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Introduction

During the past year , stud ies love revealed that using a new culture
technique , hepatitis 13 surface antigen can be detected by imiiiunofluorescence
of multiply passaged hepatocyte oval cells. This approach to virus cultivation
suggests that hepatitis B virus may rej)licate in a tissue culture system and
may he .suhpassaged . If so , this data provides a uni que approach  to v i r u s
cultivation and the possible eventua l development of ~ l i v e  a t t enua ted  v i r us
vaccine for hepatitis B. This same approac h may be appi Led to hepatitis A and
to non A non B hepatitis.

Over the past decade a variety of anproaches to virus cultivation have
been undertaken with the eventual aim of cultivating hepatitis virus hut each
has met wi th  fai lure. During this time period , new serolog ic techniques have
successfully defined at least three common kinds of viral hepatitis . These
include hepatitis A which is generally associated wi th  endemic h e p a t i t i s  in the
community usually tt an3n 4 ’t e d  by the fecal—ora]. route , hepa titis 13 which m a y  be
transmitted either by the systemic route such as by blood transfusions or
through the use of contaminated needles or may be transnitted by non—parenteral

• routes , and non A non B her’titis wh~ c1i may represent one or more forms of viral
• hepatitis whose etiology remains unclear. TYith the development of highly

specific and precise techniques for the serologic identific.itlon of hepatitis
viruses, increased efforts have been devoted to the eventual cultivation of
these agents and to the developmen t of a live viral vaccine . Because cultivation
was not successful after a number of attempts , an a l t e r n a t e  route. for time
development of an inactivated hepatitis B vaccine was adop ted . This led to the
preparation of highly purified hepatitis 11 surface an t i~~en particles ob ta ined
from human serum , subseq uen tly inactivated and prepared as an experimental
vaccine . It is likely that this inactivated vacc ine will bE’ availab le 1~i time
coming decade. Ho~~ver , other viral vaccines which are inactivated rather than
live and attenuated usu~ 1l” are not hi~hly immunogenic nor do they provide long
lasting protective antibody . Furthe rmore , a vaccine pr~’p;mre~~, even in a m m i T h l v
pur if i ed form , froci human serum may have important problem s with regard to
sa fe ty .  Accordingly , it is appropri ate to under take  ~t u 1 i c s  a imed at the
cultivation and attenuatien of hepatitis viruses ii tc~c!mnoio~~y i n di c a t e s  th a t
such a goal is likely to be attained .

Recently, Watanabe , et al , have develope d a new technique for the culti—
va t ion of hepa titis ~ vir us. This sante technique was •!eveioped along a
paral le l  course in our l abo ra to ry .  ilotli  ~roups !iave u t i l i z v d  n y u  h e p a to c y t es
which f low f r ee ly  in thie  m ed ia  a l t e r  l iver  e x p l ant s  are  p lan t e d . These i m c p r m t o —
cytes m a i n t a i n  the  f u n c t i o n  of no rmal 1 iver cel l s  m imi ! in : ’. t h e  prod uc t I on of
albumin and al ph a—l-- letopro te  in .  They are inter~ned I a t  ~‘ i n  a ~)carance b etw e en

• an .mp ithe l iai  cell and a fibroblast and have an ova l : .hape . On i n i t i a l  ~t .t ;S3 : ’ ,

imnuunofluore sceat  s tudies  den~~n s tr a t e  t tm me presence of hepa r  i t i  s m~ surfac e
ant igen  in these I m e p a t o c yt e s .  In  our  l abora tory , we :m v e  hee ’~ unab l e  t 0
d e m o nst r a t e  cy t op at h i c  ch~trtge or increases  in an t  i~~em i t er  u s in g  st  and ar !  • t
proced ures. ~a tanabe uni ,ue~ y app]. [cr1 ii mmnofluorescence t h is assay sys tern
and was able to demonstr.tte persistence of viral antHr”i . Th rt lm e rriore , ime was
then able to subculture ova l cells for up to l~m suhpassn~ es and d ermmonst ratE’ the
continued presence of speci f ic  immunofluorescence w i t h  each subpassa ge . Th i s
evidenca strongly suggests that hepatiti s B virus nay ~ud eed be rep ]ica t i n~ in
these liver cells. However , oval cells , as presenti ’i  con s t i t u t e d , are not
appropriate for vaccine development for they represen t suspension rathe r tha n

1

I - 
~~~~

— - •
~~~~~~~~~

- • .— 

~~~~~~~~~~~~~~~~~~~~~~~ 
—i-i- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•

