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Abstract
Wehave studied the influence of grass pollen immunotherapy
on cellular infiltration and cytokine mRNAexpression during
allergen-induced late-phase cutaneous responses. In a double-
blind, placebo-controlled trial of immunotherapy in 40 adult
hay fever sufferers, clinical improvement was accompanied by a
decrease in the size of the late-phase skin response. Whenthe
immunotherapy-treated group was compared with the placebo
group, analysis of skin biopsies obtained 24 h after intradermal
allergen revealed a significant reduction in the number of infil-
trating CD3+ (P = 0.04) and CD4+ (P = 0.009) cells and a
trend for a decrease in EG2+ eosinophils (P = 0.08). Treat-
ment did not influence allergen-induced recruitment of CD8+
cells, neutrophils, or macrophages. Unexpected increases in
expression of CD25 (P = 0.006) and HLA-DR (P = 0.007)
were observed in the actively treated group. In situ hybridiza-
tion using a panel of riboprobes demonstrated "TH2-type" (IL-
4, IL-5) cytokine mRNAresponses in both groups of patients.
In contrast, significant hybridization for IL-2 (8/16 patients, P
= 0.02) and for interferon-gamma (6/16 patients, P = 0.04)
was observed only in the actively treated group. These findings
indicate that immunotherapy is associated with suppression of
allergen-induced CD4+ T lymphocyte infiltration, but among
the cells that are recruited, there is upregulation of CD25 and
HLA-DR. At least in this model, immunotherapy does not ap-
pear to affect expression of TH2-pattern cytokines in response
to allergen exposure, but expression of mRNAfor Thl-type
cytokines was enhanced in half of the patients. The results
support the view that immunotherapy may possibly be working
through induction of T cell tolerance. (J. Clin. Invest. 1993.
92:644-651.) Key words: immunotherapy- immediate hyper-
sensitivity* t-lymphocytes * eosinophils * immunohistology*
cytokines

Introduction
Immunotherapy has been used for over 80 years and has been
shown to be an effective form of treatment for allergic rhinitis
( 1-3). The mechanism by which immunotherapy exerts its
beneficial effect is unclear, but it has been widely suggested that
immunotherapy may act by influencing production of aller-
gen-specific IgE or IgG (4-7). Werecently reported a double-
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blind placebo-controlled trial of allergen injection immuno-
therapy using a biologically standardized grass pollen extract
(Phleum pratense, Alutard SQ; ALK, Horsholm, Denmark) in
40 adult patients with severe summer hay fever whose symp-
toms in previous pollen seasons were uncontrolled by antialler-
gic drugs (8). Immunotherapy was highly successful in reduc-
ing clinical symptoms and requirements for topical and oral
rescue medications. Clinical improvement was accompanied
by a decrease in the size of the late-phase cutaneous response
after intradermal allergen challenge. It is possible that the effi-
cacy of immunotherapy may be related to this ability to inhibit
allergen-induced late-phase responses (9-12). Wehave previ-
ously reported that allergen-induced late-phase cutaneous re-
sponses are associated with infiltration by CD4+ T lympho-
cytes and with the recruitment and activation of eosinophils
( 13). Using in situ hybridization and a panel of riboprobes
against cytokine mRNA, we further demonstrated increased
expression of TH2-type cytokines IL-3, IL-4, IL5, and GM-CSF
( 14). In this study we have examined the influence of grass
pollen immunotherapy on cellular infiltration and cytokine
mRNAexpression during allergen-induced late-phase cutane-
ous responses. Our initial hypothesis was that immunotherapy
might act by modulating CD4+ and/or CD8+ T lymphocyte
infiltration with downregulation of transcription of TH2-type
cytokines.

Methods

40 patients were selected according to the following criteria: (a) history
of severe summer hay fever, (b) poor symptom control in previous
years despite regular antiallergic treatment that included antihista-
mines and intranasal corticosteroids and sodium cromoglycate, and (c)
positive skin prick test (weal diameter > 5 mm) to Timothy grass pol-
len extract (Phleum pratense; ALK, Horsholm, Denmark) (8). Pa-
tients were excluded if they had received injection immunotherapy in
the previous 5 yr, if they gave any history of asthma or eczema, or if
they had any other significant medical or immunological disease.

