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ABSTRACT

Background: The pathogenesis of asthma involves hyperreactivity and chronic inflamma-
tion of airways in which CD4+ T cells play a major role. In atopic asthmatics, Th1 responses
due to interferon-gamma (IFN-+v) are depressed, and Th2 responses due to interleukins (IL-
4, IL-10) are predominant. It is not clear if cytokine secretion patterns change with clinical
improvement during immunotherapy.

Objectives: Monitoring IFN-vy and IL-10 may be very useful in evaluating the effectiveness
and response to allergen immunotherapy and in developing new therapeutic interventions
with specific cytokine antagonists or peptides.

Materials and Methods: Peripheral blood mononuclear cells were obtained from healthy
nonasthmatic controls (N = 5) and from atopic asthmatic patients (N = 5) prior to im-
munotherapy and at 3 and 6 months after initiation of immunotherapy to monitor cytokine
secretion (IFN-v, IL-10) in unstimulated and grass and ragweed allergen-specific stimulated
mononuclear cells. Changes in cytokine secretions were related to clinical response to im-
munotherapy.

Results: Controls had significantly higher niean IFN-y secretion compared to asthmatics
(P < 0.01). Mean IL-10 secretion was lower in controls than in asthmatics, but significant
levels were noted only with grass allergen (P < 0.03). In asthmatics, 3 months after starting
immunotherapy mean IFN-y secretion significantly increased (P < 0.01) in both stimulated
and unstimulated cells, which persisted at 6 months. Although there was no significant change
in IL-10 secretion at 3 months, mean IL-10 secretion at 6 months was significantly decreased
in allergen-stimulated cells (P < 0.02).

Conclusion: In atopic asthmatics, mean IFN-y secretion significantly increased and aller-
gen-specific IL-10 secretion was significantly decreased during immunotherapy.

INTRODUCTION AND BACKGROUND

HE PATHOGENESIS OF ASTHMA involves a complex interaction of genetic and environmental factors and
many cell types leading to chronic inflammation and bronchial hyperreactivity.!!> T cells, especially

Pediatric Pulmonary Division, University of Louisville, Louisville, Kentucky; 2Department of Medicine and
Pathology, Nassau County Medical Center, State University of New York at Stony Brook, Stony Brook, New York;
and 3North Shore University Hospital, Manhasset, New York.

161



SHEIKH ET AL.

CD4+ T cells, play a major role in the pathogenesis of atopy and asthma. CD4+ T-helper cells can be phe-
notypically divided into two subgroups (Th1l and Th2) depending on their specific pattern of cytokine secre-
tion.® When CD4+ and T cells, in response to an antigenic stimulation, secrete predominantly interferon-
gamma (IFN-+) and interleukin-2 (IL-2), a Th1 response will result, but if the same CD4+ T cells, in response
to the same antigenic stimulation, predominantly secrete IL-4, IL-5, IL-6, and IL-10, a Th2 response will re-
sult. Both Thl and Th2 responses cross-regulate each other, and in healthy individuals, these responses are
balanced. However, certain disease processes lead to impairment of this delicate balance, resulting in the pre-
dominance of one response over the other such as asthma and atopic dermatitis in which T cells exhibit Th2
responses and more IL-4 and IL-10 are secreted.Y Our understanding of the immunologic basis of allergic
disease suggests that the production by CD4+ T cells of increased quantities of cytokines such as IL-4, which
is critical in the induction of IgE synthesis,®>~" and IL-5, which is a significant eosinophilic differentiation
factor,®19 determines whether allergic disease develops in a given individual.!V It has been demonstrated
that allergen-specific CD4+ T cells from patients with allergic diseases such as asthma and allergic rhinitis
produce higher levels of IL-4 and IL-5 compared to allergen-specific CD4+ T cells from nonallergic indi-
viduals.(12-1®) Allergen immunotherapy in patients with allergic rhinitis has been shown to reduce the pro-
duction of IL-4 in allergic-specific CD4+ T cells to the levels observed in T cells from nonallergic individ-
uals, or to levels induced by nonallergenic antigens such as tetanus toxoid.(!”

