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Summary. The polymerase chain reaction (PCR) was 
used to analyse tissues from paraffin blocks of liver nee- 
dle biopsies retrospectively. Biopsies of 29 patients with 
proven HBsAg and HBcAg expression in liver tissue 
and of 8 healthy volunteers served as positive (group 1) 
and negative tissue controls (group 2), respectively. 
These were compared with 16 patients with proven 
HBsAg expression in liver but lack of HBcAg (group 3), 
with 23 patients with anti-HBc as the only hepatitis B 
virus (HBV)-related marker (group 4) and with 21 pa- 
tients with liver disease and without HBV markers in 
tissue or serum (group 5). PCR detected HBV sequences 
in all cases of  the positive control group and in 94% 
of  group 3, in 65% of  group 4, and in 71.4% of  group 5, 
whereas all healthy volunteers were negative. Our data 
show that PCR is able to detect HBV-DNA sequences 
in virtually all patients with active viral antigen expres- 
sion but also in a high proport ion of  hepatitic patients 
who are silent for active HB but may or may not show 
signs of  a contact with the HBV. Thus, PCR for HBV- 
D N A  in paraffin sections might become a useful tool 
for identifying patients carrying HBV-DNA but not ex- 
pressing HBV antigens. 
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Introduction 

The technique of  polymerase chain reaction (PCR) 
(Saiki et al. 1988) has been successfully adapted to for- 
malin-fixed, paraffin-embedded tissue specimens (Shiba- 
ta etal .  1988; Lo etal .  1989) and hepatitis B virus 
(HBV) D N A  sequences have been detected in human 
liver biopsies (Lo et al. 1989; Lampertico et al. 1990; 
Shindo et al. 1991). Analysis of  archival tissues with this 
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highly sensitive technique opens up an exciting opportu- 
nity to complement conventional histopathological, ser- 
ological and immunocytochemical results (Malter and 
Gerber 1991) in retrospective and prospective investiga- 
tions. Moreover, it facilitates multicentre studies as ma- 
terial can easily be transferred from centre to centre. 

In the present paper we report  studies by PCR on 
human liver biopsies from different groups of  patients 
in our files. We demonstrate HBV-DNA sequences in 
liver biopsies from patients with anti-HBc as the only 
marker of  a contact with the HBV as well as in patients 
without any HBV marker in tissue and blood by conven- 
tional methods. Proven cases of replicating HBV infec- 
tion served as positive controls and biopsies fi'om HBV- 
negative healthy volunteers as negative controls, respec- 
tively. 

Materials and methods 

We studied paraffin-embedded liver needle biopsies from our files 
(1984-1990) from patients with histologically verified chronic hepa- 
titis according to established criteria (Bianchi et al. 1977) from 
which a complete immunohistochemical analysis of liver tissue for 
HBV antigens had been done on unfixed frozen sections using 
direct and indirect immunofluorescence with primary antibodies 
against HBsAg, HBcAg and delta antigen as described elsewhere 
(St6cklin et al. 1981). HBV markers in serum were determined with 
currently available radioimmunoassays. 

The immunohistological, serological and histological character- 
ization of patients is given in Tables 1 and 2 for the following study 
groups: 

Group 1 : positive tissue controls. This group included 29 patients 
with on-going HBV infection expressing both core (HBcAg) and 
surface (HBsAg) antigen in liver tissue. A complete serological 
status for HB was available in 17 patients: 10 were positive for 
HBeAg, 5 for anti-HBe, 2 negative for both markers of the HBe 
system, while all 17 had anti-HBc in serum. Out of the 29 patients, 
28 had chronic aggressive hepatitis (CAH) and one had chronic 
persistent hepatitis (CPH). 

Group 2: negative tissue controls. This group consisted of 8 clini- 
cally healthy volunteer medical students (Rohr et al. 1976) with 
negative HB serology (HBsAg, anti-HBs, anti-HBc) and normal 
liver tissue without inflammation. 
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Table 1. Immunohistological, serological, histological characterization and polymerase chain reaction (PCR) positivity of patients from 
the control groups 

