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Measurement of hepatitis B virus core-
related antigen 1s valuable for identifying
patients who are at low risk of lamivudine

resistance
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Abstract: Objective: The clinical usefulness of hepatitis B virus core-related
antigen (HBVcrAg) assay was compared with that of HBV DNA assay in
predicting the occurrence of lamivudine resistance in patients with chronic
hepatitis B. Patients: Of a total of 81 patients who were treated with
lamivudine, 25 (31%) developed lamivudine resistance during a median
follow-up period of 19.3 months. Results. The pretreatment positive rate of
HBe antigen, or pretreatment levels of HBVerAg or HBV DNA did not differ
between patients with and without lamivudine resistance. Levels of both
HBVcrAg and HBV DNA decreased after the initiation of lamivudine
admimstration; however, the level of HBVcrAg decreased significantly more
slowly than that of HBV DNA. The occurrence of lamivudine resistance was
significantly less frequent in the 56 patients whose HBV DNA level was less
than 2.6log copy/ml at 6 months of treatment than in the remaining 25
patients. The cumulative rate of lamivudine resistance was as high as 70%
within 2 years in the latter group, while it was only 28% in the former group.
Lamivudine resistance did not occur during the follow-up period in the 19
patients whose HBVcrAg level was less than 4.6log U/ml at 6 months of
treatment, while it did occur in 50% of the remaining patients within 2 years.
Conclusion: These results suggest that measurement of HBV DNA is
valuable for identifying patients who are at high risk of developing
lamivudine resistance, and that, conversely, measurement of HBVcrAg is
valuable for identifying those who are at low risk of lamivudine resistance.
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Lamivudine, a nucleoside analogue that inhibits
reverse transcriptases, was first developed as an
anti-viral agent against human immunodeficiency
virus (HIV). It was later also found to be effective
against hepatitis B virus (HBV) because HBV is a
member of the Hepadnaviridae family of viruses,
which use reverse transcriptases in their replica-
tion process (1, 2). Lamivudine was found to
inhibit the replication of HBV, reduce hepatitis,
and improve histological findings of the liver in
long-term treatment (3-5). Furthermore, it has
been shown that lamivudine treatment improves
the long-term outcome of patients with chronic
hepatitis B (6, 7). However, there are a number of
problems with lamivudine therapy, such as re-
lapse of hepatitis because of the appearance of
YMDD mutant viruses and the reactivation of
hepatitis after discontinuation of the treatment
(8-11).

The concentration of HBV DNA in serum
decreases and usually becomes undetectable dur-
ing lamivudine administration, but it rapidly
increases when HBV becomes resistant to lami-
vudine. Thus, the measurement of HBV DNA is
useful for monitoring the anti-viral effects of
lamivudine. However, a negative result of HBV
DNA in serum does not necessarily indicate a
good outcome of lamivudine therapy, because
lamivudine resistance may occur even if HBV
DNA levels remain undetectable during therapy
(11-13). Recently, a chemiluminescence enzyme
immunoassay (CLEIA) was developed in our
laboratory for the detection of hepatitis B virus
core-related antigen (HBVcrAg) (14, 15). The
assay reflects the viral load of HBV in a similar
manner to that used in assays, which detect HBV
DNA. HBVcrAg consists of HBV core and e
antigens; both proteins are transcribed from the
precore/core gene and their first 149 amino acids
are identical (16-18). The HBVcrAg CLEIA
simultaneously measures the serum levels of he-
patitis B core (HBc) and e (HBe) antigens, using
monoclonal antibodies, which recognize common
epitopes of these two denatured antigens. In the
present study, we analyzed the clinical signifi-
cance of the HBVcrAg assay in monitoring the
anti-viral effects of lamivudine treatment.

Patients and methods
Patients

A total of 81 patients with chronic hepatitis B,
who received lamivudine therapy, were enrolled
in the present study. These were 58 men and
23 women with a median age of 49 years (range
24-79 years). The 81 patients were selected retro-
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spectively from six medical institutions in Japan
(Shinshu University Hospital, Toranomon Hos-
pital, Nagoya City University Hospital, Kyoto
Prefectural University Hospital, Hiroshima Uni-
versity Hospital, National Nagasaki Medical
Center). Eight to 25 patients who met the follow-
ing three criteria were selected consecutively in
each institution: the first, a daily dose of 100 mg
lamivudine was administered for at least 6
months in a period from 1999 to 2004; the second,
histologically confirmed for chronic hepatitis
without liver cirrhosis; and the third, serum
samples at several time points available for test-
ing. All patients were naive for lamivudine ther-
apy. Chronic hepatitis B was defined as positive
hepatitis B surface (HBs) antigen for more than 6
months with elevated levels of serum transami-
nases. The HBV genotype was A in two patients,
B in three and C in 76. Serum HBV DNA was
detectable in all patients, and HBe antigen was
positive in 51 (63%) of the 81 patients just before
lamivudine administration. The median follow-
up period was 19 months with a range from 6 to
50 months. Follow-up of patients ended when
lamivudine administration was discontinued.
Written informed consent was obtained from
each patient.

The occurrence of lamivudine resistance was
defined as a rapid increase in serum HBV DNA
levels with the appearance of the YMDD muta-
tions during lamivudine administration. Using
this criteria, resistance appeared in 27 (33%) of
the 81 patients. The median period from the start
of lamivudine administration to the occurrence of
resistance was 12 months with a range from 4 to
37 months.

Serological markers for HBV

HBs antigen, HBe antigen and anti-HBe antibody
were tested using commercially available enzyme
immunoassay kits (Abbott Japan Co., Ltd., To-
kyo, Japan). Six major genotypes (A-F) of HBV
can be detected using the method reported by
Mizokami et al. (19), in which the surface gene
sequence amplified by polymerase chain reaction
(PCR) is analyzed by restriction fragment length
polymorphism. The YMDD motif, that is, lami-
vudine resistant mutations in the active site of
HBV polymerase, was detected with an enzyme-
linked mini-sequence assay kit (HBV YMDD
Mutation Detection Kit, Genome Science La-
boratories Co., Ltd., Tokyo, Japan) (20).

Serum concentration of HBV DNA was deter-
mined using Amplicor HBV monitor kit (Roche,
Tokyo, Japan), which had quantitative range
from 2.6 to 7.6logcopy/ml. Sera containing
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over 7.0logcopy/ml HBV DNA were diluted
10- or 100-fold with normal human serum and
re-tested to obtain the end titer.

Serum concentrations of HBVcrAg were mea-
sured using the CLEIA method reported pre-
viously (10, 11). Briefly, 100pul. serum was
mixed with 50 uL. pretreatment solution contain-
ing 15% sodium dodecylsulfate and 2% Tween
60. After incubation at 70 °C for 30min, 50 pL.
pretreated serum was added to a well coated with
monoclonal antibodies against denatured HBc
and HBe antigens (HB44, HB61 and HBI114)
and filled with 100 pL. assay buffer. The mixture
was incubated for 2h at room temperature and
the wells were then washed with buffer. Alkaline
phosphatase-labeled  monoclonal antibodies
against denatured HBc and HBe antigens
(HB91 and HB110) were added to the well, and
the mixture was incubated for 1h at room tem-
perature. After washing, CDP-Star with Emerald
II (Applied Biosystems, Bedford, MA) was added
and the plate was incubated for 20 min at room
temperature. The relative chemiluminescence
intensity was measured, and the HBVcrAg con-
centration was determined by comparison with
a standard curve generated using recombinant
pro-HBe antigen (amino acids, 10-183 of the
precore/core gene product). The HBVcrAg con-
centration was expressed as units/ml (U/ml) and
the immunoreactivity of recombinant pro-HBe
antigen at 10fg/ml was defined as 1 U/ml. In the
present study, the cutoff value was tentatively set
at 3.0log U/ml. Sera containing over 7.0 log U/ml
HBVcrAg were diluted 10- or 100-fold in normal
human serum and re-tested to obtain the end
titer.

Statistical analysis

The Mann-Whitney U-test and Wilcoxon signed-
ranks test were utilized to analyze quantitative
data, and Fisher’s exact test was used for quali-
tative data. A log-rank test was used to compare
the occurrence of lamivudine resistance. Statisti-
cal analyses were performed using the SPSS 5.0
statistical software package (SPSS, Inc., Chicago,
IL). A P-value of less than 0.05 was considered to
be statistically significant.