Allergen immunotherapy is considered to be effective in the treatment of allergic diseases such as severe
allergic rhinitis,(!3-2D although specific immunologic mechanisms are not fully understood. Studies have
revealed that immunotherapy induces a rise in IgG blocking antibodies, especially of IgG4.2%.22) Other stud-
ies have demonstrated that CD8+ suppressor T cells are increased during immunotherapy, which modu-
lates allergen-specific IgE production,? although both of these findings are still controversial. Studies have
demonstrated that the immunologic effects of immunotherapy include changes both in the secretion of cy-
tokines and in lymphocyte proliferative responses.®¥ The presence of activated T cells in blood, bronchial
biopsies, and broncho alveolar lavage (BAL) from asthmatics supports the central role of T cells in the
pathogenesis of asthma.(25-26)

We have previously reported increased specific antigen-stimulated IL-4 levels with undetectable IFN-y
levels from several patients with asthma.?? Lower levels of IFN-y are detected from peripheral blood
mononuclear cells (PBMCs), lymphocytes, and serum of patients with atopy, asthma, and atopic dermati-
tis as compared to nonatopic, nonasthmatic controls.28-3) PBMCs and lymphocyte cultures from patients
with atopy and asthma revealed a decline in dust mite-specific IFN-vy levels following immunotherapy,2
and it has been suggested that following IFN-y levels in patients on immunotherapy may be useful.33

In the murine system, IL-10 is produced selectively by Th2 clones and is shown to be a potent inhibitor of
the synthesis of IFN-y by Th1 clones but not of IL-3 or IL-4 by Th2 clones both in vitro and in vivo.4-3%) This
inhibition is primarily because of the action of IL-10 on antigen-presenting cell functions rather than on the T-
helper cells themselves.®> Similarly, human IL-10 has been shown to inhibit functions of Th1 cells in humans.
Although in humans IL-10 can be produced by both Th1 and Th2 clones,®” it may be preferentially associated
in vivo with predominantly Th2 responses.®33% Because of its relatively selective production by Th2 cells as
well as its differential effects on Thl cytokine synthesis, IL-10 has been thought to play a major role in cross-
regulation of Th1 and Th2 development and activation, perhaps helping to control the balance between immune
responses induced by these helper T-cell subsets.%*D These earlier observations prompted this study.

We serially monitored circulating and specific allergen-induced IL-10 and IFN-vy production in asthmatic sub-
jects before and during immunotherapy at 3 months and 6 months and correlated both circulating and allergen-
induced PBMC cytokine levels during immunotherapy with clinical scores, including frequency of exacerbation
and need for medications. Our hypothesis was that monitoring these cytokine levels may be useful in evaluating
the effectiveness and response to immunotherapy or therapeutic intervention with specific antagonists.

MATERIALS AND METHODS

We initially evaluated five adult patients with moderate asthma as defined by the Global Initiative for
Asthma (GINA) guidelines.? These patients were not on systemic steroids, because these agents inhibit

162



IMMUNOTHERAPY IN ASTHMA

cytokine production. A comparable number of nonatopic, nonasthmatic healthy individuals with negative
skin tests were used as controls. Prick tests were performed with standard extracts of 1:20 weight-to-vol-
ume concentration in 50% glycerine, a diluent and histamine control (Nelco Laboratories, Deer Park, NY).
The skin test was considered positive at 3+ to 4+ if a wheal developed with a diluent and histamine con-
trol, sized 3 to 8 mm with erythema or greater than 8 mm with pseudopods, measured within 10 to 30 min-
utes of administration. In skin prick-negative subjects, intradermal skin testing was performed by standard
methods using standard aqueous solutions of 1:100 and 1:1000 protein nitrogen units (PNU) per milliliter
concentrations. Patients were evaluated by a careful history, physical examination, skin testing to a panel
of appropriate allergens, and symptom scores. Patients on systemic steroids 1 month prior to entry were ex-
cluded. All five patients were on daily inhaled steroids at the time of initial evaluation and underwent im-
munotherapy for atopic asthma. Two patients also had allergic rhinitis and were on daily cromolyn sodium
nasal spray twice a day. Allergen extracts for grass and ragweed used for immunotherapy were standard
extracts (Nelco Laboratories) and were not mixed with mold allergens, because proteases in mold extracts
can denature pollen antigens. All five patients had positive skin tests to grass and ragweed extracts and
were given immunotherapy for both allergens. After each dose of immunotherapy, patients were observed
for half an hour for any reaction to immunotherapy, and there were no systemic reactions noted during im-
munotherapy. Two of five patients developed only local reactions, and doses were increased very slowly.
The protocol was approved by the Nassau County Medical Center Internal Review Board.

