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Abstract

Background: Systemic lupus erythematosus (SLE) patients
may exhibit high total IgE and antinuclear IgE antibodies
(ANA-IgE). Here, we investigated the specificity of ANA-IgE
in SLE patients and the involvement of cytokines in this im-
mune response. Methods: Sera from 92 SLE patients and 68
healthy controls were evaluated for the presence of antinu-
clear IgE antibodies by immunoperoxidase with HEp-2,000®
cells and immunoblotting with IgG-depleted sera. Total IgE,
IgE specific to allergens, and serum cytokine levels were
determined by ELISA. Results: Antinuclear IgE antibodies
were detected only in SLE patients (29/92, 31.5%). High total
IgE was associated with ANA-IgE (p < 0.0001), but was not
associated with IgE antibodies to allergens. In the immuno-
blotting, ANA-IgE reacted with nucleosomes (23/29, 79.3%),
dsDNA (14/29, 48.3%), SS-A/Ro (14/29, 48.3%), SS-B/La (2/29,
18.7%), Sm (14/29, 48.3%) and RNP (18/29, 62.1%). Patients
with ANA-IgE had very low serum IL-4, less IL-5 than controls
(p < 0.05), more IL-10 than seronegative patients (p < 0.05),

and unaltered IFN-v levels. The IL-5/IL-10 ratio was lower in
ANA-IgE seropositive patients in comparison with either se-
ronegative patients (p < 0.05) or healthy controls (p = 0.001).
Controls displayed higher IL-5/IFN-+y ratios than either SLE
patients with ANA-IgE (p < 0.05) or patients without these
immunoglobulins (p < 0.01). Conclusions: We conclude that
IgE antibodies against cell autoantigens involved in protein
expression, cellular proliferation, and cell death are present
in patients with SLE. Interleukin-10 seems to down-regulate
this IgE autoimmune response in SLE.

Copyright © 2010 S. Karger AG, Basel

Introduction

Systemic lupus erythematosus is characterized by a
loss of immune tolerance to self-antigens, intense and
diversified production of autoantibodies, and multiple
clinical manifestations that may vary in different ethnic
groups [1-3]. Immunoglobulin E is an antibody isotype
that has been mainly associated with allergies and para-
sitic diseases. However, some studies have shown that
non-allergic SLE patients may exhibit high total IgE, and
this appears to be associated with lupus activity, since al-
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lergies are no more prevalent in SLE patients than in the
general population [4-7]. Furthermore, the participation
of IgE in lupus nephritis has been suggested by its pres-
ence in glomerular immune complex deposits in kidney
biopsies from SLE patients [8], and more recently in a
mouse model of systemic autoimmune disease [9].

In a previous study, we demonstrated the presence of
antinuclear IgE autoantibodies in Brazilian SLE patients
without allergies. However, the autoantigens recognized
by these immunoglobulins were not identified on that oc-
casion [7]. In this work, we used cellular autoantigens that
are frequently recognized by antinuclear IgG autoanti-
bodies to elucidate the specificity of serum antinuclear
IgE antibodies in a Brazilian population of SLE patients,
and also evaluated the levels of IL-4, IL-5, IL-10, and IFN-
v in patients that were either seropositive or seronegative
for these immunoglobulins.

Materials and Methods

Patients and Control Participants

Ninety-two Brazilian SLE patients (87 women and 5 men, me-
dian age 39 years old, range 14-73 years) living in the state of Ba-
hia who met at least 4 criteria from the SLE classification of the
American Rheumatology College [10] were included in the study.
In these individuals, the duration of SLE ranged from 2 months
to 24 years. Most patients (70/92, 76.1%) used prednisone, which
was prescribed alone (22/92, 23.9%) or in combination with chlo-
roquine (17/92, 18.5%), azathioprine (12/92, 13.0%), or cyclophos-
phamide (7/92, 7.6%). The combination of this glucocorticoid
with other drugs, such as methotrexate or cyclosporine, was in-
frequent. Ten patients only used chloroquine, and 6 used no med-
ication. No clinical history of allergy was documented in their
medical files, and parasitic infestations were avoided by the regu-
lar use of ivermectin in patients undergoing steroid therapy. The
control group in this study was 68 healthy blood donors (22 men
and 46 women, median age 32 years, range 18-61 years). Consent
was obtained from all individuals, and the study was approved by
the ethical committee on human research of the Santa Izabel Hos-
pital.

