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Summary. - H u m a n  hepatitis A v irus  ( H A V )  derived f r o m  10 % H A V  
infected marmoset  l iver h o m o g e n a t e  a n d  faeces f r o m  acute hepatitis 
A w a s  successfully propagated  in vitro i n  a n e w  cell l ine, JTC-12.P3. 
T h e  cell l ine originated f r o m  the  renal cortex o f  cynomolgus  m o n k e y  
w h i c h  w a s  adapted to  growth in  a s e r u m  free, protein free, chemically 
de f ined  synthetic m e d i u m .  Replication o f  the  v irus  w a s  f o l l o w e d  b y  
solid phase  RIA,  i m m u n o f l u o r e s c e n t  staining, a n d  immunoe lec tron  
microscopy. T h e  propagation o f  H A V  occurred over  several pas­
sages, with the 1st and 2nd passages requiring at least 8 weeks each. 
However, with the increasing serial passage o f  virus, the period 
needed to detect it was shortened, suggesting the adaptation o f  H A V  
to the cells. The  identity o f  the newly synthetized virus particles with 
H A V  was established by immunoelectron microscopy and immunof­
luorescent blocking effect with human convalescent serum. The  
H A V  propagated in JTC-12.P3 cells banded predominantly at a den­
sity o f  1.32 g / cm 3  in  CsCl gradient. T h e  infected cells showed n o  
specific signs o f  CPE. Ultrastructurally, clusters o f  virus particles 27 
n m  in diameter were observed mainly in the lysosomal vesicles and 
freely in crystalline array in the cytoplasm, too. Addition o f  0.1 % o f  
various anti-HAV negative sera or o f  prostaglandin E, to  the culture 
medium caused accelerated propagation o f  HAV.  
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Introduction 

Since the electron microscopic visualization o f  H A V  and successful transmis­
sion o f  type A hepatitis into the marmoset in 1973 (Feinstone  et al., 1973), a i\ew 
era o f  H A V  study has been opened. Then  Provost and Hilleman (1979) reported 
the propagation o f  H A V  in vitro in cultured cells. Thereafter, several reports 
followed, describing the successful propagation o f  H A V  in vitro and further 
virological studies. Then H A V  has been classified as an enterovirus. However, 
some different features o f  the biological behaviour o f  H A V  from those o f  other 
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enteroviruses have been noted, especially with  in vitro propagation. Unlike most  
other enteroviruses, H A V  causes no  obvious CPE in cell cultures. Moreover, the 
primary culture period for propagation needs 8 to 10 weeks  until the appearance 
of  H A V  antigen ( H A V A g )  in the cells. However, an adaptation with more  rapid 
propagation occurs in subsequent  passages. These  facts indicate s o m e  discrepan­
cies with t h e  clinical features  of  type A hepatitis which  in vivo showed abundan t  
faecal excretion of  H A V  and  acute  hepatic injury af ter  a ra ther  short  incubat ion 
period.  T o  clarify t h e  cause of  this discrepancy w e  a t tempted  t o  propagate H A V  
in a new cell line derived f rom  the  cortex of  t h e  kidney o f  cynomolgus  monkey ,  
designated JTC-12.P3, which was grown in a chemically def ined  synthetic 
m e d i u m .  Th i s  report  describes t h e  adaptat ion and  efficient propagation of  H A V  
in t h e  JTC-12.P3 cell line and  s o m e  aspects concerning H A V  growth.  

Materials and Methods 

Virus. T h e  N F - 9  a n d  K - 5  s t o o l  s t r a i n s  o f  H A V  ( S h i b a y a m a  et al., 1985) w e r e  u s e d .  

Cell line and culture conditions. T h e  J T C - 1 2 . P 3  cel l  l i n e  u s e d  w a s  e s t a b l i s h e d  f r o m  t h e  f o e t a l  

c y n o m o i g u s  m o n k e y  k i d n e y  a n d  h a s  b e e n  m a i n t a i n e d  in  a s e r u m - f r e e  c h e m i c a l l y  d e f i n e d  s y n t h e t i c  

m e d i u m ,  D M - 1 6 0  ( K y o k u t o  C o .  L t d . ,  T o k y o ,  J a p a n )  s i n c e  1969 ( T a k a o k a  et al., 1962; T a k a o k a  a n d  

K a t s u t a ,  1971). C e l l s  w e r e  c u l t u r e d  a t  3 7  ° C  i n  s l a n t e d  s t a t i o n a r y  c u l t u r e  b o t t l e s  (15  x 150 m m )  ancT 

t h e  m e d i u m  w a s  r e n e w e d  t w i c e  a w e e k .  