Study design. The study was approved by the Royal Brompton
National Heart and Lung Hospital Ethics Committee and was per-
formed with the patients' written informed consent (8). Patients were

stratified according to disease severity then randomized to receive
twice-weekly injections of Alutard SQ(Phleum pratense) or matched
placebo injections (0.9% sodium chloride, intermittently spiked with
0.01 mg/ml histamine, in order to provoke local erythema and itch-
ing). The two groups were well matched for disease severity (Table I).
Active or placebo injections were administered twice weekly up to a

maintenance volume of 1 ml (representing 100,000 SQunits (32,000
biological units [BU] ') Phleum pratense in the actively treated group) .
The maintenance volume was achieved in all patients within 6-10 wk.
Two systemic reactions were observed: one episode of mild urticaria at

2 h after injection and one at 10 min (flushing and chest tightness),
which responded promptly to subcutaneous adrenaline. Thereafter, in-
jections were administered monthly for 9 mo. During the pollen sea-

1. Abbreviation used in this paper: BU, biological units.
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son, rescue medication was provided in the form of sodium cromogly-
cate eyedrops and nasal spray (Opticrom and Rynacrom; Fisons Phar-
maceuticals, Loughborough, UK) and a short-acting antihistamine (8
mg acrivastine; Semprex, The Wellcome Foundation Ltd., London,
UK). If symptoms remained uncontrolled despite this medication, a
7-d reducing course of prednisolone was given (30 mgdaily for 2 d then
reducing by 5 mgeach day to zero). Daily symptom scores and medica-
tion requirements were recorded on diary cards from April through
September 1989.

Allergen extracts. Immunotherapy was performed using a single
batch of aluminium-adsorbed depot grass pollen extract Phleum pra-
tense(Alutard SQ; ALK). Skin prick testing was performed with Timo-
thy grass pollen extract in albumin diluent (50/50 glycerol/albumin
0.03 mg/ml [Soluprick SQ, Phleum pratense; ALK] Intradermal skin
provocation tests were performed using Aquagen SQ(an aqueous ex-
tract of Phleum pratense in 0.03% human serum albumin diluent with
0.5% phenol) and with 0.9% sodium chloride.

Skin provocation tests. Skin sensitivity to allergen was measured in
all subjects before and after 9 motreatment (i.e., March and December
1989). Intradermal challenges were performed at the same time of day
in duplicate, 10 cm apart, with 30 BU(0.02 ml) of intradermal Phleum
pratense and allergen diluent (0.02 ml). The size of the immediate ( 15
min) and late-phase (24 h) reaction was recorded as the mean of the
longest and the perpendicular diameters. These challenges were per-
formed on the extensor aspect of the forearm in order to reduce the
visibility of the scar from subsequent biopsies.

Skin biopsies. Skin biopsies were obtained after 9 mo treatment
using a 3-mmdisposable punch ( 15). In order to minimize the possible
influence of the preceding immunotherapy injection on the occurrence
or magnitude of skin responses to intradermal allergen, all skin biopsies
were taken exactly 1 mo after the previous injection. After obtaining
local anesthesia with 1% lignocaine, four biopsies were taken from the
center of duplicate allergen and diluent control sites. Biopsies for im-
munohistology were immediately placed in PBS and snap-frozen in
ornithine carbamyl transferase embedding medium using isopentane,
precooled in liquid nitrogen. Biopsies were then stored at -800C. 6-'tm
sections were cut on a cryostat (Bright Instruments, Huntingdon, UK)
and consecutive sections were placed on microscope slides. They were
air dried for 1 h, fixed in 50/50 acetone/methanol for 5 min, and
further air dried for I h. The slides were then wrapped in pairs in
aluminium foil and stored at -20°C before immunostaining ( 13).

Biopsies for in situ hybridization were immediately placed in 4%
paraformaldehyde in 0. 1 MPBS for I h, followed by 15%sucrose/PBS
for 1 h, and then subsequently in 15%sucrose/PBS overnight. Biopsies
were then placed in OCTembedding medium, snap frozen in isopen-
tane precooled in liquid nitrogen, and stored at -80°C. I0-rm cryostat
sections were cut, and single sections were placed on poly-L-lysine
coated microscope slides and then baked overnight at 37°C. Slides were
then stored at -80°C in the presence of silica gel ( 14).

