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Despite the fact that hepatitis is easily 
transmitted from one individual to another, 
innumerable attempts to isolate and culture a 
virus or other infectious agent from patients 
with hepatitis have met with limited success. 
There have been several reports of hepatitis 
production in humans from materials pas- 
saged in tissue culture and embryonated hen 
eggs (1-4). However, there has been no con- 
sistent and reproducible isolation, identifica- 
tion, or culture of the supposed infectious 
agent. Two major obstacles in this field have 
been the lack oi laboratory means to detect 
and measure the presence of a hepatitis-pro- 
ducing agent without recourse to a.dminister- 
ing contaminated material to human volun- 
teers, and the inability to transmit human 
hepatitis to experimental animals. 

Australia antigen, Au( l ) ,  a particulate sub- 
stance found in the blood of patients with 
hepatitis, has been implicated as a possible 
causative agent of human hepatitis ( 5 ) .  The 
present report describes our efforts to prop- 
agate Australia antigen in tissue culture 
systems. 

Materials and Methods. In the first ap- 
proach to this study Au(1) was added to 
line cells and primary cells in tissue culture. 
Hela (CCL 2 ) ,  Detroit 6 (CCL 3 ) ,  Intestine 
407 (CCL 6)  (from the American Type Cul- 
ture Collection) and primary cells of liver, 
spleen, thymus, ovary, and skin from a 16- 
week-old human fetus (from Hospital of the 
University of Pennsylvania) were grown, 

1 This work was supported by US. Public Health 
Service Grants CA-08069, CA-06.551, CA-06927, and 
RR-05539 from the National Institutes of Health, by 
the Brian William Donovan Memorial Fund, and by 
an appropriation from the Commonwealth of Penn- 
sylvania. 

L! Recipient of a Damon Runyon Cancer Research 
Fellowship. 

harvested and inoculated with Au ( 1 ) positive 
sera and/or plasma or minced liver tissues 
from patients with Au( 1) and hepatitis. Table 
I shows the total number of experiments con- 
ducted. The first 6 patients listed all had 
acute icteric hepatitis. The remainder were 
patients with Down’s syndrome and chronic 
anicteric hepatitis. Control cultures were in- 
oculated with either Au(  1) negative sera and/ 
or plasma or Earle’s balanced salt solution. 
Monolayers 3-4 days on petri plates were ex- 
posed to the Au( 1) inocula for 3 days and 
the medium was changed thereafter every 3- 
4 days. Slides or cover slips, placed in the 
plates initially for the purpose of staining 
with fluorescein coupled antisera by the meth- 
od of Millman et al. (6 ) ,  were removed 
periodically (up to 60 days). All culture 
fluids were concentrated by lyophilization and 
assayed for Au( 1) by immunodiffusion and 
radioimmunoprecipitation assay (7 ,  8) .  

In the second approach, tissues from 131 
different patients3 were cultured (Table 11). 
Forty-nine had Au(1) in their blood at the 
time the tissue was obtained and included 
patients with acute, subacute, and chronic 
hepatitis. The remainder were patients with 
a variety of hepatic and nonhepatic diseases 
who had liver biopsies for diagnostic 
purposes. Twenty-eight of the 68 specimens 
of washed liver biopsy material were cultured 
in flasks as finely minced material without 
trypsinization. Testis and jejunum specimens 
were minced and grown in flasks without prior 

3These specimens were obtained from the follow- 
ing hospitals in the Philadelphia area: the American 
OncoIogic Hospital ; Children’s Hospital of Philadel- 
phia; Jeanes Hospital; Jefferson Medical College 
Hospital; the Hospital of the University of Pennsyl- 
vania ; the Philadelphia Veteran’s Administration 
Hospital; and the Valley Forge General Hospital, 
Phocnixville, Pennsylvania. 
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TABLE 11. Human Tissues Cultured for Austra.lia Antigen." 

Lcngth of timc 
Total no. Patients with in culture 

Tissue How obtained of patients Au(1) (no.) (weeks) 

1 .i vcr 64 Needlc biopsy 68 23 1-40 
4 Surgical biopsy 

Stcrrial bone marrow Necdle aspiration 44 16 4-14 
Testis Surgical specimen 2 1 6-40 

Lymphocytes Peripheral blood 15 7 1 
Jejunal loop Surgical speeirnen 2 2 4-6 

Total 131 49 

"bee Table I for culture media. Cultures on polyethylene discs were grown in  media contain- 
ing 10% fetal  calf serum without ant.ibiotics. Gaseous environment was 5% CO, in  air. 

trypsinization. Sternal bone marrow material 
was inoculated directly into flasks contain- 
ing medium. Lymphocytes were collected from 
the peripheral blood and cultured according 
to the method of Hungerford (9). Each lym- 
phocyte specimzn was cultured in duplicate 
with, and without, the addition of phytohe- 
magglutinin. All tissue culture fluids were 
saved, concentrated by lyophilization 10-fold, 
and stored frozen until ready for assay. 