Virus inoculation. W h e n  J T C - 1 2 . P 3  cell  l i n e  r e a c h e d  c o n f l u e n c e ,  t h e  m e d i u m  w a s  r e m o v e d  a n d  0.1 

m l  o f  v i r u s  s u s p e n s i o n  ( N F - 9  o r  K - 5  s t o o l )  w a s  a d d e d  t o  t h e  ce l l s  f o r  1 h r  a t  3 7  ° C .  T h e n  2 m l  o f  

m e d i u m  w a s  a d d e d  t o  c o n t i n u e  w i t h  r e n e w a l  o f  t h e  m e d i u m  t w i c e  a w e e k .  F r o m  t h e  2 n d  p a s s a g e  

o n w a r d s ,  0 .2  m l  o f  H A V - i n f e c t e d  cel l  e x t r a c t  w a s  i n o c u l a t e d  i n t o  t h e  c u l t u r e .  

Harvesting of cell-associated HA V extract. A t  s e l e c t e d  i n t e r v a l s  a f t e r  v i r u s  i n o c u l a t i o n ,  m e d i u m  w a s  

r e m o v e d  f r o m  t h e  c u l t u r e  b o t t l e s  a n d  cel l  s h e e t s  w e r e  w a s h e d  2 - 3  t i m e s  w i t h  C a + + -  a n d  M g + + - f r e e  

P B S  ( P B S ( - ) ) .  C e l l s  w i t h  2 m l  o f  P B S  ( - )  w e r e  f r o z e n  a n d  t h a w e d  2 - 3  t i m e s  a n d  t h e n  c e n t r i f u g e d  a t  

3000  r p m  f o r  15 m i n .  T h e  s u p e r n a t a n t  t h u s  o b t a i n e d  w a s  u s e d  a s  t h e  ce l l - a s soc i a t ed  H A V  ex t r ac t .  

S p e c i m e n s  o f  t h i s  e x t r a c t  a n d  t h e  c u l t u r e  m e d i u m  w e r e  s t o r e d  a t  - 4 0  ° C  u n t i l  u s e .  

R1A for HAVAg. H A V A g  w a s  d e t e c t e d  u s i n g  a n  H A V A B - M  kit  ( A b o t t  L a b o r a t o r i e s ,  N o r t h  

C h i c a g o )  w i t h  s l igh t  m o d i f i c a t i o n  a s  d e s c r i b e d  p r e v i o u s l y  ( K o j i m a  et al., 1981).  T h e  r a t i o  o f  t h e  

s a m p l e  c p m  t o  t h a t  o f  t h e  n e g a t i v e  c o n t r o l  w a s  d e t e r m i n e d ,  a n d  a r a t i o  g r e a t e r  t h a n  2 . 1  w a s  

c o n s i d e r e d  p o s i t i v e .  

Immunofluorescent microscopy. H A V - i n f e c t e d  J T C - 1 2 . P 3  ce l l s  w e r e  c u l t u r e d  o n  cove r s l ip s ,  f i x e d  

w i t h  c o l d  a c e t o n e  f o r  7 m i n  a n d  w a s h e d  w i t h  P B S ( - ) .  A f t e r  i n c u b a t i o n  w i t h  a n t i - H A V - p ô s i t i v e  
h u m a n  s e r u m  f o r  12 h r  at 4 ° C  a n d  w a s h i n g  2 - 3  t i m e s  w i t h  P B S ( - ) ,  c u l t u r e s  w e r e  i n c u b a t e d  w i t h  

F I T C - c o n j u g a t e d  g o a t  a n t i - h u m a n  I g G  f o r  12 h r  a t  4 ° C .  T h e  c u l t u r e s  w e r e  aga in  w a s h e d  w i t h  P B S ( - )  

a n d  o b s e r v e d  u n d e r  a f l u o r e s c e n t  mic roscope .  

