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A B S T R A C T It has been postulated that host immune
defects are responsible for the development and per-
sistence of the hepatitis B surface antigen (HBsAg)
carrier state. The nature of these defects is unknown,
but the absence of a readily detectable antibody re-
sponse to HBsAg (anti-HBs) may be important. The
synthesis of both anti-HBs and antibody to hepatitis
B core antigen (anti-HBc) in cultures containing pe-
ripheral blood mononuclear cells from chronic HBsAg
carriers and from control (antibody-positive) patients
was measured in the presence of pokeweed mitogen.
Similar amounts of polyclonal IgG and IgM were syn-
thesized by cultures containing lymphocytes from
chronic carriers and controls. Anti-HBc was detectable
in lymphocyte supernatants from 2 of 20 controls and
from 21 of 29 carriers. The presence of anti-HBc syn-
thesis in vitro correlated with high serum titers of anti-
HBc. In contrast, anti-HBs was detected in lymphocyte
supernatants from 6 of 20 controls (predominantly in
those who had high serum titers of anti-HBs) but in
none of the supernatants from 29 HBsAg carriers.

In order to identify the mechanisms for the lack of
detectable anti-HBs synthesis by chronic HBsAg car-
rier lymphocytes, co-culture experiments were per-
formed using T and B lymphocyte fractions that had
been purified by affinity chromatography. B lympho-
cytes from carriers co-cultured with allogeneic irra-
diated ("helper") T lymphocytes from controls syn-
thesized normal amounts of IgG, IgM, and anti-HBc
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but still did not synthesize detectable amounts of anti-
HBs. In the converse experiments, B lymphocytes from
controls were co-cultured with irradiated T lympho-
cytes from carriers. The T lymphocytes from 16 of 24
carriers augmented anti-HBs production by control B
cells normally, the remaining eight did not. Finally,
mixtures of control B cells and control irradiated T
lymphocytes were co-cultured with T lymphocytes
from chronic HBsAg carriers. 5 of 12 carriers dem-
onstrated active suppression of anti-HBs production,
and in three this suppression was specific, as IgG and
IgM production remained normal. Weconclude that
chronic HBsAg carriers have a specific B lymphocyte
defect in anti-HBs production. In addition, defects in
the function of regulatory T lymphocytes may con-
tribute to the absence of anti-HBs synthesis in some
HBsAg carriers.

INTRODUCTION

The outcome of hepatitis B virus infection is variable
(1). The majority of persons infected with this virus
develop an acute hepatitis from which they make a
complete recovery: in them, the hepatitis B virus is
cleared, serum hepatitis B surface antigen (HBsAg,'
Australia antigen) disappears, and ultimately antibody
to HBsAg (anti-HBs) becomes detectable in serum.
However, in a small percentage of persons infected
with this virus, hepatitis B virus synthesis persists, the
serum remains positive for HBsAg, and the patient

' Abbreviations used in this paper: Anti-HBc, antibody
to HBcAg; Anti-HBe, antibody to HBeAg; Anti-HBs, anti-
body to HBsAg; HBcAg, hepatitis B core antigen; HBeAg,
hepatitis B e antigen; HBsAg, hepatitis B surface antigen;
PBMC, peripheral blood mononuclear cells; PWM, poke-
weed mitogen; RIA, radioimmunoassay.
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becomes a chronic HBsAg carrier. The underlying
mechanisms (whether viral or host) that lead to the
development of the chronic HBsAg carrier state are
not known. Host cellular and humoral immune re-
sponses are suspected of being important. Thus the
chronic carrier state is particularly common among
individuals with conditions or diseases associated with
significant immunologic hyporesponsiveness, such as
newborns, patients receiving immunosuppressive agents
or undergoing renal dialysis and patients with Down's
syndrome, Hodgkin's disease, acute leukemia, and lep-
romatous leprosy (2-4). However, the great majority
of chronic HBsAg carriers are otherwise normal in-
dividuals, in whom no appreciable generalized im-
munologic deficiency can be demonstrated (5). This
fact suggests that the development of the chronic
HBsAg carrier state is due to a specific immune defect,
such as a defect either in the recognition, processing
or response to one of the hepatitis B virus antigens.

