
genome, EIAV appears slightly more related 
to HTLV-I11 (p26, protease, segments 2, 3, 
4, and 7 of pol), or visna (p15, p l  1, seg- 
ments 1 and 6 ofpol), but with the possible 
exception ofpol segment 6, these differences 
are not large. Since visna and HTLV-I11 
appear no closer to each other than either is 
to EIAV, we conclude that the three viruses 
are about equidistant from each other. 

Chiu et A. (34) recently compared the 
translated nucleotide sequence at the NH2- 
terminus of RT (corresponding to our pol 
segments 1 and 2) in EIAV, CAEV, and 
HTLV-111. They concluded that the three 
viruses are about equidistant from each oth- 
er. Since CAEV is a close relative of visna 
(81 percent amino acid identities in the 
~ 

region sequenced by Chiu e t  al.), our results 
are in good agreement with theirs. They also 
concluded that divergence among the lenti- 
viral pol genes is about the same as that 
observed between the pol genes of BLV and 
HTLV-I. This conclusion. however. while 
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true for pol segments 1 and 2 does not apply 
to pol segments 6 and 7 (see Table 1). There, 
as throughout gag and protease, BLV and 
HTLV-I are more highly related to each 
other than are EIAV, visna, and HTLV-I11 
to each other. Similarly, within RT the 
BLV-HTLV-I and -11 group appears more 
closely related to the avian type C viruses 
than to the mammalian type C viruses (2, 
21, 34), but in other genomic regions closer 
relatedness to the mammalian viruses is seen 
(21). Thus a phylogenetic tree that accurate- 
ly reflects relationships in one segment of 
the genome may not apply to other seg- 
ments. This may result from real differences 
in evolutionary rate, from limitations in our 
methods of analyzing relatedness, from viral 
recombination, or from some combination 
of these factors. Until this issue is clarified 
further, we view the lentiviruses, the BLV- 
HTLV-I and -11 group, the mammalian type 
C viruses, and the avian type C viruses as 
four major retroviral groups that are approx- 
imately equidistant from each other. 
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Putative Reverse Transcriptase Intermediates of Human 
Hepatitis B Virus in Primary Liver Carcinomas 

Nucleocapsid-pol fusion proteins have been detected by serological screening hepato- 
cellular carcinoma tissues that contain hepatitis B virus (HBV) DNA. The existence of 
these fusion proteins suggests that HBV may synthesize its reverse transcriptase in a 
fashion analogous to the way that retroviruses synthesize and process a precursor. The 
accumulation of HBV reverse transcriptase intermediates in tumorous tissues and not 
in other tissues may be related to the absence of viral core particles and possibly 
contributes to tumor development. 

H UMAN HEPATITIS B VIRUS (HBV) 
contains a DNA genome but re- 
sembles retroviruses (i) in its 

mode of replication involving reverse tran- 
scription of an RNA pregenome, (ii) in its 
gene organization, and (iii) in its association 
with tumor development (1). At the level of 
transcription, both differences and similar- 
ities between HBV and retroviruses exist 
(2). In contrast to retroviruses (3), all tran- 
scripts identified so far are unspliced and 
originate from different promoters; howev- 
er, as in retroviruses, they are coterminal. 
For HBV and the related duck hepatitis B 
virus (DHBV) the major messenger RNA's 
(mRNA's) identified have been related to 
the hepatitis B surface antigen (HBsAg) and 
nucleocapsid protein, hepatitis B core anti- 
gen (HBcAg), but not to the reverse tran- 
scriptase believed to be encoded by the pol 

frame (4). Only the HBcAg mRNA covers 
the complete pol frame; for expression of 
the pol protein from this mRNA, internal 
translation initiation would have to occur. 
Alternatively, in analogy to retroviruses (3), 
the HBV reverse transcriptase could be syn- 
thesized via a HBcAg-Pol (c-pol) fusion 
protein. This is conceivable since the 
HBcAg coding region (C gene) of HBV 
overlaps with that of the pol frame reminis- 
cent of the gag-pol frame arrangement in 
most retroviruses. As confirmation of this 
hypothesis, we have identified and charac- 
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terized such fusion proteins in this study. 
All liver samples (Table 1) were screened 