~~~~~~~~~~~~~~~~~~~

—- -

~~~~~~

- • . -



monolayer cul tures .  It would seem of the utmos t importanc e to develop
reproduc ible systems for the development of monolaye r c u l t u r e s of oval cells
and then to undertake specific titration assays and neutralization stud ies
neither of which have yet been undertaken.

Methods and Discussion

This laboratory has developed unique techniques for the cultivation of
hepatocytes in monolayer culture. We have methodically moved through a series
of developmental phases with the eventual goal being the development of live
attenuated hepatitis virus vaccines. Initially, techniques for the successful
cultivation of fetal hepatocytes and subsequently techniques for the cultiv~mtion
of adult hepatocytes were developed . We documented the first evidence o~ long
tens cultivation of fetal hepatocytes for periods of several weeks. These long
term hepatocyte cultures were shown to produce albumin and alpha—l--fetogiobulin.
Studies identifying the conditions necessary for viral attachment , infection and
replication were undertaken. Optimal conditions for •~rowth of hepatocvtes
including temperature, CO7 concentration and serum concentrations were determined .

Once the technology for the maintenance of long term hepatocvte cultures
was established , attempts were made to use these cultures as a substrate for the
growth of hepatitis viruses . Hepatitis B infective material including sera rich
In whole virus particles were inoculated into tissue culture under a variety of
conditions and evidence of viral persistence for a period of about 10 days was
established . However, definitive evidence of viral replication was lacking until
recent studies documented below . In addition , filtrates of stools of patient s
with hepatitis A were used as Inocula for hepatocvte cultures but these failed to
demonstrate cytopathic change . Liver biopsies obtained from patients with
hepatitis B surface antigen positive chronic aggressive hepatitis were grown in
monolayer culture and in co—cultivation both with normal hepatocytes and with
other standard tissue culture substrates. These, however , failed to demonstrate
evidence of viral replication. The adaptation of “slow vi rus techn ique s”
including co—cultivation , feeder layer cultures, and long term maintenance
cultures also failed to yield evidence of viral growth as did the use of
“complexes” of virus, antibody and complement.

Recently , we and others have undertaken a new tissue culture system
emp loying human hepatocvte oval cell cul tures .  Stud ies in this labora tory  and
in the laboratory of Drs . M . Wata nahe , H. Ohor l and N. Ishida have demonstrated
the reproducible ability to develop unique oval cell hepatocyte tissue cul tures
which seem to be capable of maintaining hepatitis B virus growth. Explants of
human embryonic liver culture have been the primary source of tissue but
recently similar techniques hav e bee n applied to youn g adul t  human liver tissue
and have also yielded hepatocyte growth . Explants were grown in falcon plastic
dishes and it was observed that small round cells may he liberated and would float
in the surrounding media. These floating cells are immature hepatocvtes which
have an oval appearance . When these cell cultures are infected wi th  hepati t is  B
surface antigen rich sera obtained from a patient with fulminant fatal hepatitis ,
positive Immunofluorescent staining Is usually demonstrated in the floating oval
cells. These cells may he suhpassaged for up to 14 passages with persistence of
the positive immunofluorescent staininr hepatitis B surface antigen . It has
been shown by ~Jatanabe , et al , that maxim um titers are obtained on day eigh t
after inoculation. In these studies , 12 to 74 week old live r exp lants were
cultured in a growth medium consisting of RPMI 164(1 medium with 20% fetal calf
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serum and 600 mgm/L bactopeptone, 30(1 mgm/L glutamine and 160 Mu/L crys ta l l ine
insulin in a CO incubator at 37°C. The floating cells are collected on the
8th day and cen~rifuged in Ficol—Coraray for 30 minutes at 1500 rpm . The oval
cell rich fraction is removed and may then be infected with hepatitis B surface
antigen positive serum. These oval cell cultures in addition to produc ing
albumin have also been shown to produce alpha—l—fetoprotein. Unfortunately,
these cultures remain as “floating cultures” or suspension cultures. Successful
development of these hepatocytes infected with hepatitis B surface antigen as
monolayer cultures have not yet been accomplished . These new techniques, however,
give added hope that the cultivation of live hepatitis B virus and hopeful ly of
other hepatitis viruses may have been accomplished albeit not in sufficient form,
at this time , for vaccine development.

Conclusions

In the early phases of our work , reproducible and reliable techniques were
developed for the short and long term maintenance of hepatocy tes in monlayer
culture. These hepatocytes were shown to produce albumin and subsequently to
produce alpha—l—fetoprotein. These cultures were free of fibrohiastic overgrowth

• and maintained epitheliod characteristics. We were able to sustain persistence
of hepatitis B virus for a period of about 10 days but evidence of viral
replication using a variety of techniques met with initial failure. Similarl y,
attempts to grow hepatitis A virus using both standard techniques and “slow”
virus techniques” such as co—cu ltivation , feed er layer cul tures and long term
maintenance cultures failed to give evidence of viral multiplication . Recently ,
a new hepatocyte cultivation technique employing the use of oval cells in
suspension culture of liver explants has suggested the persistence of hepatitis B

• antigen when studied by immunofluorescence. These infected oval cells have been
subcultured by others for 14 passages suggesting that the eventual cultivat ion
of hepatitis B virus may yet be feasible. Current problems include the conversion
of oval cell suspension cultures to a reproducible monolayer system.

• Accomplishments to Date

Reproducible and reliab le techniques have been developed , both for short
and long term maintenance of hepatocytes in monolayer tissue cultures. These
cultures are free of fibroblastic cells and retain epithelial charac teristics.

V They can be maintained for period s in excess of 10 weeks and are a lIk~ l v
substrate for the cultivation of hepatitis viruses. The development of this
substrate constituted the initial phase of a carefully developed program with
the eventual goal being the development of a vira l vaccine  for  hepat  It is A and
for hepatitis B. The second phase of this  program undertook to c i z i t l y a t e
hepatitis virus in hepatocyte t issue cul tures.  This aspect of the program Is
now actively underway. Initial studies have demonstrated e lec t ron nul cro m-a -op f c
evidence of hepatitis B antigen within tissue culture cells during the first
week after inoculation . Serologic stud ies have demonstrated evidence of
hepatitis B surface antigen in pour off fluids for periods ranging from 4 to
10 days after inoculation . These encouraging findings led to stud ies aimed at
the long term maintenance of infected oval cell cultures with the eventua l goal
of demonstrating viral replication in the hepatocytes after a period of intra-
cellular viral latency . Hopefully , these stud ies will provide a second step
eventually aimed at the development of both an inactiva ted and a live attenua ted
viral vaccine for each of the important forms of hepatitis virus.
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