n t a g e o u s  b e c a u s e  t h e  

g l o m e r u l i  p l a y  key  r o l e s  i n  v a r i o u s  p h y s i o l o g i c a l  and  p a t h o l o g i c a l  s t a t e s .  

i n  t h e  p r e s e n t  s t u d y ,  we o n l y  s u c c e d e d  i n  t r a n s i e n t  gene  e x p r e s s i o n  b e c a u s e  

t r a n s f e r r e d  f o r e i g n  gene  by  o u r  me thod  was n o t  i n t e g r a t e d  i n t o  t h e  h o s t  genome.  

However ,  t h e  t r a n s i e n t  e x p r e s s i o n  o f  f o r e i g n  g e n e s  o f f e r s  an a d v a n t a g e ,  such  a s ,  

low r i s k  o f  u n t o w a r d  p e r m a n e n t  e x c e s s i v e  gene  e x p r e s s i o n .  Such a gene  

t h e r a p e u t i c s  as  ou r  p r e s e n t  method  can  be  b e s t  u t i l i z e d  as  a new d r u g  d e l i v e r y  

s y s t e m .  As a r e q u i s i t e  :for f u t u r e  gene  t h e r a p y ,  l o n g e r  e x p r e s s i o n  o f  e x o g e n o u s  

DNA i s  n e e d e d .  A m e t h o d  f o r  i n t e g r a t i o n  of  e x o g e n o u s  DNA i n t o  ch romosomal  DNA 

u s i n g  h o m o l o g o u s  r e c o m b i n a t i o n  or  a u t o n o m o u s  r e p l i c a t i o n  o f  p l a s m i d  DNA i n  v i v o  

s h o u l d  be  d e v e l o p e d .  

We c o n c l u d e  t h a t  ou r  s i m p l e  and e f f i c i e n t  gene  i n t r o d u c t i o n  

a p p l i c a b l e  t o  t h e  k i d n e y ,  and  can  he  a u s e f u l  t o o l  i n  r e s e a r c h  and  a 

f o r  gene  t h e r a p e u t i c s  o f  v a r i o u s  r e n a ]  d i s e a s e s .  
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