Resulis

Table 1 shows a comparison of the clinical and
virological backgrounds of the 27 patients who
showed lamivudine resistance and the 54 patients
who did not. Median age, gender distribution and
median follow-up period did not differ between
the two groups, and the positive rate of HBe
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Table 1. Comparison of the clinical and virological backgrounds of
patients who showed lamivudine resistance and those who did not

Appearance of lamivudine

resistance
Negative Positive
Characteristics (n="54) (n=27) P
Age (years)* 47.0 (24-79) 50.6 (34-67) 0.1407
Gender {male %) 74% 67% >0.2¢
Follow-up period 16 (6-50) 21 (9-43) >0.21
(months)*
HBV genotype (A/B/C)  2/2/50 0/1/26 >0.2f
HBe antigen (positive %) 59% 70% >0.2¢
ALT (IU/ml)*
Initial 85 (22-713) 95 (20-1140) >0.2¢
At 6 months 27 (11-115) 30 (15-92) >0.2t
HBV DNA (log copy/ml)*
Initial 7.0 (3.5-9.1) 7.3(42-9.2) >0.2¢
At 6 months <2.6 (<2.6-4.8) 3.3(<2.6-6.6) <0.001%
HBVcrAg (log U/ml)*
Initial 6.2 («3.0-8.8) 7.3(4.4-9.1) 0.073+
At 6 months 5.2 («<3.0-6.7) 5.8(4.7-84) <0.001t

HBe antigen, hepatitis B e antigen; HBV, hepatitis B virus; ALT, alanine
aminotransferase; HBVcrAg, HBV core-related antigen. *Data are ex-
pressed as median (range). TMann-Whitney U test. 1x-test.

antigen was similar. Both HBV DNA and
HBVcrAg levels at the beginning of lamivudine
administration were similar between the two
groups; however, both HBV DNA and HBVcrAg
levels at 6 months after the start of lamivudine
administration were significantly lower in the
lamivudine resistance negative group than in
the positive group. ALT level was normal at the
beginning in eight (15%) of the 54 patients with-
out lamivudine resistance and in two (7%) of the
27 patients with it (P>0.2).
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Fig. 1. Changes in the median levels of hepatitis B virus core-
related antigen (HBVcrAg) and hepatitis B virus (HBYV) DNA
during lamivudine administration. The box plots show the 10th,
25th, 50th, 75th and 90th percentiles, with the open boxes
indicating HBY DNA and shaded boxes indicating HBVcrAg.
The median amount of decrease from the baseline in HBVcrAg
levels was significantly smaller (Wilcoxon signed-ranks test)
than that in HBV DNA level at 1 (2.80logcopy/ml vs.
0.27log U/ml, P<0.001), 3 (3.60logcopy/ml vs. 0.83log U/ml,
P<0.001) and 6 months (3.90logcopy/ml vs. 1.15log U/ml,
P< 0.001) after the initiation of lamivudine administration.
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Figure 1 shows changes in HBV DNA and
HBVcrAg levels during lamivudine treatment in
all patients. The level of HBV DNA decreased
rapidly and became undetectable at 3 months after
treatment was initiated. On the other hand,
although HBVcrAg levels decreased continuously,
the median amount of decrease from the base-line
was significantly lower than that in HBY DNA
levels at 1, 3 and 6 months after starting lamivu-
dine administration (Wilcoxon signed-ranks test,
P <0.001 at all analyzed points in time).

Changes in HBYV DNA and HBVcrAg levels
during lamivudine administration are compared
in Fig. 2 between the 27 patients who showed
lamivudine resistance and the 54 patients who did
not. Serum HBV DNA levels were found to
decrease rapidly and become undetectable within
6 months in 45 (83%) of the 54 patients without
lamivudine resistance. On the other hand, only 11
(41%) of the 27 patients with lamivudine resis-
tance showed a similar rapid decrease, and the
HBV DNA levels of the remaining patients
stayed above the detection limit during the
follow-up period. HBVcrAg levels decreased but
did not reach levels lower than 4.71logU/ml
(5000 U/ml) in the 27 patients with lamivudine

Lamivudine resistance (-)

Prediction of lamivudine resistance

resistance. In 19 (35%) of the 54 patients without
lamivudine resistance, on the other hand, the
levels decreased to levels below 4.7logU/ml
within 6 months after the start of lamivudine
administration. The level of HBVcrAg increased
rapidly as did the level of HBV DNA when
lamivudine resistance occurred.

The occurrence of lamivudine resistance was
significantly less frequent in the 56 patients whose
HBYV DNA level was less than 2.6logcopy/ml at 6
months after the initiation of treatment than in the
remaining 25 patients (Fig. 3). The cumulative
occurrence of lamivudine resistance was as high as
70% within 2 years in the latter group, while it was
only 28% in the former group. There was no
occurrence of lamivudine resistance during the
follow-up period in the 19 patients whose HBV-
crAg levels were less than 4.6log U/ml at 6 months
after the initiation of lamivudine therapy (Fig. 3).
On the other hand, lamivudine resistance occurred
in 50% of the remaining patients within 2 years.

Discussion

The HBVcrAg assay is a unique assay, which
measures the amounts of e and core antigens

Lamivudine resistance (+)

HBVDNA (log copy/mL)
w £ B > ] ~N @ [{e]

HBVcrAg (log U/mL)

18 21

15
Months after starting lamivudine administration

24

S

AR Y
‘\\E"‘!ﬁz‘é‘%&‘ﬁb‘f ull

AN g
I —— g = N L
L W —
4
3

0 3 6 9

Fig. 2. Comparison of changes in serum hepatitis B virus (HBV) DNA and serum HBV core-related antigen (HBVcrAg) levels
between patients who showed lamivudine resistance and those who did not. The broken lines indicate the detection limit of each assay.
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Fig.3. Comparison of the cumulative occurrence of lamivudine resistance between patients who showed hepatitis B virus (HBV)
DNA levels of less than the detection limit (2.6 log copy/ml) at 6 months after starting lamivudine administration and those who did
not (left figure), and similarly between patients who showed HBV core-related antigen (HBVcrAg) levels of less than 4.7 log U/ml and

those who did not (right figure).

coded by the core gene of the HBV genome with
high sensitivity and a wide quantitative range.
Serum HBVcrAg levels reflect the viral load in
the natural course because these levels correlate
linearly with those of HBV DNA (14, 15). On
the other hand, the character of HBVcrAg is
somewhat different from that of HBV DNA in
patients undergoing anti-viral therapies such as
lamivudine. That is, HBVcrAg levels decrease
significantly more slowly than those of HBV
DNA after the initiation of lamivudine adminis-
tration.

HBYV is an enveloped DNA virus containing a
relaxed circular DNA genome, which is converted
into a covalently closed circular DNA (cccDNA)
episome in the nucleus of infected cells (18, 21—
23). The cccDNA molecules serve as the tran-
scriptional template for the production of viral
RNAs that encode viral structural and non-
structural proteins. Reverse transcription of the
viral pregenomic RNA and second-strand DNA
synthesis occur in the cytoplasm within viral
capsids formed by the HBV core protein. Because
lamivudine, a nucleoside analogue, inhibits re-
verse transcription of the pregenomic RNA, it
directly suppresses the production of HBV virion.
Thus, serum HBV DNA levels decrease rapidly
after the initiation of lamivudine administration.
On the other hand, the production of viral
proteins is not suppressed by lamivudine because
the production process does not include reverse
transcription. Furthermore, it has been reported
that the amount of cccDNA, which serves as a
template for mRNA, decreases quite slowly after
starting the administration of nucleoside analo-
gues (24-26). Thus, it is reasonable that serum
HBVcrAg levels decrease much more slowly than
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HBYV DNA levels after the initiation of lamivu-
dine therapy.

Significant markers that can predict the pre-
sence or absence of lamivudine resistance are
clinically valuable because the emergence of this
resistance and the subsequent recurrence of he-
patitis are fundamental problems in lamivudine
therapy. Serum markers that reflect the activity of
HBYV replication have been reported to be asso-
ciated with the occurrence of lamivudine resis-
tance (11, 12, 27, 28). However, neither the
pretreatment existence of HBe antigen nor pre-
treatment levels of HBV DNA or HBVcrAg were
found to be significant markers in the present
study. These results may reflect a weak associa-
tion between the pretreatment activity of HBV
replication and the occurrence of lamivudine
resistance (13, 29). Changes in HBV DNA and
HBVcrAg levels after starting lamivudine admin-
istration clearly differed between patients with
and without lamivudine resistance. Thus, HBV
DNA and HBVcrAg levels at 6 months after
starting lamivudine administration were analyzed
to determine whether these levels might serve as
predictive markers; both were found to be sig-
nificantly lower in patients without lamivudine
resistance at the tested point in time. Further-
more, patients who showed higher levels of HBV
DNA and HBVcrAg at 6 months after the initia-
tion of treatment were significantly more likely to
develop lamivudine resistance than those who
showed lower levels.

