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Abstract

To define the immunoregulatory mechanisms underlying
serum IgE levels found in patients with filariasis, we studied
polyclonal IgE production by peripheral blood mononuclear
cells (PBMC) from 15 patients with filarial infections, with a
focus on the role of interleukin-4 (IL-4) and interferon-gamma
(IFN-v) in the generation and regulation of the response.
Spontaneous in vitro IgE production was elevated in 10 of the
15 patients (836—6,464 pg/ml; normals, < 500 pg/ml). Addi-
tion of filarial parasite antigen to PBMC cultures significantly
stimulated polyclonal IgE production in an antigen dose-de-
pendent manner in 10 of 12 patients tested (P < 0.001). The
essential role of IL-4 in the generation of this response was
demonstrated when simultaneous addition of anti-IL4 com-
pletely inhibited antigen-stimulated IgE production in all 10
patients studied. An inhibitory role of endogenously produced
IFN-v was also indicated when the addition of anti-IFN-v to
the cultures significantly augmented filarial antigen-stimulated
IgE production by 33-1,238% in these same patients. Addition
of 10-1,000 U/ml of recombinant human IFN-y to PBMC
completely inhibited parasite antigen-induced IgE production.

This study demonstrates that filarial antigen-stimulated
IgE production in patients with filariasis is mediated by IL4
and down regulated by IFN-v and suggests that the amount of
IgE produced depends on the relative quantity of IL-4 and
IFN-v generated by parasite-specific T cells. (J. Clin. Invest.
1990. 85:1810-1815.) IgE -« interleukin-4  interferon 8 « fil-
ariasis ‘

Introduction

Human filarial parasites, which affect > 200 million people
worldwide, lead to persistent infections that stimulate a broad
range of host immune responses. One of these responses, the
production of high levels of IgE antibody, is particularly char-
acteristic and has been implicated as being a determinant of
both the resistance to infection (1, 2) and the pathogenesis of
the various clinical manifestations. Much of the IgE produced
is not parasite specific and is therefore felt to represent polyclo-
nal activation of B cells (3). This induction of IgE by parasitic
infections has been shown to be T cell dependent both in
animal model systems (4, 5) and in humans (6). These T cells
appear to exert their effect through the production of soluble
factors that selectively enhance IgE production by human B
cells in vitro, as demonstrated in experiments both with para-
site-specific T cell clones (6) and with peripherial blood T cells
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from patients with severe atopy (7-9) or the hyperimmuno-
globulin-E (HIE)' syndrome (10).

In murine systems, recent experimental studies to identify
the lymphokines involved in regulating the IgE response have
indicated a crucial role for interleukin-4 (IL-4) in the genera-
tion of IgE and for interferon-gamma (IFN-v) in suppressing
this response (11). Similar studies with normal human periph-
eral blood mononuclear cells (PBMC) have shown that puri-
fied human recombinant IL-4 can induce IgE production in
unfractionated human PBMC and that recombinant human
IFN-y can inhibit this IL-4-stimulated IgE production (12).
Furthermore, IFN-y has been shown to suppress the excessive
ongoing IgE production, both in vitro and in vivo, in patients
with the very unusual HIE syndrome (13).

In the present study, we have examined whether these
mechanisms for regulating IgE production initially defined in
murine systems and in patients with syndromes associated
with abnormal IgE production were also involved in regulating
IgE responses in the far more common situation where
humans are naturally infected with helminth parasites. Using
PBMC from patients with filarial infections caused by Loa loa
and Onchocera volvulus, we have demonstrated in these stud-
ies that IL-4 and IFN-v, indeed, play crucial roles in the regu-
lation of the polyclonal IgE responses commonly seen in these
infections.