In patients who recover from type B hepatitis, anti-
HBs appears in serum during convalescence (1). Anti-
HBs also appears to protect against future infection
with hepatitis B virus. In contrast, chronic HBsAg car-
riers do not develop detectable anti-HBs, although
they do produce high titers of antibody to hepatitis B
core antigen (anti-HBc) and antibody to hepatitis B
e antigen (anti-HBe). The absence of anti-HBs, despite
the presence of circulating HBsAg, is evidence that
these individuals have a specific immunologic unre-
sponsiveness to this antigen that may contribute to
their inability to eradicate hepatitis B virus (6). To test
this possibility, we have investigated the ability of lym-
phocytes from chronic HBsAg carriers and from in-
dividuals who had recovered from type B hepatitis to
produce polyclonal IgG and IgM as well as specific
hepatitis B viral antibodies in vitro.

METHODS
Patients. A total of 46 chronic HBsAg carriers and 28

control individuals were studied. The chronic HBsAg car-
riers included 43 men and 3 women, aged 23-61 (mean 36)
yr. 38 of the carriers were also positive for hepatitis B e
antigen (HBeAg) and the remaining 8 for anti-HBe. Serum
hepatitis B virus specific DNApolymerase was detected in
34 carriers (all of whom were also positive for HBeAg). 15
patients also possessed "heterotypic" anti-HBs, i.e. antibody
to HBsAg that was directed towards a different subtype than
that of the HBsAg in the same serum (7). 38 of the carriers
had undergone a percutaneous liver biopsy within 1-2 yr of
the blood sampling for lymphocyte studies: 8 had chronic
persistent hepatitis, 19 chronic active hepatitis, and 9 cir-
rhosis. Two other patients had minor, nonspecific changes
in liver biopsy histology without evidence of hepatitis. 28
patients had symptoms, but they were usually mild; the most
common symptom was fatigability. Most patients were oth-
erwise healthy. However, two patients had Hodgkin's disease
(both were in remission and were not receiving chemother-
apy) and two patients had polyarteritis nodosa. Two indi-

viduals were receiving corticosteroids at the time of blood
sampling. 11 other patients had received corticosteroids or
other immunosuppressive therapy in the past.

The 28 control subjects were all HBsAg-negative in serum
but were positive for anti-HBs. This group included labo-
ratory personnel, medical care workers, and random patients
observed at the National Institutes of Health Clinical Center.
20 of these subjects were reactive for anti-HBc, indicating
previous infection with the hepatitis B virus. The eight other
subjects were recipients of the hepatitis B virus vaccine and
were positive for anti-HBs alone (8). Selected control indi-
viduals (both recovered and vaccinated) were studied both
before and after booster inoculation with the hepatitis B
virus vaccine. The protocol of boosting of individuals with
the hepatitis B vaccine had been approved by the Clinical
Research and Human Experimentation Committees of the
National Institutes of Health Clinical Center and informed
consent was obtained.

Separation and culture of lymphocytes. Peripheral blood
mononuclear cells (PBMC) were isolated from heparinized
venous blood by Ficoll Hypaque density centrifugation (9).
After centrifugation, the PBMCwere washed once and then
incubated at 370C for 1 h in RPMI medium (Gibco Labo-
ratories, Grand Island Biological Co., Grand Island, NY) sup-
plemented with 25 mMHepes buffer, 10% heat-inactivated
fetal calf serum, 4 mML-glutamine and 1% of stock peni-
cillin-streptomycin (100 U/ml and 100,gg/ml, respectively)
(complete medium). The cells were then washed three times
by centrifugation through 10 ml of fetal calf serum in order
to elute adherent serum proteins and cytophilic immuno-
globulins.

Selected control individuals underwent lymphopheresis
and lymphocytes from these individuals were cryopreserved.
PBMCfrom these controls were separated by density cen-
trifugation, washed extensively in complete medium and
then frozen in a controlled freezing apparatus (Program-
mable Freezing System and Vapour Phase Liquid Nitrogen
Freezer, Cryo-Med, Mount Clemens, MI) after dilution of
the cells in 7.5% dimethyl sulfoxide in RPMI and 20% fetal
calf serum. Lymphocytes were stored in liquid nitrogen.
After thawing, lymphocytes were separated into T and B
cell-enriched fractions. PBMCwere tested for viability by
trypan blue exclusion staining and only those preparations
demonstrating >90% viability were used in culture experi-
ments.