by imrnunoblotting with an antiserum to 
HBcAg (c2-183 in Fig. 1A) in order to 
detect polypeptides antigenically related to 
the major viral HBcAg protein. In the livers 
with ongoing viral replication (Table 1, 
patients 1 and 4) a strong 21,000-dalton 
(21-kD) signal was observed (Fig. 2, lanes 1 
and 4), a position corresponding to the size 
of the major HBcAg protein (5). In addi- 
tion, with the extract of liver from patient 4, 
a minor specific signal was observed at 38 
kD (Fig. 2, lane 4) (see below). In the livers 
where there was no acute HBV infection, 
the 2 1 - 0  HBcAg was not detected (Fig. 2, 
lanes 2 and 3 and 6 to l l ) ,  a finding 
consistent with the absence of HBc-related 
antigens in serum and liver (Table 1). Most 
of the livers contained only integrated HBV 
DNA, a fact known to be associated with 
the lack of HBcAg and HBeAg expression 
(6). In two of the hepatocellular carcinoma 
tissues tested the same antiserum reacted 
specifically with a 35-kD protein (Fig. 2, 
lane 5). In addition, in one primary liver 
carcinoma (PLC) tissue a 69- and 9 2 - 0  
polypeptide reacted specifically (Fig. 2, lane 
5) .  These results suggest that all these poly- 
peptides contain HBcAg sequences. 

The high molecular weight HBcAg pro- 
teins were likely to contain cellular se- 
quences or HBV-encoded sequences of the 
pol, pre-S, or X open reading frames (Fig. 
1B). To test for pol-related protein se- 
quences, we used a rabbit antiserum to the 
NHz-terminal amino acid sequence of the 
pol frame (p30-201) and reacted it with 
proteins of a liver from a patient with ongo- 
ing viral replication (patient 4) and with 
proteins of the PLC tissue of patient 5. 
(Patient 10 was tested in the same way.) A 
specific immune reaction was observed with 
the 35-, 38-, and 69-kD proteins but not 
with the 9 2 - 0  protein (Fig. 3A, lanes 1 to 
3, and Fig. 2, lane 4). This suggests that 
HBcAg sequences are fused with pol frame 

Fig. 1. Sections of HBcAg or HBeAg expressed in E,  coli, gene 
organization of HBV, and deduced structure of the 35- and 69-kD 
c-pol hsion proteins. (A) Polypeptides of the C gene expressed in E,  coli 
(8) are schematically drawn and the positions of the NH2- and COOH- 
terminal amino acids are indicated. (B) The HBV genome is presented in 
a linear form. Open arrows represent known and predicted genes. Areas 
covered by antisera to HBV proteins expressed in E. coli (8) are shaded. 
The COOH-terminus of the HBeAg protein (9) is indicated by the 
vertical line within the C gene. The nucleotide positions of all open 
reading frames are according to the nomenclature of Pasek et al. (10). (C) 
Structure of the 35- and 69-kD c-pol polyproteins as deduced from the 
immunoblot experiments. Continuous lines are drawn in areas covered 
by reacting antisera. Broken lines indicate possible locations of the NH2- 
and COOH-terminal amino acids. 

sequences in all these polypeptides except 
that of 92 kD. Because of the high back- 
ground in a control experiment (Fig. 3B, 
lane 3) this could not be proved ullequivo- 
cally for the 38-kD polypeptide (legend to 
Fig. 3). Liver extracts of patients 4, 5, and 
10 screened by immunoblot analysis with 
antisera to X frame and pre-S frame proteins 
revealed no reaction with HBcAg-related 
proteins. Thus, these proteins do not con- 
tain the corresponding pre-S or X amino 
acid sequences. 

To determine which parts of the HBcAg 
protein sequence were contained in the 3 5 ,  
38-, 69-, and 92-kD polypeptides, we again 
used the imrnunoblotting technique. Rabbit 
antisera to short fragments of the HBcAg 
protein were tested with liver extracts of 
patients 4,5, and 10. The antisera were used 
either directly or after preliminary incuba- 
tion (indicated by PI + or -) with dena- 
tured HBcAg (c2-183) to demonstrate the 
specificity of the immune reaction (Fig. 3, A 
and B). All antisera to HBcAg except those 
to NH2- and COOH-termini reacted specif- 

ically with the 35-kD protein (Fig. 3A, lanes 
4 to 14). This suggests that the 35-kD 
protein lacks the NHz- and COOH-termini 
of the 21-kD HBcAg protein. The strong 
reaction of antiserum c28-77 with the 35- 
kD protein compared to the weak reaction 
with the 21-kD HBcAg protein (only seen 
after longer exposure) may be due to the fact 
that the NHz-terminus of the 35-kD poly- 
peptide lies within the amino acids 28 to 77 
of the C gene sequence. The HBcAg se- 
quence map thus start at the second AUG of 
the C gene (amino acid 66), extend at least 
to amino acid 110 and then be hsed to pol 
frame sequences extending to about amino 
acid 200 of the pol frame (Fig. 1C). The 69- 
kD protein reacted specifically only with the 
antiserum to the COOH-terminus (Fig. 3A, 
lanes 13 and 14) and the complete HBcAg 
protein (Fig. 2, lane 5), suggesting that it 
contains only a short stretch of the COOH- 
terminus of the 21-kD HBcAg protein. 
Therefore, the 69-kD protein appears to 
begin close to the COOH-terminus of the C 
gene and is fused to pol protein sequences. 