Detection of Antinuclear IgG Antibodies

Antinuclear IgG antibodies were probed by the indirect en-
zyme-linked immunosorbent assay (Quanta Lite™ ANA ELISA;
Inova Diagnostics, San Francisco, Calif., USA) and the indirect
fluorescent antibody test with HEp-2,000® cells (Immuno Con-
cepts, Sacramento, Calif., USA).

Detection of Antinuclear IgE Antibodies

Sera were depleted of IgG by mixing 500 .l of each sample with
500 pl of a 50% suspension of Protein G-Sepharose beads (Zymed®
Laboratories, San Francisco, Calif., USA) for 15 min with gentle
agitation. After low speed centrifugation (5 min), the serum super-
natants depleted of IgG were diluted 1:3 with PBS (final serum
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dilution 1:6) and incubated with fixed HEp-2,000® cells for 18 h at
18-22°C. After washing with PBS (5-10 min), the cells were incu-
bated with 25 Wl of mouse monoclonal IgG anti-human IgE (Clone
G-1; Sigma, St. Louis, Mo., USA) diluted 1:100 in PBS for 3 h at
18-22°C. Following another wash with PBS, the cells were incu-
bated with 25 pl of goat anti-mouse IgG peroxidase conjugate (Sig-
ma) diluted 1:100 in PBS for 30 min (18-22°C). After another wash
in PBS (5-10 min), the slides were rinsed with deionized water and
incubated for 30 min with activated 4-chlorol-naphthol substrate.
A rapid rinse with both PBS and water was performed, and the
slides were mounted with a semi-permanent glycerol medium (pH
9.1 £ 0.2) and covered with coverslips. A positive immune reac-
tion was demonstrated by a purple-blue stained nucleus, and this
was recorded with a standard light microscope at X400 magnifi-
cation. The patterns of nuclear reactivity were recorded using, as
areference, positive IgG reactions of control sera in a Colorzyme™
ANA test (Immuno Concepts). Sera from healthy individuals were
used as negative controls for ANA-IgE.

Antigen Specificity of ANA

The antigen specificity of antinuclear IgG and IgE antibodies
was investigated by line immunoblotting (Nucleo-9-Line; Orgen-
tec, Marburg, Germany), which was performed using nitrocel-
lulose strips impregnated with the following nuclear antigens:
dsDNA, nucleosome, SS-A/Ro, SS-B/La, Sm, RNP/Sm, Scl-70,
Jo-1 and CENP-B. Antinuclear IgG antibodies were probed
according to the manufacturer’s protocol. To test the specificity
of ANA-IgE, sera depleted of IgG were diluted 1:6 with Nucleo-
9-Line sample buffer and incubated with the nitrocellulose
strips (18 h, 18-22°C). The strips were then washed 3 times with
Nucleo-9-Line Tris-buffered saline and incubated with 1 ml of
mouse monoclonal IgG anti-human IgE (Clone G-1; Sigma) di-
luted 1:1,000 in the Nucleo-9-Line sample buffer (3 h, at 37°C).
The strips were washed 5 times and then incubated with 1 ml of
goat IgG anti-mouse IgG biotin conjugate (Sigma) diluted 1:5,000
(1h, 18-22°C). Following another cycle of 3 washes, the strips were
incubated with 1 ml of alkaline phosphatase-avidin conjugate
(Sigma) diluted 1: 40,000 (15 min, 18-22°C). After 3 washes, the
immunoblots were revealed with Nucleo-9-Line BCIP/NBT sub-
strate (30 min, 18-22°C). The controls were IgG-depleted sera
from healthy individuals, mouse monoclonal IgG anti-human IgE
diluted 1:1,000, and alkaline phosphatase-avidin conjugate dilut-
ed 1:40,000. The immunoblots were recorded by visual inspection
using a stained standard with varied patterns of reactivity.