T and B lymphocyte separation. T and B lymphocyte-
enriched fractions were isolated by immunoadsorbent affin-
ity chromatography using a Sephadex G-200 rabbit anti-hu-
man F(ab')2 column (10). Approximately 30-40 X 106 PBMC
were layered over 8 ml of an anti-F(ab')2 affinity column
(70 X 15 mm). The first 15 ml of eluate comprised the T
lymphocyte-enriched fraction. Thereafter, the column was
agitated by repeated pipetting and the resulting eluate col-
lected as the B lymphocyte-enriched fraction. T lymphocyte
fractions contained an average of 75% T cells, <1% B cells
and 1-2% esterase-positive cells. The B lymphocyte fractions
contained an average of 40% B cells, <1% T cells and 40%
esterase positive cells (10).

Pokeweed mitogen (PWM) stimulation. PBMCwere
counted using a coulter-counter (Coulter Electronics, Hi-
aleah, FL) and then diluted to an appropriate concentration
in complete medium and stimulated with a 1:100 dilution
of PWM(Gibco Laboratories, lot A 893306). The lympho-
cytes were then cultured at 37°C in a humidified atmosphere
of 5% CO2 for 10 d. In unseparated PBMCcultures, 2 X 106
cells were cultured in 1 ml of complete medium in loosely
capped one-dram glass vials (Wheaton Scientific, Millville,
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NJ). 6-10 replicate cultures were performed on each indi-
vidual.

In studies of helper (inducer) T cell regulation, T lym-
phocyte preparations were irradiated with 2,000 rad using
a cesium source (Isomedix, Parsipanny, NJ) (11). 1.6 X 106
irradiated T lymphocytes were then cultured with 4 X 105
allogenic B lymphocytes in 1 ml of complete medium. This
T:B cell ratio (4:1) had been found in pilot experiments to
be optimal for pokeweed mitogen stimulated antibody syn-
thesis. These cultures were performed in triplicate.

In studies of suppressor T cell regulation, 8 X 105 non-
irradiated T lymphocytes were cultured with 8 X 105 allo-
geneic irradiated T lymphocytes and 4 X 105 B lymphocytes.
Thus, in all cultures, the total number of PBMCand the
culture volume were kept constant. These cell cultures were
also performed in triplicate.

Hepatitis B virus serologic testing. HBsAg was tested by
solid-phase radioimmunoassay (RIA) (Ausria-II, Abbott Lab-
oratories, North Chicago, IL). This assay is capable of de-
tecting as little as 200 pg/ml of HBsAg protein. Anti-HBs
was tested by solid-phase RIA (Ausab, Abbott Laboratories).
Results were expressed as RIA units (sample counts per min-
ute/negative control mean counts per minute). RIA ratios
were linear in the range of 2.1 to 120 U and were thus used
to quantitate the amount of specific anti-HBs produced.
Complete medium was used as the negative control for assays
performed on culture supernatants. In selected samples, the
anti-HBs specificity was confirmed by double-antibody ra-
dioimmuno-precipitation assay (12). Anti-HBc was assayed
by a blocking radioimmunoassay (Corab: Abbott Laborato-
ries). Results were expressed as a percentage inhibition in
comparison to standard positive and negative control sam-
ples: Percentage inhibition = sample cpm - positive control
cpm/negative control cpm - positive control cpm X 100%.
A supernatant was considered positive for anti-HBc if it re-
sulted in >50% inhibition. In selected samples, end point
dilution titers of anti-HBc were obtained.

Selected serum specimens and supernatants were tested
for hepatitis B e antigen (HBeAg) and anti-HBe by immu-
nodiffusion and by solid-phase RIA (HBeAg-Test: Abbott
Laboratories) and for hepatitis B virus-specific DNApoly-
merase using [3Hlthymidine according to a modification of
the method of Kaplan et al. (13).

Immunoglobulin measurements. Total IgG and IgM con-
centrations were measured in culture supernatants using a
microtiter-plate, enzyme-linked immunoassay (ELISA) (14).
Microtiter plates were coated with antibody by adding 100
,ul of either 10 Ag/ml of goat anti-human F(ab')2 or 10 ug/
ml of goat anti-human g-chain (N. L. Cappel Laboratories,
Cochranville, PA) in carbonate buffer (pH 9.6) to each well.
The plates were incubated at 4°C overnight and then washed
with 0.05% Tween-20 in phosphate-buffered saline (pH 7.4).
100 p1 of dilutions of test samples as well as standard control
reagents were then added in duplicate and incubated at room
temperature for 2 h. After rewashing, 100 ul of goat anti-
human IgG or IgM (Fc fragment specific) conjugated to al-
kaline phosphatase (Sigma Chemical Co., St. Louis, MO) was
added to detect IgG or IgM, respectively. The plates were
incubated at room temperature for 2 h and then 100 Ml of
1 mg/ml p-nitrophenyl phosphate in carbonate buffer (pH
8.0) containing 0.001 MMgCl2 was added to each well. Light
absorbance was measured at 405 nm in a Microelisa MR580
spectrophotometer (Dynatech Laboratories, Inc., Santa Mon-
ica, CA). Absorbance by wells that contained test samples
was expressed as nanograms of IgG or IgM by reference to
a standard curve constructed by linear regression analysis.
Standard curves were linear in the range of 5 to 80 ng for