Venous blood was taken after obtaining informed consent from healthy nonasthmatic controls and from
asthmatic patients at baseline (prior to immunotherapy) and at serial time periods 3 and 6 months after initia-
tion of immunotherapy to monitor cytokine secretion by specific allergen-stimulated mononuclear cells. PBMCs
were prepared by the standard Ficoll Hypaque technique. Two mL of 2 X 10° PBMCs per milliliter were in-
cubated in complete RPMI media for 24 hours with and without 20 uL/mL of 1:10 weight-to-volume specific
preservative-free grass and ragweed allergen extract. The PMBCs were then centrifuged and supernatants were
harvested for cytokine determination by standard enzyme-linked immunosorbent assay (ELISA) techniques
for IL-10 and IFN-vy (Cytoscreen; Biosource, Camarillo, CA; and Genzyme, Cambridge, MA). Cytokine as-
says were performed in duplicate and results were reproducible. Total serum IgE by ELISA was performed in
asthmatic patients and healthy controls at the time of enrollment. Use of all medications was closely moni-
tored before starting immunotherapy and throughout 6 months of immunotherapy in all patients. Episodes of
wheezing, difficulty in breathing, and nighttime cough reported by patients were used as symptom scores, and
improvement in these parameters was considered as clinical improvement. The dose of inhaled corticosteroids
(Triamcinolone) was titerated at 100 ug activation based on improvement either in clinical status or peak flow
rate. Pulmonary function testing (spirometry) was performed before starting immunotherapy and after 3 and
6 months on immunotherapy with instrumentation by Sensomedics (Yorba Linda, CA), approved by the
American Thoracic Society. Immunotherapy was done using standard alum-precipitated extracts for grasses
and ragweed standardized in PNU/mL (Nelco Laboratories, Deer Park, NY). Immunotherapy was started at 5
PNU, with dose progression individualized for each patient, and a standard schedule was followed.*> Patients
were observed for 20 minutes after immunotherapy on each visit. Other than occasional mild local reactions,
no significant local or systemic (immediate or protracted) reaction was noted.

Statistics

Mean and standard deviations (SDs) were calculated using the EPISTAT network. Student’s ¢ tests as-
suming unequal variance were performed, including P value determination, for IFN-y and IL-10 in con-
trols versus asthmatics before immunotherapy and for each antigen at 3 months and at 6 months after ini-
tiation of immunotherapy.

RESULTS

Cytokine evaluations for IFN-vy and IL-10 from PBMCs after a 24-hour incubation with either RPMI me-
dia alone (spontaneous) or with specific allergens (grasses and ragweed) were performed in five asthmatic pa-
tients at the time of enrollment into the study. Results were compared with results of cytokine secretion from
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TaBLE 1. MEAN IFN-y AND IL-10 SECRETION (CONTROLS VERSUS ASTHMATICS)?

Asthmatics Before Immunotherapy

Cytokines Controls Grasses Ragweed PBMCs
IFN-y 600.8 = 130 494 24 54.6 = 8.5 46.6 = 1.8
P value <0.01 <0.01 <0.01
IL-10 28.4 + 18.5 3054 = 165 135.6 = 146 126 =253
P value <0.03 0.16 0.3

*Values are expressed as the mean *= SD and measured in pg/mL.