We believe that the measurement of HBV
DNA levels is useful to identify patients who
are at high risk for lamivudine resistance because
as many as 70% of patients who were positive for
HBV DNA at 6 months after starting lamivudine
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administration developed lamivudine resistance
within 2 years. However, a negative result of
HBV DNA at 6 months does not necessarily
guarantee the absence of lamivudine resistance
because nearly 30% of such patients developed
resistance within 2 years. On the other hand,
HBVcrAg levels of less than 4.7log U/ml at 6
months are a useful indicator of patients who are
unlikely to develop lamivudine resistance, be-
cause no such patients developed resistance dur-
ing the follow-up period in the present study.
Lower serum HBVcrAg levels may reflect lower
levels of cccDNA in hepatocytes because the
mRNAs of HBVcrAg are transcribed from the
cccDNA (18, 22, 23). This possibility may explain
our finding that patients whose HBVcrAg levels
decreased sufficiently were unlikely to develop
lamivudine resistance, because cccDNA provides
the templates for viral and pregenomic messenger
RNA (18, 22, 23), which may be a source of
lamivudine-resistant strains.

In conclusion, our results suggest that measure-
ment not only of HBV DNA but also of
HBVcrAg is useful for predicting the occurrence
of lamivudine resistance. HBV DNA measure-
ment is valuable for identifying patients who are
at high risk of developing this resistance and
HBcrAg measurement is valuable for identifying
those who are at low risk.
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Quantitative Analysis of Anti-Hepatitis C Virus

Antibody-Secreting B Cells in Patients With Chronic

Hepatitis C

Takeji Umemura,'? Richard Y.-H. Wang,' Cathy Schechterly,! ]. Wai-Kuo Shih,' Kendo Kiyosawa,” and Harvey J. Alter!

To investigate the quantitative characteristics of humoral immunity in patients with hepa-
titis C, we established an enzyme-linked immunosorbent spot (ELISpot) assay for detection
of anti—hepatitis C virus (HCV)-secreting B cells. Receiver operating characteristic curve
analysis demonstrated 100% specificity and 58% to 92% sensitivity for detecting B-cell
responses to NS5b, NS3, F2, and core antigens. The median sum of anti-HCV-secreting B
cells to all HCV antigens tested was significantly higher in 39 patients with chronic hepatidis
C (47.3 spot forming cells [SFCs]/10° peripheral blood mononuclear cells [PBMCs]) than in
9 recovered subjects (15.3 SFCs/10¢ PBMCs; P = .05) or 11 uninfected controls (5.3
SFCs/10% PBMCs; P < .001); the significant difference (P = .018) in chronic versus recov-
ered patients was in reactivity to nonstructural antigens NS3 and NS5b. Anti-HCV immu-
noglubulin M (IgM)-secreting B cells were also readily detected and persisted decades into
HCYV infection; there was no difference in IgM-positive cells between chronic and recovered
patients. ELISpot reactivity to genotype 1-derived antigens was equivalent in patients of
genotypes 1, 2, and 3. There was significant correlation between the numbers of anti-HCV
IgG-secreting B cells and serum aminotransferase and to the level of circulating antibody. In
conclusion, ELISpot assays can be adapted to study B-cell as well as T-cell responses to HCV.
Measurement at the single-cell level suggests that humoral immunity plays a minor role in
recovery from HCV infection and that B-cell immunity is strongest in those with persistent

infection. (HEPATOLOGY 2006;43:91-99.)

epatitis C virus (HCV) infection is a major
cause of chronic liver disease worldwide. More
than half of patients with acute HCV infection
develop chronic hepatitis, leading to cirrhosis and/or hep-
atocellular carcinoma in at least 20% of these patients.’-
Chronic HCV infection results in the induction of a
strong humoral immune response, and measurement of
anti-HCV antibodies in serum is widely used to screen for

Abbreviations: ELISpet, enayme-linked immuswsorbent spor; HCYV, heparitis C
virus; SFC, spor-forming cell; PBMC, peripheral blood mononuclear cell; Ig, im-
munoglobulin: ALT, alunine aminotransferase; AST, aspartate dminotvansferase;
PBS, phosphate-buffered saline; ROC, recei ver-operating characteristics; AUC,
area under the curve; IQR, interquartile vange.
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HCYV infection. Although several studies have examined
the features of the humoral immune response to HCV,47
the quantitative characteristics of HCV-specific antibody
production during infection remain undefined. In pa-
tients with acute hepatitis C, an eatly HCV-specific T-cell
response is associated with viral clearance,31" bur the role
of humoral immune responses in HCV clearance is un-
clear and appears to be subsidiary, because strong anti-
body responses are detected in all immunocompetent
chronic HCV carriers. It is also unknown whether anti-
HCV antibodies serve to control the level of viremia dur-
ing chronic infection and whether they ameliorate
horizontal or vertical transmission.

An enzyme-linked immunosorbent spot (ELISpot) as-
say for detecting individual B cells secreting specific anti-
bodies has enabled investigators to study B-cell immunity
at a cellular level in a variety of clinical applications.1213
The advantages of the ELISpot assay are that it can detect
even asingle cell out of 106 peripheral blood mononuclear
cells (PBMCs), whose secretion level may not be sufficient
for detection of circulating antibody, and distinguishes
and quantifies only active immunoglobulin-secreting

n
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cells. This assay thus provides a useful tool for better un-
derstanding immunity to infectious discases and im-
proved analysis of the immune response to vaccination. '
Although studies of antigen-specific antibody-secreting
cells in various viral infections have been conducted,>1?
there are no published data on detection and quantifica-
tion of anti-HCV antibody—secreting B cells.

The objective of this study was to adapt the ELISpot
assay for the detection of anti-HCV antibody—secreting B
cells to (1) clarify the HCV-specific humoral immune
responses in patients with chronic hepatits C, (2) exam-
ine the correlation between the numbers of and-HCV
antibody—secreting B cells and clinical outcomes, and (3)
examine humoral immune responses in patients with
chronic heparitis C compared with those who spontane-
ously clear HCV.

Patients and Methods

Subjects. Individuals who were identified by the
Greater Chesapeake and Potomac Region of the Ameri-
can Red Cross as being positive for anti-HCV via enzyme
immunoassay at the time of blood donation were referred
to the Department of Transfusion Medicine at the Na-
tional Institutes of Health for participation in a long-term
study of the natural history of HCV infection?021; 750
participants were enrolled from 1990 through September
2003. Of these, 48 subjects were selected randomly to
assess humoral immune responses at the B-cell level. The
chronic hepatitis C group included 39 subjects who were
positive for anti-HCV antibodies (EIA-2 and RIBA-3)
and positive for HCV RNA. The recovered group in-
cluded 9 anti-HCV-positive subjects who were HCV
RNA-negative via qualitative polymerase chain reaction
on at least two consecutive visits. The patients’ character-
istics are summarized in Table 1. Eleven volunteer blood
donors withour a history of HCV infection served as con-
trols. All subjects were negative for hepatitis B surface
antigen and antibodies to the human immunodeficiency
virus. The study protocols were reviewed and approved by
the appropriate institutional review boards, and all sub-
jects gave written informed consent to participate in the
study.

Laboratory Testing. Antibodies to HCV were mea-
sured in serum samples via second-generation enzyme im-
munoassay (EIA-2; Abbott Laboratories, North Chicago,
IL). EIA-2 reactive samples were subsequently tested
via third-generation recombinant immunoblot assay
(RIBA-3; Chiron Corp., Emeryville, CA). Reactivity to at
least two of four HCV antigens (5-1-1/C100-3, C33,
C22, and NS5) was considered a positive RIBA-3 result,

no reactivity was considered a negative result, and reactiv-
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Table 1. Demographic and Clinical Characteristics of
Patients With HCV Infection

Al Chronie Recovered
Charactetlstics {N = 48) (n = 39) (n = 9) P Value
Mean age, yrs {range) 51 (33-83) 52 (37-83) 4G {33-78) .46
Male, n (%) 23 (48) 17 (44) 6 (67) .28
Race, n (%)
White 43 (90) 35 (90} 8(89) 1.00
Black 5(10) 4 (10) 1(11)
Source of infection, n (%)
Transfusion 16 (33) 14 (36} 2(22) .30
Injection drug use 19 (40) 15 (38} 4 (44)
Nasal cocaine use 4(8) 2(5) 2(22)
Occupational 6{13) 6(15) 0{0)
Unknown 3(6) 2(5) 11y
Genotype, n (%}
1 25 (52) 24 (62) 1(11) 074
2 7 (15) 6(15) 1(11)
3 2(4) 1(3) 1(1n)
Unknown 14 (29) 8(21) 6 (67)
Mean values (range}
ALT (11/1) 52 {15-251) 58 (28-251) 25 (15-52) .001
AST (U/L) 43 (12-145) 48 (12-145) 24 (13-37) 001
ALP (1U/L) 69 (32-171) 71 (35-171) 59 (32-74) 20
Total bilirubin (mg/dt) 0.7 (0.3-1.5) 0.7 (0.3-1.5) 0.7 (0.4-1.4) 12
Albumin (g/dlL) 3.9(3.3-4.5) 3.8(3.3-4.5) 4.0 (3.6-4.3) .53
GGTP (g/dl) 44 (8-286) 48 (8-286) 27 (8-102) 025
HCV RNA levef (10% - 11.2(<<0.5-73) 14.1(<:0.5-73) ND <.001
it/mL) -
Recombinant strip
immunoblot assay
€100 3.0(0-4) 3.2(0-4) 2.1 (0-4) .042
€33 3.5(1-4) 3.7(1-4) 2.6 (1-4) 011
€22 3.8(0-4) 3.9(1-4) 3.1(0-4) .068
NS5 2.1 (0-4) 2.3 (0-4) 1.3 (0-4) .18

Abbreviations: ALP, alkaline phosphatase; GGTP, y-glutamyltransferase; ND,
below the limits of detection.

ity to only one antigen was considered an indeterminate
result. The serum levels of HHCV RNA were determined
using the qualitative and quantitative COBAS AMPLI-
COR assays (Roche Diagnostic Systems, Branchburg,
NJ), which amplify HCV RNA via reverse-transcription
polymerase chain reaction. HCV genotypes were deter-
mined using INNO-LiPA HCV II (Innogenetics, Gent,
Belgium). Alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and other relevant biochemical
tests were performed using standard methods.