Electron and immunoelectron microscopy b y  i m m u n o c o l l o i d a l  go ld  m e t h o d  w e r e  p e r f o r m e d  a s  

desc r ibed  prev ious ly  ( M i y a m o t o  et al., 1971). P ro t e in  A col loidal  go ld  par t ic les  (5 n m ,  6^/g/ml)  o r  goa t  

a n t i - h u m a n  I g G  colloidal  go ld  par t ic les  (5 n m ,  70 / ig /ml )  ( E - Y  Labora to r i e s ,  Inc. ,  S a n  M a t e o ,  C A )  w e r e  

u s e d  t o  de t ec t  t h e  a n t i - H A V  an t ibod ie s .  

Isopycnlc banding In cesium chloride gradient. A 0.5-ml a l i q u o t  o f  e a c h  s u p e r n a t a n t  w a s  layered o n t o  a n  

11 m l  c o n t i n u o u s  c e s i u m  ch lo r ide  g rad ien t  ( 1 . 3 - 1 . 5  g / c m 3 )  p r epa red  in 5 0  m m o l / 1  T r i s  b u f f e r  p H  7.4 

c o n t a i n i n g  100 m m o l / l  NaCI  a n d  0.1 % N - l a u r o y l  s a rcos ine  ( T N S  bu f f e r ) .  A f t e r  cen t r i fuga t ion  at  200  000 

x g f o r  18 hr ,  18 f r ac t ions  w e r e  col lected f r o m  each  t u b e .  T h e  dens i t y  o f  e a c h  f r ac t i on  w a s  d e t e r m i n e d  b y  

r e f r a c t o m e t r y  a n d  t h e  p r e s e n c e  o f  H A V A g  w a s  tes ted  by  R I A  a s  desc r ibed  a b o v e .  
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T a b l e  1. Cel l-associated  H A V  a n t i g e n  a f t e r  e a c h  passage.  S a m p l e / n e g a t i v e  control  ratio (S/N)  

1st p a s s a g e  

1st c u l t u r e  p e r i o d  ( w e e k s )  

4 8 12 16 2 0  

21 .9  18.3 2 5 . 8  31.7  34.3 

2 n d  p a s s a g e  

1st c u l t u r e  p e r i o d  ( w e e k s )  2 n d  c u l t u r e  p e r i o d  ( w e e k s )  

4 8 12 1 6  

4 ( - )  ( - )  N.D. N.D. 
8 ( - )  N.D. 3.1 16.5 
12 (-)  3.3 N.D. N.D. 
16 6.3 43.2 80.8 N.D. 

3rd  p a s s a g e  

C u l t u r e  p e r i o d  ( w e e k s )  3 r d  c u l t u r e  p e r i o d  ( w e e k s )  

1st 2 n d  4 8 12 16 

4 4 ( - )  N.D. ( - )  (-) 
8 (-)  ( - )  N.D. N.D. 

4 ( - )  ( - )  ( - )  N.D. 
8 12 (-)  6.7 37.6  N.D. 

16 ( - )  33.9 157.5 N.D. 

12 4 ( - )  ( - )  ( - )  N.D. 
8 (-)  ( - )  46.9  N.D. 

4 ( - )  65.6  152.2 KN.D. 
16 8 7.6 104.9 162.8 N.D. 

12 54.4 135.5 235.2 N.D. 

(-) d e n o t e s  S / N  < 2 . 1 ;  N . D .  = n o t  d o n e .  
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Specificity of the propagated HAV.lo i n v e s t i g a t e  t h e  speci f ic i ty  o f  t h e  H A V  o b t a i n e d  f r o m  i n f e c t e d  
JTC-12.P3 cel l s ,  cell  ex t ract  f r o m  t h e  6 t h  p a s s a g e  w a s  u s e d  t o  d e t e c t  a n t i - H A V  I g M  a n t i b o d y  in 
s e r u m  f r o m  pat ient s  w i t h  a c u t e  hepat i t i s  A ,  B, n o n - A  n o n - B  a n d  h e a l t h y  contro l s .  

Effect of sera or hormones on HA V propagation. A f t e r  t h e  i n o c u l a t i o n  o f  6 t h  p a s s a g e  m a t e r i a l ,  
c u l t u r e  w a s  d o n e  w i t h  o r  w i t h o u t  0.1 % a n t i - H A V - n e g a t i v e  h u m a n  placental  or,  a d u l t  h u m a n  s e r u m  
a s  w e l l  a s  w i t h  f o e t a l  b o v i n e  s e r u m  a n d  ca l f  s e r u m .  H o r m o n e  s u p p l e m e n t a t i o n  w a s  carr ied  o u t  i n  t h e  
s a m e  w a y  u s i n g  insu l in ,  p r e d o n i s o l o n e  a n d  p r o s t a g l a n d i n  E ,  a t  a final c o n c e n t r a t i o n  o f  10~6 mol/1. 

