
Vol. 173, No. 1,1990 

November 30,1990 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Pages 42-47 

EXPRESSION OF HEPATOCYTE GROWTH FACTOR GENE 

IN ENDOTHELIALAND KUPFFER CELLS OF DAMAGED RAT LIVERS, 

AS REVFSkLED BY IN SITU HYBRIDIZATION 

Sumihare NoJi I, Kosuke Tashiro u, E i k i  Koyama I, 

Tsutomu Nohno B, Kazuhiko 0hyama x, Shigehiko Taniguchi x, 

and Toshikazu Nakamura = 

iDepartment of Biochemistry, 0kayama University Dental 

School, 2-5-1 Shlkata-eho, 0kayama City 700, Japan 

=Department of Biology, Faculty of Science, 

Kyushu University, Fukuoka City 812, Japan 

SDepartment of Pharmacology, Kawasaki Medical School, 

Kurashiki City, 701-01, Japan 

Received October 14, 1990 

SUMMARY: H e p a t o c y t e  growth f a c t o r  (HGF) has  been d e m o n s t r a t e d  to be 
s y n t h e s i z e d  and s e c r e t e d  by n o n - p a r e n c h y m a l  l i v e r  c e l l s  f o r  l i v e r  
r e g e n e r a t i o n  a f t e r  hepa t i c  in ju ry .  We performed in s i t u  h y b r i d i z a t i o n  to 
i d e n t i f y  HGF-producing c e l l  t ypes  in r a t  l i v e r  h e p a t i t i s  induced  by 
a d m i n i s t r a t i n g  carbon  t e t r a e h l o r i d e  as a h e p a t o t o x i n .  We found t h a t  
t r a n s c r i p t s  of the HGF gene are l o c a l i z e d  in the t(upffer and e n d o t h e l i a l  
c e l l s  in normal l i v e r s  and inc reased  remarkably in the  I (upf fe r  c e l l s  of  
the  damaged l i v e r s .  Thus, IIGF is  c o n c l u d e d  to be s y n t h e s i z e d  in the  
Kupffer and e n d o t h e l i a l  c e l l s  to r e p a i r  the  l i v e r  t i s s u e  in p a r a c r i n e  
fashion .  No s i g n i f i c a n t  i n c r e a s e  in the t r a n s c r i p t s  of the HGF gene was 
b b s e r v e d  in l i v e r s  a f t e r  p a r t i a l  h e p a t e c t o m y ,  i n d i c a t i n g  t h a t  a 
mechanism on l i v e r  r e g e n e r a t i o n  a f t e r  the hepatectomy d i f f e r s  from tha t  
on l i v e r  r e p a i r s .  Since the HGF gene exp re s s ion  was a l s o  found in lung 
and kidney, HGF may be a ub iqu i tous  f a c t o r  for  t i s s u e  r e p a i r s .  ®199o 
Academic Press, Inc. 

H e p a t o c y t e  growth f a c t o r  (HGF) is  a h e t e r o d i m e r  c o n s i s t i n g  of  a 

l a r g e  69-kDa a - s u b u n i t  and a smal l  34-KDa B - s u b u n i t  ( 1 - 3 ) .  HGF i s  

known to s t i m u l a t e  remarkably the DNA s y n t h e s i s  of adul t  ra t  hepa tocy te s  

in p r ima ry  c u l t u r e .  S i n c e  HGF was found  in t he  s e r a  of  p a r t i a l l y  

h e p a t e c t o m i z e d  r a t s  (4) ,  r a t  p l a t e l e t s  (5 -7 ) ,  the  plasma of a p a t i e n t  

wi th  f u l m i n a n t  h e p a t i t i s  (8) and t h a t  of  a p a t i e n t  a f t e r  p a r t i a l  

h e p a t e e t o m y  (9) ,  HGF may be a h e p a t o t r o p h i c  f a c t o r  t r i g g e r i n g  l i v e r  

r e g e n e r a t i o n .  R e c e n t l y ,  Nakamura e t  a l .  (10) and T a s h i r o  e t  a l .  (11) 

cloned cDNAs of human and ra t  HGF, r e s p e c t i v e l y ,  and deduced t h e i r  e n t i r e  

A b b r e v i a t i o n s :  HGF, hepa tocy te  growth f a c t o r ;  UTP, u r i d i n e  t r i phospha t e .  
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amino acid  sequences .  With the  HGF eDNA as a probe ,  K i n o s h i t a  e t  a l .  