Immunohistology. Slides were allowed to defrost in their foil cover-
ing. Monoclonal antibody staining was detected by the alkaline phos-
phatase antialkaline phosphatase method ( 13). 20% normal human
serum was used to prevent nonspecific binding of the second and third
layer antibodies. Sections of human tonsil obtained at routine tonsil-
lectomy operations were included as positive controls in each staining
run. A mouse IgG2a myeloma protein was used as a negative control.
The monoclonal antibodies used were: CD45, CD3, CD4, CD25 (Bec-
ton Dickinson, Cowley, Oxford, UK); EG2, a monoclonal antibody
that recognizes the cleaved, actively secreted form of eosinophil cat-
ionic protein ECP (Bradshaw Biologicals, Loughborough, Leicester-
shire, UK); CD8and CD68 (macrophage) (DAKOPATTS, High Wy-
combe, UK). Polyclonal sheep antielastase (neutrophil), rabbit anti-
mouse immunoglobulin, and APAAP reagents (DAKOPATTS).
Optimal concentrations for immunostaining for each antibody were
identified, such that discrete staining of individual cells was achieved
with a low background. All other chemicals and solvents for immuno-
histology were purchased from BDH, Dagenham, Essex, UK).

For each monoclonal antibody, staining of all sections was com-
pleted in one experiment using the same batch of antibody.

In situ hybridization. All reagents were from Sigma Chemicals
(Poole, Dorset, U.K.) unless otherwise indicated. Riboprobes labeled
with 35S were prepared from cDNAs for IL-2, IL-3, IL-4, IL-5, GM-
CSF, and IFN-gamma (Glaxo Biogen, Geneva, Switzerland) as previ-
ously described ( 14). Permeabilization, prehybridization, and hybrid-
ization were performed as previously described ( 14). Incubation in
n-ethylmaleimide iodoacetamide, and triethanolamine reduced non-
specific binding of the 35S probes. Negative controls employed were the
sense probe (identical nucleotide sequence to mRNA)and pretreat-
ment of slides with ribonuclease A (Promega, Southampton, UK).
Positive controls were PHA-stimulated peripheral blood mononuclear
cells (for IL-2 and IFN-gamma), and a T cell clone known to produce
IL-3, IL-4, IL-5, and GM-CSF. Cells expressing cytokine mRNAwere
detected by discrete, dense deposits of silver grains on autoradiographs.

Quantitation. Slides were encoded and counted blind using a BH2
microscope (Olympus Corp., Lake Success, NY) at a magnification of
100 with an eyepiece graticule. For immunohistology, at least four
sections from each biopsy were stained with each monoclonal antibody
and a total of 2-3 grids per section were counted. The upper edge of the
grid was placed at the epidermal junction. In areas containing sweat
ducts and hair shafts, only intervening dermal regions were counted.
The results were expressed as mean positive cells per field. The within
observer coefficient of variation for repeat measurements was less than
5%. Cells expressing positive hybridization signals for cytokine mRNA
were counted in a similar fashion. The within observer coefficient of
variation for repeat measurements was again less than 5%.

Analysis. Data was analyzed using a statistical package (Minitab
software; Minitab Inc., University Park, PA). Within individual sub-
jects, cell counts after allergen were compared with the corresponding
counts after diluent using the Wilcoxon matched-pairs signed ranks
test. Between group comparisons of baseline cell counts (after diluent)
and changes in cell counts after allergen (allergen minus diluent) were
performed by the Mann Whitney U Test. P values less than 0.05 were
regarded as significant.

Single and multiple linear regression analyses were performed using
the SAS statistical package (SAS Institute, Carey, NC) to search for
correlations between the various cellular parameters, and either the
diameter of late-phase skin responses or the difference between late-
phase response size before and after treatment. Associations were also
sought among total seasonal symptom scores, the various cellular pa-
rameters, and the diameter of late-phase responses.

Results

The two patient groups were well matched for age, disease sever-
ity, and disease duration (Table I). There was a slight excess of
males in the actively treated group, although this was not statis-
tically significant.