PBMCs, PBMCs were isolated from whole blood using
cellular preparation tubes (Becton Dickinson, Franklin
Lakes, NJ), washed one time in phosphate-buffered saline
(PBS) and three times in medium (RPMI 1640 medium
supplemented with 2 mmol/L L-glutamine, 5 X 107° mol/L
2 mercaptoethanol, 50 U/mL penicillin, 50 pg/mL strepro-
mycin, and 10% fetal bovine serum), and were either studied
immediately or cryopreserved in media containing 50% fetal
bovine serum, 10% dimethyl sulfoxide (Sigma-Aldrich, St.
Louis, MO), and 10% RPMI 1640.

HCV Proteins. The recombinant full-length HCV
core protein {amino acid residues 1-191), E2 protein
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(amino acid residues 384-746), NS3 protein (amino acid
residues 1027-1657), and NS5B protein (amino acid res-
idues 2421-3011) were expressed and purified from Esch-
erichia coli using the expression vector as previously
described.?2?* Control proteins were expressed as car-
boxy-terminal fusion proteins with human superoxide
dismutase in F. coli.

ELISpot Assay. Ninety-six-well plates containing
high-protcin binding membranes (MAIP $4510; Milli-
pore Co., Bedford, MA) were coated with a 10-pg/mL
purified recombinant HCV core, E2, NS3, NS5b, or con-
trol antigens in carbonate coating buffer (0.1 mol/L
Na,CO3, 0.1 mol/L NaHCO5; pH 9.6). After incubation
at 4°C overnight, the plates were washed twice with PBS
and blocked with 3% bovine serum albumin for more
than 30 minutes at 37°C. Cryopreserved PBMCs were
thawed and incubared for 44 hours at 37°C in a humidi-
fied atmosphere of 5% CO; at 1.25 X 10% or 2.5 X 10°
cells/well in AIM V Media (Invitrogen, Carlsbad, CA).
All determinations were run in triplicate. After incuba-
tion, the cells were removed by washing 6 times with PBS
containing 0.05% NP-40, and the plates incubated with
horseradish peroxidase-linked anti-human IgG or IgM
antibodies (1:1,000; KPL, Gaithersburg, MD) at 37°C
for 2 hours. After the plates were washed twice with PBS
and 6 times with PBS containing 0.05% NP-40, an opti-
mal 4CN peroxidase substrate (Bio-Rad, Hercules, CA)
was added and incubated for 20 to 30 minutes at room
temperature to develop the spots. The reaction was
stopped by washing with distilled water. The plates were
dried overnight, and the spots were counted automatically
by an ELISPOT reader (Carl Zeiss Vision, Hallbergmoos,
Germany). The frequencies of and-HCV antibody—
secreting B cells were calculated by subtracting the mean
number of spots in the control wells from the HCV anti-
gen-coated wells, and expressed as the mean of triplicates
of spot-forming cells (SFCs) per 10° PBMCs. Assays with
a high background (>5 spots/well in the negative control)
were excluded.

Assay of Anti-HCVINS3 Antibodies. Anti-HCV/
NS3 IgG was assayed via ELISA as described previously.?
Briefly, MaxiSorp Nunc-Immuno plates were coated with
recombinant HCV NS3 protein at 6 pg/mL in coating
buffer (20 mmol/L sodium bicarbonate buffer [pH 9.6],
0.15 mol/L NaCl) and overcoated with 0.1% bovine se-
rum albumin in PBS buffer (pH 7.4). The sera were tested
via two-fold serial dilution in 0.3% IGEPAL CA-630
(Sigma), 5% milk diluent (Kirkegaard & Perry Laborato-
ries, Gaithersburg, MD), and PBS [pH 7.4], with initial
dilution ar 1:250. Biotinylated anti-human IgGy
(Kirkegaard & Perry Laboratories) and suwepavidin-
horseradish peroxidase (Kirkegaard & Perry Laboratories)
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were added sequentially. One hundred microliters per
well ABTS microwell peroxidase substrate was used to
develop the color and 100 uL per well peroxidase stop
solution (Kirkegaard & Perry Laboratories) was added to
stop the reaction. Absorbance was read at 405 am. The
IgG titer was determined via end point dilution.

Statistical Analysis. The Mann-Whitney U test or
Student ¢ test was used to analyze continuous variables as
appropriate. Spearman’s rank order correlations were
used to evaluate the frequencies of anti-HCV antibody—
secreting B cells to each antigen and to the clinical fea-
tures. A P value of .05 or less was considered significant.
Although SFCs/ 106 PBMCs were expressed in this study,
the statistics were significant whether this was used or the
raw counts were used. Statistical analyses were performed
using SigmaStat (version 2.03; SPSS, Chicago, IL). Re-
ceiver-operating characteristic (ROC) curve analysis was
performed using MedCale 7.0 software  (heep://
www.medcalc.be). The best cutoff values of the ELISpot
assays were chosen automatically by MedCalc 7.0 as the
SECs with the highest diagnostic accuracy (.e., the sum of
the false-negative and false-positive rates was minimized).
The respective overall diagnostic values were expressed
using the area under the curve (AUC).

Results

Optimal Cutoff Values for ELISPOT Assay. To
determine the optimal cutoft values for the B-cell ELIS-
pot assay in differentiating patients with HCV infection
from HCV seronegative blood donors, ROC curve anal-
ysis was performed. The ROC curves for the ELISpot
assay detecting anti-HCV IgG-specific B cells were ob-
tained via calculations made using the values obtained
from 48 patients with HCV infection and the 11 HCV-
negative volunteer blood donors. The selection of the op-
timal cutoff point value was based on the level at which
the accuracy was maximum (see Patients and Methods).
The optimal cutoff values, sensitivity, specificity, positive
predictive values, negative predictive values, and calcu-
lated AUC:s to all HCV antigens are listed in Table 2, In
our ELISpot assay, the values of sensitivity ranged from
58% to 92%, and the values of specificity were 100%.
The AUC results were constantly high in the ELISpot
assays for all antigens, and AUC values were between 0.71
(NS5B antigen) and 0.94 (core and E2 antigens).

After we defined the optimal cutoff value for cach an-
tigen, we determined the frequencies of anti-HCV IgG-
secreting B cells in 48 patients with HCV infection. The
prevalence of anti-HCV IgG-secreting B cells during
HCV infection specific for the various antigens were:
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Table 2. Optimal Cutoff Values, Sensitivity, Specificity, AUC, and Predictive Values of Anti-HCV IgG-Secreting B Cells in
ELISpot Assay in 48 Patients With Chronic Hepatitis C and 11 Volunteer Blood Donors

Cutoff Sensitivity, Specificity, %
Antigen Value % (95% CI) (95% CI) AUC (95% CI) PPV, % NPV, %
Core 13.4 92 (80-98) 100 (71-100) 0.94 (0.84-0.98) 100 73
E2 10.7 92 (80-98) 100 (71-100) 0.94 (0.85-0.99) 100 73
NS3 5.4 77 (63-88) 100 (71-100) 0.83 (0.71-0.92) 100 50
NS5B 5.4 58 (43-72) 100 (71-100) 0.71 (0.58-0.82) 100 36

NOTE. All AUC values were significantly higher than a 0.50 nonpredictive value (P < .001 for all comparisons).
Cutoff values were determined by making ROC cuives and are expressed as SFCs/10% PBMCs.

Abbreviations: PPV, positive predictive value; NPV, negative predictive value,

core, 92%; E2, 92%; NS3, 77%; and NS5B, 58% (Table
2).

We further assessed the optimal cutoff values for the
ELISPOT assay detecting anti-HCV IgM-secreting B
cells using ROC curve analysis in 43 patients with HCV
infection and in 6 HCV-negative blood donors (Table 3).
The AUC values ranged from 0.73 (NS5B antigen) to
0.94 (core antigen). The prevalence of anti-HCV IgM-
secreting B cells ranged from 54% (NS5B antigen) to
84% {core antigen) (Table 3).

