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The pre-S2 region of the hepatitis B virus (HBV) was classified into three types
according to their nucleotide sequences. We attempted to determine these pre-S2
types by polymerase chain reaction (PCR), using specific primers prepared from the
first 39 nucleotides of the pre-S2 region and found that quite similar results were
obtained for sequencing studies and PCR. Subsequently, we examined the pre-S2
type in 45 HBV-infected chronic hepatitis B patients together with HLA class I
phenotype and disease activity. The HLA-A24 antigen was found in 27 of 32 type I
pre-S2 HBV-infected patients with active hepatitis, whereas none of 6 patients with
inactive disease had HLA-A24. Serial studies in 13 patients with HLA-A24 showed
that with remission of hepatitis, clearance of type I pre-S2 HBV was seen in all
patients. These results suggest that HLA-A24 expression in the setting of type I
pre-S2 HBV infection may play a role in the pathogenesis of chronic hepatitis B.

Introduction

The clinical spectrum caused by chronic
infection with hepatitis B virus (HBV) was
different among infected individuals, from
asymptomatic carriers at one end, to chronic
active hepatitis that may progress to cirrhosis
and hepatocellular carcinoma at the other?.
Although the immune response, particularly
cell-mediated immunity, to HBV-derived
antigens is believed to play an important role in
the pathogenesis of chronic hepatitis B (CH-
B)»~® it is not clear in what way the immune
response might differ between patients with
distinct clinical outcomes. Recently, accumulat-
ing evidences indicate”~'* that many genetic
variants of HBV exist; some of these have been
reported to be tightly associated with he-
patocyte injury®!®. We recently reported”® that
the first 39 nucleotides of the HBV pre-S2

region (nt 3205-3228) was variable among dif-
ferent viral isolates. We classified this region
into three types: type I, II and III pre-S2. In
these studies, in patients with high serum ALT
concentrations, HLLA-A24 was predominant in
type I pre-S2 HBYV infected patients, whereas
HLA-A2 was most common in both type II and
IIT pre-S2 HBYV infected patients. We therefore
hypothesized that a molecular complex com-
posed of these variable pre-S2 region encoded
peptides and HLA class I antigens might have
an important role in the pathogenesis of CH-B.
In this study, to extend these observations, we
first established a polymerase chain reaction
(PCR) assay for determining pre-S2 type and
then studied whether pre-S2 type contributed to
elucidation of the mechanisms underlying the
onset and remission of chronic hepatitis.
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Materials and Methods

1. Patients

Forty-five CH-B patients were studied. The
diagnosis of CH-B was based on biochemical
and histological findings. No subjects had a
history of hepatitis C virus or hepatitis delta
virus infection. Among the CH-B patients who
were HLA-A24 positive, 10 were examined for
pre-S2 type at two time points, in an active
hepatitis phase (ALT>100 IU//) and in remis-
sion (ALT<31 IU//); three others were
examined serially over periods of 3 to 4 years.
The remaining CH-B patients were examined
at a single time point during their clinical
course. Their HLA phenotype was determined
by an ordinaly microcytotoxic test using Tera-
saki’s plate.
2. Amplification and the sequencing of the
pre-S2 region

HBV DNA was extracted from serum sam-
ples as previously described*®. The pre-S2
region (nt 2853-3182) was amplified by PCR
using 5"TCTTGGGAACAAGAGCTACAGC3
(nt 2832-2853) and 5’GGAATCCTGATGTTGT-
GTTCTC3 (nt 161-182) as primers. PCR was
performed with a slight modification of the
procedure described by Saiki et al'®. In brief,
target sequences were amplified using a Dane

Amp DNA amplification kit (Perkin-Elmer
Cetus, Norwalk, CT, USA). The reaction was
allowed to proceed for 40 cycles (94°C for 30
sec, 55°C for 30 sec, 72°C for 1 min). If the
amounts of PCR products were insufficient for
sequencing, a second round of PCR was carried
out by the same procedure using 5CCAGATT-
GGGACTTAACCCCA3 (nt 2974-2995) and 5
TCCCCAGTCCTCGAGGAGATTGS3 (nt
120-141) as inner primers. To determine the
nucleotide sequences, PCR products were elut-
ed from a 5% polyacrylamide gel and then
sequenced by the dideoxy-chain termination
method using PCR primers as sequence
primers.