Clinical efficacy. 37 of the 40 patients (93%) completed the
study. The three "dropouts" were in the placebo group. Com-
pleted diary cards were therefore available from 16 of the 19
placebo-treated patients and from 20 of the 21 who received
Alutard SQ (8) (One set of diary cards was lost in the mail.).
Clinical results have been reported previously (8) and are sum-
marized in Table I. When the Alutard SQ-treated group was
compared with the placebo group, there were significant reduc-
tions in seasonal symptoms (P = 0.001 ), in rescue medication
use (P = 0.002), and in peak seasonal visual analogue scores (P
= 0.02).

Effect ofimmunotherapy on skin tests. The size ofthe imme-
diate and late skin responses after intradermal injection of 30
BU grass pollen extract (Phleum pratense) were recorded be-
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Table I. Clinical Data of Patients Studied

Treatment

Placebo Alutard SQ

No. of patients 19 21
Male:female ratio 8:11 14:7
Mean (range) age (yr) 37 (23-52) 34 (19-51)
Mean (range) duration (yr) of allergy 13.5 (4-30) 15.0 (2-30)
Hay fever severity score* (no. of patients):

A 9 9
B 10 12

(n= 16) (n= 19)
Symptoms during pollen season

Total symptoms 928 360 P < 0.001
Rescue medication 627 129 P= 0.002

Peak season visual analogue
scores (scale 0-10) 5.5 2.2 P = 0.02

* Severity score A, patients with skin prick test > 16 mm; positive conjunctival provocation test at < 300 biological units/ml; history of symp-
toms for 2 10 wk during season and previous oral and/or injected corticosteroids or both. Severity score B, patients with moderate to severe
hay fever who did not fulfill all of above criteria.

fore and after 9 motreatment (Fig. 1). The placebo- and Alu-
tard SQ-treated patients were well matched for the size of both
the immediate ( 15 min) and late-phase (24 h) cutaneous re-
sponse before immunotherapy. There was no significant rela-
tionship between the size of immediate and late-phase re-
sponses (r = 0.0001). The actively treated group showed a
statistically significant decrease in the size of the immediate
response (mean reduction 40%, P < 0.02) and the late-phase
response (mean reduction 64%, P < 0.001 ) compared with the
placebo-treated group. Gender had no influence on the size of
immediate or late skin responses or the patients' responses to
immunotherapy.

Immunohistology of cutaneous late-phase responses. After
9 mo treatment, the immunohistology of the cutaneous late-

Early skin response

phase response was examined in 20 of the 21 patients who had
received Alutard SQ, and in 16 of the 19 subjects who com-
pleted the course of placebo injections (3 placebo patients
dropped out and one subject who received Alutard SQcom-
pleted the course of injections but declined to undergo repeat
skin biopsies). Cell counts in the dermis 24 h after local provo-
cation with grass pollen solution or with allergen diluent are
presented in Table II.

Diluent control sites. When cell counts at diluent control
sites were compared, the numbers of leukocytes (CD45+), T
lymphocytes (CD3+), CD4+ cells, and macrophages
(CD68+) were virtually identical in the two treatment groups.
Similarly there were no significant differences for the activa-
tion markers CD25 and HLA-DR. Only occasional neutro-

Late skin response (24hr)
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Figure 1. The diameter of early (15
min) and late (24 h) skin responses
after intradermal 30 BUgrass pollen
extract before and after 9 motreatment
in placebo- (open circles) and Alutard
SQ-(closed circles) treated patients.
Median values are represented by the
solid bars. NS, not significant.
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Table II. Immunohistology of the Cutaneous Late Phase Response after 9 mo Treatment with Placebo or Alutard SQ

Placebo (n = 16) Alutard SQ(n = 20) Alutard SQvs. Placebo

Grass Median Grass Median Median
Monoclonal Control pollen difference Control pollen difference difference

antibody (median) (median) (95% CI) (median) (median) (95% CI) (95% CI) P value

CD45 42 63 19 (6, 39)t 40 52 13 (-5, 23)* -8 (+9, -26) 0.19
CD3 18 41 20 (6.31)§ 19 30 11 (-3, 23)* -12 (+4,-28) 0.04
CD4 27 57 24(10,41)t 27 37 3 (-2, 19)ns -19(-2, -37) 0.009
CD8 2 7 5 (-1, 14)* 6 9 4(2, 12)t +1 (+7, -9) 0.89
EG2 0 33 32 (20, 49)§ 0 9 5 (0, 41)t -18 (-5, -32) 0.08
Elastase