Methods

Patient population. 10 patients with Loa loa and five patients with
Onchocerca volvulus were studied (Table I). All were in good health at
the time of study except for the signs and symptoms of their parasite
infections. Onchocerciasis was confirmed in four patients by the pres-
ence of microfilariae in skin snips; the fifth patient (No. 15) had had
documented infection 17 yr previously, but had subsequently cleared
the infection. Loa loa infections were documented by (a) microfilariae
in the blood (patient Nos. 4 and 13), (b) removal of an adult worm
from the skin after treatment (patient Nos. 1, 2, and 9), (c) the occur-
rence of a migrating worm across the eye (patient Nos. 5 and 7), or (d)
satisfying the clinical criteria for loiasis (14) by having Calabar swell-
ings (localized angioedema) and eosinophilia (patient Nos. 3, 6, and
12). 13 patients (Nos. 1-3 and 5-14) were expatriates who had ac-
quired their infections during the course of their work in endemic
areas; patient Nos. 4 and 15 were native to the endemic areas. The
majority of patients (Nos. 1-3, 5-7, 12, and 13) were studied before
any treatment was given; the remaining received at least one course of
therapy before the time of study (either diethycarbamazine or iver-
mectin) that had not been effective in complétely eradicating the in-
fections. )

Antigens and mitogens. Brugia malayi filarial antigen (BmA) and
Onchocerca volvulus antigen (OvA) were prepared as saline extracts of

1. Abbreviations used in this paper: HIE, hyperimmunoglobulin-E;
IFN-v, interferon-gamma; IL-4, interleukin-4; PBMC, peripheral
blood mononuclear cells.




Table I. Patient Population Studied

Spontaneous
IgG antifilarial in vitro IgE
Patient Disease Age/sex antibody level Serum IgE  production
U/ml ng/ml . ng/ml

1  Loiasis 26/F 39,310 2,005 4.522
2 Loiasis 31/F 1,582 1,326 2.435
3  Loiasis 26/M 5,997 925 1.312
4 Loiasis 34/M 2,097 14,650 3.267
5 Loiasis 26/M 4,331 1,855 1.649
6 Loiasis 27/F 1,965 9,000 1.389
7 Loiasis 33/F 2,644 483 0.836
8 Onchocerciasis 37/F 306 85 <0.100
9 Loiasis 28/F 445 <50 <0.100
10  Onchocerciasis 6/M 3,354 11,590 6.464
11 Onchocerciasis 39/M 1,321 1,498 3.427
12 Loiasis 26/M 803 19,817 3.015
13 Loiasis 26/F 1,398 1,045 <0.100
14  Onchocerciasis 31/M 769 69 <0.100
15  Onchocerciasis 38/F 60 219 0.150

adult parasites as described previously (15, 16). Tetanus toxoid was
obtained from the Massachusetts Public Health Service (Boston, MA).
Streptolysin O was obtained from Difco Co. (Detroit, MI).

Culture conditions for in vitro antibody production. PBMC were
obtained from heparinized blood purified by sedimentation on a Fi-
coll-diatrizoate gradient. Cell cultures for the measurement of immu-
noglobulin (Ig) production were performed in RPMI 1640 containing
10% FCS, gentamicin (80 ug/ml), and 25 mM Hepes. PBMCs were
placed in flat-bottomed wells of microtiter plates at a concentration of
2 X 105 cells/ml in C-RPMI (total volume 1 ml). To these cultures were
added media alone, cycloheximide (100 ug/ml; Sigma Chemical Co.,
St. Louis, MO), varying concentrations of filarial antigen, and/or dif-
ferent concentrations of recombinant IFN-y (Genentech, Inc., San
Francisco, CA), rabbit anti-human IL-4 (Genzyme Corp., Boston,
MA), rabbit anti-human IFN-v, or normal rabbit serum. All cultures
were done in quadruplicate and incubated at 37°C in 5% CO, for
14-16 d. The amount of spontaneous in vitro Ig production is defined
as the amount produced in the experimental condition after subtract-
ing the amount produced by the identical cultures performed in paral-
lel but containing cyclohexamide.

Repeat cultures of PBMC on the same patients in separate experi-
ments always gave similar, if not identical, results for spontaneous in
vitro IgE production and for stimulation of IgE production by filarial
antigens. Spontaneous in vitro IgE production by PBMC from five
normal individuals ranged from undetectable to 500 pg/ml in this
assay.

