
J Clin Pathol 1996;49:369-372

A rapid and highly specific technique to detect
hepatitis C RNA in frozen sections of liver

C Sergi, T Goeser, G Otto, H F Otto, W J Hofmann

Abstract
Aims-To develop a polymerase chain re-
action (PCR) based technique that would
permit the rapid and highly specific de-
tection of hepatitis C virus (HCV) RNA
extracted from frozen liver tissue.
Methods-Samples of liver tissue from 18
patients undergoing orthotopic liver
transplantation were studied. Nine
patients were HCV positive. Total RNA
was extracted from between one and 10
sections, 10 pm thick, from each tissue
sample. HCV RNA was amplified by (1)
conventional, multistep reverse tran-
scription PCR (RT-PCR) and by (2) com-
bined, single step RT-PCR using coupled
oligonucleotide primers based on the se-
quence ofthe 5' untranslated region of the
viral genome. Positive results were con-
firmed by dot blot analysis using a di-
goxigenin labelled oligoprobe (Alx 89).
Results-HCV RNA was detected in the
nine HCV positive patients by both con-
ventional and combined RT-PCR. HCV
RNA was not detected in the HCV negative
patients. As little as 500 ng total RNA was
needed as the template to yield detectable
amounts of amplified cDNA. The di-
goxigenin labelled oligoprobe hybridised
with HCV RNA positive specimens only.
Conclusions-The combined, single step
RT-PCR is a rapid and sensitive technique
for detecting HCV RNA in frozen liver
tissue.
(J Clin Pathol 1996;49:369-372)
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The polymerase chain reaction (PCR) is now
widely used to amplify DNA and RNA.' De-
tection of RNA is more difficult than that of
genomic DNA mainly because of the presence
ofcontaminating RNases; the presence ofDNA
molecules after extraction of RNA may also
complicate reverse transcription (RT). Con-
tamination ofthe laboratory with trace amounts
of amplicons can compromise later PCR re-

actions when these trace contaminants are

amplified in turn. To limit contamination, re-

verse transcription and PCR are carried out
in the same tube. To date, combined PCR
techniques for detecting HCV RNA have been
described only for serum samples,23 and not
for samples of liver tissue, which generally have
a higher viral load.

Methods
Samples of liver tissue were obtained from 18
patients undergoing orthotopic liver trans-
plantation. Nine patients were HCV positive.
The indication for transplantation was hepato-
cellular carcinoma and liver cirrhosis in 10
patients, fulminant or subacute hepatitis in five,
and liver cirrhosis in three. Samples of liver
tissue were sectioned within minutes of being
removed, snap frozen and stored at - 80°C.

PRIMERS
The following sets of primers from the 5' un-
translated region of the viral genome were used
to amplify the HCV RNA45: HepCV 29 (outer
antisense): 5'-GGA ACT TGA CGT CCT
GTG GGC-3'; HepCV 28 (outer sense): 5'-
TGG GGG CGA CAC ATC CAC CAT-3';
HepCV 24 (inner antisense): 5'-GTG CTC
ATG GTG CAC GGT CTA CGA-3'; and
HepCV 23 (inner sense): 5'-TGT CTT CAC
GCA GAA AGC GTC TAG-3'. The expected
PCR products using these primers are 394
base pairs (bp) and 298 bp, respectively. The
HepCV 29 antisense primer was also used for
gene priming specific reverse transcription in
both RT-PCR methods. The primers and oli-
goprobe were made using an Applied Bio-
systems DNA synthesiser.

EXTRACTION OF RNA
Total RNA was extracted from between one
and 10 frozen sections, 10 1tm thick, using a
modified acid guanidinium phenol/chloroform
method.6 Briefly, tissue sections were scraped
and incubated for a few minutes with 0 5 ml
diethylpyrocarbonate (DEPC) treated water,
containing 4M guanidinium thiocyanate,
25mM sodium citrate, 0-2M 3-mercapto-
ethanol, and 2 M sodium acetate; 500 p1 water
saturated phenol and 100 jl chloroform:
isoamyl alcohol (24:1) were then added. The
solution was mixed with isopropanol (1:1),
resulting in sedimentation of RNA. The RNA
pellet was then resuspended in ethanol, sed-
imented, dried in a vacuum, and dissolved in
15-30,l DEPC treated water.