Measurement of Total IgE and Anti-Allergen IgE Antibodies

Total IgE was determined by an automated immuno-enzymo-
metric assay using the immuno-analyzer Access II (Beckman-
Coulter, Calif., USA) with a working range of 0.25-3,000 IU/ml.
The International Reference Value of 150 IU/ml of IgE was used
in this test. Anti-allergen IgE antibodies were investigated with a
capture ELISA using a house dust panel containing allergens from
cockroach, mites, moulds and epithelia (Adaltis Italia, Bologna,
Italy).

Serum Cytokine Levels

Serum levels of IL-4, IL-5, IL-10 and IFN-vy were determined
by capture immunoassays prepared with ELISA Sets (eBioscience,
San Diego, Calif., USA). These immune mediators were measured
in the sera from 20 SLE women that had IgE antinuclear antibod-
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Fig. 1. Antigen specificity of antinuclear

IgE antibodies (ANA-IgE, 1-8) and anti- Nucleosome —

nuclear IgG antibodies (ANA-IgG, 1'-8') dsDNA —
in the sera from 8 SLE patients. Controls S5-A/Ro -
are anti-human IgE MoAb, anti-mouse S5-B/La -
IgG biotin conjugate, avidin-alkaline >m -

’ SM/RNP  —

phosphatase conjugate, and sera from 2
healthy individuals. Antibodies were in-
vestigated using nitrocellulose strips im-
pregnated with nuclear antigens, which
are identified on the left-hand side.
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ies and the sera from 20 SLE women lacking these immunoglobu-
lins. Sera from 10 healthy women were used as controls.

Statistical Analyses

Continuous variables were expressed as the median and inter-
quartile range (IQR), in accordance with their distribution in the
D’Agostino-Pearson ‘omnibus K2’ normality test. The Kruskal-
Wallis test was used to compare the medians of 3 groups, whereas
the difference between the medians of 2 groups was analyzed by
the Mann-Whitney U test. Fisher’s exact test was used to evaluate
the association between 2 categorical groups. Statistical signifi-
cance was set at p<0.05. The statistical software GraphPad Prism
5.0 was used for all statistical analyses.

Results

Antinuclear Antibodies

Eighty-six out of 92 (93.5%) SLE patients had detect-
able IgG autoantibodies, while antinuclear IgE antibod-
ies were found in 29 of 92 SLE patients (31.5%). Three
patterns of nuclear reactivity were observed with ANA-
IgE: speckled (14/29, 48.3%), homogeneous (12/29, 41.4%)
and nucleolar (2/29, 6.9%). The sensitivity of the ANA-
IgE test was 59.3%, while its specificity was 100%. The
prevalence and specificity of IgE and IgG antibodies in
these 29 ANA-IgE-positive sera to purified nuclear anti-
gens are presented in table 1 and illustrated in the immu-
noblots (fig. 1).

Total and Specific IgE

The median total IgE in the SLE patient group (59.5
1U/ml, IQR = 265.8 IU/ml) was lower than that of the con-
trol group (216.5 IU/ml, IQR = 457.1 IU/ml) (p < 0.001).
Sixty SLE patients exhibited normal total IgE (22.5 TU/

Autoimmune Response of IgE Antibodies
to Cellular Self-Antigens in SLE

Table 1. Antigen specificity of antinuclear IgE and IgG antibodies
in SLE patients

Nuclear antigen ANA-IgE,n (%) ANA-IgG, n (%)

SSA-Ro 14 (48.3) 10 (34.5)
SSB-La 2(6.9) 2(6.9)