IgG and 2.5 to 180 ng for IgM. No cross-reactivity was found
either for monoclonal IgM in the IgG assay or for IgG (Cohn
fraction II) in the IgM assay. IgG and IgM concentrations
in serum were measured by radial immunodiffusion (Meloy
Laboratories, Inc., Springfield, VA).

Statistical analyses. Geometric means were calculated
for immunoglobulin and antibody synthesis by control and
carrier groups. The significance of differences between
groups was determined by either Student's unpaired t test
or by chi square analysis.

RESULTS

Synthesis of immunoglobulins and of
antibodies to hepatitis B virus by
unseparated lymphocytes
PBMCisolated from 29 chronic HBsAg carriers and

from 20 control subjects were cultured with PWMfor
10 days. Culture supernatants were then assayed for
IgG, IgM, anti-HBs, and anti-HBc.

PBMCfrom chronic HBsAg carriers and from con-
trol individuals synthesized similar amounts of total
IgG and IgM after PWMstimulation (Fig. 1). These
results indicated that PBMCfrom HBsAg carriers did
not have an overall defect in response to PWMacti-
vation or in resultant immunoglobulin synthesis (15).

There were, however, differences between PBMC
from chronic HBsAg carriers and controls in their pro-
duction of specific antibodies to hepatitis B virus. Anti-
HBc was detected in culture supernatants from 21 of
29 (72%) chronic HBsAg carriers but from only 2 of
20 (10%) control individuals (all of whomhad detect-

50o000

20,000 F

0)
c

cn

w

AnI

z

0
-i
0CD
0
z

10,000 F

5000 F

2000 h

10001-

500 F

200F

;
0

0

0

* 0

8

0

0

IgG

0

8
a 8

-A--
~0

0
S

0

0
0

0

0

0

0
0

IgM

FIGURE 1 IgG and IgM levels in supernatants of PWMstim-
ulated PBMCfrom 20 controls (0) and 27 chronic HBsAg
carriers (0) after 10 d of culture. Horizontal bars denote
group means.

1106 G. M. Dusheiko, J. H. Hoofnagle, W. G. Cooksley, S. P. James, and E. A. Jones



100k

c

0

I

z

0

90k

0

00 0
0

00

0
0 080k

0

070 k

0

0
0
060 -

<50

0 0

0

lo, 102 103 104 105 106

SERUMANTI - HBc RECIPROCALTITER

FIGULRE. 2 Correlation between serum titers of anti-HBc and
anti-HBc levels in supernatants of PWNI-stimulated PB,\C
from 20 control individuals (0) and 29 chronic HBsAg car-
riers (0). Anti-HBc levels in supernatants are expressed as
percent inhibition by blocking radioimmunoassav (>50% is
positive).

able serum levels of anti-HBc). The two controls whose
lymphocytes produced anti-HBc in culture had both
recovered from acute type B hepatitis within 6 mo of
testing. This difference in anti-HBc synthesis between
carriers and controls was statistically significant (P
< 0.05) and appeared to be related to the higher titers
of anti-HBc in serum of carriers (geometric mean titer
1:14,000) vs. controls (geometric mean titer 1:300).

The relationship between serum anti-HBc titer and the
in vitro synthesis of this antibody by lymphocytes is
shown in Fig. 2.

Not all HBsAg carriers synthesized anti-HBc in vi-
tro. Comparison of patients who did synthesize anti-
HBc with those who did not failed to reveal any clin-
ical or serologic differences between the two groups
(data not shown). The mean serum titer of anti-HBc
and mean serum levels of IgG and IgM were similar
in the two groups (Table I). However, the total IgG
and IgM synthesis in vitro by lymphocytes of carriers
who did not synthesize anti-HBc in culture was on
average less than that by lymphocytes from carriers
who did produce anti-HBc in culture.