CONVENTIONAL cDNA SYNTHESIS AND PCR
Gene specific priming reverse transcription was
carried out in 0 5 ml microtubes containing 4 p1l
buffer (250mM Tris-HCl (pH 8 3), 375 mM
KCG, 15 mM mgCl2), 0-8 pl of 100mM dNTPs
(dATP, dCTP, dGTP, dTTP), 1 p1 of 25 jM
antisense adapter primer (HepCV 29), 0 75 gl
RNasin (40 U/p1; Promega, Madison, Wis-
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Table 1 Comparison of the clinical and serum laboratory findings with RT-PCR

Serum laboratory data Combined RT-PCR

Case OLT Anti- HCV- Conventional Alternative Alternative
number number Disease HCV RNA RT-PCR 1 2

1 17 HCC, cirrhosis, HCV + + + + +
2 19 Fulminant hepatits
3 21 Cirrhosis,HCV + + + + +
4 29 Subacute hepatitis
5 31 HCC, cirrhosis, HBV
6 32 HCC, cirrhosis, HCV + + + + ND
7 38 Fulminant hepatitis
8 39 HCC, cirrhosis, HBV - - - - -

9 43 HCC, cirrhosis, ethylism
10 113 HCC - - - - -

11 114 HCC, cirrhosis, HCV + + + + +
12 115 Subacute hepatitis
13 150 HCC, cirrhosis, ethylism
14 161 Cirrhosis, HCV, TIPS + + + + +
15 163 Subacute hepatitis + + + + +
16 214 HCC, cirrhosis, HCV + + + + +
17 232 Cirrhosis, ethylism, HCV + + + + ND
18 239 HCC, cirrhosis, HCV + + + + ND

HCC hepatocellular carcinoma; TIPS =transjugular intrahepatic portosystemic shunt; OLT = orthotopic liver transplant; ND
not determined.

consin, USA), 0-5-2 Htg total RNA, and 2,l
of 200 U/pl Superscript reverse transcriptase
(Gibco BRL, Eggenstein, Germany) or 1 pl of
500U/4l AMV reverse transcriptase (Boehr-
inger Mannheim, Mannheim, Germany) with
a total volume of 20 [il. Samples were incubated
at 42°C for one hour. Reverse transcriptase was
then inactivated by heating the reaction mixture
at 95°C for five minutes. Samples were kept
on ice until amplification took place. For the
first round of amplification (one minute at
93°C, one minute at 45°C and one minute at
72°C), 50 1l of reaction mixture containing
10 x PCR buffer (100mM Tris-HCl, 500mM
KCl, 1 g/l gelatin, pH 8 3), 1-5 mM MgCl2,
10mM dNTPs, 25,M outer sense and anti-
sense primers (HepCV 29 and HepCV 28),
and 2 pl cDNA was placed in a Thermal Cycler
(Perkin-Elmer Cetus Corp., Norwalk, Con-
necticut, USA). The "hot start" method was
used in which cDNA and 2-5 units of Taq
DNA polymerase (Perkin-Elmer) were sep-
arated from the primers by a layer of wax to
prevent mispriming at lower temperatures.7 In
the second round of amplification (one minute
at 93°C, one minute at 60°C, one minute at
72°C for 30 cycles), 5-10% of the first PCR
product was used as template. A 10ltl aliquot
of the nested PCR product was run on a 1%
agarose gel stained with ethidium bromide.
DNA molecular weight markers V and VI
(Boehringer Mannheim) were used as mo-
lecular size markers.

COMBINED cDNA SYNTHESIS AND PCR
Between 500 ng and 2,ug of total RNA from
each sample was placed in a 0 5 ml microtube
and kept at 4°C. Then 1 jil (25 jiM) of the
outer sense and antisense primers (HepCV 28
and HepCV 29) and 0-75 jl RNasin (Promega)
were added and the reaction mixture was in-
cubated at 65°C for 15 minutes to destroy the
secondary structure of the nucleic acid. To a
total volume of 100 jil of this RNA mixture,
10 x PCR buffer (100mM Tris-HCl, 500mM
KCl, 1 g/l gelatin, pH 8-3), 1-5 mM MgClI,
lOmM dNTPs, and 6.25-7.5U/4ld of AMV
reverse transcriptase were added. At this point,

either 25 pl mineral oil or PrimeWax (Biometra,
Gottingen, Germany) was layered on top of
the reaction mixture and 2-5 units Taq DNA
polymerase was then added. The reaction mix-
ture was centrifuged at low speed. Conditions
for PCR were as follows: 42°C for 60 minutes
(for the primer specific reverse transcription),
95°C for five minutes (to denature the reverse
transcriptase and to liquify the wax interface),
then 15 cycles of 940C for 15 seconds, 45°C
for 15 seconds and 72°C for 15 seconds, fol-
lowed by a 10 minute extension step at 72°C.
A "hot start" nested PCR utilising the HepCV
23 and HepCV 24 primers was then carried
out as for conventional RT-PCR. After am-
plification, 10 jl of the PCR products was run
on a 1-5% agarose gel stained with ethidium
bromide at 60 volts for 60 minutes and visu-
alised under ultraviolet light.