Detection and Quantitation of Anti-HCV Anti-
body—Secreting B Cells. Forty-cight PBMC samples ob-
tained from patients with HCV infection and 11 samples
from healthy volunteer blood donors were examined for
detection of anti-HCV IgG-sccreting B cells. The median
numbers of the sum of anti-HCV IgG-sccreting B cells to
all HCV antigens were significantly higher in paticnts
with HCV infection (38.3 SFCs/10¢ PBMCs; interquar-
tile range [IQR], 10.7-149.3) compared with control an-
ti-HCV negative donors (5.3 SFCs/10° PBMCs; IQR,
2.7-8.0; P <C .001). Figure 1A shows box plots for the
numbers of anti-HCV IgG-secreting B cells to all 4 HCV
antigens in padents with HCV infection and in the con-
trols. Among 48 patients with HCV infection, the me-
dian numbers of anti-HCV IgG-sccreting B cells ranged
from 10.7 SFCs/10° PBMCs (NS5B antigen) to 119.0
SFCs/10¢ PBMCs (E2 antigen). The median numbers of
anti-HCV IgG-secreting B cells in patients wich HCV
infection were significantly higher than those in controls
for cach HCV antigen (Fig. 1A).

Subsequently, we developed an ELISpot assay for de-
tecting anti-HCV IgM-secreting B cells. Detection of the
anti-HCV IgM-secreting B cells was performed in 43 pa-
tients with HCV infection and in 6 antu-HCV negative
blood donors (Fig. 1B). The median numbers of the sum
of ant-HCV IgM-secreting B cells to all HCV antigens
were significantly higher in padents with HCV infection
(21.3 SFCs/10° PBMCs; IQR, 9.2-48.0) compared with
the controls (8.0 SFCs/10° PBMCs; IQR, 0.0-10.7; P <
.001). The median numbers of ant-HCV IgM-secreting
B SEC to the core (31.1 vs. 4.0 SFCs/10% PBMCs; P <
001 and E2 (32.0 vs. 8.0 SECs/10° PBMCs; P = .005)
antigens in patients with HCV infection were signifi-
cantly higher than those in controls. (Fig. 1B).

Relarionship Between Anti-HCV Antibody-Specific
B Cells and HCV Genotypes. Because the antigens used
were derived from HCV genotype la, the numbers of

anti-HCV IgG-secreting B cells were compared between

25 patients with HCV genotype [ infection (10 with la,
11 with 1b, and 4 not subtyped) and 9 infected with
another single genotype (1 with 2a, 4 with 2b, 2 with 2
unsubtyped, and 2 with 3a). The median value of the
anti-HCV IgG-secreting B cells to each antigen was not
statistically different between the genotype 1 group and
the other genotype groups (Fig. 2). Inaddition, there were
no statistically significant differences in detecting anti-
HCV IgM-secreting B cells to all HCV antigens in those
with genotype 1 versus non-1 infections (data not
shown).

Table 3. Optimal Cutoff Values, Sensitivity, Specificity, AUC, and Predictive Values of Anti-HCV IgM-Secreting B Celis in
ELISpot Assay in 43 Patients With Chronic Hepatitis C and 6 Velunteer Blood Donors

Cutoff Sensitivity, Specificity,
Antigen Value % (85% CI) % (95% Cl) AUC (85% CI) PPV, % NPV, %
Core 12.1 84 (69-93) 100 (54~100) 0.94 (0.84-0.99) 100 46
£2 174 72 {56-85) 100 (54-100) 0.86 (0.73-0.94) 100 33
NS3 107 70 (54-83) 100 (54-100) 0.74 (0.60-0.86) 100 32
NS5B 8.1 54 (38-69) 100 (54~100) 0.73 {0.58-0.85) 100 23

NOTE. All AUC values were significantly higher than a 0.500 nonpredictive value (P <. .001 for all comparisons). Cutoff values were determined by making ROC curves

and are expressed as SFCs/10% PBMCs.
Abbreviations: PPV, positive predictive value; NPV, negative predictive value.
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Fig. 1. Detection of anti-HCV antibody-secreting B cells in patients
with HCV infection and volunteer blood donors. Boxes represent the IQR
of the data. The lines across the boxes indicate the median values. The
hash marks above and below the boxes indicate the 90" and 10®
percentiles for each group, respectively. (A) The frequencies of anti-HCV
IgG-secreting B cells to 4 HCV antigens were detected in 48 patients with
HCV infection and in 11 volunteer blood donors. (B) The frequencies of
anti-HCV IgM-secreting B cells were detected in 43 patients with HCV
infection and in 6 volunteer blood donors. PBMCs, peripheral blood
mononuclear cells; 1gG, immunoglobulin G; HCV, hepatitis C virus; BDs,
blood donors; 1gM, immunoblobulin M.

Correlation Between Anti-HCV IgG-Secreting B
Cells and Clinical Features in Patients With HCV
Infection. Several demographic (age and sex) and clinical
(viral load, genotype, ALT, AST, alkaline phosphatase,
total bilirubin, albumin, y-glutamyltransterase, intensity
of RIBA assay, and anti-HCV antibodies) findings were
examined for their correlation with anti-HCV TgG-se-
creting B-cell frequency in patients with HCV infection.
The circulating anti-HCV IgG-secreting B-cell frequency
to the core antigen (Fig. 3A) was significantly correlated
with the value of ALT (P = .048, » = 0.29) and inversel}
correlated with serum albumin (P = .048, » = —0.33).
Similarly, the number of anti-HCV IgG-secreting B cells
to the E2 antigen was significantly correlated with the
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value of ALT (P = .037, » = 0.30) (Fig. 3B) and AST
(P = .033, r = 0.31) (Fig.- 3C) and was inversely corre-
lated with serum albumin (? = .029, » = —0.36). Fur-
thermore, the number of SFCs to the NS3 antigen was
significantly correlated with the circulating antibody level
to the NS3 antigen in 38 patients with available serum
samples (P = .008, r = 0.43) (Fig. 3D). There was no
significant correlation between the numbers of anti-HCV
[gG-secreting B cells to NS3 or NS5b antigens and any of
the biochemical, demographic, or clinical parameters
specified above.

Comparison of the Number of Anti-HCV Antibody-
Secreting B Cells Between Patients With Chronic
Hepatitis C and Patients Who Recovered. Asshown in
Table 1, patients with chronic hepatitis C had signifi-
cantly higher mean serum levels of ALT (58 vs. 25 TU/L;
P = 001), AST (48 vs. 24 IU/L; P = .001), and vglu-
tamyltransferase (48 vs. 27 ITU/L; P = .025) compared
with the recovered patients. The mean HCV RNA level in
the chronic group was 14.1 X 10°> IU/ml. There were
significant differences in the mean intensity of the RIBA
assay against the C33 and C100 proteins in chronic vs.
recovered subjects (C33, 3.2 vs. 2.1, P = .042; C100, 3.7
vs. 2.6, P = .011). We found no significant difference
between patients with chronic hepatitis C and padents
who had recovered when their age, sex, race, source of
infection, HCV genotypes, total bilirubin, or albumin
were compared.

The median numbers of the sum of anti-HCV IgG-
secreting B cells to all HCV antigens were significantly
higher in patients with chronic hepatitis C (47.3 SFCs/
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Fig. 2. Detection of anti-HCV IgG-secreting B cells in patients infected
with HCV of genotype 1 and nongenotype 1. Boxes represent the IQR of
the data. The lines across the boxes indicate the median values. The
hash marks above and below the boxes indicate the 90th and 10th
percentiles for each group, respectively. The frequencies of anti-HCV-
secreting B cells were detected in patients infected with genotype 1 (n =
25) and in those with other genotypes (n = 9). PBMCs, peripheral blood
mononuclear cells; Non1, nongenotype 1.
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10°PBMCs; IQR, 13.3-149.7) than in recovered patients
(15.3 SFCs/10° PBMCs; IQR, 3.3-142.7; P = .05) and
normal controls (5.3 SFCs/10¢ PBMCs; IQR, 2.7-8.0;
P <.001). The median numbers of the sum of anti-IgG—
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secreting B cells to structural antigens were not signifi-
cantly higher in patients with chronic hepatitis C (108.3
SECs/10% PBMCs) than in those who recovered (97.4
SFECs/10% PBMCs) (Fig. 4A). In contrast, the median
numbers of the sum of anti-HCV IgG-secreting B cells to
nonstructural antigens were significanty higher in pa-
tients with chronic hepatitis C (19.0 SECs/10¢ PBMCs)
than in patients who recovered (4.9 SFCs/10° PBMCs;
P = .018), particularly for NS3 antigen (26.7 vs. 5.3
SFECs/10¢ PBMCs; P = .032) (Fig. 4B). Furthermore,
patients with chronic hepatitis C had a significantly
higher frequency of anti-HCV IgG-secreting B cells to the
NS3 antigen than those who recovered (85% vs. 44%;
P = .02) (Fig. 4C).