PBMCs after a 24-hour incubation in RPMI media (spontaneous) or with specific allergen stimulation (grasses
and ragweed) from five healthy nonatopic, nonasthmatic individuals labeled as controls. There was no statis-
tically significant difference in IFN-vy and IL-10 secretion from spontaneous and allergen-specific stimulated
PBMCs in controls. Median total IgE in controls was 52 mg/dL. = an SD of 137 mg/dL and median total IgE
in asthmatics was 129 mg/dL. = an SD of 93 mg/dL. This difference was not statistically significant. All pa-
tients were started on immunotherapy, and cytokine secretion was evaluated at 3 and 6 months after initiation
of immunotherapy. At 3 months on immunotherapy, the mean dose for grass allergen was 220 = 107 PNU/mL
and at 6 months on immunotherapy, the mean dose for grass allergen was 1800 * 979 PNU/mL. At 3 months
on immunotherapy, the mean dose for ragweed allergen was 190 = 150 PNU/mL and at 6 months on im-
munotherapy, the mean dose for ragweed allergen was 1760 £ 1015 PNU/mL. The pattern of cytokine se-
cretion was also compared with the clinical response to immunotherapy.

Mean IFN-vy and mean IL-10 secretion values (controls versus asthmatics before starting immunother-
apy) were compared (Table 1). All values are measured in picograms per milliliter and are expressed as the
mean plus or minus the SD. Significantly more IFN-vy secretion was noted from unstimulated PBMCs from
nonasthmatic controls (600.8 = 130 pg/mL) as compared to PBMCs from asthmatics with or without al-
lergen-specific stimulation; e.g., grass allergen stimulation (49.4 * 2.4 pg/mL, P < 0.01), ragweed-specific
allergen stimulation (54.6 * 8.5 pg/mL, P < 0.01), and from unstimulated cells (46.6 * 1.8 pg/mL, P <
0.01). Significantly less IL-10 secretion was noted from unstimulated PBMCs from nonasthmatic controls
(28.4 = 18.5 pg/mL) as compared to PBMCs from asthmatics after grass-specific allergen stimulation
(305.4 = 165 pg/mL, P < 0.03) but was not significant after ragweed-specific stimulation (135.6 * 146
pg/mL, P = 0.16) or from unstimulated cells (12.6 = 25 pg/mL, P = 0.3).

Mean 1FN-vy and IL-10 secretions from asthmatics were compared before starting immunotherapy and af-
ter 3 months and 6 months on immunotherapy. Mean IFN-vy secretion from PBMCs (with or without aller-
gen-specific stimulation) was significantly increased at 3 months (p < 0.001), and this significance persisted
after 6 months on immunotherapy (P < 0.001), independent of allergen-specific stimulation (Table 2).

Mean IL-10 secretion from PBMCs with or without allergen stimulation was not significantly changed
at 3 months. At 6 months on immunotherapy, mean allergen-specific IL-10 secretion was significantly de-
creased both for grass (20.3 * 2.1 pg/mL, P < 0.02) and for ragweed (36.6 = 14.7 pg/mL, P < 0.02).
Interestingly, there was no significant change in IL-10 secretion from PBMCs without allergen stimulation
(Table 3), which means that this decrease in IL-10 was an allergen-specific response.

TaBLE 2. CHANGES IN MEAN IFN-y SECRETION IN
ASTHMATICS WITH IMMUNOTHERAPY?

IFN-vy Secretion Grasses Ragweed PBMCs
Before 494 +24 54.6 £ 8.5 46.6 £ 1.8
3 mo. 100.5 = 6.1 1024 £ 5.6 992 32
P value <0.001 <0.001 <0.01
6 mo. 98.6 = 1.1 976 £ 1.2 976+ 1.2
P value <0.001 <0.001 <0.001

2Values are expressed as mean * SD and measured in pg/mL.
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FIG. 1. Median daily dose of inhaled steroids before and at 6 months on immunotherapy. Values are expressed as
the median = SD, an asterisk denotes significant (p < 0.02).