(12) d e m o n s t r a t e d  t h a t  NGF mRNA i n c r e a s e d  e x t e n s i v e l y  in the l i v e r s  of 

r a t s  when e x p e r i m e n t a l  h e p a t i t i s  was induced  by a d m i n i s t r a t i n g  ca rbon  

t e t r a c h l o r i d e  or D - g a l a e t o s a m i n e  as a h e p a t o t o x i n s .  Furthermore,  they 

found tha t  HGF mRNA inc reased  in the non-parenchymal l i v e r  c e l l s ,  but not 

in the parenehymal hepa tocy te s  (12). 

In the p re sen t  study, we performed in s i t u  h y b r i d i z a t i o n  to i d e n t i f y  

the HGF-produeing c e i l s  in the damaged l i v e r .  In a d d i t i o n ,  we examined 

the presence  of the HGF t r a n s c r i p t s  in lung and kidney. 

MATERIALS AND METHODS 

Animal s :  Adul t  male Wis t a r  r a t s ,  weighing  150-180 g, were used for  in 
s i t u  h y b r i d i z a t i o n .  R a t s  w e r e  f i x e d  by p e r f u s i o n  w i t h  4% 
paraformaldehyde at 12 h a f t e r  a d m i n i s t r a t i o n  of o i l  con t a in ing  1.0 ml/kg 
b.w. carbon t e t r a c h l o r i d e .  
Probe p r e p a r a t i o n :  A 1.4-kb EcoRl fragment of  a ra t  HGF cDNA (RBCI c lone 
(11)) was subcloned in to  a pGEM7 v e c t o r  to s y n t h e s i z e  both a n t i s e n s e  and 
sense r u n - o f f  t r a n s c r i p t s  l abe l ed  with [a-35S]UTP (400 Ci/mmol, Amersham 
C o . ) .  The l a b e l e d  t r a n s c r i p t s  were  a l k a l i  h y d r o l y z e d  to 50-150  
n u c l e o t i d e s  for  r iboprobes  (13). 
In s i t u  h y b r i d i z a t i o n :  In s i t u  h y b r i d i z a t i o n  was performed as de sc r ibed  
p r e v i o u s l y  (14) .  B r i e f l y ,  the  f i x e d  t i s s u e s  were embedded in p a r a f f i n  
( P a r a p l a s t )  and cut  s e r i a l l y  at  5 /Lm t h i c k n e s s .  The s e c t i o n s  were 
c o l l e c t e d  on s l i d e  g l a s s e s  coated with p o l y - L - l y s i n e .  The s e c t i o n s  were 
d e p a r a f f i n i z e d  c o n v e n t i o n a l l y  and t r e a t e d  w i t h  g l y c i n e  and a c e t i c  
a n h y d r i d e  f o r  r e d u c t i o n  of n o n - s p e c i f i c  b i n d i n g .  The s e c t i o n s  were 
hyb r id i zed  with the r iboprobes  for  15 h and then washed wi th  O. lxSSC at 
50oC for  1 h a f t e r  RNase A t rea tment .  The s l i d e  g l a s s e s  were dipped in to  
emulsion (1:1 d i l u t i o n  of Kodak NTB2) and exposed in dark for  two weeks. 
The s e c t i o n s  were d e v e l o p e d  wi th  Kodak D-19, f i x e d ,  r i n s e d ,  and then 
s t a i ned  with h e m a t o x i l i n e  and eosin.  

RESULTS AND DISCUSSION 

Kinoshita et al. (12) have demonstrated by northern blot analysis 

that the level of HGF mRNA is negl ig ible  or undetectable in normal rat 

liver, whereas i t  increases remarkably at 5 h and reached to the maximum 

level (more than 20 times compared with the normal level) at 10 h after 

carbon tetrachloride administration. Furthermore, they found that HGF 

mRNA is present in normal non-parenchymal l iver  ce l l s  and increases 

markedly after administration of carbon tetrachloride, but negl ig ib le  in 

parenchymal hepatocytes throughout (12). In order to identify cell type 

in non-parenchymal l iver  ce l l s  sythesizing and secret ing HSF and to 

observe the expression pattern of the HGF gene in the damaged liver, we 

performed in situ hybridization on serial sections of rat livers treated 

with carbon t e t r ach lo r ide  for 12 h. Figure I shows the typical results 

on sections of both normal and carbon t e t r ach lo r ide - t r ea t ed  l ivers .  In 