RT-PCR OPTIMISATION, SPECIFICITY,
SENSITIVITY AND QUALITY CONTROLS
RT-PCR was optimised as described by Roux.'
The inhibitory effects of reverse transcriptase
on Taq DNA polymerase were assessed and
the optimal ratio of reverse transcriptase to Taq
DNA polymerase was determined. To deter-
mine the optimal amplification time required
to ensure a sharp distinction between a positive
and negative result, PCR was stopped after 15,
30 and 60 cycles.

Specificity of the PCR products was con-
firmed by high stringency dot blot hybridisation
using a 30 mer oligonucleotide (Alx-89 5'-CCA
TAGTGGTCT GCG GAA CCG GTGAGT
ACA-3') as described by Han et al.9 The oligo-
nucleotide probe was non-radioactively, 3'
end labelled with digoxigenin (Boehringer
Mannheim), according to the manufacturer's
instructions. Hybridisation conditions and de-
tection of digoxigenin labelled RNA were es-
sentially as described by Canepari et al. iv
Briefly, PCR aliquots were diluted with herring
sperm DNA and transferred to a nylon mem-
brane (Qiabran, Qiagen, Hilden, Germany).
After fixation with ultraviolet light, the am-
plicons and probe were hybridised for 90 min-
utes at 54°C. The melting temperature was
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Detection ofHCV RNA

298bp

TX-No: 21 114 161 163 214 17 r eg.
Material. Expl Expi Expi Expl Exp1ExoL C:.r

HCV RNA Detection in Liver Tissue orne tube" RT-PCR

29Bbp

TX-No: 21 114 161 :163 214 17 neg.
Material Expi Expl. Expl Expl. Expl. Expl. Ctr.

Figure 1 Comparison of conventional RT-PCR (top)
and with combined RT-PCR (bottom) in which reverse
transcriptase and Taq DNA polymerase were added in a
common buffer. Lanes 1 and 9, DNA molecular markers
V and VI, respectively; lanes 2-7, HCV positive patients;
lane 8, HCV negative patient.

estimated as suggested by Sambrook et al."
Non-specific or unbound probe was removed
by high stringency, post-hybridisation washes.
After blocking the membrane, the hybridisation
signal was detected using an alkaline phos-
phatase conjugated digoxigenin antibody and
an alkaline phosphatase substrate solution con-
sisting of nitroblue tetrazolium and 5-bromo-
4-chloro-3-indolylposphate. Serial dilutions of
liver RNA were amplified by the nested PCR
to test the sensitivity of the technique.

All samples were tested in duplicate and
in parallel with negative controls. Only those
samples with positive results in duplicate

samples were regarded as positive. The speci-
ficity of the nested PCR was assessed by the
synthesis of cDNA without reverse tran-
scriptase to exclude contamination of the PCR
product and by a single step PCR using the
same primer to exclude cross-contamination
between the sense and antisense primers. The
general measures suggested by Kwok and Hi-
guchi for avoiding false positive results were
followed. 12

Results
PRELIMINARY STUDIES
As the efficiency of the conversion of RNA to
cDNA greatly influences the sensitivity ofPCR,
we first optimised reverse transcription ofRNA.
Using different amounts of total RNA, gene
specific priming conditions for reverse tran-
scription were examined so as to give maximum
yield on amplification by PCR. We found that
sensitivity was greatly influenced by the tem-
perature and the amount of RNA and reverse
transcriptase present. The best results in the
conventional RT-PCR were obtained with 400
units of Superscript reverse transcriptase or
500 units of AMV reverse transcriptase and
relatively high temperatures (42°C v 37°C).

CONVENTIONAL RT-PCR AND COMBINED RT-PCR
All specimens from the nine patients infected
with HCV were positive on conventional RT-
PCR. Similarly, liver specimens from the nine
patients without HCV infection were negative.
The same results were obtained with combined
RT-PCR in which mineral oil was used to
overlay the reaction mixture (table 1, fig 1).
This, however, was only achieved if an optimal
ratio between reverse transcriptase and Taq
DNA polymerase of about 2-5:3 (table 2) was
maintained. RT-PCR incorporating PrimeWax
also yielded appropriate results in the 15 speci-
mens tested (table 1). Three samples were not
tested using this method.