ELISA assays for IgM, IgE, and parasite-specific IgG antibody.
IgM in culture supernatants was measured using an enzyme-linked
immunosorbent assay described previously (17). IgE was measured
using an avidin-biotin amplified ELISA described previously (18).
Serum parasite-specific IgG antibodies to BmA were measured as pre-
viously described (16).

Statistical analyses. Data are expressed as mean+SEM unless oth-
erwise stated. Experimental conditions were compared using a ¢ test.
Correlations of groups of ordered data were determined by Spearman’s
rank correlation.

Resuits

Serum IgE levels and spontaneous in vitro IgE production in
patients with filariasis. 11 of 15 study patients had elevated
serum IgE levels which ranged from 483 to 19,817 ng/ml

(normals < 350 ng/ml; Table I). The four patients with normal
serum IgE levels (Nos. 8, 9, 14, and 15) had been previously
treated for filariasis, and the only remaining evidence of active
infection in three of those (Nos. 8, 9, and 14) was the persis-
tance of elevated antifilarial antibody titers (normals < 150
U/ml; Table I); patient No. 15 appeared to have spontaneously
cured her infection acquired 17 yr previously. There was a
trend (not statistically significant) for patients with normal
serum IgE levels to have the lowest antifilarial antibody titers.

Spontaneous IgE production by cultured PBMC from the
same patients ranged from < 100 pg/ml to 6.464 ng/ml.
Though there was a tendency toward a correlation between
levels of serum IgE and spontaneous in vitro IgE production
(Table I), this relationship did not reach statistical significance.

Effect of filarial antigens on in vitro IgE production by
PBMC. When the effect of parasite antigen on IgE production
in patients with filarial infection was studied in 12 of the 15
patients, 10 of 12 showed a significant increase in the in vitro
IgE production when PBMC were stimulated with BmA (for
patients with loiasis) or OvA (for patients with onchocerciasis).
Among the six patients with loiasis demonstrating a significant
increase in IgE production, five showed a dose-dependent re-
sponse that peaked at 0.001 ug/ml of BmA and was suppressed
at higher concentrations (Fig. 1). In the sixth patient (No. 12),
IgE production was stimulated by doses of BmA as low as
0.001 ug/ml, but peak response was achieved only at a con-
centration of 1 ug/ml of BmA (data not shown). Among the
four patients with onchocerciasis who demonstrated a signifi-
cant increase in IgE production after stimulation by OvA, all
showed dose-dependent responses to OvA, but the peak re-
sponse of in vitro IgE production to parasite antigen differed
among the individual patients. Patient No. 8 had peak IgE
responses at 0.01 ug/ml OvA, patient No. 15 at 0.1 ug/ml, and
patient Nos. 10 and 11 at 1 ug/ml OvA.

In these 10 patients, who responded to parasite antigen,
peak in vitro IgE production in response to parasite antigens
correlated significantly with net spontaneous in vitro IgE syn-
thesis (rs = 0.90, P < 0.001). Furthermore, the two patients
whose PBMC did not respond to filarial antigens in vitro actu-
ally had normal serum IgE levels and undetectable levels of
spontaneous in vitro IgE production. There was no correlation
between patients’ in vitro IgE responses to parasite antigens
and their serum antifilarial IgG levels.

The addition of varying concentrations of nonparasite an-
tigens (SLO and tetanus toxiod) to PBMC in four patients
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(Nos. 7, 12, 14, and 15) had no effect on IgE production (data
not shown), and the addition of BmA (three experiments) or
OVA (one experiment) to PBMC cultures from normal indi-
viduals failed to induce any IgE production in vitro (data not
shown).

Effect of anti-IL-4 on parasite antigen-induced IgE produc-
tion. To examine the role of IL-4 on antigen-driven IgE pro-
duction, PBMC were cultured in the presence of both parasite
antigen and 1 ug/ml of anti-IL-4. In 9 of the 10 patients re-
sponsive to parasite antigen, the antigen-induced IgE produc-
tion (studied at each individual’s peak response) was com-
pletely inhibited by anti-IL-4, and in the remaining patient,
No. 8, it was significantly inhibited (by 46%; P < 0.05; Fig. 2).
This effect was dose-dependent in that decreasing the concen-
tration of anti~IL-4 in the presence of parasite antigen reduced
the inhibition of parasite antigen-induced IgE production
(data not shown). Addition of normal rabbit sera to parallel
cultures at the same dilution as the anti-IL-4 antiserum had
no effect on the antigen-induced IgE response.