In general, four to six replicates of each culture wvere
performed. A high proportion of replicate cultures
from the 21 chronic carrier responders were anti-HBc
positive (83%), suggesting that these individuals had
a high frequency of precursor cells capable of pro-
ducing' anti-HBc.

In contrast to anti-HBc, anti-HBs was not detected
in any supernatant of PBMCfrom the 29 chronic
HBsAg carriers (Fig. 3). Several carriers were tested
on multiple occasions using up to 10 replicate cultures
on each individual. Supernatants were tested using
both solid-phase RIA and radioimmunoprecipitation
techniques. Anti-HBs was absent from all carrier lym-
phocyte supernatants. In contrast, anti-HBs was de-
tected in lymphocyte supernatants from 6 of 20 control
individuals. All 20 controls tested possessed serum anti-
HBs. Titers of serum anti-HBs in the six anti-HBs
"'responders" ranged from 1:140 to 1:15,000 (geomet-
ric mean 1:6,373); while titers in the 14 "nonrespond-
ers" ranged from 1:10 to 1:12,000 (geometric mean
1:1055) (Fig. 4). Four of the six responders had re-
centlv received a booster injection of hepatitis B virus

TABLE I
Comparison of Chronic HBsAg Carriers Whose Lymphocytes Produced Anti-JIBc with

Those Whose Lymphocytes Did Not Produce Anti-HBc In Vitro

Seruin levels of Culture superuatants levels of

Group No. Anti-HBc' IgGI I gkMI IgG' 1gNM'

titer mg/dl ng'/ml

Positive 21 1:4,800 1,525 155 4,036 8,214
anti-HBc (1:4,000-1:6,000) (±98) (±16) (2,993-5,443) (5,843-11,546)

Negative 8 1:2,800 1,525 131 528 1,120
anti-IlBc (1:2,300-1:3,400) (±246) (±20) (278-1,002) (516-2,434)

NS NS NS P<0.05 P<0.05

Geometric mean (±1 SENM from logarithmnic mean).
Mlean (±SENI).
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vaccine (two of whom had failed to synthesize anti-
HBs in vitro before the booster inoculation). Two other
controls whose cells produced anti-HBs in vitro, had
never received vaccine.

Multiple replicate cultures were performed on each
control. Although total IgG and IgM synthesis per 2
X 106 cells remained constant in replicate cultures
from each individual, the quantity of anti-HBs in each
supernatant of cultured cells from the same individual
varied greatly, indicating a random, independent dis-
tribution of precursor B cells for anti-HBs synthesis.
In general, only 20-80% of cultures from responder
individuals were anti-HBs positive. PBMCfrom one
responder control were sampled over a 12-mo period
of time. The fraction of replicate cultures positive for
anti-HBs gradually decreased (from 80 to 20%) as titers
of serum anti-HBs fell (from 1:9,000 to 1:120).

Supernatants from PBMCnot stimulated with PWM
produced little or no IgG and IgM and were never
positive for either anti-HBs or anti-HBc. Furthermore,
anti-HBs and anti-I4Bc synthesis by PBMCwas never
detectable after 1 d of culture. These features exclude
the possibility of passive "carry over" of cytophilic
antibody from the initial blood sample as a cause for
the positive antibody results in these cultures. In these
and subsequent experiments the binding of anti-HBs
to passively carried-over HBsAg from the initial blood
specimen was excluded by the absence of detectable
HBsAg in supernatants and by the absence of blocking
of anti-HBs in positive control supernatants by super-
natants from carriers.

Supernatants of PBMCcultures from five chronic
HBsAg carriers who possessed anti-HBe in serum were
tested for anti-HBe. None were positive.

Co-culture experiments

The nature of the defect in anti-HBs synthesis by
PBMCfrom chronic HBsAg carriers was further eval-
uated by conducting cell mixing experiments. Persons
whose PBMChad been shown to synthesize anti-HBs
in culture were subjected to lymphopheresis and their
cells were cryopreserved in liquid nitrogen in order
to have adequate numbers of responder (anti-HBs syn-
thesizing) B lymphocytes for these experiments. In co-
culture experiments, the supernatants from triplicate
cultures were pooled for anti-HBs measurements.