The median numbers of the sum of anti-HCV IgM-
secreting B cells to all HCV antigens were similar in pa-
tients with chronic hepatitis C (22.0 SFCs/105 PBMCs;
IQR, 8.2-49.3) and recovered patients (20.7 SFCs/10°
PBMCs; IQR, 12.2-36.7) and were significantly higher
than in the controls (8.0 SFCs/10° PBMCs; IQR, 0.0-
10.7; P <.001) (Fig. 4A). When the responses were an-
alyzed for structural and nonstructural antigens, the median
numbers of the sum of anti-HCV IgM-secreting B cells were
not significantly different in patients with chronic hepatitis
C and recovered subjects for cither structural antigens (30.7
vs. 31.6 SFCs/10° PBMCs) or nonstructural antigens (20.7
vs. 12.7 SECs/10° PBMCs) (Fig. 4A).

Discussion

We developed an ELISpot assay for sensitive quantita-
tive assessment of anti-HCV antibody-secreting B cells in
PBMC:s from patients with HCV infection and used this
technique to analyze the induction of humoral immune
responscs at the single-cell level. IgG and [gM and-HCV
antibody secreting B cells to core, E2, NS§3, and NS5 were
detected and quantified in patients with chronic HCV
infection and compared with recovered patients and un-
infected controls. The key findings were: (1) anti-HCV
secteting B-cell responses were greater in chronically in-
fected patients than in recovered patients, suggesting that
antibody does not play a major role in recovery from acute

Fig. 3. Corelation of the number of anti-HCV IgG-secreting B cells
and clinical characteristics in 48 patients with HCV infection. (A) Fre-
quency of circulating anti-HCV 1gG-secreting B cells to core antigen was
significantly correlated with the value of ALT {r = 0.29, P = .048). (B-C)
Frequency of circulating anti-HCV 1gG-secreting to E2 antigen was cor-
related with the value of (B) ALT (r = 0.30, P = .037) and (C) AST (r =
0.31, P = .033), respectively. (D) Frequency of circulating anti-1gG-
secreting B cells to NS3 antigen was correlated with the value of anti-HCV
antibodies to NS3 antigen (r = 0.43, P = .0085). ALT, alanine
aminotransferase; PBMCs, peripheral blood mononuclear cells; AST,
aspartate aminotransferase; HCV, hepatitis C virus.
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Fig. 4. Detection of anti-HCV antibody-secreting B cells in patients
with chronic hepatitis C and in patients who had recovered from HCV. (A)
Circulating anti-HCV gG-secreting B cells were detected in 39 patients
with chronic hepatitis C, 9 patients who had recovered from HCV
infection, and 11 volunteer blood donors. Circulating anti-HCV 1gM-
secreting B cells were detected in 34 patients with chronic hepatitis C,
9 patinets who had recovered from HCV infection, and 6 volunteer blood
donors. (B) Frequency of circulating anti-HCV 1gG-secreting B celis to 4
HCV antigens were detected in 39 patients with chronic hepatitis C and
in 9 recovered patients. (C) The prevalence of anti-HCV 1gG-secreting B
cells in 39 patients with chronic hepatitis C and 9 recovered patients.
PBMCs, peripheral blood mononuclear cells; CH-C, chronic hepatitis C;
BDs, blood donars; Rec, recovered; 1gG, immunoglobulin G; 1gM, immu-
nobiobulin M.
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HCYV infection, as also indicated by recently developed
pseudotype assays for HCV-neutralizing antibodies?#25;
(2) the primary difference between chronically infected
and recovered subjects was in the grearer reactivity of the
former to nonstructural antigens; (3) in chronic infection,
HCV anribodies were cross-reactive against genotypes,
again consistent with recent findings by neutralizing an-
tibody assays*¢-27; (4) the ELISpot assay can measure IgM
as well as IgG responses at the single-cell level, providing
a new means to measure the more elusive fgM response;
(5) IgM responses were surprisingly well maintained dur-
ing chronic infection; and (6) IgG responses correlated
positively with serum transaminase levels.

In this study, the B-cell ELISpot assay showed high
specificity (91% to 100%) and sensitivity (58% to 92%)
to all HCV antigens through analysis of the ROC curves
and thus achieved high diagnostic accuracy. Although
there was a general problem that raw numbers of SFCs
were low, statistical analysis and prior publications?8.29
suggest that these small differences are consistent and rel-
evant. Of note, individuals infected with nongenotype 1
variants were strongly positive in this assay, which used
only genotype 1-derived antigens. This suggests that ge-
notype 1 contains conserved epitopes that will allow the
ELISpot assay to assess humoral immune responses to
HCV irrespective of genotype (Fig. 2), with the caveat
that we did not assess genotypes 4, 5, and 6, all of which
are rare in the United States.

ELISpot assay has been used as a sensitive and specific
tool to measure B-cell responses in autoimmune dis-
eases?®?? and viral infections such as cytomegalovirus,!s
rotavirus,'® measles virus,'” and hepatitis B virus,1819 as
well as to evaluate responses to bacterial®® and viral vac-
cines.'®1° Other reports demonstrate that ELISpot is able
to detect and numerate antigen-specific memory B cells in
PBMCs after in vitro stimulation in both autoimmune
diseases and viral infection.?t*2 Thus, the B-cell ELIS-
POT assay might be a useful tool to detect anti-HCV-
specific memory B cells, and to monitor the efficacy of
future HCV vaccines.

Interestingly, this study showed a strong correlation
between the numbers of ant-HCV IgG-secreting B cells
to the core and E2 antigens and the values of serum
transaminases. The clinical significance of these observa-
tions is unknown, but raises the possibility that antibodies
can contribute to liver cell injury. In addidon, Ni et al.3
recently reported that 10 of 36 hepatitis C patient samples
showed increased B-cell frequencies that correlated with the
degree of heparic fibrosis. There are insufficient histological
dara in our study to assess whether the numbers of anti-HCV
antibody-secreting B cells correlate with the degree of fibro-
sis as well as biochemical evidence of inflammation.
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The median numbers of the sum of antd-HCV IgG-
secreting B cells to nonstructural antigens were signifi-
cantly higher in patients with chronic hepatitis C than in
recovered patients. Similarly, an HCV-specific B-cell re-
sponse was more frequently detected in patients with
chronic hepatitis C than in recovered subjects (92% vs.
56%; P = .017) and was directed against a broader range
of HCV antigens, particularly co NS3. In contrast, CD4
T-cell responses to NS3 epitopes are greatest in patients
who recover from HCV infection 435

We have also developed and evaluated the ELISpot
assay for detecting anti-HCV [gM-secreting B cells. It has
been reported that IgM anti-HCV in serum mighe be
predictive of viral clearance in acute hepatitis C or re-
sponse to interferon therapy.?6-4 However, these results
have been controversial and other studies have shown a
significant correlation between IgM ant-HCV levels in
serum and the recurrence of hepatitis C after liver trans-
plantation.*142 In this study, we found that IgM-secreting
B cells persisted during chronic infection so that the use-
fulness of TgM detection for assessing acute versus chronic
HCV infection would have to depend on quanticative
differences in IgM level rather than the simple presence or
absence of IgM antibody. The fact that there are no stan-
dardized assays for measuring [gM anti-HCV in serum
and the ready detection of IgM-secreting B cells in this
study suggests that the ELISpot assay could be used to
better define the clinical relevance of IgM antibody in
acute and chronic HCV infection.

Overall, this study, as do studies of HCV-specific neu-
tralizing antibodies,?>?” suggest that the humoral arm of
the HCV immune response is not a critical clement of
spontancous viral clearance. However, because of the dif-
ficulty in obtaining serial acute-phase PBMC collections
from recovering subjects, our study does not exclude a
role for antibody-mediated viral clearance carly in HCV
infection. Sequential acute phase ELISpot IgM testing of
PBMCs is planned in forthcoming chimpanzee infectivity
studies. Nonetheless, studies of neutralizing and antien-
velope antibodies that measured serial acute phase serum
samples from recovering subjects?®? did not show that
such antibodies correlated with viral clearance. Rather, it
appears in those studies and the current study that anti-
bodies to HCV increase in strength and broadness of re-
activity during the course of chronic infection,
presumably because of persistent antigenic stimulation.
This is in contrast to cell-mediated immunity that is
markedly diminished in chronically infected compared
with recovered subjects. This dichotomy between the hu-
moral and cellular immune response to HCV is intriguing
and suggests T-cell tolerance in the absence of B- cell
tolerance.