(neutrophils) 1 22 20 (12, 28)§ 1 15 13 (2, 23)§ -5 (+4, -18) 0.31
CD68

(macrophages) 19 31 10 (-2, 33)* 19 32 9 (3, 22)t +2 (+18, -20) 0.85
CD25 4 5 1 (-2, 4)NS 4 10 7 (4, 15)V +7 (+13, +2) 0.006
HLA-DR 46 59 19 (15, 3l)NS 39 83 47 (20, 61)§ +27 (+50, +4) 0.007

Median cell counts are shown for each monoclonal antibody together with median differences and 95% confidence intervals. Within groups, cell
counts at grass pollen sites are compared with counts at control sites using the Wilcoxon test. Between groups, the net increases in cell counts
(grass pollen minus control) are compared using the Mann Whitney U test.
* P < 0.05; t P < 0.01; § P < 0.001; CI, confidence interval.

phils were observed, and eosinophils were absent. There was,
however, a small but significant increase in the median number
of CD8+ cells in the Alutard SQ-treated group compared with
the placebo group (6,95% CI 3-7 .V. 2,95% CI 0-5; P = 0.04).
The numbers of cells at these diluent-challenged sites were com-
parable with our previous studies using the same methods ( 13,
15, 16) and studies of normal skin ( 17 ).

Within subject comparisons (allergen versus control sites).
Next, cell counts 24 h after intradermal allergen were com-
pared with control (diluent) sites. In the placebo-treated group,
intradermal allergen caused significant increases in total leuko-
cytes, T lymphocytes (CD3+), CD4+, and CD8+ T cell sub-
sets and macrophages (CD68+). Highly significant increases
were observed for eosinophils (EG2+) and for neutrophils
(elastase+). Small, statistically nonsignificant increases in posi-
tive immunostaining for the activation markers CD25 and
HLA-DRwere also observed (Table II). These results are again
consistent with our previous observations using this model ( 13,
15, 16). In the Alutard SQ-treated group, intradermal allergen
induced significant increases in most cell counts compared
with diluent control sites. In contrast to the placebo-treated
group, intradermal allergen did not induce a significant in-
crease in CD4+cells, but there were highly significant increases
in immunostaining for the activation markers CD25and HLA-
DR(Table II).

Between group comparisons. The magnitude of the net in-
creases in cell counts (grass pollen minus control) were com-
pared between the placebo and Alutard SQ-treated groups.
Active treatment was associated with significant reduction in
the recruitment of CD3+ cells (P = 0.04) and CD4+ cells (P
= 0.009) after allergen challenge (Fig. 2 Table II). There was a
trend for a reduction in the number of infiltrating eosinophils
(median net counts 5 and 32 for Alutard SQ-treated group and
placebo group respectively; P = 0.08). The allergen-induced
increases in expression of CD25 and HLA-DR in the Alutard
SQ-treated group was highly significant when compared with
the corresponding values for the control group (P = 0.006 and

P = 0.007 respectively; Fig. 3, Table II). There were no signifi-
cant differences between the two groups in the cellular response
to allergen with regard to total leukocytes, CD8+ cells, neutro-
phils, or macrophages. Absolute cell counts at allergen-chal-
lenged sites were also compared between placebo- and Alutard
SQ-treated patients. The differences were virtually identical to
those observed when net increases in cell counts were used
(data not shown).

Correlation analysis. In simple linear regression analysis,
the size of the LPRat 24 h was found to be positively correlated
to the numbers of CD4+cells at allergen-challenged sites in the
placebo-treated group (r2 = 0.352, P = 0.015). This relation-
ship was not present in the active group, reflecting the reduced
CD4+ signal and smaller sized cutaneous responses. Multiple
regression analysis did not reveal any additional associations.