Co-culture of allogeneic unseparated lymphocytes.
PBMC(1 X 106) from a single anti-HBs responder were
cultured in the presence of unseparated PBMC(1
X 106) from 5 control (both responder and nonrespon-
der) individuals and from 11 chronic HBsAg carriers.
Anti-HBs synthesis was observed in each of the control
co-cultures, but was detected in only 4 of the 11 cul-
tures containing HBsAg carrier PBMC(Fig. 5). How-
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ever, the total IgG and IgM synthesis by the control
co-cultures was similar to that by the HBsAg carrier
co-cultures. These data suggested that some chronic
HBsAg carriers may have a defect in immunoregula-
tion characterized by suppressor activity that specif-
ically impairs anti-HBs production by responder
PBMC.

Co-culture of allogeneic irradiated T lymphocytes
with responder B lymphocytes. To assess whether T
lymphocytes from chronic HBsAg carriers were de-
fective in augmenting anti-HBs production by re-
sponder B lymphocytes, further co-culture experi-
ments were performed. Irradiated T lymphocytes
from either control individuals or from chronic HBsAg
carriers were cultured with allogeneic responder B
lymphocytes (i.e. B cells capable of synthesizing anti-
HBs) from three different control individuals. The
time course of synthesis of anti-HBs and IgG by re-
sponder B lymphocytes co-cultured with and without
irradiated allogeneic T cells is shown in Fig. 6. Anti-
HBs synthesis was not detected and IgG production
was minimal in the absence of T lymphocytes. How-
ever, in the presence of control irradiated T lympho-
cytes, responder B cells produced detectable amounts
of anti-HBs and IgG between days 4 and 8 of culture.
In a total of 16 experiments, responder B lymphocytes
co-cultured with irradiated T lymphocytes from al-
logeneic controls invariably synthesized anti-HBs,
which was detectable in culture supernatants. These
control T cells provided helper function regardless of
whether they were obtained from anti-HBs responder
or nonresponder individuals. However, when these
responder B lymphocytes were co-cultured with ir-
radiated T lymphocytes from chronic HBsAg carriers,
anti-HBs production was not always detected. In 24
experiments, anti-HBs was detectable in co-culture
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FIGURE 6 Time course of production of IgG and anti-HBs
by PWM-stimulated "responder" B cells with and without
irradiated T cells.

supernatants from 16 chronic HBsAg carriers (Fig. 7).
Irradiated T lymphocytes from the remaining eight
carriers failed to augment anti-HBs synthesis. Total
immunoglobulin synthesis by PBMCwas similar re-
gardless of the source of irradiated T lymphocytes and
regardless of whether anti-HBs was detectable. These
experiments suggested that some chronic HBsAg car-
riers exhibited a specific defect in helper T lymphocyte
augmentation of anti-HBs production.

Co-culture of allogeneic T lymphocytes with con-
trol B and irradiated T lymphocytes. Suppressor T
cell function was assessed in co-culture experiments
by mixing T lymphocytes from controls or chronic
HBsAg carriers with a combination of B lymphocytes
and irradiated T lymphocytes from responder control
individuals. The combination of control irradiated T
lymphocytes and control B lymphocytes had been
shown to invariably result in anti-HBs synthesis. Thus,
the addition of non-irradiated T lymphocytes to this
combination would permit an assessment of active
suppression of anti-HBs synthesis. When control T
lymphocytes were co-cultured with B lymphocytes and
irradiated T lymphocytes from responders, no suppres-
sion of either immunoglobulin or anti-HBs production
occurred (Fig. 8). However, in experiments using T
lymphocytes from 12 chronic HBsAg carriers, active
suppression of anti-HBs production was sometimes
observed. T lymphocytes from 7 of the 12 carriers did
not suppress IgG, IgM, or anti-HBs synthesis. T lym-
phocytes from the remaining five chronic HBsAg car-
riers, however, suppressed anti-HBs production, and
T lymphocytes from two of these five caused moderate
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suppression of IgG and IgM synthesis. These results
suggested that a proportion of HBsAg carriers have T
lymphocytes that can actively suppress anti-HBs pro-
duction in vitro.