Forty of the 68 liver specimens were tryp- 
sinized, minced, and cultured on polyethylene 
discs by the method of Taylor et at. (10). 
Four to 6 implants were made from each 
specimen. The implants from each biopsy 
were placed in separate culture plates con- 
taining wells. Each disc was floated, cell sur- 
face down, over medium. The discs were re- 
moved at various intervals and stained with 
acridine orange; and the fluids were saved 

FIG. 1. Human liver (L.H.) cultured in flasks and then subcultured on polyethylene discs by 
the methsod of Taylor et al. (10): These cells, from the sixth passage, were stained with ac- 
ridine orange; X 1250. 
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FIG. 2. Human liver (L.H.) cultured on microscope slides in pctri plates: Cells are from 
day 5 in culture from passage two. Phase contrast; X2250. 

for A u (  1) assay. 
Results. Of the 28 liver biopsy specimens 

cultured in flasks, one specimen produced an 
epitheliod cell type culture which is shown 
in Fig. 1. This biopsy was from a patient who 
had acute, icteric hepatitis and Au(  1) in his 
blood at  the time the biopsy was performed. 
Fluorescent staining of the original biopsy 
specimen showed fluorescent granules in the 
cell nuclei (6 ) .  The culture obtained from 
this biopsy has been propagated through 
16 passages without obvious microscopic 
change in the appearance of the cells. The 
results of assays for Au(1) are shown in 
Table 111. Fluorescent granules were seen in 
the nuclei on days 5, 6, 7, 8, and 11 of the 
second passage. With further culturing, the 
fluorescent granules were no longer seen un- 
til passage 6, when weakly positive fluores- 
cent granules were again demonstrated in the 
cell nuclei. Kone of these culture fluids proved 
positive by immunodiff usion assay. Cells 
from passage 6 were also grown on 32 poly- 
ethylene discs. Each disc was transferred to 
a new well with fresh medium every 3-4 

days. iYhen the discs became crowded they 
were trypsinized and new cultures were 
started. Fluids from 2 of the 32 discs 
contained A u (  1 ) as determined by radio- 
immunoassay ( 7 ,  8 ) ;  one on day 8 of 
passage 6 after 113 days in culture and an- 
other on day 33 from the same passage after 
139 days in culture. Seither culture fluid 
proved positive by immunodiff usion assay. 
Both of these assays were greater than 2 
standard deviations from the mean of 4 Au( 1) 
negative sera used as controls in this assay.4 
Figures 2 and 3 show the appearance of these 
liver cells in phase and UV light after stain- 
ing with fluorescein coupled rabbit antibody. 
These cells are from day 5 in culture from 
passage 2. Cells grown on polyethylene discs 

This test is so designed that a known amount of 
radioactive lz'I-tagged Au( 1) is mixed with an amount 
of antibody to Au(1) that will precipitate 50% of 
the radioactivity. When a test specimen is added to 
the system, a depression in the amount of precipitat- 
ed radioactivity indicates that the test sample con- 
tains .4u (1) which is competing with the radioactive 
Au(1) for antibody 
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FIG. 3. Same as Fig. 2 but stained with fluorescein isothiocyanate coupled rabbit antiserum 
for -4ustralia antigen. Bright areas within nuclei stain sp~cificnlly grwn while cytoplasm shows 
autofluorescent grey blue; X2250. 

could not be stained with fluorescein due to 
the retention of the stain by the polyethylene 
discs. 

All of the 40 liver biopsy specimens that 
were cultured directly on polyethylene discs 
produced viable cells and several cell divisions 
for a t  least 8 days as observed by staining 
with acridine orange. Tissue culture fluids 
derived from 1 specimen were found to con- 
tain Au ( 1 ) by radioimmunoassay. This 
specimen was from a patient who had both 
sarcoidosis with granulomatous changes in the 
liver and a primary hepatoma. Tissue from the 
hepatoma and that part of the liver involved 
with sarcoidosis were cultured separately. 
Three discs (out of a total of 14 made from 
the sarcoid involved liver) only contained 
Au ( 1)  by radioimmunoassay (Table IV) . 
Au( 1 )  appeared in the tissue culture fluids 
in 6, 20, and 26 days. 