CD3
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Figure 2. CD3+and CD4+ cell counts in the dermis in placebo-(open
circles) and Alutard SQ-(closed circles) treated groups after 9 mo
treatment. Results are expressed as cells per field (I OOx magnifica-
tion) 24 h after intradermal 30 BU grass pollen extract (Ag) com-
pared with counts after control allergen diluent solution (C). Median
values are represented by the solid bars. NS, not significant.
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Figure 3. CD25+ and HLA-DR+ cell counts in placebo (open circles)
and Alutard SQ(closed circles) groups after 9 motreatment. Results
are expressed as cells per field (X 100) 24 h after intradermal 30 BU
grass pollen extract (Ag) compared with counts after the control al-
lergen diluent solution (C). Median values are represented by the
solid bars. NS, not significant.

With regard to the change in the size of the late response,

the reduction in size was greater in the actively treated group,

making it easier to find correlations in this group. The only
cellular parameter that showed a correlation with the magni-
tude of the reduction in 24-h LPR size was the number of
EG2+ cells: greater numbers of activated eosinophils at aller-
gen-challenged sites were associated with a smaller reduction in
LPR size (r2 = 0.361, P = 0.005).

No significant associations were found among total sea-

sonal symptom scores for either placebo or Alutard SQ-treated
patients, the size of allergen-induced early or late responses,
and cell counts in the dermis at 24 h after allergen challenge.

In situ hybridization of cutaneous late-phase responses.

Biopsy material suitable for in situ hybridization was available
from 16 of the actively treated group and from 15 of the pla-
cebo-treated group. The remaining 5 patients for whombiopsy
material for immunohistology was available declined addi-
tional skin biopsies required for in situ hybridization studies.
Median numbers of cells in the dermis expressing positive hy-
bridization signals for each cytokine are shown in Table III.
Only occasional positive hybridization signals were observed at
control (diluent) sites in either treatment group. When com-

pared with diluent sites, there were significant increases in IL-3,
IL-4, IL-5, and GM-CSFexpression at allergen sites in both the
placebo and Alutard SQ-treated groups. Median cell counts at
allergen sites and median differences (allergen minus diluent
counts) for these TH2-type cytokines were lower in the Alutard
SQ-treated group, but none of these differences was statisti-
cally significant when compared with the placebo group. A
significant increase in positive hybridization signals for IL-2
was observed at allergen sites in half of the Alutard SQ-treated
group (P = 0.02) but not in the placebo group (Fig. 4). Simi-
larly, intradermal allergen induced a significant increase in posi-
tive hybridization signals for IFN-gamma (P = 0.04) in the
Alutard SQ-treated group (6/16 patients) while IFN-gamma
mRNAcould not be detected in biopsies from the control or
allergen sites from any of the placebo-treated patients. The sub-
jects who showed increases in IFN-gamma were not necessarily
those who demonstrated increases in IL-2. There were no signif-
icant associations among the size of either early or late-phase
cutaneous responses total seasonal symptom scores during the
pollen season and numbers of mRNApositive cells for either
group. In the actively treated group there was a significant posi-
tive correlation between IL-2 mRNApositive cells and IL-2R
(CD25) expression (r = 0.66, P < 0.05).

Discussion

Wehave confirmed our previous findings that human allergen-
induced late cutaneous responses are accompanied by recruit-
ment of CD4+ T lymphocytes and activated eosinophils ( 13,
15, 16) and an increase in cytokine mRNAexpression for TH2-
type cytokines ( 14).

Our initial hypothesis was that after immunotherapy there
would be a global reduction in T cell numbers, in markers of
lymphocyte activation, and in eosinophils at allergen-chal-
lenged sites. In fact we observed the changes we expected in
CD3+ and CD4+ cell numbers but found an unexpected in-
crease in CD25 and HLA-DR expression. In proceeding to
examine the in situ hybridization data, we revised our hypothe-
sis that, because of the known effects of IL-2 and IFN-gamma
on CD25 and HLA-DR expression, the observed reduction in
CD4+ cell numbers might be accompanied by activation of
cells with a TH1 pattern of cytokine expression. Our in situ
hybridization studies confirmed ongoing T cell activation, with
an increase in IL-2 mRNAin half of the actively treated pa-

Table III. In Situ Hybridization of Cutaneous Late Phase Responses after 9 mo Treatment with Placebo or Alutard SQ

Placebo (n = 15) Alutard SQ(n = 16)

Grass 95% Grass 95%
Control pollen Median confidence Control pollen Median confidence

(median) (median) difference intervals P value (median) (median) difference intervals P value