A t  1 , 2  a n d  4 w e e k s  a f t e r  inocula t ion,  cel l-associated v i r u s  w a s  d e t e c t e d  b y  R I A  a s  d e s c r i b e d  a b o v e .  

Results 

Propagation of HA V in JTC-12.P3 cells 
In the 1st passage, 0.1 ml of  NF-9 strain was  inoculated. Detection of  H A V A g  

in cells after inoculation was  performed every 4 weeks.  Table  1 and Fig. 1 show 
S/N ratios of  cell-associated H A V A g  at various times after inoculation. T h e  
values of  S/N ratios slowly increased with time. In the following passages, cells 
were inoculated with 0.2 ml of  the specimens f o r  cell-associated virus of  prior 
passage, and cultured as described earlier. 

T h e  2nd and following passages, started with an inoculation o f  a 4 weeks  
specimen o f  the 1st passage, did not produce detectable amounts  of  H A V A g  
even after 24 weeks  of  subsequent  passages. However, specimens started with 

f 111.2 

1575 
S/N 135.5 

1 0 0 - 1 0 0 -

90 -

8 0 -i-16w^ 

1 6 - ^ 1 2 w  

60-

5 0 -

4 0 -

30 -

2 0 -

6 

Fig. 1 
P r o p a g a t i o n  of" H A V :  cel l-associatcd a n t i g e n  o f  t h e  3rd  p a s s a g e  
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S / N  

1 0 0  -

50 -

g e n  o f  t h e  2 n d  a n d  6 t h  p a s s a g e s  
• • 2 n d  p a s s a g e ,  S / N  2 4 . 9 ;  O O 6 t h  

p a s s a g e ,  S / N  22 .3 .  

P r o p a g a t i o n  o f  H A V :  c e l l - a s s o c i a t e d  a n t i -

Fig. 2 

t h e  inocula t ion  o f  8, 12 a n d  16 w e e k s  spec imens  o f  t h e  1st passage s h o w e d  
positive resul ts  a f t e r  4 o r  m o r e  w e e k s  i n  t h e  s u b s e q u e n t  passages.  E.g., s amples  
given 8 weeks  o f  t h e  1st passage a n d  12 o r  16 weeks  o f  t h e  2 n d  passage (8 + 12 
W ,  o r  8 +  16 W )  gave posi t ive S / N  rat ios  o f  3.1 o r  16.5, respectively. I n  2 n d  o r  3rd  
passages, however ,  r a the r  h igh  S / N  rat ios w e r e  ob ta ined  in  spec imens  o f  1 6 +  12 
W ,  8 +  1 2 +  12 W ,  o r  8 +  1 6 +  8 W .  I n  o t h e r  words ,  a t  least  8 w e e k s  cult ivation in  
t he  1st passage s e e m e d  t o  b e  necessary  t o  ob ta in  posit ive resul ts  in  s u b s e q u e n t  
passages, a n d  a total  o f  a r o u n d  30 weeks  o f  cult ivation in  t h e  1st t w o  o r  t h r e e  
passages s e e m e d  t o  b e  necessary  t o  ob ta in  r a the r  h igh  S / N  ratios. W h e n  t h e  

200 

160-

S/N 16+12 H w  

Fig. 3 
P r o p a g a t i o n  o f  H A V :  c e l l - a s s o c i a t e d  a n t i ­

g e n  o f  t h e  4 t h  p a s s a g e  

100 

2 8 weeks 
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antigen titer o f  the H A V  extract, taken f rom the 2nd and the 6th passages, was  
adjusted to f ixed S/N ratio, the increase in H A V  after inoculation in the case of  
the 6th passage was detected much earlier and was  thought to indicate 
adaptation of  H A V  to the cells (Fig. 2). Afterwards,  as shown in Fig. 3, H A V  in 
the 4th passage could b e  detected in an early period of  cultivation, being already 
positive at 1 week. A t  4 weeks  or more, plateau-type high values were  shown. 
Throughout the entire period of  observation, no  CPE w a s  obtained even in 
higher passages with high titers of  H A V A g .  