the dark f i e ld  view (r ight  side), white p a r t i c l e s  are exposed s i lve r  
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,Fig. 1. Expression pa t t e rn  of the BGF gene in (A) normal and (B) carbon 
t e t r a c h l o r i d e - t r e a t e d  l i v e r s .  (C) a n e g a t i v e  c o n t r o l  with a s ense  
r iboprobe.  Bright ( l e f t )  and dark ( r igh t )  f i e l d  views. White p a r t i c l e s  
are  s i g n a l  s i l v e r  g r a i n s  in dark f i e l d  view. The dense accumulation of 
gra ins  is  observed on endo the l i a l  and Kupffer c e l l s  in A and B (see Fig. 
2). Bar= 500~m. 

g r a i n s  i n d i c a t i n g  t h e  p r e s e n c e  o f  t h e  r i b o p r o b e s .  In n o r m a l  c o n t r o l  

l i v e r  ( F i g .  1A),  l i t t l e  s i g n a l  g r a i n s  a r e  o b s e r v e d ,  w h i l e  d e n s e  

a c c u m u l a t i o n  of  t he  g r a i n s  i s  o b s e r v e d  in  n o n - p a r e n c h y m a l  c e l l s  in  t h e  

damaged l i v e r  (F igs .  1B and 2). S i n c e  no s i g n i f i c a n t  s i g n a l  was o b s e r v e d  

w i t h  t h e  s e n s e  p r o b e  ( F i g .  1C), t h e  a c c u m u l a t i o n  o f  t h e  g r a i n s  was 

c o n c l u d e d  to  be i n d i c a t i v e  o f  t h e  p r e s e n c e  of t he  HGF t r a n s c r i p t s .  We 
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Fig. 2~. L o c a l i z a t i o n  of the s i l v e r  g ra ins  on e n d o t h e l i a l  (E) and Kupffer 
(K) c e l l s  in the carbon t e t r a c h l o r i d e - t r e a t e d  l i ve r .  Bar= 50~m. 

o b s e r v e d  two t y p e s  of  n o n - p a r e n c h y m a l  c e l l s  e x p r e s s i n g  t h e  HGF gene ;  one 

t y p e  w i t h  l a r g e  n u c l e i  ( F i g .  2 ) ,  t h e  o t h e r  w i t h  sma l l  f l a t t e n e d  n u c l e i  

(F ig .  2) .  S i n c e  b o t h  a r e  f a c e d  to  t h e  s n u s o i d ,  t h e  two s h o u l d  be two of  

f o u r  s i n u s o i d a l  c e l l s ;  K u p f f e r ,  e n d o t h e l i a l ,  s t e l l a t e ,  and p i t  ( l i v e r -  

a s s o c i a t e d  NK c e l l )  c e l l s  (15 as  a r e v i e w ) .  The  c e l l  w i t h  a s m a l l  

f l a t t e n e d  n u c l e u s  i s  a n  e n d o t h e l i a l  c e l l ,  j u d g e d  f r o m  t h e  c e l l  

morpho logy .  On t h e  o t h e r  hand,  t h e  a s s i g n m e n t  of  t h e  c e l l  w i t h  a l a r g e  

n u c l e u s  was n o t  s t r a i g h t f o r w a r d .  We employed  t h r e e  c r i t e r i a  ( 1 6 ) ;  (1) 

g u p f f e r  c e l l s  l i e  upon t h e  e n d o t h e l i u m  and a r e  d i s t r i b u t e d  u n i f o r m l y  in  

t h e  h e p a t i c  l o b u l e ,  (2)  s t e l l a t e  c e l l s  w i t h  s m a l l  n u c l e i  a r e  l e s s  d e n s e  

in  t h e  c e n t r a l  zone  of  t h e  l o b u l e  t h a n  t h e  p e r i p h e r a l  a r e a  and s u r r o u n d e d  

w i t h  p a r e n c h y m a l  c e l l s ,  and  (3) t h e  n o n - h e p a t o c y t e s  a c c o u n t  f o r  6.3% of 