Sm 14 (48.3) 8 (27.6)
RNP/Sm 18 (62.1) 12 (41.4)
dsDNA 14 (48.3) 10 (34.5)
Nucleosome 23 (79.3) 21(72.4)

Antinuclear antibodies were investigated by immunoblotting
in 29 SLE patients that were seropositive for ANA-IgE.

ml, IQR = 50.3 IU/ml), while 32 had increased levels of
this immunoglobulin (400.5 IU/ml, IQR = 400.3 IU/ml).
Nineteen out of 32 (59.4%) SLE patients with high total
IgE (512 IU/ml, IQR =437 IU/ml) were positive for ANA-
IgE, while 10 out of 60 (16.7%) patients with a normal
level of this immunoglobulin (78 IU/ml, IQR =43 IU/ml)
also possessed these autoantibodies. Nine out of 29
(31.0%) SLE subjects that were ANA-IgE seropositive
demonstrated IgE antibodies to aeroallergens: 1 had alow
level of IgE antibodies (0.68 KU/I), 5 had moderate levels
of these immunoglobulins (range 1.59-2.65 KU/I), and
1 had high and 2 had very high levels (range 13.2-47.3
KU/).

A strong association between high total IgE and the
presence of antinuclear IgE antibodies was observed
(Fisher’s exact test, p < 0.0001). Antinuclear IgE antibod-
ies were not found in the healthy controls.
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Fig. 2. Serum levels of IL-5 in healthy individuals (control), SLE
patients that were seronegative for ANA-IgE antibodies (ANA-
IgE-), and SLE subjects seropositive for these immunoglobulins
(ANA-IgE+).

Table 2. Serum cytokine levels in healthy controls and SLE pa-
tients

Cytokine Controls ANA-IgE- ANA-IgE+ p
(n=10) (n=20) (n=20) value
IL-4 3.8 (4.8) 3.9(5.1) 6.3 (2.7) n.s.
IL-5 55.1(26.9) 329(15.2) 35.2(20.0) <0.05
IL-10 167 (17.6) 14.4(5.9)  18.9(8.9) n.s.
IFN-vy 29.9 (14.9) 29.0 (12.2) 27.1(14.7) n.s.
IL-5/IL-10 3.1(1.3) 2.4 (1.0) 1.8 (0.9) <0.001
IL-5/IFN-vy 1.8 (1.1) 1.1 (0.9) 1.2 (1.0) <0.05
IFN-y/IL-10 1.7 (L1) 2.3(2.2) 1.6 (1.0) n.s.

Cytokine levels and cytokine ratios are expressed as medians
with IQRs in parentheses. n.s. = Not significant.
Significance level according to the Kruskal-Wallis test.

Cytokine Levels

Interleukin-4 above the analytical sensitivity of the
immunoassay (2.0 pg/ml) was found in only 3 out of 20
ANA-IgE seropositive patients, in 5 out of 20 patients that
were seronegative for these autoantibodies, and in 9 out
of 10 controls (p > 0.05). The highest level of IL-5 was
verified in the control group in comparison with the SLE
groups that were either seronegative or seropositive for
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Fig. 3. Serum levels of IL-10 in healthy individuals (control), SLE
patients that were seronegative for ANA-IgE antibodies (ANA-
IgE-), and SLE subjects seropositive for these immunoglobulins
(ANA-IgE+).

ANA-IgE (p < 0.05). Patients with ANA-IgE displayed
higher IL-10 levels than patients without these autoanti-
bodies (p <0.05), but no difference was observed between
the seropositive group and the control group (p > 0.05).
The levels of IFN-vy were similar among the 3 groups eval-
uated (p > 0.05; table 2, fig. 2, 3).