Effect of anti-IFN-v on parasite antigen-induced IgE pro-
duction. The role of IFN-y in the regulation of antigen-in-
duced IgE responses was studied by culturing PBMC in the
presence of both parasite antigen and rabbit anti-IFN-v. In all
10 parasite antigen-responsive patients, the presence of anti-
IFN-v significantly increased IgE production by 33% to
1,238% (Fig. 3). Control cultures containing normal rabbit
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Figure 2. Effect of anti-IL-4 on parasite antigen-induced
IgE production. The ordinate indicates the amount of IgE
produced in culture, and for patient Nos. 10, 11, 4, and 12
the scale ranges from 0 to 40 ng/ml, whereas the scale for
the other patients ranges from 0 to 3 ng/ml. Each bar repre-
sents the mean+SEM IgE production of quadruplicate cul-
tures in the presence of media alone (open bars) or after the
addition of parasite antigen (dark bars), or parasite antigen

9 + anti-IL-4 (shaded bars). Patients are presented in rank

order of spontaneous in vitro IgE production.

sera (at the same concentration) had no effect on parasite an-
tigen induced IgE production.

Augmentation of parasite antigen-induced in vitro IgE pro-
duction by anti-IFN-y was dependent on antigen concentra-
tion. Addition of anti-IFN-y to PBMC cultures containing
concentrations of parasite antigen that induced maximal IgE
production did not increase further the IgE production in 9 of
10 antigen responsive patients (data not shown); rather, maxi-
mal anti-IFN-y augmentation of parasite antigen-induced IgE
production occurred at those higher antigen concentrations
that actually suppressed IgE production (Fig. 1). This relation-
ship between antigen concentration and the effect of anti-
IFN-y on IgE production is illustrated in Fig. 4, where data
from the five loiasis patients whose antigen-induced IgE pro-
duction had similar dose-response curves (Fig. 1) are pre-
sented. Anti-IFN-y was unable to augment in vitro IgE pro-
duction stimulated by 0.001 ug/ml of BmA, but in the pres-
ence of antigen levels that suppressed IgE production (0.01 and
0.1 ug/ml), anti-IFN-v actually increased in vitro IgE produc-
tion back to maximal levels (Fig. 4). In contrast, addition of
anti-IFN-y to PBMC cultures without parasite antigen had no
effect on spontaneous in vitro IgE production in five of six
parasite patients so studied; and in the sixth patient (No. 8),
addition of anti-IFN-vy increased IgE production from unde-
tectable to only minimal levels.

Effect of IFN-y on spontaneous and parasite antigen-in-
duced IgE production by PBMC. To investigate further the
effect of IFN-y on in vitro IgE production, separate experi-
ments were performed in which IFN-y was added to PBMC
cultures containing optimal parasite antigen concentrations
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Figure 4. Effect of anti-IFN-y on the amount of IgE induced by dif-
ferent concentrations of parasite antigen. Each bar represents the
mean+SEM IgE production of the same five patients with loiasis,
whose dose-response curves are depicted in Fig. 1. Shaded bars repre-
sent cultures with parasite antigen alone, and dark bars represent
paired cultures with both parasite antigen and anti-IFN-y.