Detection of HA VAg in supernatant fluid 
Fig. 4 shows  the appearance of  H A V A g  in the supernatant of  infected cells. In 

the 1st and 2nd passages, there was  no detectable amount  of  H A V A g  in the 
supernatant (Fig. 4a, b). However, in the 3rd passage, small amounts  of  H A V A g  
were detectable in the supernatant as  cell-associated virus, increasing 8 weeks  
after inoculation. In the 7th passage, moderate amounts  of  H A V A g  could b e  
detected in the supernatant (Fig. 4c, d). 

In the experiment with inoculation of  K-5 stool strain o f  H A V  to cells, the 
successive virus propagation over several passages was  confirmed, too (data not 
shown). 

Cell • associated 

Medium 

Cell - ssoaated 

Medium 

4 0 12 weeks a b 12 weeks 

Fig.  4 
D e t e c t i o n  o f  H A V  in m e d i u m  a n d  c e l l s  i n  c u l t u r e  

1st p a s s a g e  (a), 2 n d  p a s s a g e  (b),  3 r d  p a s s a g e  (c), 7 th  p a s s a g e  (d).  
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Fig .  5 
F o r  l e g e n d  s e e  p a g e  2 1 6 .  
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T a b l e  2 .  D e t e c t i o n  o f  I g M  c l a s s  a n t i - H A V  a n t i b o d y  i n  p a t i e n t s '  s e r a  u s i n g  i n  v i t ro  p r o p a g a t e d  H A V  i n  
p l a c e  o f  s t a n d a r d  H A V A g  i n  H A V A B - M  k i t  

C a s e s  P a t i e n t  H A V A g  o f  t h i s  
s t u d y '  

S t a n d a r d  H A V A g  

A c u t e  h e p a t i t i s  A A . M .  ( + )  ( + )  

M . K .  ( + ) (+) 
A c u t e  h e p a t i t i s  B Y . B .  ( - )  ( - )  

S.I.  ( - )  ( - )  

A c u t e  h e p a t i t i s  n o n - A  n o n - B  M . S .  ( - )  ( - )  

H . N .  ( - )  ( - )  

N o r m a l  ( H A V  n o n - i n f e c t e d )  M . T .  ( - )  ( - )  

H . H .  ( - )  ( - )  

' C e l l - a s s o c i a t e d  H A V  f r o m  t h e  5 t h  s e r i a l  p a s s a g e  i n  J T C - 1 2 . P 3  c e l l s .  

Immunofluorescent microscopy 
In Fig. 5 the localization of  intracellular H A V  in the 3rd passage b y  indirect 

immunofluorescence method is shown. T h e  characteristic, specific granular 
fluorescence of  H A V  is seen in most of  the cells, within the cytoplasm, and 
especially in the perinuclear area. 

Electron microscopic study 
Cells infected with H A V  for  4 weeks  displayed proliferated vacuoles, lyso-

somes,  and many amorphous matrix materials in the cytoplasm. Vi rus  particles 
of  20-27 n m  in diameter were  seen mainly in lysosomal vesicles and freely in the 
cytoplasm or in crystalline array associated with the viral matrix (Fig. 6). T h e  
specificity of  the H A V  particles w a s  confirmed b y  indirect immunocolloidal gold 
staining. 

Isopycnic banding 
Fig. 7 shows  the isopycnic banding of H A V  extracted f r o m  infected cells. T h e  

main peak appeared at a density of  1.32 g/cm 3 .  

Specificity of HA V propagated in JTC12.P3 cells 
Concerning the specificity o f  the H A V ,  while it w a s  confirmed by the RIA 

method that a 1 0 0 %  blocking effect w a s  attained by preincubation with anti-
H A V  antibody-positive or negative human sera, w h e n  the standard H A V  of  the 
H A V A B - M  kit for  measurement of  IgM-class anti-HAV antibody w a s  replaced 

Fig.  5 
P h o t o m i c r o g r a p h s  o f  H A V - i n f e c t e d  c e l l s  s t a i n e d  b y  i n d i r e c t  i m m u n o f l u o r e s c e n c e  

I n f e c t e d  c e l l s ,  3 r d  p a s s a g e  a t  4 w e e k s  ( A ) ,  u n i n f e c t e d  c e l l s  (B).  ( M a g n .  X 1350.)  
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1 0  0 n m ^ |  
2 0 0 n r p v j  

Fig.  6 
E l e c t r o n  m i c r o g r a p h s  o f  H A V - i n f e c t e d  c e l l s  