When an increase in IFN-vy and a decrease in IL-10 secretion with immunotherapy were compared to the
clinical response to immunotherapy, it was noted that all patients had improvement in wheezing episodes
and nighttime cough. None of the patients had any exacerbation of acute asthma during immunotherapy.
Before initiating immunotherapy, all patients were started on daily inhaled steroids (Triamcinolone), with
doses ranging from 600 ug/d divided into two doses per day to 1000 ug/day divided into two doses per
day. The median dose was 760 * 149 ug/d. At 6 months on immunotherapy, two patients (receiving 600
ug/d of Triamcinolone) were able to discontinue the use of inhaled steroids without any increase in use of
B> agonists, the median dose of inhaled corticosteroids was 240 *+ 293 ug/d (Fig. 1), and improvement was
statistically significant (P < 0.02). There was no statistically significant change noted in pulmonary func-
tion tests [Forced Vital Capacity (FVC); Forced Expiratory Volume in one second (FEV,); Forced Expiratory
Flow rate between 25 and 75 percent of vital capacity (FEF,s_75)] in patients before, after 3 months, and
after 6 months of immunotherapy. Two patients with allergic rhinitis were taking cromolyn sodium nasal
spray on a daily basis, felt clinical improvement in nasal irritation and discharge, and were able to discon-
tinue this nasal spray after 6 months on immunotherapy.

DISCUSSION

Evidence suggests that T-cell responses are very important in allergic disorders such as asthma. T cells
(T-helper cells) can be phenotypically divided into two groups (Th1 and Th2) based on their patterns of cy-

TABLE 3. CHANGES IN MEAN IL-10 SECRETION IN
ASTHMATICS WITH IMMUNOTHERAPY?

IL-10 Secretion Grasses Ragweed PBMCs
Before immunotherapy 3054 £ 165 135.6 + 146 12.6 = 25
3 mo. 2145+ 134 172+ 775 56 + 89
P value 04 0.6 0.4

5 mo. 203 %2 36.6 + 14.7 17+ 117
P value <0.02 <0.02 0.7

2Values are expressed as the means + SD and measured in pg/mL.
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tokine release. If CD4+ T cells predominantly secrete IL-4, IL-5, IL-6, and IL-10, they are called Th2 cells,
but if they secrete more IFN-y and IL-2, they are called Th1 cells. IL-4 stimulates B cells to secrete more
IgE, thus increasing the risk of allergic diseases such as asthma. In healthy individuals, both responses cross-
regulate each other. It is suggested that in allergic diseases, e.g., asthma and atopic dermatitis, this delicate
balance is altered and Th2 responses predominate; therefore, more IgE is secreted. It is hypothesized that
if we reverse or modify these alterations in cytokine secretion, we may be able to block or even reverse
worsening of allergic disease such as asthma.

We evaluated the role of immunotherapy in modulating cytokine release from PBMCs in response to
specific grass and ragweed allergens in five moderate-to-severe asthmatics. Although the number of our pa-
tients was limited, we observed a significant increase in mean IFN-y (Th1 response) secretion after 3 months
on immunotherapy (P < 0.01 in each case), and this increase was persisted at 6 months on immunotherapy
(P < 0.01), whereas allergen-specific IL-10 secretion (Th2 response) decreased (P < 0.02). This modula-
tion of cytokine secretion was closely correlated with marked clinical improvement in all patients. The num-
ber of our patients was small, and a placebo effect cannot be ruled out. There was a significant reduction
in the amount of inhaled steroids in that two patients discontinued their use, and thereby, the median dose
was statistically significantly lower. Because there is no true control group in our study (with matched atopic
asthmatics not receiving immunotherapy), it is not possible to determine the role of other factors that might
be contributing to the clinical improvement, decrease in use of medications, and changes in T-cell cytokine
profile (such as being out of the allergy season). Studies in larger numbers of patients are needed to con-
firm these preliminary findings.
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