Table I1. Effect of IFN-v on Parasite Antigen-induced IgE Production

IgE production
BmA IFN-y PT4 PT 6 PT7 PTS
0.001 ug/ml U/ml ng/ml ng/ml ng/ml ng/ml
- 0 3.267+0.33 1.556+0.27 0.902+0.13 1.649+0.09
+ 0 8.982+1.8 4.029+0.56 3.401+0.31 2.323+0.16
+ 10 2.094+0.30 (>100) 2.988+0.28 (42) 1.888+0.12 (61) 1.507+0.05 (>100)
+ 1,000 1.856+0.06 (>100) 1.438+0.42 (>100) 1.408+0.22 (80) 1.266+0.04 (>100)
+ 100,000 1.107+0.27 (>100) 0.646+0.31 (>100) 1.042+0.07 (94) 1.176+0.22 (>100)

Values in parentheses indicate percent inhibition of the BmA antigen-stimulated IgE production, defined as:

(1 — [IgE in the presence of IFN-y — spontaneous IgE]/[IgE induced by antigen — spontaneous IgE]) X 100

for four patients with loiasis (Table II). Addition of 10-1,000
U/ml of IFN-vy to cultures completely or almost completely
inhibited parasite antigen induced IgE production in all four
patients. Concentrations of 1,000-100,000 U/ml of IFN-v fur-
ther inhibited in vitro IgE production to levels significantly
below that spontaneously released from PBMC cultured in the
absence of parasite antigen for three of the four patients.

To determine whether IFN-y could inhibit spontaneous in
vitro IgE production in PBMC cultures by itself, separate stud-
ies were performed. When IFN-y was added to unstimulated
PBMC cultures of five patients with loiasis, concentrations of
IFN-v as low as 10 U/ml significantly inhibited (P < 0.001)
IgE production by an average of 35% (Fig. 5, ® —— @). Inhi-
bition increased with increasing doses, reaching 82% inhibi-
tion at 10° U/ml IFN-y. In contrast, in vitro IgM production
was not significantly inhibited by 10 to 1000 U/ml of IFN-y,
and at 10° U/ml IFN-y IgM production was inhibited by only
16% (Fig. 5, 0 —— Q).

Discussion

The current understanding of cytokine regulation of IgE pro-
duction in humans is based largely on results of experiments in
which recombinant lymphokines were added to cultured lym-
phocytes from normal or atopic individuals. Whether such
findings also pertain to the in vivo generation of IgE in dis-
orders associated with elevated serum levels of IgE is not as
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well-understood, partly because an adequate in vitro model of
antigen-induced B lymphocyte production of IgE has not been
previously available. The present study extends the develop-
ment of such a model (18) and demonstrates that IL-4 and
IFN-y are important mediators for the regulation of parasite
antigen-stimulated IgE production in humans.

B cell activation and immunoregulation were initially ana-
lyzed using in vitro systems of antigen-induced antibody pro-
duction by cells obtained from subjects immunized with either
recall (19) or virgin (20) antigens. Such investigations were
later extended to naturally acquired filarial infections by using
parasite antigens to induce both total and parasite antigen-spe-
cific IgG and IgM production (16). The present study, using a
similar in vitro system, has demonstrated that parasite antigen
can also induce polyclonal IgE production at concentrations
that are similar to those required for IgG and IgM production
(16) and that are several orders of magnitude lower than those
optimal for antigen-induced lymphocyte proliferation. Such
parasite antigen-stimulated polyclonal IgE production was
clearly dose dependent, but while the antigen concentrations
needed to induce optimal IgE by PBMC were similar for the .
majority of filariasis patients (0.01-0.001 ug/ml), peak IgE
production occurred at significantly higher parasite antigen
concentrations in four others. Such differences may reflect
only variable responses of each individual’s T lymphocytes to
allergens found at different concentrations in the complex
preparations of parasite antigen used in this study, and efforts
are underway to study the effect of defined/purified (21) or
cloned filarial antigens (22) on T and B cell responses.

An interesting observation made in this study was that
higher concentrations of parasite antigen suppressed antigen-
induced IgE production and that this suppression was revers-
ible with the simultaneous addition of anti-IFN-v. This find-
ing suggests that concentrations of parasite antigen that induce
optimal IgE production may selectively stimulate antigen-spe-
cific T cells to produce primarily IL-4. Higher concentrations
of parasite antigen may stimulate proportionally more IFN-y
production by either the same parasite antigen-specific T cells,
by additional CD4" cells that produce predominantly IFN-vy,
or by T suppressor cells. These results are consistent with those
of previous studies of other immunoglobulin isotypes demon-
strating that higher concentrations of antigen can suppress im-
munoglobulin production and that this inhibition is, in part,
mediated by T suppressor cells (23); those earlier reports did
not define the lymphokines mediating such suppression.
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While this study has demonstrated an important role for
IFN-v in modulating the IgE response to parasite antigens, the
role of IFN-a and prostaglandin E, (shown previously to in-
hibit IL-4-induced IgE production in normal individuals [12])
in modulating IgE responses to parasite antigens remains to be
defined. .