Table 2 Determination of the optimal reverse transcriptase:Taq DNA polymerase ratio
with constant amount of Taq DNA polymerase (2 5 units) in the combined RT-PCR
(alternative 1): comparison of results with conventional RT-PCR

Case Conventional
number RT-PCR Combined RT-PCR

AMV reverse transcriptase units 500 0 6-25 7-5 12-5 500
Reverse transcriptase: Taq DNA

polymerase ratio 200 0 2-5 3 50 200
HCV-RNA positive liver tissue 9/18 0/18 9/18 9/18 0/18 0/18

1 + - + +
2 - -_
3 + + + - _
4
5 - -

6 + + +
7 - -

8 -
9
10 -
11 + + ±
12 - -
13
14 + + +
15 + + +
16 + + +
17 + + +
18 + + + -

HCV Infection in Explanted Livers
Dot Blot Hybridisation (AIx 89)

Buffer

1:100

1:20 0

1:10 . * a* a

12-9 J * * a e

1:1 4

TX-No: 121 114 161 1163 214 17 neg.
Materal: 1ExplExpi. Expt. 'Expl.iExpi,Expi. Cir.

Figure 2 Dot blot assay, at several dilutions (indicated
on the left), of the seven 298 bp amplification products of
HCV RNA, as shown in fig 1, carried out by
hybridisation with the digoxigenin labelled Alx-89
oligoprobe and visualised using an alkaline phosphatase
anti-digoxigenin antibody and a suitable chromogen.
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SPECIFICITY AND SENSITIVITY ASSAYS

The results obtained with both conventional
and combined PCR were confirmed by dot
blot hybridisation (fig 2). As little as 500ng
of total RNA was needed as the template to
produce detectable amounts of cDNA on the
agarose gels.

Discussion
Hepatitis C virus is the main cause of non-A,
non-B hepatitis and its high infectivity high-
lights the importance of detecting carriers and
diagnosing infection early in its clinical course.

HCV RNA extracted from liver tissue can

be detected using conventional RT-PCR. To
avoid contamination we modified the con-

ventional multistep PCR protocol and carried
out all reactions in a single tube as a single step
procedure. Two alternative procedures were

tested: (1) the addition of reverse transcriptase
and Taq DNA polymerase in a common buffer;
and (2) separation of the enzymes by a wax

interface. By combining cDNA synthesis and
the first round of amplification, the technique
is simplified, thereby reducing the risk of cross-

contamination. To our knowledge, a simplified,
optimised combined procedure for detecting
HCV RNA has been reported for serum

samples only.34
The specificity of our combined RT-PCR

was confirmed by dot blot analysis. Although
Taq and Thermus thermophilus DNA poly-
merases are reported to be able to transcribe
RNA templates directly,'314 we have achieved
positive results only when using AMV or Mo-
loney's murine leukaemia virus reverse tran-
scriptases (Boehringer Mannheim, Mannheim,
Germany) to first transcribe RNA into cDNA
templates for PCR. Attempts to couple reverse

transcription and PCR have been twarted be-
cause of the thermolability of reverse tran-
scriptase and because it can inactivate Taq
DNA polymerase. However, when a reverse

transcriptase:Taq DNA polymerase ratio of
2-5:3 was strictly maintained, positive results
were achieved using the combined RT-PCR
procedure in which the enzymes were not sep-

arated by a wax interface. But, although gene

priming reverse transcription is a highly effi-
cient technique, non-specific products are often
transcribed and are frequently amplified in the
PCR step. Therefore, nested PCR is almost
always necessary.

In conclusion, the single step, combined RT-
PCR method described herein is rapid (five

hours from RNA extraction to RT-PCR prod-
ucts), economical (only 6-5-8 units AMV RT-
ase and 2-5 units Taq DNA polymerase are
required), and the results are consistent and
reliable. Although some authors prefer to keep
the reverse transcription and PCR steps sep-
arate to avoid variable cDNA synthesis, com-
bining reverse transcription and the first round
of amplification in a single tube reduces the
possibility of contamination and may allow
numerous samples to be processed sim-
ultaneously which, in turn, may facilitate
automation. This method may also be useful
for confirming the results of immunohisto-
chemistry, in situ hybridisation or in situ PCR.
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