3. Determination of HBV pre-S2 type by
PCR

The nucleotide sequences coding the first 13
amino acids of the pre-S2 region were classified
types I, II, and III according to homology with
the pre-S2 regions of the prototype adr, adw,
and ayw strains'”, respectively (Fig. 1).

The sequenced samples were further
examined by specific PCR analysis to deter-
mine pre-S2 type. One hundred microliters
of serum were extracted at 65°C for 3 h with 1
mM Tris-HCI (pH 8.0), 0.5 mM EDTA, 0.5%
sodium dodecyl sulfate, and 100 xl/ml
proteinase K. DNA was extracted with phenol-
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Fig. 1 Variation in the sequences coding for the first 13 amino acids of the
pre-S2 region
Heterogeneity in this region was classified into three types (type I, type II, and
type III) according to similarities with prototype HBV sequences (adr, adw, and
ayw, respectively). Dashes denote nucleotide identity with type I. Amino acids
are boxed at areas of sequence difference. The sequences for specific primers to
distinguish between the pre-S2 types are shaded.
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chloroform, precipitated with sodium acetate-
ethanol, and washed with 709% ethanol. The
pellet was dissolved in 32 ul of 10 mM Tris-
HCl/1 mM EDTA pH 8.0. Ten microliters of
the DNA were used for PCR. The primers,
purchased from Japan Bioservice Co. Tokyo,
Japan, had the following sequences: sense
primer: 5 TCTTGGGAACAAGAGCTACAG-
C3" (nt 2823-2853), anti-sense (specific primers):
5’ AGCAGAGCTTGGTGGAATGTT3 (nt 7-27)
for the type I primer, expected amplified frag-
ment 417 bp; 5 TGCAGAGCTTGGTGGAAGG-
CA3 (nt 7-27) for the type II primer, expected
amplified fragment 396 bp; 5 TGAAGAGTTT-
GGTGGAAAGTGS3  (nt 7-27) for the type III
primer; expected amplified fragment 384 bp.
The final concentration of primers was 1 uM.
Then, 1.25 U of Taq polymerase (Toyobo Co.,
Tokyo, Japan) were added to give a final reac-
tion volume of 50 ul. Forty cycles of amplifica-
tion were performed by denaturing at 94°C for
30 sec, annealing at 60°C for 30 sec, and exten-
sion at 72°C for 1 min. The PCR products (10 wl
of a 50 ul reaction mix) were fractionated on
19% agarose gels and visualized by ethidium
bromide staining.

Pre-S2 type
determined by
direct sequence

Type |

w

Results

1. Determination of pre-S2 type by PCR
To examine whether PCR efficiently detects
the three distinct pre-S2 types, three standard
DNA samples from isolates of each pre-S2 type
were analyzed by PCR (Fig. 2). Type I pre-S2
was detected only by a primer specific for type
I, but type II or III primers. Similarly, amplifi-
cation signals were detectable only with a type
II specific primer with type II pre-S2 samples,
and DNA from type III pre-S2 samples was
amplified only by a type III specific primer.
Subsequently, available 31 samples, were
analyzed in the same manner, and we compared
PCR results with those obtained by direct se-
quencing (Table 1). Of the 23 type I pre-S2
samples, 21 were classified as type I by PCR,
while 5 of 6 type II pre-S2 samples were also
determined to be type II by PCR. In 2 type I
samples, a specific band was detected not only
with the type I primer but also with the type II
primer, though the type II signals were weak.
One type II sample gave a clear band with the
type II primer and a weak signal with the type
I primer. The results for a type III samples