IL-3 0 2.5 2.5 (0, 4.4) 0.01 0 2.5 1.4 (0.4, 5.6) 0.006
IL-4 0 4.0 4.0 (0, 6.8) 0.006 0 3.7 3.3 (1.8, 5.0) 0.003
IL-5 0 7.3 7.3 (2.7, 8.4) 0.003 0 3.3 3.2 (0, 10.9) 0.004
GM-CSF 0 7.5 5.8 (4, 10.6) 0.002 0 6.8 3.7 (1.8, 8.8) 0.002
IL-2 0 0 0 (0, 2.2) NS 0 1.7 0.4 (0, 5.3) 0.02
IFN-gamma 0 0 0 (0, 0) NS 0 0 0 (0, 6.8) 0.04

Within groups, cell counts at grass pollen sites are compared with counts at control sites using the Wilcoxon test.
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IL-2 IFN-7
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Figure 4. Expression of cytokine mRNAexpression for IL-2 and
IFN-gamma in the dermis in placebo (open circles) and Alutard SQ
(closed circles) groups after 9 mo treatment. Results are expressed
as mRNA+cells per field (X 100) 24 h after intradermal 30 BUgrass
pollen extract (Ag) compared with counts after the control allergen
diluent solution (C). NS, not significant.

tients and a correlation between IL-2 mRNAexpression and
CD25+ cell numbers. There was also increased expression of
IFN-gamma in 6 of the 16 actively treated subjects. These ob-
servations provide a possible explanation for the mechanism of
successful immunotherapy.

It is now well established that immunotherapy is associated
with inhibition of allergen-induced late-phase responses in the
skin ( 17, 18, 19) and the lung ( 11, 12, 20). In agreement with
previous studies ( 19), we found highly consistent and marked
reductions after immunotherapy in the size of the late-phase
skin response to intradermal allergen. The size of the immedi-
ate skin weal was also significantly inhibited. As we have previ-
ously observed, there was no significant relationship between
the size of the immediate and late-phase responses in individ-
ual subjects (21). For ethical reasons it was not possible to
perform a time-course study with serial skin biopsies. The 24-h
time point was chosen because our previous studies of the cuta-
neous late response ( 13, 15) identified maximal changes in T
lymphocytes and eosinophils at this time. Thus, our findings
represent a "snapshot" in what is clearly a dynamic process.
This may partially explain the variability between subjects that
we observed in cell counts and cytokine mRNAexpression in
each group.

The techniques used here do not permit the precise identifi-
cation of the cells that express an increase in CD25 and HLA-
DRin the late-phase response after immunotherapy; to do this
would require the use of double-immunostaining methods.
However, in parallel work, we have recently confirmed in sev-
eral forms of allergic tissue inflammation, including biopsies of
late-phase cutaneous responses, that the majority of cells ex-
pressing CD25 at sites of allergic inflammation are indeed T
cells (65-85%) (22). It remains possible that some of the in-
creased CD25 expression observed after immunotherapy may
be on cells other than T lymphocytes. Similarly, it is not possi-
ble from our present findings to identify with certainty the
precise cell type responsible for the positive hybridization sig-
nals for cytokine mRNAs. Although these cytokines were origi-

nally described as T cell products, recent studies indicate that
mast cells may produce IL-3, IL-4, and IL-5 (23, 24), while
eosinophils are able to synthesize and secrete GM-CSF(25, 26)
and IL-5 (27). The further identification of cells producing
cytokines during late-phase responses and their modulation by
immunotherapy would require simultaneous staining for cell
surface phenotypic markers and for cytokines. Alternatively,
immunohistology could theoretically be combined with in situ
hybridization in the same sections, although the differing tech-
nical requirements of these two methods would make this diffi-
cult.

Immunotherapy was associated with lower median cell
counts for allergen-induced mRNAexpression for the cyto-
kines IL-3, IL-4, IL-5, and GM-CSF, but none of these reduc-
tions was statistically significant. The significant increase in
cytokine mRNAfor IL-2 is consistent with the observed in-
crease in IL-2R expression and is further supported by an ob-
served positive correlation between IL-2 mRNA+cells and
CD25+ cells. Increased IFN-gamma expression may possibly
explain the increased HLA-DR expression observed at aller-
gen-challenged sites in the Alutard SQ-treated patients. These
findings are also compatible with recent in vitro studies of hu-
man allergen-specific T cell clones, in which induction of"tol-
erance" by high concentrations of allergen has been shown to
induce increased expression of CD25 and HLA-DR (28) and
an increase in IFN-gamma production (29). Induction of T
cell tolerance by immunotherapy could perhaps account for
the prolonged clinical improvement that has been observed
after successful courses of immunotherapy (30).