I n f e c t e d  cel l  ( A ,  m a g n .  x 17 3 0 0 ) ;  c r y s t a l l i n e  a r r a y  o f  v i r u s  p a r t i c l e s  i n  c y t o p l a s m  (B,  m a g n .  
X 100 0 0 0 ) ;  v i r u s  p a r t i c l e s  i n  a m o r p h o u s  m a t r i x  (C,  m a g n .  x 5 3  000) ;  v i r u s  p a r t i c l e s  s t a i n e d  i n d i r e c t l y  
b y  i m m u n o c o l l o i d a l  g o l d  ( D ,  m a g n .  x 100 000).,  
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Fig. 7 
H Á V A g  d e t e c t e d  b y  R I A  i n  f r a c t i o n s  f r o m  
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Fig. 9 
E f f e c t  o f  h o r m o n e s  o n  p r o p a g a t i o n  o f  

H A V  i n  ce l l  c u l t u r e  

4 weeks 

by an H A V  extracted f r o m  infected cells, measurement  of  HAV-IgM antibody in 
cases of  hepatitis A ,  B, non-A, non-B and in normal subjects revealed that only 
in hepatitis A w a s  the result 100 % positive (Table 2). These  results confirmed 
the specificity and usefulness  of  our H A V  strain. 

Effects of sera or hormones on the propagation of HAV in JTC-12.P3 cells 
A s  shown in Fig. 8, human placental, adult human, and foetal calf serum 

supplementation enhanced the production o f  H A V A g  in this system at 2 weeks  
after inoculation compared with no  serum supplement. However, at 4 weeks  
after inoculation there were  no  marked differences. 

Fig. 9 shows the results of  the effect  of  hormone supplementation. A t  2 weeks  
after inoculation prostaglandin E j  enhanced production of  H A V A g ,  while 
insulin suppresed it. 

The  propagation of  H A V  in vitro w a s  first reported b y  Provost and Hilleman 
(1979) in an experiment using primary cultured liver cells o f  the marmoset  and 
Frhk-6 cells. 

Since then, the propagation o f  H A V  has  been confirmed in a variety of  cells 
such as primate cells (Frhk-4/R, AGMK, BSC-1), MRC-5 and PLC/RPF/5 cells 
(Flehmig, 1980; Daemer  et al, 1981; Deinhardt  et al., 1981; Flehmig, 1981; 
Flehmig  et al., 1981; Gauss-Mtiller et al., 1981; Kojima  et al., 1981; Binn et al., 
1984; Friedman-Alvermann  et al, 1985; Quan  et al, 1986; Ashida  et al, 1989). 
The findings observed commonly in those experiments are as follows:  (1) In the 
culturing o f  the 1st viral passage, the period f rom  the H A V  inoculation until the 
appearance of  H A V A g ,  or that of  the 2nd passage, needed at least 8-10 weeks.  
(2) With  the serial passage of  the virus  in vitro, the period until the detection of  