Type ll  Type lll

specific PCR
primer Ll

2

603
310

Fig.2 Representative PCR analysis for determination of HBV pre-S2 types

Note that each pre-S2 type sample has an appropriate signal for each specific
primer. PCR products obtained using specific primers were 417, 396, and 384 bp.
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Table 1 Sensitivity and specificity of PCR for
determination of pre-S2 type

<t b . pre S2 type by PCR

- sequenc

pre ype by sequencing type [ type II | type III
type I (n=23) 23* 0 0
type I (n=6) 0 6** 0
type l(n=2) 0 0 2

* 2 of 23 had a trace type II pre-S2 signal, ** 11 of 6
had a trace type 1 pre-S2 signal.

were identical to those obtained with direct
sequencing. These results showed that, includ-
ing the 3 samples having additional weak
bands, the pre-S2 type of all samples was accu-
rately determined by PCR.

2. The prevalence of HLA-A2 and -A24
phenotypes in CH-B patients infected with
each pre-S2 type HBV

To evaluate of the clinical usefulness of
pre-52 type determination by PCR, we
examined the prevalences of both the HLA-A24
and -A2 phenotype in patients infected with
each pre-S2 type of HBV (Table 2). Among
theose infected with type I pre-S2 HBV, HLA-
A24 was found in 27 of 32 patients (849) with
high serum ALT concentrations, but none (0%)
of 6 with normal ALT concentrations. The
difference in the prevalence of HLA-A24
between these two groups was statistically
significant (p=20.0002).

On the other hand, HLA-A2 was found in all
patients with high serum ALT concentrations
infected by either type II or type III pre-S2
HBV. However, it was also found that 8 of 12
patients infected with type II HBV with normal

ALT concentrations.
3. Serial study of the pre-S2 type in patients
with HLA-A24

To extend the above observations, 10 HLA-
A24 positive patients who have been carefully
followed in our institute were studied during
different clinical phases (Table 3). All patients
with elevated serum ALT concentrations had
type I pre-S2 HBV. However, the pre-S2 type
was either converted from type I to type II (7
patients) or became undetectable (3 patients)
with declining serum ALT concentrations.

Furthermore, the pre-S2 type of 3 other
patients was determined on several occasions
during their clinical courses (Fig. 3a, b, and c).
In case 1, two pre-S2 types (type I and III) of
HBV were present during exacerbation. How-
ever, type I pre-S2 HBV disappeared with the
decline in serum ALT concentration. In case 2,
type I pre-S2 HBV was present while the serum
ALT concentration was high (from Feb. '90 to
Dec. '91), whereas it became undetectable fol-
lowing serum ALT normalization. However, it
reappeared with re-elevation of serum ALT in
May '94. Case 3 was infected with type I pre-S2
HBYV in Sept. '91, which was present continu-
ously until Oct. ’93. However, clearance of type
I pre-S2 HBV coincided with hepatitis remis-
sion.

Discussion

In the current study, PCR analysis was used
to determine HBV pre-S2 type. Using specific
primers corresponding the sequence spanning
approximately nt 7-27 of the HBV genome

Table 2 Prevalences of HLA-A2 and HLA-A24 phenotypes in CH-B patients
infected with respective pre-S2 type HBV

pre-S2 type ALT level HLA-A24 Prevalence}iiA-AQ
type 1 High 849 (27/32) 419%(13/32)
Low Ny S L IV RS
type 1II High 25% (1/4) j s, 100% (4/4) j s,
Low 67% (8/12) 67%(8/12)
type III High 33%(1/3) s 100% (3/3) s,
Low 0% (0/3) 0% (0/3)

— 522 —



Table 3 Clearance of type 1 pre-S2 with the
decline of serum ALT level in HLA-A24+CH-B