Co-culture of B lymphocytes from chronic HBsAg
carriers and irradiated T lymphocytes of control in-
dividuals. B lymphocyte function of chronic HBsAg
carriers was assessed in a series of co-culture experi-
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ments. B lymphocytes from nine chronic HBsAg car-
riers were cultured with irradiated T lymphocytes
from allogeneic control individuals. These chronic car-
riers were selected in that their unseparated PBMC
had previously been demonstrated to synthesize anti-
HBc in vitro. The cultures were designed to maximize
T helper activity and to eliminate any suppressor cell
influences. Substantial amounts of IgG (mean 18,980
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ng/ml) and IgM (mean 23,319 ng/ml) were produced
in these allogeneic cultures (Fig. 9). Furthermore, all
cultures synthesized detectable amounts of anti-HBc.
Nevertheless, no anti-HBs production by the chronic
HBsAg carrier B lymphocytes was detected despite the
addition of maximal helper T cell influences. These
results suggested that B lymphocytes from chronic
HBsAg carriers have a specific defect in anti-HBs pro-
duction.

DISCUSSION

These experiments were designed to investigate why
chronic HBsAg carriers fail to produce detectable
amounts of anti-HBs, despite a continuous exposure
to high serum levels of HBsAg. To study this question,
in vitro PWMstimulation of antibody synthesis was
selected as a model system. This mitogen activates both
B cells and helper T cells, leading to antibody synthe-
sis, and also activates suppressor T cells, which inhibit
antibody synthesis (16). Thus, the major elements of
the normal humoral immune response can be inves-
tigated with this system. The results of these studies
indicate that the PBMCof chronic HBsAg carriers
produce levels of polyclonal IgG and IgM similar to
those of normal control individuals who had recovered
from type B hepatitis. These results, therefore, are
compatible with other studies that have shown normal
or only minimally abnormal humoral and cell-me-
diated immunity in chronic HBsAg carriers as assessed
by humoral antibody responses, total serum immu-
noglobulin levels, skin test antigen reactivity, mitogen-
induced blastogenesis, and regulatory T cell respon-
siveness (5, 6, 17-23). This supports the concept that

if an immunologic deficiency underlies the develop-
ment of the chronic HBsAg carrier state, it must in-
volve either a very specific immunologic mechanism
(as yet unknown) or an immunologic response to a
specific antigen.

We attempted to assess specific immunologic re-
sponsiveness in chronic HBsAg carriers by measuring
the ability of their lymphocytes to synthesize not only
IgG and IgM, but also specific antibodies to hepatitis
B virus antigens. The lymphocytes from the majority
of chronic HBsAg carriers were found to synthesize
anti-HBc in culture. In contrast, these same chronic
carrier lymphocytes did not produce detectable
amounts of anti-HBs, despite the fact that they are
constantly exposed to HBsAg in vivo. These results
suggest that chronic HBsAg carriers have a specific
inability to generate an antibody response to HBsAg.
On the basis of co-culture experiments, the basis of
this abnormality appeared to be a specific inability of
chronic carrier B cells to synthesize anti-HBs, rather
than a defect in helper or suppressor T cell function.

The inability of chronic carrier PBMCto produce
anti-HBs in culture, however, should be interpreted
keeping in mind the limitations of this test system. In
these same studies, we have shown that lymphocytes
from a majority of persons who have recovered from
type B hepatitis and who have detectable levels of
serum anti-HBs, also do not produce anti-HBs in cul-
ture. Indeed, the synthesis of anti-HBs by PBMCin
culture was found only in individuals with high serum
titers of this antibody. Lymphocytes from those control
individuals with serum anti-HBs titers of 1:1,000 or
less usually did not produce anti-HBs in culture; PBMC
from those persons with higher serum anti-HBs titers
usually did synthesize anti-HBs in cultures (Fig. 4).
Exceptions to this could be explained by the finding
of either generalized hyper- or hyporesponsiveness of
PBMCto PWMstimulation of immunoglobulin syn-
thesis.

Serum titers of antibody also predicted which per-
sons produced anti-HBc in lymphocyte cultures. In
general, only the PBMCfrom those persons with serum
anti-HBc titers of 1:1,000 or greater could be shown
to synthesize anti-HBc in vitro. Thus, the presence of
anti-HBc and the absence of anti-HBs in supernatants
of PBMCfrom chronic HBsAg carriers reflected the
high serum titers of anti-HBc and low or absent serum
titers of anti-HBs found in most carriers.