Tissue Serum status Histology No. PCR 
+ 

HBs HBc HBs a-HBs HBe a-HBe a-HBc 

Group 1 + + + - + - + CAH 10 10 

Positive HB tissue control + + + - - + + CAH 5 5 

+ + + - - - + CPH 1 1 

CAH 1 1 

+ + ND CAH 12 12 

Total 29 29 

Group 2 . . . .  ND ND - Within normal limits 8 0 

Negative HB tissue control 

Total 8 0 

HB, Hepatitis B; ND, not determined; HBs, hepatitis B surface 
antigen; HBc, hepatitis B core antigen; a-HBs, hepatitis B surface 
antibody; HBe, hepatitis Be antigen; a-HBe, hepatitis Be anti- 

body; a-HBc, hepatitis B core antibody; CAH, chronic aggressive 
hepatitis; CPH, chronic persistent hepatitis; AH, alcoholic hepati- 
tis 

Table 2. Immunohistological, serological, histological characterization and PCR positivity of patients from experimental groups 

Tissue Serum status Histology No. PCR 
+ 

HBs HBc HBs a-HBs HBe a-HBe a-HBc 

Group 3 + - + - + - + 

HB with unproven replicative state + - + - - + + 

+ -- + -- _ _ + 

+ - -  + ND ND ND ND 

CAH 1 1 

CPH 1 0 

CAH 4 4 
CAH 1 1 

CPH 2 2 

CAH 7 7 

Total 16 15 

Group 4 . . . . . .  + CAH 13 8 

Liver disease with a-HBc only CPH 3 3 
AH 2 1 
NRH 3 2 
MLD 2 1 ~ 

Total 23 15 

Group 5 . . . . . . .  CAH 12 11 

Liver disease with no HB marker CPH 1 1 
AH 4 2 
NRH 2 1 
MLD 2 0 

Total 21 15 

NRH, Non-specific reactive hepatitis; MLD, miscellaneous liver diseases; for other abbreviations, see Table 1 

" Hepatoma 

Group 3: HB  with unproven replicative state. This group consisted 
of 16 patients with on-going HB infection in which immunofluores- 
cence failed to detect HBcAg. Serological data were available from 
7 of these patients. All 7 had anti-HBc in serum, 5 were positive 
for anti-HBe but negative for HBeAg, 1 had HBeAg in the absence 

of anti-HBe, and I was negative for both markers of the HBe 
system. Histology showed CAH in 13 and CPH in 3 of the 16 cases. 

Group 4: liver disease with anti-HBc only. This group of 23 patients 
lacked tissue expression of HBV antigens and other HBV-related 
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Fig. 1. A A representative ethidium- 
bromide-stained agarose gel of poly- 
merase chain reaction (PCR) amplifi- 
cation products; 20 ~tl PCR amplifica- 
tion product was run on a 2.0% agar- 
ose gel. M, Molecular weight size 
markers; P, pHBV 991 plasmid DNA; 
N, negative control. I, Hepatocellular 
carcinoma; 2, HBsAg+/HBcAg + case; 
3, HBsAg-/HBcAg-/anti-HBc § case; 
4, HBsAg-/HBcAg- case; 5, healthy 
control. B A Southern blot analysis of 
the gel presented in A. DNA was hy- 
bridized to 32P-radiolabelled HBV 991 
plasmid after transferring to nitrocellu- 
lose membrane 

markers in serum except for anti-HBc. In this group were 13 pa- 
tients with CAH, 3 with CPH, 2 with alcoholic hepatitis (AH) 
(both patients were alcohol abusers), 3 with non-specific reactive 
hepatitis (NRH), and 2 with miscellaneous liver disease (MLD). 

Group 5: Liver disease with no HBV markers. This group included 
21 patients negative for all HBV-related markers with various 
forms of inflammation: 12 patients had CAH, 1 had CPH, 4 AH 
(all were alcohol abusers), 2 NRH and 2 MLD. 

Two 5 gm sections were cut from the paraffin blocks under 
stringent conditions to avoid cross-contamination and placed in 
a 1.5 ml Eppendorf tube. Subsequent processing was according 
to Shibata et al. (1988). Briefly, the sections were deparaffinized 
in 400 gl xylene, vortexed for 1 min and spun for 5 min. The xylene 
was pipetted off and the residual was removed with 400 gl of 95% 
ethanol. This was followed by vortexing (1 min) and spinning 
(5 min). Most of the ethanol was pipetted off and the rest was 
removed by vacuum desiccation for 10 min. PCR mix (100 gl) was 
added to the tubes, heated at 95 ~ C for 10 min, followed by 40 cy- 
cles of PCR. When DNA was used for amplification, 500 pg plas- 
mid (used only to standardize the method) or 1 gg liver DNA 
was amplified per reaction. 