A : Case 1(HLA-A24/11)

r 1+l 1+l n III 11 Il Pre-S2 Type
400 8111 603 0 0 DNA-P level
pre-S2 type D
Patient |HLA class I phenotype High Low 5 300{
ALT ALT —
H 2001
1. 26M | A24 B52/46 Type 1 | Type II P
2. 46M | A24/11 B52/55 Cw3 Type I | Type 1 100
3. 24M | A24/2 B52/55 Cwl/7 | Type I | Type II
4, 38M | A24/31 B35/61 Cw3/4 | Type I | Type II 0 17'90 2'91 5 '01 791 10 91 3'04
5. 38M | A24/2 B52/39 Cw7 Type 1 | Type 11
6. 50M | A24/2 B51/46 Type 1 | Type II B : Case 2(HLA-A24/11)
7. 45M | A24  B62/39 Cw7 | Type I | Type II 00C 0wl W 1 - i Pres2Type
8. 60F | A24/33 B54/60 Type 1 | — 5 711 35 1990 10 5 1164 DNA-P level
9. 24M | A24/2 B54/60 Type 1 | — E 200
10, 40F | A24/11 B52/39 Cw7 Type 1 | — —
i
< 00t
(Flg 1), we distinguished three pre—SZ types by 0 2'90 7'90 9'90 12'91 10'93 3'94 5'94
PCR. The PCR results were in general agree-
. . . C : Case 3(HLA-A24/2)
ment with those of the direct sequencing study, ase X
though weak extra bands were present in 3 out s Il pre-52Type
500 642 46 24 0 277 0 6 3 DNA-Plevel

of 31 samples (Table 3). These extra bands are
thought to represent a small amount of DNA
undetectable by sequencing but none the less
present in the sera, in addition to the DNA
giving rise to the major band. Therefore, these
results indicate that these pre-S2 types can be
detected by this PCR method.

In our previous studies™®, we hypothesized
that a suitable combination of HBV pre-S2 type
and HLA class I phenotype, such as type I
pre-S2 with HLA-A24, or either type II or III
pre-S2 HBV with HLA-A2, might be required
for hepatocyte injury. To assess this hypothesis,
we examined the prevalence of both HLA-A24
and -A2 in patients with different pre-S2 types.
As shown in Table 2, an HLA-A24 phenotype
was frequently found in type I pre-S2 HBV
infected patients with high serum ALT concen-
trations, but was absent in all 6 patients with
normal serum ALT concentrations (849 vs.
09; p=0.0002). It was noteworthy that the
pre-S2 type I HBV observed in 10 patients with
active hepatitis was converted to type II (7
patients) or became undetectable (3 patients)
with recovery from hepatocyte injury (Table
3). These findings suggest that type I pre-S2
binds to HLA-A24, allowing efficient recogni-

300

100 - I I

9'91 2'92 8'92 11'92 2'93 393 10'94 3'94 6'94 9'94

Fig. 3 Determination of pre-S2 type at different
clinical phases
A: In case 1 (HLA-A24/11), both type I and type
III pre-S2 were present during exacerbation, but
only type III pre-S2 was detectable after the
remission of hepatitis.
B: In case 2 (HLA-A24/11), the type I pre-S2 was
detectable at two different clinical phases (Feb,’
90 to Dec. '91) and May ’94) in where it showed
high ALT level.
C: In case 3 (HLA-A24/2), type 1 pre-S2 was
detected continuously during the exacerbation
phase. However, clearance of type I pre-S2 coin-
cided with the hepatitis remission.