The absence of an anti-HBs response in chronic
HBsAg carriers still requires explanation. Actually, a
percentage of HBsAg carriers (33% in this study) do
have detectable amounts of serum anti-HBs. Studies
have shown, however, that this anti-HBs is heterotypic,
i.e., it is directed against subdeterminants of HBsAg
that are not present in that serum (7). This heterotypic
antibody is also present in low titer.
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One explanation for the lack of detectable serum
anti-HBs in chronic HBsAg carriers is that any ho-
motypic antibody produced would quickly be ab-
sorbed to the large quantities of circulating HBsAg
(which can be present in amounts of up to 500 ,gg/ml).
Indeed, several groups of investigators have reported
the finding of immune complexes of HBsAg and anti-
HBs in serum or tissue of patients with chronic type
B hepatitis and these immune complexes are thought
to play a role in the extrahepatic manifestations of this
disease (24-28). However, the specificity of the tests
for detecting anti-HBs in the presence of high levels
of HBsAg has not been well documented. Results in
this study strongly suggest that chronic HBsAg carriers
do not produce homotypic anti-HBs. Despite several
manipulations designed to increase the sensitivity of
the tests to detect anti-HBs, to maximize antibody pro-
duction and to remove any suppressor activity, no anti-
HBs production by lymphocytes of any chronic HBsAg
carrier was detected. A broad spectrum of HBsAg-pos-
itive patients was studied, including two with polyar-
teritis nodosa.

Another explanation for the absence of detectable
anti-HBs synthesis by chronic HBsAg carrier lympho-
cytes is the presence of abnormal immunoregulatory
lymphocytes. This possibility was suggested by results
of the initial co-culture experiments using unseparated
PBMCfrom carriers and from anti-HBs producing
control individuals. Further analysis of T lymphocyte
function, however, revealed a heterogenous group of
regulatory defects. Thus, one third of carriers studied
appeared to have a defect in helper T cell augmen-
tation of anti-HBs production and 41% of carriers dem-
onstrated an enhanced suppressor T cell activity that
decreased anti-HBs production. The presence of these
abnormalities did not correlate with the clinical status
or degree of chronic hepatitis disease activity in these
patients. It should be emphasized that in these exper-
iments helper T cell activation was assessed by stim-
ulation with PWMrather than specific antigen. In this
regard it must be questioned whether the T cell defect
is one of failure to provide an antigen-specific helper
signal or a more generalized defect (perhaps in the
activation of all memory B cells); indeed, a recent
preliminary report suggests that T cells in PWM-stim-
ulated systems activate B cells in a nonspecific manner
(29). The existence of an antigen-specific T cell defect
could possibly be demonstrated using specific antigen
(HBsAg) to activate the T cells, in a manner similar
to the specific activation of T cells by tetanus
toxoid (30).

For several reasons, the regulatory T cell abnor-
malities described in this study do not adequately ex-
plain the absence of an anti-HBs response in chronic
HBsAg carriers. First, the role of histocompatibility

or allogeneic differences between the T cells being
analyzed and the B cells used as indicator anti-HBs
synthesizing lymphocytes could not be assessed (31,
32). Selected specific immune responses may be more
sensitive to nonspecific allogeneic suppressor T cell
activity or be less sensitive to allogeneic helper T cell
activity. Second, the independent effect of suppressor
monocytes (which are radiation resistant) was not eval-
uated (33, 34). Third, the presence of specific sup-
pressor cell activity is not unexpected as such activity
is commonly seen after primary and secondary im-
munization (35). Finally, co-culture experiments dem-
onstrated that despite elimination of suppressor T cell
activity and despite provision of maximal helper T cell
function, B lymphocytes from chronic HBsAg carriers
still did not produce detectable anti-HBs.

Thus, the major immunologic defect of chronic
HBsAg carriers found in this study was an absence of
circulating B cells capable of synthesizing anti-HBs.
What is not clear from these experiments is whether
anti-HBs producing lymphocytes are totally absent or
are merely low in number, whether they are not pres-
ent in the body or are sequestered (perhaps in the liver
or the spleen), and whether they are deleted or are
held in an inactive state, rendered tolerant perhaps by
the presence of excess circulating HBsAg. This final
possibility is particularly attractive. Several groups of
investigators have shown that the in vitro proliferation
of specific antibody producing B cells and secretion
of antibody can be blocked by the presence of excess
antigen (14, 36-38). A similar explanation might ac-
count for the lack of serum anti-HBs in chronic HBsAg
carriers. Indeed, the absence of anti-HBs synthesis by
chronic HBsAg carrier lymphocytes may not actually
be a defect in immunologic function as much as a
normal regulatory mechanism by which the immune
system avoids producing antibodies to antigens present
in high concentrations. The present experiments do
not address these possibilities but do help to dissect the
complex immunoregulatory network that modulates
specific antibody synthesis in this disease.
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