PCR was carried out essentially as previously described (Saiki 
et al. 1988). Five units of Thermus aquaticus (Taq) DNA polymer- 
ase (Perkin-Elmer Cetus Kuesnacht, Switzerland) were used for 
each reaction. The reaction buffer and deoxynucleotide triphos- 
phates were obtained from the Perkin-Elmer Cetus Gene Amp 
DNA amplification reagent kit. Each cycle of PCR consisted of 
thermal denaturation at 94 ~ C (2 min), primer annealing at 55 ~ C 
(2 min), and extension at 72 ~ C (3 rain), all carried out in an au- 
tomated thermal cycler (Perkin-Elmer Cetus). During the last cycle, 
extension time was increased by an additional 7 rain. Forty cycles 
were performed. As an additional control for group 5, PCR was 
repeated by using 30 and 50 cycles. When DNA was used for ampli- 
fication, 500 pg plasmid or 1 ~tg liver DNA was used per reaction. 
DNA was isolated from liver as previously described (Villari et al. 
1989). All the samples were tested twice and in every PCR experi- 
ment a positive and a negative control (without DNA) were run 
simultaneously. To avoid possible contamination by the plasmid, 
all the necessary precautions were taken and the plasmid was never 
amplified in the same experiment as the patient samples. 

Oligonucleotides were synthesized by using the DNA synthe- 
sizer DM (Beckman Nyon, Switzerland). The sequences are written 
from 5' to 3': 

PCR 1 : GATTGAGATCTTCTGCGACGC 
PCR 2: GAGTGTGGATTCGCACTCCTC 

For Southern blot analysis 10-20 gl of each PCR sample were 
electrophorized on 2% agarose gel, stained with ethidium bromide, 
and photographed under UV light. The separated PCR products 
were denatured by soaking the gel twice in 0.5 M sodium hydrox- 
ide/].5 M sodium chloride for 20 min each, and neutralized by 

soaking twice in 0.5 M TRIS-HC1, pH 7.4/1.5 M sodium chloride 
for 20 min each. The filters were pre-hybridized for 2-4 h at 42 ~ C 
in hybridization buffer (50% formamide, 5 x SSC, 5 x Denhards, 
0.5% SDS, 100 gg/ml denatured salmon sperm DNA) and hybrid- 
ized overnight with 107 cpm/ml of heat-denatured 32p random- 
primed labelled pHBV 991 plasmid containing the entire HBV se- 
quence (B6ttcher et al. 1982). Random priming was performed us- 
ing the random priming DNA labelling kit (Boehringer, Mann- 
heim, FRG) following the protocol of the supplier. The membranes 
were washed once at room temperature in a buffer containing 0.1% 
SDS/1 • for 15 rain, once at 37~ in the same buffer for 
20 rain, and twice at 68 ~ C in a buffer containing 0.5% SDS/0.1 x 
SSC for 40 rain each. After washing the filters were exposed to 
Kodak XARS autoradiography films at - 70  ~ C with intensifying 
screens. 

To standardize the PCR method for HBV sequences we used 
as target sequence the pHBV991 plasmid which contains the entire 
3.2 kb HBV genome. The desired fragment was J85 base pairs long, 
flanked by primers PCRI and PCR2 in the region where the core 
antigen gene overlaps the polymerase gene (Tiollais et al. 1985). 
This region was chosen because of its conservation amongst differ- 
ent subtypes of HBV (Ono et al. 1983). 

As shown in Fig. 1A the primers amplified the expected 185 bps 
fragment from the HBV plasmid DNA. Specificity of the amplified 
sequence for HBV was confirmed with Southern blot hybridization 
using radioactively labelled pHBV991 plasmid as probe (Fig. 1 B). 

Amplification of DNA isolated from a liver with hepatocellular 
carcinoma: Southern blot analysis confirmed that the DNA con- 
tained the HBV genome (data not shown). A band of similar size 
to that of the amplified HBV plasmid was present in the PCR 
amplification product of the liver DNA (Fig. 1 A). This DNA frag- 
ment hybridized also to HBV-radiolabelled plasmid (Fig. 1 B). 

After establishing the conditions for amplifying HBV sequences 
from plasmid and DNA isolated from hepatocellular carcinoma, 
we analysed paraffin sections of liver needle biopsies for the pres- 
ence of HBV-DNA sequences. 