tion by cytotoxic T cells (CTL), while other
types of pre-S2 do not. Furthermore, recovery
from hepatocyte injury can be explained by
either a clearance of type I pre-S2 HBV or a
mutation in the pre-S2 sequence producing a
viral peptide which no longer binds to HLA-
A24.
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A recent study shows that peptides with an
HLA-A24 binding motif contain methionine at
position 2 and phenylalanine at position 9'®. A
peptide containing the last residue of pre-S1
and the first eight residues of type I pre-S2
(Gly-Met-GIn-Trp-Asn-Ser-Thr-Thr-Phe) con-
tains this binding motif. Therefore, we propose
that type 1 pre-S2 peptides can bind to HLA-
A24 thereby making them recognizable to CTL.
This hypothesis is now being tested by cytotox-
icity assays. HLA-A2 was the predominant
phenotype in both type II and III pre-S2 HBV
infected patients with high serum ALT concen-
trations. However, these types also were found
in patients with normal ALT concentrations.
Furthermore, HLA-A2 binding motifs'® are not
present in this region. Therefore, this region
appears not to be a CTL epitope, although we
cannot completely exclude this possibility.
Alternatively, peptides binding to HLA-A2 may
exist in other regions.

Genomic variations exist in several regions
of the HBV genome”~'*, and some of these are
associated closely with hepatocyte injury!®.
Therefore, the clinical spectrum of chronic
hepatitis may not be due just to genetic events
in a limited region of pre-S2. In fact, we have
demonstrated previously® that CTL epitopes
were present in the HBV core antigen as well
as the surface antigen, using HBV-DNA trans-
fected human myeloma cells as targets for
vitro cytotoxicity assays. However, the impor-
tance of pre-S2 peptides in the pathogenesis of
CH-B is also supported by the finding that the
titer of pre-S2 antigen is related to the degree
of liver injury'® and by the observation that
genetic alterations in this region are linked to
the development of CH-B*V~'%, Moreover, Bar-
naba et al demonstrated®® that a pre-S2 peptide
fragment, amino acid residues nt 120-134, can
be a target epitope for liver infiltrating CTLs in
CH-B patients. This peptide includes the region
which we hypothesized to be a CTL-recognition
epitope. All of these results support our hypoth-
esis.

In conclusion, PCR proved to be an effective

method for the determination of HBV pre-S2
type. Furthermore, pre-S2 type appears to be
important for further understanding of the
pathogenesis of CH-B.
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B BIBFL ™7 A VX pre-S2 $BIE D HFE & X DERKRIGAH —HLA-A24 (24 V)
IBREND pre-S2 RTF FDISHIFROBIEIZH T H15E]—

HEZFERKY Hsme s — W
FAIY ALY RIYF AV S ¥ 31X gy
ki HFE - A wB - wK o E
FHRT TV A MZEF AVEY  Avy FAT
R B E WE - M EE

BH#AFA Y A4 LA (HBV) 13, #OFEFEGERC L S FHMEES 2 23 2 & OB W»EERNE
Xx VTPHEET LI EDD, BEORENG, &V bF7—THIECTL 2 HESEOERZH -
TWBEFEZLNTWEY, ZOFEHICOVTE L b TRy,

2, pre-SHEBOBE LV 3MEEICH 7 2 A RBEMICE DHEET, ZhoDERHEDNY — >
% HBsJIEDH 7% 4 FHD pre-S2EF & OFELME L b K& < TA), T, A pre-S20 3 Ziz 4y
HTex2Z LR MILE. S, 250 pre-S2RI DS EICE R Lw PCRERREFL,
UTOEEXHSMCTE, LT VA7 S F—YENPEETLE pre-S27 A )L A EGLEE D32
FIch2 7658 HLA-A2FEERE TH A DI L, ME T VAT S+ —LEPFFEULEEZBETE
FEO LS MBI ESN R ho T, 77, HLAAAUZEODBHICBWT, ME N7 VAT S+ —¥
B E W B oi [H pre-S2 HBV 28 ALT fHOEK T IZfEWEZ > 72 B0 pre-S2% 7> HBV
NIRRT LS NS S HL s T,

ZOHEEE, Pl ty, HLA-A242F T 2 BH BT, FllEEENFEET 2701203, T3
pre-S2 HBV OFENEELEKRZFf > TWwb JEE2RL T 5,
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