Discussion 



220 BABA, M. et al. 

H A V A g  decreased. (3) Even after serial passages, the infection became persi­
stent  wi thout  C P E  in t h e  cell culture.  Concern ing  H A V A g  f o u n d  in t h e  media ,  
findings ranged f r o m  n o  H A V A g  de te rmined  in s o m e  repor ts  t o  abundan t  
discharge seen  in o the r  reports.  T h e s e  in vitro p h e n o m e n a  o f  H A V  are  
considerably contrary t o  t h e  in vivo effect  in t h e  liver which is cytopathic, and  is 
immediately detectable as  faecal excretion of  t h e  virus in pat ients  contracting 
hepatitis A .  Therefore ,  it is considered tha t  host  i m m u n e  response  ra ther  t han  
C P E  of  t h e  virus itself may  b e  involved in t h e  liver injury by H A V  (Kurane  et al., 
1985; Vallbracht  et al., 1986). In t h e  present  study, f o r  t h e  purpose  of  clarifying 
t h e  apparent  contradiction, w e  a t tempted  to  propagate H A V  in a n e w  cell line of 
a pr imate  origin, namely  JTC-12.P3 cells derived f r o m  t h e  kidney of  t h e  
cynomolgus  monkey  (Takaoka  et al., 1962, 1971), a n d  u p o n  successful  propaga­
t ion w e  examined  t h e  resulting H A V .  T h e s e  cells were  cul tured in a se rum-  a n d  
protein-free chemically def ined  synthetic media .  Derived f r o m  t h e  cortex of  t h e  
kidney, these  cells are sensitive t o  parathyroid h o r m o n e  and  prostaglandin E ,  
and  have specific cellular func t ions  of  its kidney origin (Ishizuka  et al., 1978). 
H A V  strain (NF-9) passaged in marmose t s  and  a wild strain of  H A V  isolated 
f r o m  t h e  stool of a patient with hepatitis A (K-5) were  inoculated in to  cell 
cultures,  where  favorable virus propagation was conf i rmed.  A t  4 and  8 weeks  of  
t h e  1st passage af ter  H A V  inoculation, t h e  S / N  ratios of  cell-associated H A V A g  
were  relatively high (21.9 and  18.3). However ,  in t h e  case o f  inoculat ion f r o m  
a specimen of  t h e  1st passage at t h e  4th week,  which was cul tured for  over 20 
weeks in t h e  following passage, n o  H A V A g  appeared.  The re fo re  it is considered 
that  H A V  propagation in cells at t h e  4th week of  t h e  1st passage was  incomplete  
and  limited. Af t e r  t h e  3rd passage, t h e  period needed  f o r  H A V  appearance 
became  shorter  af ter  each successive passage. Finally, t h e  expression of  ant igen 
became  s o  highly positive tha t  abou t  10 % of  intracellular H A V A g  was  dischar­
ged into  t h e  media .  However ,  even for  this  cell line, t h e  1st passage took  over 
8 weeks t o  develop high level of  virus propagation.  Therefore ,  it was  considered 
tha t  a total of  30 weeks was necessary f o r  complet ion of  t h e  1st, 2nd  a n d  3rd 
passages of  H A V  in these  cells t o  finally attain rapid propagation.  However ,  in 
t h e  9 th  passage, H A V A g  appeared within a few days af ter  inoculation.  T h e  
discharge into  t h e  med ia  was  observed w h e n  intracellular H A V  propagation 
reached certain levels. It is this  so-called discharge of  m a t u r e  virus, which should  
b e  fu r the r  s tudied.  Moreover ,  H A V  propagation was s tudied in t h e  cell l ine af ter  
s e rum and  h o r m o n e  supplementa t ionn which  affected t h e  propagation a n d  
funct ion  of  t h e  cells. T h e  se rum and  h o r m o n e  which enhanced  t h e  propagation 
and  funct ion  of  t h e  cells s imultaneously facilitated t h e  propagation of  H A V .  
C P E  was no t  observed in t h e  cells even  af ter  over  10 viral passages, suggesting 
a persistent infection. 

A s  the  present  exper iments ,  also m os t  previous reports  o n  in vitro propagation 
of  H A V  have n o t  indicated any occurrence o f  C P E .  Recently,  however ,  it ha s  
been  reported tha t  C P E  was  observed af ter  repeated viral passages (Cromeans  et 
al., 1989). T h u s ,  it is likely that  C P E  might  initiate af ter  a sufficient n u m b e r  of  
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passages. Electron microscopic observation revealed the  presence o f  clusters o f  
H A V  particles o f  27 n m  mainly in the  lysosomal vesicles as  described in the  
previous reports (Shimizu  et a/., 1978, 1982; Shavrina-Asher  et al., 1987). 
Moreover, crystalline arrays o f  H A V  particle out  o f  vesicles  w e r e  observed b y  u s  
in the cytoplasm. T h e  specific identification o f  H A V  particles w a s  confirmed b y  
indirect immunocolloidal  gold staining. Therefore,  it w a s  concluded that H A V  
similarly to other enteroviruses  propagated in the  cytoplasm and w a s  taken u p  
into the  lysosomal vesicle. In the  present  study, a H A V  strain passaged in 
marmosets  and a wild strain o f  H A V  w e r e  inoculated into a n e w  cell l ine derived 
f rom the cortex of  the  kidney o f  cynomolgus  monkeys,  which w a s  hormone-
sensitive and possessed  specific renal function. H A V  w a s  confirmed to propa­
gate favorably i n  th i s  cell l ine.  T h e r e f o r e ,  it is  cons idered  t h a t  th is  cell l ine  m a y  
b e  ex t remely  u s e f u l  in  s tud ies  o n  t h e  molecu la r  biology o f  H A V  propagat ion  as  
well as  o n  t h e  pa thogenes i s  o f  hepatocel lu lar  injury.  
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