Results 

The results of  the P C R  studies on para f f in -embedded  
liver biopsies are summar ized  in Tables 1 and  2. A repre- 
sentative e th id ium bromide-s ta ined  gel and  a Sou thern  
blot  are shown in  Fig. 1. A m o n g  the group  of  pat ients  
with C A H  or C P H  positive for HBsAg and  HBcAg in 
liver by i m m u n o s t a i n i n g  (group 1), P C R  detected HBV 
sequences in all 29 b iopsy  samples. Specificity of the am- 
plified sequences was conf i rmed by hybr id iza t ion  to ra- 
dioactively labelled HBV plasmid.  G r o u p  2 served as 
a HBV-negat ive  tissue control .  It  consisted of  8 liver 
biopsies f rom heal thy medical  s tudents  in our  files (Rohr  
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et al. 1976) without any markers of HBV in serum and 
liver and with histologically normal liver. PCR failed 
to detect HBV-related sequences in all 8 biopsies. 

Table 2 summarizes immunohistological expression in 
liver tissue, serological status of HBV, histological classi- 
fication of the accompanying liver lesion, and the results 
of PCR in groups 3-5. In group 3, consisting of 16 pa- 
tients with CAH or CPH positive for HBsAg in liver 
and blood but negative for HBc in tissue by immuno- 
histology, PCR detected HBV-DNA in all but 1 patient. 
The single negative patient had HBe-negative CPH, pos- 
itive for HBsAg, anti-HBc, and anti-HBe in serum. The 
common denominator in group 4 is positivity for anti- 
HBc in serum as the only marker of contact to the HBV. 
Associated histopathology includes chronic hepatitis and 
non-hepatitic lesions. PCR detected HBV sequences in 
15 of 23 cases. Of 13 CAH patients 8 were positive; 
among the 5 PCR-negative cases, 2 were drug-related 
and 1 had serum antibodies against the hepatitis C virus 
(anti-HCV). All 3 CPH were PCR-positive, as were 1 
of 2 cases of AH and 2 of 3 NRH. Among the 2 MLD 
1 hepatocellular carcinoma was PCR-positive while 
1 case of steatosis was PCR-negative. 

In group 5, where conventional methods failed to de- 
tect any HBV-related markers, PCR amplified HBV se- 
quences in 15 of 21 patients, even when using the lowest 
possible number of cycles (30) to minimize contamina- 
tion. Positive cases included 11 of 12 CAH and the 
I CPH. In the PCR-negative case of CAH a drug aetio- 
logy was likely. Two of 4 biopsies of AH and 1 of 2 
N R H  were positive in PCR, whereas both cases of MLD 
(both fatty livers) were negative. 

Discussion 

The role of the expression of different HBV-related anti- 
gens in the pathogenesis of HB is still unclear but major 
importance has been assigned to active replication evi- 
denced by demonstration of HBcAg in liver or presence 
of HBeAg, DNA-polymerase and/or viral DNA in se- 
rum (Bonino 1986; Thomas 1990). The detection of 
HBV-DNA in patients with chronic hepatitis negative 
for HBsAg in liver and serum (Brechot et al. 1985) shows 
that conventional immunological analysis of liver biopsy 
specimens and serological methods are not sensitive en- 
ough to detect small amounts of viral DNA molecules 
in the liver. PCR, however, is a very sensitive technique 
which can amplify one single copy of a particular DNA 
sequence to detectable level in the presence of total DNA 
from 10 s cells (Saiki et al. 1988). Such a high sensitivity 
makes PCR ideally suited for the detection of very low 
copy numbers of a viral genome but carries also the 
risk of false-positive and false-negative results (Wright 
and Wynford-Thomas 1990). To control such artefacts 
in our study, we included a positive control group 
(group 1) with proven HBV replication and a negative 
group (group 2) of biopsies from HBV-negative healthy 
volunteers. In addition, the preparation of the samples 
was done under stringent conditions to avoid cross-con- 
tamination and positive and negative controls were in- 
cluded in every experiment. 

We have tested critical groups of patients for the pres- 
ence of HBV-DNA. Special emphasis was laid on 
HBsAg-expression livers without detectable HBcAg 
when compared with those expressing both viral anti- 
gens. The significance of anti-HBc as the only HBV- 
related marker was studied in comparison with patients 
with complete negativity of conventional markers in the 
presence of hepatitic liver disease. 