The IL-5/IL-10 ratio was lower in SLE patients that
were ANA-IgE seropositive than in either the healthy
controls or the SLE patients without these antibodies
(p <0.05). The controls had the highest IL-5/IFN-v ratio
when compared with either SLE patients with positive
ANA-IgE (p < 0.01) or patients without these immu-
noglobulins (p < 0.05). The 3 groups exhibited similar
IFN-vy/IL-10 ratios (p > 0.05). These results are shown in
table 2 and figures 4 and 5.

Discussion

In the present work, we identified the specificity of
antinuclear IgE autoantibodies in SLE patients using
IgG-depleted sera and self-antigens routinely used in
rheumatology laboratories. We verified that antinuclear
IgE antibodies can produce the same nuclear pattern of
immune reactivity observed with antinuclear IgG anti-
bodies in HEp-2000® cells. They react strongly in line
immunoblotting with key cellular autoantigens (nucleo-

Atta/Santiago/Guerra/Pereira/Sousa Atta



p < 0.001
3 ‘ p =0.001
\ \
Oa
p <0.05
4 0 \
0O ]
° O mE
g 34 O - AA
2 - .lll. A
= O A
32 ~L 4404
4 T Ad
] Aa
u W
1 o A,
A
0 \ \ \
Control ANA-IgE- ANA-IgE+
Groups

p <0.05
!
g p <0.01
|
6 —
°
s
T
z47 u
& O u
4
= DED =
24 L=
000 [ Aafians
O
U ] A A
...... AAAAA
0 T T AA
Control ANA-IgE- ANA-IgE+
Groups

Fig. 4. IL-5/IL-10 ratio in healthy individuals (control), SLE
patients that were seronegative for ANA-IgE antibodies (ANA-
IgE-), and SLE subjects seropositive for these immunoglobulins
(ANA-IgE+).

somes, SS-A/Ro and dsDNA) whose autoantibodies have
been correlated with important clinical manifestations of
SLE or are used as criteria for SLE classification (Sm and
dsDNA antibodies) [11-17].

Interestingly, sera from some SLE patients reacted
more intensely or identified additional nuclear antigens
in IgE immunoblotting compared to IgG immunoblot-
ting. Furthermore, the autoantigens dsDNA, Sm and
RNP were more frequently recognized by IgE antibodies
than by IgG antibodies in sera that were reactive for
ANA-IgE, suggesting that this autoantibody isotype may
improve the diagnosis of SLE in individuals exhibiting
clinical manifestations of this disease but without de-
monstrable IgG autoantibodies. Although a strong asso-
ciation was verified between high total IgE and the pres-
ence of antinuclear IgE antibodies, no false-positive re-
sults were observed in the control sera, which exhibited
more total IgE than did SLE sera. Moreover, the preva-
lence of ANA-IgE was not affected by the presence of IgE
antibodies to aeroallergens. Together, these findings pro-
vide evidence that positive ANA-IgE tests in SLE patients
are not false-positive results caused either by high total
IgE levels or the immune cross-reactivity of anti-allergen
IgE antibodies.

The cytokine profile of ANA-IgE-positive patients was
characterized by low IL-4 and IL-5, unaltered levels of
IFN-v, and elevated levels of IL-10. IL-4 and -5 are

Autoimmune Response of IgE Antibodies
to Cellular Self-Antigens in SLE

Fig. 5. IL-5/IFN-vy ratios in healthy individuals (control), SLE
patients that were seronegative for ANA-IgE antibodies (ANA-
IgE-), and SLE subjects seropositive for these immunoglobulins
(ANA-IgE+).

important Th2 immune mediators of IgE-allergic in-
flammation, the involvement of which in the immuno-
pathogenesis of SLE has not been documented; whereas
IFN-v is a Thl cytokine that polarizes the Th2 immune
response, an increase or decrease of which may contrib-
ute to SLE immunopathogenesis at different stages. In
contrast, IL-10 induces dsDNA autoantibodies and in-
hibits the activation of antigen-presenting cells. Although
the immune response of IgE antibodies to nuclear anti-
gens was not correlated with arthritis, photosensitivity or
antiphospholipid syndrome, its association with in-
creased serum levels of IL-10 suggests its relationship
with lupus activity [18-20].