HEPATOLOGY, January 2006

It is interesting to speculate on the role that antibodies
might play in HCV infection. First, it seems reasonable
that such antibodies complexed to virus would reduce the
level of free virus and diminish transmission to others.
This reduction in free virus in addition to lowered viral
load might explain the relative rarity of sexual and peri-
natal transmission during chronic HCV infection. More
intriguing is whether such antibodies establish the set
point for viral load during chronic infection. It is known
that viral loads are highest carly in HCV infection prior to
the appearance of antibody* and that chronically in-
fected patients establish a lower and relatively constant
level of viremia.#* It appears that production and elimi-
nation of virus achieve a steady state. This steady state is
probably multifactorial in origin, but antibody may play a
key role. When patients in a steady state are immunosup-
pressed at the time of transplantation®> or when coin-
fected wich human immunodeficiency virus,4¢ the viral
load increases, supporting an immunological role for viral
containment even in the absence of clearance. A deleteri-
ous function of anti-HCV is that it serves to drive quasi-
species evolution making it increasingly hard for the
immune system to achieve viral clearance. Farci et al. 47
have shown in both humans and chimpanzees that the
appearance of antibody coincides with increasing viral
diversity and complexity and predicts progression to
chronic infection.

In conclusion, there is much to explore regarding the
function and relevance of IgG and IgM antibodies in HCV
infection, and we believe the ELISpot assay, by measuring
antibody production at the single-cell level, provides a new
and useful tool for understanding the complex interplay be-
tween HCV and the host immune response.
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Patients With and Without Loss of Hepatitis B Virus
DNA After Hepatitis B e Antigen Seroconversion
Have Different Virological Characteristics
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The characteristic differences between patients
with and without loss of hepatitis B virus (HBV)
DNA after achieving hepatitis B e antigen sero-
conversion were analyzed by comparing changes
in HBV DNA and HBV core-related antigen levels
during a period from 3 years before to 3 years
after the seroconversion. Of the 24 seroconver-
ters, 6 (inactive replication group) showed con-
tinuous loss of HBV DNA in serum after the
seroconversion and the remaining 18 did not lose
HBV DNA (active replication group). The HBV
DNA level was similar between the two groups,
while the HBV core-related antigen level was
significantly lower in the active replication group
than in the inactive replication group before the
seroconversion. The levels of both HBV DNA and
HBV core-related antigen decreased remarkably
around the time of seroconversion in the inactive
replication group, while these levels did not
change or decreased slightly in the active replica-
tion group. After the seroconversion, the HBV
DNA level was significantly higher in the active
replication group than in the inactive replication
group, while the HBV core-related antigen level
was similarly low between the two groups.
Because the serum level of HBV core-related
antigen mainly reflects that of HBe antigen, the
low level of HBV core-related antigen seen after
seroconversion in both groups might have con-
tributed to the occurrence of seroconversion.
The precore and core promoter mutations which
cause diminished excretion of hepatitis B e anti-
gen were significantly more frequentin the active
replication group than in the inactive replicat-
ion group. It was therefore considered that the
seroconversion was caused mainly by a decrease
inviral replication in the inactive replication group,
and mainly by a decrease in HBe antigen produc-
tioninthe active replication group. J. Med. Virol.
78:68-73, 2006. © 2005 Wiley-Liss, Inc.

© 2005 WILEY-LISS, INC.
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mutation; core promoter muta-
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INTRODUCTION

A total of 350 million people worldwide are estimated
to be carriers of hepatitis B virus (HBV) [Maynard, 1990;
Maddrey, 2000]. HBV is important as a causative agent
for liver diseases such as chronic hepatitis and hepato-
cellular carcinoma, especially in Asian countries [Lee,
1997]. In the natural history of chronic HBV infection,
seroconversion from hepatitis B e (HBe) antigen to
its antibody (anti-HBe) is usually accompanied by a
decrease in HBV replication and remission of hepatitis
[Realdi et al., 1980; Hoofnagle et al., 1981; Liaw et al.,
1983]. Thus, HBe antigen seroconversion is a favorable
sign for patients with chronic hepatitis B. However,
there are some patients who continue to have elevated
HBV DNA levels in the serum and active liver disease
after the seroconversion [Bonino et al., 1986; Hsu et al.,
2002].

Although the detailed mechanisms of HBe antigen
seroconversion have not been fully clarified, several
mutations in the HBV genome have been reported to
be associated with the phenomenon. When the precore
(pre-C) and core genes in the HBV genome are
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transcribed and translated in tandem, HBe antigen
is produced and secreted into circulation [Bruss and
Gerlich, 1988; Garcia et al., 1988]. The G to A mutation
at nucleotide (nt) 1896 in the pre-C region (G1896A),
which converts codon 28 for tryptophan to a stop codon,
is associated with the loss of HBe antigen [Carman
et al., 1989; Okamoto et al., 1990]. The double mutation
(A1762T and G1764A) in the core promoter (CP) has
been shown to reduce the synthesis of HBe antigen
by suppressing the transcription of precore mRNA
[Okamoto et al., 1994; Takahashi et al., 1995; Buckword
et al., 1996]. Convincing lines of evidence have indicated
a close association of HBe antigen seroconversion with
the appearance of precore and core promoter mutations
[Okamoto et al., 1994; Takahashi et al., 1995; Buckword
et al., 1996; Yamaura et al., 2003] as well as the severity
of liver disease [Kosaka et al., 1991; Aritomi et al., 1998;
Lindh et al., 1998].

A chemiluminescence enzyme immunoassay (CLEIA)
was developed previously for the detection of HBV core-
related antigen [Kimura et al., 2002; Rokuhara et al.,
2003]. The HBV core-related antigen is expressed on
HBe and core (HBc) antigens; both proteins are
transcribed from the precore/core gene and their first
149 amino acids are identical. The HBVcrAg CLEIA
measures the serum levels of HBe and HBc¢ antigens
simultaneously, using monoclonal antibodies, which
recognize common epitopes of these two denatured
antigens. However, the amount of HBV core-related
antigen mainly reflects that of HBe antigen, because the
concentration of HBe antigen in serum is much higher
than that of HBc antigen [Kimura et al., 2002]. In the
present study, the characteristic differences that may
exist between patients with and without HBV DNA in
serum after HBe antigen seroconversion were examined
by comparing chronological changes of HBV DNA and
HBYV core-related antigen as well as by testing HBV
genome mutations associated with the seroconversion.

MATERIALS AND METHODS
Patients

The present study is a retrospective one using stored
sera from Japanese patients with chronic hepatitis B
seen in Shinshu University Hospital. The clinical
database was reviewed to identify all patients who had
been followed from January 1985 to June 2001 and also
showed seroconversion from HBe antigen to anti-HBe
during the follow-up period. A total of 24 patients were
recruited in the present study. The 24 patients consisted
of 17 men and 7 women with a median age of 39 years.
Seroconversion of HBe antigen was defined as disap-
pearance of HBe antigen accompanied by the develop-
ment of anti-HBe on at least two consecutive visits. All
24 patients met the following three criteria: (1) follow-up
was performed for at least 3 years before and after
the seroconversion; (2) chronic hepatitis without liver
cirrhosis was confirmed by histological examination;
and (3) serum samples were available for testing every
6 months during the follow-up period. Of the 24 patients,
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12 patients received interferon administration of at
most 4 weeks and none received nucleotide analogs such
as lamivudine, adefovir, or entecavir during the follow-
up period.

Serum concentrations of HBV DNA and HBV core-
related antigen were determined every 6 months during
the follow-up period, which ran from 3 years before
to 3 years after the seroconversion. The presence or
absence of the pre-C mutation of A1896 and the double
mutation in the CP (T1762/A1764) was determined
every year during the follow-up period. The serum
samples had been stored at —20°C or below until tested.
Written informed consent was obtained from each
patient.

Serological Markers for HBV

Conventional HBV markers, including HBe antigen
and anti-HBe, were tested using CLEIA kits (Fuji Rebio,
Tokyo, Japan). Six major genotypes (A—F) of HBV were
determined using the method reported by Mizokami
et al. [1999], in which the surface gene sequence
amplified by PCR was analyzed by restriction fragment
length polymorphism.