This study also demonstrates that parasite antigen-induced
in vitro IgE production by PBMC from patients with filariasis
is IL-4 dependent. As such, they support similar observations
of Nippostrongylus brasiliensis-induced IgE production in in-
fected mice, where in vivo injection of anti-IL-4 completely
blocked the IgE response to the parasite (24). They also sup-
port and extend the findings from a recent study in humans in
which only the Dermatophagoides spp. (house dust mite)-spe-
cific T cell clones that expressed mRNA for IL-4 were capable
of inducing IgE production by autologous B cells (25); how-
ever, even that study failed to demonstrate directly that endog-
enously produced IL-4 from the antigen-specific clones, in
fact, induced the IgE production.

In murine systems, IL-4 may have a role not just in initiat-
ing but also in maintaining an established ongoing in vivo IgE
response (26). Whether IL-4 has such a role in humans is less
clear. Addition of anti-IL-4 to unstimulated cultures of PBMC
from patients with filariasis (reported in this study) and from
HIE patients (unpublished data) failed to inhibit the excessive
ongoing IgE production. Whether this finding is a technical
artifact resulting from culture conditions, or whether it indi-
cates that the primary role of IL-4 in humans may be to induce
isotype switching from IgM to IgE and not in sustaining the
IgE response, remains to be determined. There is evidence that
another cytokine, macrophage-derived IL-6, may be impor-
tant in both the IL-4-dependent IgE induction (27) and in
sustaining ongoing immunoglobulin production by acting as a
non-isotype-specific, late amplification signal for Ig synthesis
by B cells (28).

Our study further indicates that recombinant human
IFN-v, at concentrations of 10-100,000 U/ml, can essentially
completely inhibit parasite antigen-induced IgE production in
vitro (Table II). This finding is similar to results seen in murine
systems in which in vivo IgE production was inhibited by
simultaneous administration of IFN-y and augmented by in-
jection of anti-IFN-y antibody (24). Additionally, the data
also show that IFN-y can inhibit the ongoing spontaneous
production of IgE in cultures of PBMC from patients with
filariasis, whether by inhibiting IgE secreting plasma cells or by
inhibiting the IL-4-induced IgE production is uncertain but
the latter possibility is less likely for several reasons. First, as
mentioned above, spontaneous in vitro IgE production by
cultured PBMC from HIE or filariasis patients appears not to
be dependent on the ongoing production of IL-4. Second, T
cells require a stimulus for cytokine production which is ab-
sent in these experiments, except for the presence of IFN-v. It
remains to be determined whether IFN-v exerts its inhibitory
effect directly on plasma cells or indirectly through T cells or
macrophages.

The present study thus provides a model of antigen-stimu-
lated IgE production that enables further dissection of the net-
work of cellular components and cytokines involved in the
regulation of IgE antibody production in humans. This model
can be used to assess not only polyclonal IgE production, but
also regulation of antigen-specific antibody production; in ad-
dition, it should allow one to determine whether IgG subclass
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production (both total and antigen specific) is also under the
influence of regulatory controls similar to those of IgE, as
suggested in studies on animal models (29). Indeed, because
elevated serum IgE levels in patients with lymphatic filariasis
generally correlate with high serum IgG,4 (30), there is a sug-
gestion that parallel immunoregulatory mechanisms may be at
work. Examination of the frequency of parasite-specific T and
B lymphocytes, differences in the in vitro responses to parasite
antigen by PBMC, and the role of different cytokines in the
generation of the IgE response among such patients with filar-
ial parasite infections should provide a greater understanding
of the immunoregulatory network underlying not only these,
but also other disorders associated with elevated levels of
serum IgE.
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