Our findings of elevated IL-10 and low IL-5/IL-10 ra-
tios in ANA-IgE-seropositive patients with a normal
prevalence of allergen IgE antibodies and no clinical ev-
idence of allergy suggest that this cytokine may down-
regulate allergic inflammation in this disease. Such a
suppressor activity of IL-10 has been demonstrated in al-
lergic subjects taking allergen sublingual immunothera-
py and also in patients with respiratory allergy harbor-
ing Schistosoma infections. Peripheral blood mononu-
clear cells in these patients produce more IL-10 and less
IL-5 when stimulated with allergens than do such cells
from allergic subjects without this worm infection [21-
25]. However, because most SLE patients used glucocor-
ticoid, the down-regulation of allergic inflammation in

Int Arch Allergy Immunol 2010;152:401-406 405



SLE may also involve this medication, which may in-
crease the gene transcription of IL-10 indirectly and de-
crease the gene transcription of both IL-4 and IL-5. In

addition, glucocorticoid may inhibit the expression of

the IL-4 receptor and also of the high-affinity IgE recep-

tor [26, 27].
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We conclude that a vigorous autoimmune response of
specific antinuclear IgE antibodies can be detected in
some SLE patients, and that this response consists of au-

References

Mok CC, Lau I: Pathogenesis of systemic lu-
pus erythematosus. J Clin Pathol 2003;56:
481-490.

Li CK, Isenberg DA: Systemic lupus erythe-
matosus. Medicine 2005;34:445-452.

Lau CS, Gin Y, Mok CC: Ethnic and geo-
graphical differences in systemic lupus ery-
thematosus: an overview. Lupus 2006;15:
715-719.

Rebhun ], Quismorio F, Dubois E, Heiner
DC: Systemic lupus erythematosus activity
and IgE. Ann Allergy 1983;50:34-36.
Morton S, Palmer B, Muir K, Powell RJ: IgE
and non-IgE mediated allergic disorders in
systemic lupus erythematosus. Ann Rheum
Dis 1998;57:660-663.

Wozniacka A, Sysa-Jedrzejowska A, Robak
E, Samochocki Z, Zak-Prelich M: Allergic
diseases, drug adverse reactions and total
immunoglobulin E levels in lupus erythema-
tosus patients. Mediators Inflamm 2003;12:
95-99.

Atta AM, Sousa CP, Carvalho EM, Sousa-
Atta ML: Immunoglobulin E and systemic
lupus erythematosus. Braz ] Med Biol Res
2004;37:1497-501.

Tuma SN, Llach F, Sostrin S, Dubois EL,
Massry SG: Glomerular IgE deposits in pa-
tients with lupus nephritis. Am J Nephrol
1981;1:31-36.

Genton C, Wang Y, Izui S, Malissen B, Delsol
G, Fournié GJ, Malissen M, Acha-Orbea H:
The Th2 lymphoproliferation developing in
LatY136F mutant mice triggers polyclonal B
cell activation and systemic autoimmunity. J
Immunol 2006;177:2285-2293.

Hochberg M: Updating the American Col-
lege of Rheumatology revised criteria for the
classification of systemic lupus erythemato-
sus. Arthritis Rheum 1997;40:1725.

»11

>12

»13

»14

»15

» 16

»17

18

19

Routsias JG, Tzioufas AG, Moutsopoulos
HM: The clinical value of intracellular auto-
antigens B-cell epitopes in systemic rheu-
matic diseases. Clin Chim Acta 2004;340:
1-25.

Riemekasten G, Hahn BH: Key autoantigens
in SLE. Rheumatology 2005;44:975-982.
Benito-Garcia E, Schur PH, Lahita R, Amer-
ican College of Rheumatology Ad Hoc Com-
mittee on Immunologic Testing Guidelines:
Guidelines for immunologic laboratory test-
ing in the rheumatic diseases: anti-Sm and
anti-RNP antibody tests. Arthritis Rheum
2004;51:1030-1044.