The Pre-C and CP mutations were determined on
nucleic acids extracted from 100 pl of serum with a DNA/
RNA extraction kit (Smitest EX-R and D; Genome
Science Laboratories Co., Ltd., Tokyo, Japan). The stop
codon mutation in the Pre-C region (A1896) was
detected with an enzyme-linked mini-sequence assay
kit (Smitest; Genome Science Laboratories). In princi-
ple, G1896 in the wild-type HBV and A1896 in the
mutants were determined by mini-sequence reactions
using labeled nucleotides that are complementary to
either the wild-type or mutant. The results were
expressed as a percent mutation rate according to the
definition by Aritomi et al. [1998]. The sample was
judged positive for the pre-C mutation when the
mutation rate exceeded 50% in the present study,
because the mutation rate steadily increase to 100%
afterward once it exceed the rate of 50% [Yamaura et al.,
2003]. The double mutation in the CP was detected using
an HBV core promoter detection kit (Smitest; Genome
Science Laboratories) [Aritomi et al., 1998]. This kit
detects T1762/G1764 or A1762/T1764 by a polymerase
chain reaction (PCR) with primers specific for either
the wild-type or mutant. The results were recorded in
three categories, that is, wild, mixed, and mutant types.
In the present study, the sample was considered positive
for the CP mutation when the results were in the mutant
type category. The detection limits of the pre-C and the
CP mutation kits are both 1,000 copies/ml according to
the manufacturer. The pre-C mutation could be deter-
minedin 136 (99%) of 137 samples, which had HBV DNA
levels higher than 1,000 copies/ml and in 30 (97%) of 31
samples which had levels lower than 1,000 copies/ml.
Similarly, the CP mutation could be determined in 136
(99%) of 137 samples and in 28 (90%) of 31 samples.

The serum concentration of HBV DNA was deter-
mined using an Amplicor HBV monitor kit (Roche,
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Tokyo, Japan) which had a quantitative range of 2.6—
7.6 log copies/ml [Kessler et al., 1998]. Sera containing
over 7.0 log copies/ml HBV DNA were diluted 10- or 100-
fold in normal human serum and measured again to
obtain the end titer.

The serum concentration of HBV core-related antigen
was measured using the CLEIA reported previously
[Kimura et al., 2002; Rokuhara et al, 2003]. In
summary, 100 pl serum was mixed with 50 pl pretreat-
ment solution containing 15% sodium dodecylsulfate
and 2% Tween 60. After incubation at 70°C for 30 min,
50 pl pretreated serum was added to a well coated with
monoclonal antibodies against denatured HBc and HBe
antigens (HB44, HB61, and HB114) and filled with
100 pl assay buffer. The mixture was incubated for 2 hr
at room temperature and the wells were washed with
buffer. Alkaline phosphatase-labeled monoclonal anti-
bodies against denatured HBc and HBe antigens (HB91
and HB110) were added to the well, and incubated for
1 hr at room temperature. After washing, CDP-Star
with Emerald II (Applied Biosystems, Bedford, MA) was
added and the plate was incubated for 20 min at room
temperature. The relative chemiluminescence intensity
was measured, and the HBV core-related antigen
concentration was read by comparison to a standard
curve generated using recombinant pro-HBe antigen
(amino acids, 10—183 of the precore/core gene product).
The HBV core-related antigen concentration was exp-
ressed as units/ml (U/ml) and the immunoreactivity of
recombinant pro-HBe antigen at 10 fg/ml was defined as
1 U/ml. In the present study, the cut-off value was set
tentatively at 3.0 log U/ml. Sera containing over 7.0 log
U/ml HBV core-related antigen were diluted 10- or
100-fold in normal human serum and measured again to
obtain the end titer.

Statistical Analyses

The Mann—-Whitney U test was used to analyze con-
tinuous variables. The Fisher’s exact test was used in
the analysis of categorical data. The Manzel Haentel
chi-square test was used to evaluate positive rates for
the pre-C and CP mutations. The Wilcoxon test was used
to analyze the change in the level of HBV DNA and HBV
core-related antigen. P-values less than 0.05 were
considered significant. Statistical analyses were per-
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formed using an SPSS 11.5 J statistical software
package (SPSS, Inc., Chicago, IL).

RESULTS

Grouping of Seroconverters
According to HBV DNA Outcome

The 24 seroconverters enrolled in the present study
were classified into two groups according to changes
in serum levels of HBV DNA. The HBV DNA level
decreased substantially around the time of the serocon-
version and then became continuously undetectable
in one group (inactive replication group), and the level
decreased slightly and did not become continuously
undetectable even after the seroconversion in another
group (active replication group). In the present study,
the former group of patients were defined as those whose
HBV DNA levels were lower than 2.6 log copies/ml at
each of the time points of 1.5, 2, 2.5, and 3 years after the
seroconversion, and the latter group of patients were
defined as those whose HBV DNA levels were not. Of
the 24 seroconverters, 6 belonged to the inactive
replication group and the remaining 18 belonged to the
active replication group.

The clinical backgrounds of the active and inactive
replication groups are compared in Table I. The median
age, gender ratio, and history of interferon therapy did
not differ between the two groups. All patients were
infected with genotype C HBV. Normalization of serum
alanine aminotransferase (ALT) after seroconversion
was considered to have occurred in cases in which ALT
was normal at each of the time points of 2, 2.5, and
3 years after the seroconversion in the present study.
The normalization of ALT was more frequent in the
inactive replication group than in the active replication
group, but the difference was not statistically signifi-
cant.

Changes in HBV DNA and HBV
Core-Related Antigen Concentration

Changesin the serum level of HBV DNA are compared
between the active and inactive replication groups in
Figure 1A. At the start-point of the follow-up, the level
was distributed within a similarly high range in both
groups. In the inactive replication group, the median

TABLE L. Comparison of Clinical Backgrounds Between the Inactive and Active Replication Groups

Characteristics Inactive replication group n==6 Active replication group n=18 pP
Age at seroconversion (yr)* 37 (23-65) 39 (17-64) >0.2%
Gender (M:F) 4:2 13:5 >(.2%*
Genotype CP 6 (100%) 18 (100%) >0.2%%
History of interferon therapy® 3 (60%) 9 (50%) >0.2%*
ALT normalization® 4 (67%) 5 (28%) 0.150%*

*Mann—Whitney U test.
**Fisher's exact test.
#Data are expressed as the median (range).
Data are expressed as a positive number (percent).

°Normalization of serum ALT level after seroconversion (the ALT value was within the normal range at each of the time points of 2, 2.5, and 3 years

after the seroconversion).
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Fig. 1. Comparison of changes in HBV DNA (A) and HBV core-
related antigen (B) levels between the inactive and active replication
groups. Data are shown as the median +25% ranges. The broken lines
indicate the detection limits of the HBV DNA and HBV core-related
antigen assays, respectively. Open circles indicate inactive replication
group and closed circles indicate active replication group. *P < 0.05
between the inactive and active replication groups.

concentration decreased around the time of seroconver-
sion and became continuously undetectable thereafter.
In the active replication group, on the other hand, the
median concentration tended to decrease around the
time of seroconversion, but was not undetectable even at
3 years after seroconversion. The median HBV DNA
level in the active replication group was significantly
higher than that in the inactive replication group at
1.5 years after the seroconversion and each of the
subsequent time points.

Changes in the serum concentration of HBV core-
related antigen are compared between the active and
inactive replication groups in Figure 1B. The concentra-
tion of HBV core-related antigen was significantly
higher in the inactive replication group than in the
active replication group at the start of the follow-up and
at 1.5 and 2 years before the seroconversion point.
The median concentration of HBV core-related antigen
in the inactive replication group appeared to decrease
around the time of seroconversion and reached a level
comparable to that in the active replication group. The
median HBV core-related antigen level was similar
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between the inactive and active replication groups at all
time points after the seroconversion, and it decreased
slowly with time in both groups.

Changes in the log ratio of HBV core-related antigen/
HBV DNA concentrations are compared between the
inactive and active replication groups in Figure 2.
The values of HBV core-related antigen and HBV DNA
were substituted by their corresponding detection limit
values when they were under the detection limit. The
log ratio was similar between the two groups at points
before the seroconversion. The log ratio decreased after
the seroconversion in the active replication group, but
did not change in the inactive replication group. The
log ratio of HBV core-related antigen/HBV DNA was
significantly lower in the active replication group than
in the inactive replication group at all post-seroconver-
sion time points except 1 year.

Comparison of Pre-C and CP Mutations

The positive rates for the pre-C and CP mutations at
the time points before and after the seroconversion are
compared between the inactive and active replication
groups in Figure 3. The pre-C mutation did not appear
during the follow-up period in the inactive replication
group. On the other hand, the positive rate for the pre-C
mutation was around 30% before the seroconversion,
and then increased to around 60% after the seroconver-
sion in the active replication group. The difference in the
positive rate was significant at the time points of 2 and
3 years after the seroconversion. The positive rate for
the CP mutation was less than 40% in the inactive
replication group during the follow-up period except at
the last time point, while it was over 60% in the active
replication group throughout the follow-up period. The
difference in the positive rate was statistically signi-
ficant at the time points of 2 and 3 years before the
seroconversion and at 1 and 2 years after it.

Log ratio of HBV core-related antigen
/ HBV DNA concentrations

Years from seroconversion

Fig. 2. Comparison of changes in the log ratio of HBV core-related
antigen/HBV DNA levels between the inactive and active replication
groups. Data are shown as the median +25% ranges. Open circles
indicate inactive replication group and closed circles indicate active
replication group. *P < 0.05 between the inactive and active replication

groups.
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