Previous studies investigating the mechanisms of immuno-
therapy have examined a variety of serologic parameters but
have not been able to determine a consistent pattern. For exam-
ple, after an initial increase in allergen-specific serum IgE con-
centrations, immunotherapy is accompanied by blunting of
the usual seasonal increase in specific IgE. Specific IgE then
progressively declines over a period of months (4). Any clinical
improvement invariably precedes the fall in specific IgE. The
"blocking antibody" theory is based on the consistent finding
that immunotherapy is associated with large increases in serum
allergen-specific IgG concentrations, particularly IgG4 (5).
More recently, alterations in anti-isotypic antibodies (anti-
IgE) after immunotherapy have been examined (6). Somein-
vestigators have reported an association between allergen-spe-
cific IgG and the clinical response (31), but in most studies
changes in serum IgG, IgE, and anti-IgE bear no relationship to
the clinical response (7).

Other proposed mechanisms for immunotherapy include
reduction in serum concentrations of neutrophil chemotactic
activity (32), reduced local numbers of eosinophils (33) and
eosinophil cationic protein (34), and a reduction in the num-
bers of mast cells in the nasal mucosa (35). Immunotherapy
has also been shown to suppress allergen-induced T cell prolifer-
ative responses (36) and to induce an increase in circulating
numbers of allergen-specific CD8+ lymphocytes (37). It is
therefore of interest that the present study identified an in-
crease in the number of CD8+ cells at diluent sites in patients
in the active treatment group.

In the present study we chose not to address the peripheral
blood T cells but rather to concentrate on changes in the cells
recruited to tissue inflammatory sites. It is probable that some
of the changes observed after immunotherapy may have been
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due to systemic effects of treatment on T cells as well as on mast
cells and other nonlymphocytic effector cells. However, our
previous work has shown selective recruitment of CD45RO+
T cells to late-phase skin reaction sites (38) and also found no
relationship between CD4/CD8 ratios in blood and at late-
phase reaction sites in the skin ( 13) or nose (39). The primary
reason for studying changes in tissue is that these reflect more
closely what happens when individuals with clinical disease are
exposed to allergen, while blood changes will give at best an
indirect answer and may yield misleading conclusions (40).

With certain reservations, our study provides a novel in-
sight into the possible mechanisms of immunotherapy. Wedid
not identify significant correlations between seasonal symp-
toms and the size of the late cutaneous response or associated
cellular changes within the Alutard-treated group. However,
when the Alutard- and placebo-treated groups were compared,
immunotherapy was accompanied by attenuation of the late-
phase response and suppression of recruitment of T lympho-
cytes and to a lesser extent eosinophils. In approximately half
of the actively treated patients immunotherapy also induced a
shift in the pattern of allergen-induced cytokine mRNAex-
pression toward the induction of TH1-type cytokines. Expres-
sion of these TH1-type cytokines is compatible with our ob-
served increase in expression of CD25 and HLA-DR. This is
further supported by the positive correlation between cells posi-
tive for IL-2 mRNAand those positive for CD25.

If confirmed, our study points the way toward potential
future molecular targets for immunotherapy. These include
broad-based assaults on the CD4+ T helper subset using hu-
manized monoclonal anti-CD4 antibodies (41 ), or strategies
directed against T cells expressing TH2-type cytokines (42), or
against T cells bearing particular cytokine receptors (43). Di-
rect intervention with IFN-gamma is another possible ap-
proach; intramuscular IFN-gamma has been tried in seasonal
ragweed hay fever in one study, but without any clinical im-
provement (44). The dose of IFN-gamma that could be ad-
ministered was limited by systemic side effects and a trial of
topical IFN-gamma might be more successful. Further options
may become apparent with improvements in our understand-
ing of the role of T cells in allergic disease.
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