Smeenk RJT: Detection of antibodies to ds-
DNA: current insights into its relevance.
Clin Exp Rheumatol 2002;20:294-300.
Isenberg D: Anti-dsDNA antibodies: still
a useful criterion for patients with systemic
lupus erythematosus? Lupus 2004;13:881-
885.

Sawalha AH, Harley JB: Antinuclear autoan-
tibodies in systemic lupus erythematosus.
Curr Opin Rheumatol 2004;16:534-540.
Cervera R, Vinas O, Ramos-Casals M, Font
J, Garcia-Carrasco M, Sisé A, Ramirez F,
Machuca Y, Vives ], Ingelmo M, Burlingame
RW: Anti-chromatin antibodies in systemic
lupus erythematosus: a useful marker for lu-
pus nephropathy. Ann Rheum Dis 2003;62:
431-434.

Rus V, Via CS: Cytokines in systemic lupus
erythematosus; in Tsokos GC, Gordon C,
Smolen JS (eds): Systemic Lupus Erythema-
tosus: A Companion to Rheumatology. Phil-
adelphia, Mosby, 2007, pp 109-120.

Crow KM, Kirou KA: Cytokines and inter-
ferons in lupus; in Wallace DJ, Hahn BH
(eds): Dubois’ Lupus Erythematosus. Phila-
delphia, Lippincott Williams & Wilkins,
2007, pp 161-175.

406

Int Arch Allergy Immunol 2010;152:401-406

Acknowledgment

»20

»21

»22

»23

»24

»25

»26

»27

toantibodies of this isotype against self cellular compo-
nents that have important biological roles in protein ex-
pression, cellular proliferation and cell death.

A.M. Attais arecipient of a fellowship for Research Productiv-
ity from the Brazilian National Council for Scientific and Tech-
nological Development (CNPq).

Chun HY, ChungJW, Kim HA, Yun JM, Jeon
JY, Ye YM, Kim SH, Park HS, Suh CH: Cyto-
kine IL-6 and IL-10 as biomarkers in system-
ic lupus erythematosus. J Clin Immunol
2007;27:461-466.

Ciprandi G, Cirillo I, Fenoglio D, Marseglia
G,Tosca MA: Sublingual immunotherapy
induces spirometric improvement associat-
ed with IL-10 production: preliminary re-
ports. Int Immunopharmacol 2006;6:1370-
1373.

van den Biggelaar AH, van Ree R, Rodrigues
LC, Lell B, Deelder AM, Kremsner PG,
Yazdanbakhsh M: Decreased atopy in chil-
dren infected with Schistosoma haematobi-
um: a role for parasite-induced interleukin-
10. Lancet 2000;356:1723-1727.

Araujo MI, Carvalho EM: Human schistoso-
miasis decreases immune responses to aller-
gens and clinical manifestations of asthma.
Chem Immunol Allergy 2006;90:29-44.
Fallon PG, Mangan NE: Suppression of TH2-
type allergic reactions by helminth infec-
tion. Nat Rev Immunol 2007;7:220-230.
Medeiros M Jr, Figueiredo JP, Almeida MC,
Matos MA, Aradjo MI, Cruz AA, Atta AM,
Rego MA, de Jesus AR, Taketomi EA, Car-
valho EM: Schistosoma mansoni infection is
associated with a reduced course of asthma.
J Allergy Clin Immunol 2003;111:947-951.
Barnes PJ: Molecular mechanisms and cel-
lular effects of glucocorticosteroids. Immu-
nol Allergy Clin N Am 2005;25:451-468.
Leung DYM, Bloom JW: Update on gluco-
corticoid action and resistance. J Allergy
Clin Immunol 2003;111:3-22.

Atta/Santiago/Guerra/Pereira/Sousa Atta