p a r e n c h y m a l  v o l u m e  i n  t h e  r a t  l i v e r  and  c o n s i s t  o f  2.8% e n d o t h e l i a l  

c e l l s ,  2.1% K u p f f e r  c e l l s ,  1.4% s t e l l a t e  c e l l s ,  and  l e s s  t h a n  1% p i t  

c e l l s .  S i n c e  t h e  c e l l s  w i t h  l a r g e  n u c l e i  a r e  d i s t r i b u t e d  u n i f o r m l y  and  

a b o u t  2% of  l i v e r  c e l l s ,  t h e  r e s u l t s  can no t  be f u l l y  e x p l a i n e d  as  f a r  as 

we a s s u m e d  t h a t  t h e  p o s i t i v e  c e l l s  a r e  e i t h e r  s t e l l a t e  o r  p i t  c e l l s .  

Thus ,  we c o n c l u d e d  t h a t  t h e  c e l l s  w i t h  l a r g e  n u c l e i  a r e  K u p f f e r  c e l l s .  

T h i s  a s s i g n m e n t  was s u p p o r t e d  by t h e  f a c t  t h a t  i s o l a t e d  K u p f f e r  c e l l s  and 

m o n o c y t e s  p r o d u c e  HGF ( d a t a  no t  shown).  

I t  i s  o f  p a r t i c u l a r  i n t e r e s t  t h a t  no s i g n i f i c a n t  i n d u c t i o n  of  HGF 

t r a n s c r i p t s  was found  in  p a r t i a l l y  h e p a t e c t o m i z e d  l i v e r  ( d a t a  no t  shown).  

Thus ,  t h e  m e c h a n i s m  on p r o d u c t i o n  of  HGF in  h e p a t e c t o m y  seems d i f f e r e n t  

from t h a t  in  h e p a t i t i s  w i t h  c a r b o n  t e t r a c h l o r i d e .  

We a l s o  f o u n d  in  s i t u  t h a t  t h e  HGF g e n e  was e x p r e s s e d  w e a k l y  in  

n o r m a l  r a t  l u n g  a n d  k i d n e y  a n d  t h a t  t h e  e x p r e s s i o n  was i n d u c e d  by 

a d m i n i s t r a t i o n  of  c a r b o n  t e t r a c h l o r i d e  in  b o t h  (F ig .  3),  as e x p e c t e d  from 

n o r t h e r n  b l o t  a n a l y s i s  (11) .  From c o n s i d e r a t i o n  of  t h e  r e s u l t s  o b t a i n e d  
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Fig. 3. Express ion p a t t e r n  of the HGF gene in the carbon t e t r a c h l o r i d e -  
t r e a t e d  lung (A and B) and k idney  (C and D). B r i g h t  ( l e f t )  and dark  
( r i g h t ) - f i e l d  views in A and D. Bar= 500Zm in A; 50 ~m in B and C; 1 mm 
in D. 

f o r  l i v e r ,  t h e  c e l l s  e x p r e s s i n g  t h e  HGF gene  may be a l v e o l a r  m a c r o p h a g e s  

and  e n d o t h e l i a l  c e l l s  in  l u n g ,  and  f e n e s t r a t e d  e n d o t h e l i a l  c e l l s  in  

k idney .  These  f i n d i n g s  s u g g e s t  t h a t  HGF may be  a u b i q u i t o u s  f a c t o r  f o r  

t i s s u e  r e p a i r s .  

In c o n c l u s i o n ,  HGF i s  s y n t h e s i z e d  and s e c r e t e d  by t h e  K u p f f e r  and 

e n d o t h e l i a l  c e l l s  in  n o r m a l  l i v e r ,  and p r o b a b l y  by m a c r o p h a g e s  a n d  

e n d o t h e l i a l  c e l l s  in  n o r m a l  l u n g  and  k i d n e y .  The t r a n s c r i p t i o n  of  t h e  

HGF gene i s  i n d u c e d  in t h o s e  c e l l s  by some f a c t o r ( s )  p r o d u c e d  in damaged 
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l i v e r s .  The produced HGF r e g u l a t e s ,  in p a r a c r i n e  f a sh ion ,  the growth of 

parenchymal h e p a t o c y t e s  dur ing  t i s s u e  r e p a i r s .  
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