In group 1, where HBsAg and HBcAg were demon- 
strated by immunostaining, PCR detected HBV se- 
quences in all cases. This is in agreement with findings 
of Shindo et al. (1991), who detected HBV-DNA by 
PCR in paraffin-embedded liver tissue in all HBeAg- 
positive replicative forms of HBV. The HBsAg-positive 
group of patients without detectable HBcAg in the liver 
(group 3) is biologically heterogeneous. It includes 
1 HBeAg-positive patient who might be considered fully 
replicative because sampling error for HB antigens in 
immunohistology is rather high. The critical subgroup, 
however, is the one with isolated HBsAg synthesis in 
liver and positivity for anti-HBe in serum (group 3; n = 
5). Four out of five cases with this constellation har- 
boured HBV-DNA sequences but 1 case interestingly 
was negative in PCR. Such a false-negative result might 
be related to the presence in paraffin sections of inhibi- 
tor(s) of Taq polymerase (Lo etal. 1989; Lampertico 
et al. 1990). This possibility seems to be unlikely, since 
a fragment of the fl-globin gene could be amplified by 
using a specific set of primers, from DNA isolated from 
paraffin-embedded material (data not shown). Alterna- 
tively, although the presence of viral genomes in 
numbers below the limit of detection by PCR cannot 
be ruled out, it might be assumed that this region may 
be mutated or deleted in the viral genome of the patient 
(Lo et al. 1989). Since the expected fragment comes from 
the core-polymerase overlap region, this hypothesis 
could also explain why HBcAg could not be demon- 
strated in liver cells in this patient. 

This observation also opens up the possibility that 
PCR can be used to investigate the role of different viral 
genes in the pathogenesis of disease when used with dif- 
ferent sets of primers. Such approaches have already 
been undertaken to investigate the role of HBV in prima- 
ry liver cancer (Lampertico et al. 1990; Paterlini et al. 
1990). The detection by PCR of HBV sequences in 
HBcAg-negative patients indicates that analysis of he- 
patic DNA is more sensitive than the study of viral anti- 
gens in detecting HBV infection of the liver. This was 
also stressed by Villari et al. (1989), who by Southern 
blot analysis of DNA from liver found DNA replication 
in 21 of 40 cases, while only 14 of 40 were positive 
for HBcAg. 

In our group 4 (anti-HBc as the only HBV-related 
marker), PCR detected HBV sequences in 15 of 23 cases. 
Similarly, Paterlini et al. (1990) found HBV-DNA in the 
absence of HBV-related serum markers except anti-HBc 
in a Japanese patient with primary hepatocellular carci- 
noma in cirrhosis, by PCR. This clearly shows that HBV 
sequences may be present in liver cells of patients with 
or without histological signs of chronic hepatitis after 
HBsAg has become undetectable. One suitable hypothe- 
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sis to explain this finding would be that the virus de- 
tected in the liver is defective as a result o f  a critical 
mutat ion in the viral genome, making the virus relatively 
inefficient in replication. This assumption is supported 
by the finding of  HBV mutants  in patients with detect- 
able H B V - D N A  in liver but negative HBeAg in serum 
(Brunetto et al. 1989; Carman et al. 1989) and by a re- 
cent report  o f  Lampert ico et al. (1990), who by using 
PCR and different sets of  primers found amplification 
products shorter than expected, suggesting internal dele- 
tions. 

Finally, the detection by PCR of  HBV sequences in 
biopsies of  various liver diseases where the conventional 
methods failed to demonstrate  any HBV markers 
(group 5) is astonishing. However,  other authors have 
reported similar experiences. In a study of  hepatocellular 
carcinoma in HBsAg-negative patients Paterlini et al. 
(1990) identified H B V - D N A  sequences in the liver of  
17 of  28 patients. Of  these 17, 6 were also negative for 
HBV antibodies. Lampert ico et al. (1990) found positive 
PCR for H B V - D N A  in the liver in 3 cases negative for 
HBV markers  with and without chronic liver disease. 
Moreover,  H B V - D N A  was detected by PCR in serum 
in the absence of  other HBV markers  (Kaneko et al. 
1990a). This indicates that in many  liver diseases of  un- 
known aetiology HBV may  be involved. The PCR tech- 
nique in such instances may  be helpful to investigate 
further a possible role of  HBV in the disease process. 
So far, however, the number  of  cases studied is too small 
to allow firm conclusions on the significance of  the HBV 
in this group of  patients. 

The fact that  the PCR method may be applied to 
paraff in-embedded tissue samples also offers the oppor-  
tunity for follow-up of  HBV patients and for a closer 
study of the behaviour  of  the virus during the evolution 
of  the hepatitic disease. The recent cloning of  HCV 
(Reyes et al. 1990) and the use of  the PCR technique 
to detect H C V  infections (Kaneko et al. 1990 b; Shindo 
et al. 1991) in combinat ion with the methods described 
here may elucidate the analysis of  the pathogenetic 
mechanism, and appropr ia te  t reatment  of  aetiologically 
specific categories of  hepatitis. 
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