None of the other primary tissues 
studied gave evidence of Au ( 1 )  either in the 
cells or the tissue culture fluids. 

All attempts to propagate Au( 1 )  by in- 
oculating tissue culture monolayers (Table 

I )  with Au( 1) containing materials failed. 
j'ariations including changes in temperature, 
prior exposure of the cells to UV light, or the 
addition of adenovirus type 12 as helper 
virus had no measurable effect within the 
limits of these experiments, 

Discussion. These results appear to con- 
firm our earlier report (6)  that Au( 1) may 
be present in the liver of patients who have 
hepatitis and Au(1) in their blood. The  ap- 
pearance of fluarescent granules in the cell 
culture of L.H. after 6 passages indicates 
that either Au( 1) is being carried from one 
cell generation to another laterally or that 
i t  is being transmitted vertically and is rep- 
licated by the cells. The fact that the fluo- 
rescen t granules were not observed persistently 
throughout the cultures would tend to favor 
the latter explanation. The failure to find 
Au( 1 )  in the fluids of the second passage 
from patient L.H. (Table 111) may indicate 
that Au( 1) is firmly bound to the cells and 
not easily released in detectable amount. 

Positive results were found with only 2 
liver cultures out of 23 specimens from pa- 
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TABLE 111. Results of Experiments with Culture from Liver of L.H. 

Detection of Au (1) by : 
Total time in Time in passage 

culturea (days) no. 2 (days) Fluorescence Immunodiff usion R I P  

A. Cells from passage no. 2 grown in petri plates 
58 1 Neg 
61 4 Neg 
62 5 Pos 
63 6 Pos 
64 7 Po3 
65 8 Pos 
68 11 Weakly pos 

B. Cells from passage no. 6 grown on discs 

113 (Disc no. 2)  8 
139 (Discno. 6)  33 

a Calculat.cd from date of biopsy. 
Radioinimunoprecipitation assay and number of standard deviations. Values grcatcr th:tn 2 

SD from the mean of the controls [negative Au( 1) sera] are considered significant. 

tients with Au(1) in their blood. This could 
be entirely due to the difficulties of main- 
taining primary liver cells in culture. More 
of these specimens might have proved posi- 
tive had they been maintained in culture 
longer. On the ather hand the 2 specimens of 
liver that produced positive results might have 
been somewhat altered in vivo making in 
vitro cultivation possible. One specimen was 
from an individuai with acute icteric hepatitis, 
whose liver cells displayed fluorescent in- 
tranuclear granulation at  the time of biopsy 
and the other was from an individual with 
sarcoidosis and hepatoma. 

The results reported here are compatible 
with the hypothesis that Au(  1)  can be pas- 
saged in liver cells in tissue culture. In  ad- 
dition it is highly probable that an increase 

TARTX 1V. R:iilioininiuiioprecipitntiori Assay of 
Tissue Culture Fluids f rom Patient H.A. 

Time in culture 
(days> Au(1) SD" 

5 Weakly pos (2) 
G Pos (>6)  

20 Pos (>6)  
26 Pos (>6) 
40 Weakly pos (2)  

aValues greater than 2 SD of the mean of the 
controls [negative Au( 1) sera] are considered sig- 
ni fie an t, 

in Au( 1) has resulted from replication in 
vitro. 

Summary. An attempt was made to prop- 
agate Australia antigen, Au ( 1 ), in tissue cul- 
ture. The approach to the study was twofold: 
(a) the culturing of fresh biopsied tissues 
from patients with hepatitis and Au(1) in 
their blood; and (b) the addition of serum, 
plasma, and extracts of biopsied liver from 
patients with Au(  1) in their blood to establish- 
ed cell lines and primary cells from human 
fetal tissues in tissue culture. Positive results 
were obtained only with the first approach. 
Two liver cultures out of 23 specimens from 
patients with Au(1) in their blood produced 
either intranuclear fluorescent granules after 
staining with fluorescent coupled rabbit anti- 
Au( 1) antiserum or Au( 1) in the tissue cul- 
ture fluids as determined by a sensitive radio- 
immunoprecipitation assay technique. Fluo- 
rescent intranuclear granulation appeared dur- 
ing the second and sixth passage of one cul- 
ture of liver. I t  is unlikely that this could 
be explained by carry-over of Au( 1)  from the 
initial biopsy specimen. Cultures of sternal 
bone marrow, testis, jejunal loop, and lympho- 
cytes from patients who had Au(1) in their 
blood were uniformly negative for fluorescent 
granules as well as Au( 1) by radioimmuno- 
precipitation assay. The results indicate a 
strong possibility that Au(  1) replicates in 



tissue culture. 
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