Table 1. Origin and viral markers of liver tissues. Diagnoses were made by clinical, serological, and 
autopsy findings. All liver samples were obtained from autopsies. The HBV antigens and antibodies 
were determined by commercially available radioimmunoassays or enzyme immunoassays (Abbott 
Diagnostics). The HBV DNA was determined by Southern blot analyses (11); IgM, immunoglobulin M. 

Serum markers Liver markers Liver HBV ,-, Infection DNA - - 
tient or Anti- Inte- HBsAg HBeAg HBc HBekAg HBsAg Free 

(I@) - 

1 Acute + + + + + + - 
2 Acute* - - - + - - + 
3 PLCt + - - - + - + 
4 Acute + + + + + + - 
5 PLCt + - - - + + + 
6 Acute - - + - - + - 
7 Cirrhosis + - - - + - + 
8 Cirrhosis - - - - 
9 PLCt + - - - - 

l o  PLCt + - + - - - + 
11 Acute* + - - + - 

"Fulminant hepatitis. trrimary liver carcinoma. 
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Fig. 2. Immunoblot analysis of cell extracts of 
HBV-infected liver tissues with an antiserum to 
HBc. The proteins of liver cell extracts (11) 
(Table 1) were irnrnunoblotted with a rabbit 
antiserum to HBc (12-183). 14C-Labeled size 
markers were cytochrome (14 kD), carbonic an- 
hydrase (30 kD), ovalbumin (46. kD), bovine 
serum albumin (69 kD), and phosphorylase B (92 
kD)- 

As the C gene and the pole frame are in 
different reading frames, and as there is no 
evidence for mRNA splicing in HBV, we 
favor ribosomal frameshifting as the mecha- 
nism for fusion protein synthesis. Alterna- 
tively, c-pol fusion protein expression might 
also be due to a frameshift mutation in the 
corresponding DNA template, but the de- 
teaion of 35-kD fusion proteins in three 
PLC tissues argues against this possibility. 

The 35-, 38-, and 69-kD c-pol fusion 
proteins could be the result of incomplete 
synthesis or processing of a HBV reverse 
transcriptase precursor protein. If the fusion 
proteins detected also reflect the presence of 
enzymatically active reverse transcriptax 
synthesized from a common precursor, the 
enzyme would not be encapsulated in viral 
partides in the PLC tissues. Consequently, 
one intriguing possibility would be that 
reverse transcription of cellular genes may 
occur, eventually leading to cellular transfor- 
mation as speculated for retroviral reverse 
transcriptase (7). 

The amino acid sequence could extend up to 
amino acid 700 of the pol frame (Fig. 1C). 
In agreement with this, an antiserum to a 
pol protein covering amino acid sequence 
170 to 376 react with the 69-kD but not 
with the 35-kD polypeptide. The 92- and 
the 38-kD polypeptides were not charamr- 
ized in demil. 

Gpol fusion polypeptides but no normal 
21-kD HBcAg protein were found in two 
PLC tissues (Figs. 2 and 3A), and more 
recently also in a third PLC tissue. In the 
productively infected livers the 21-kD 
HBcAg protein and, in one case, an addi- 
tional minor putative c-pol fusion protein 
were detected (Figs. 2 and 3B). The absence 
of the 21-kD HBcAg protein in the PLC 
tissues implies that no viral core partides are 
present in these cells. If we assume that 
similar c-pol proteins are also produced in 
the normal replication cycle but are more 

rapidly packaged and processed in viral cores 
destined to be exported, accumulation of the 
c-pol fusion proteins may be a consequence 
of the absence of core particles in the PLC 
tissue. The c-pol transcripts in the PLC 
tissues are probably produced from integrat- 
ed DNA because this was common to both 
PLC tissues studied in detail. Integration 
into the HBV C gene could account for the 
changed C gene expression. This could ex- 
plain the altered start site of the 35-kD 
protein within the C gene, the lack of the 
2 1 - 0  HBcAg, and overexpression of c-pol 
fusion proteins. 
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