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Increases in IL-12 messenger RNA+ cells
accompany inhibition of allergen-induced
late skin responses after successful grass
pollen immunotherapy

Quatyba A. Hamid,? Elsa Schotman,? Mikila R. Jacobson,® Samantha M. Walker,?
and Stephen R. Durham® Montreal, Quebec, Canada, and London, England

IL-12, a novel cytokine produced by tissue macrophages and B lymphocytes, stimulates proliferation of
T.rtype T lymphocytes. We recently showed that in patients with summer hay fever, immunotherapy was
effective and was associated with inhibition of allergen-induced late skin responses and increases in local
interferon-y messenger RNA-positive cells. In this study 10 patients were reassessed after 4 years of
immunotherapy and compared with 10 untreated patients with hay fever. Intradermal grass pollen
challenge was performed, the late response was measured, and biopsies were performed at 24 hours. In
situ hybridization of biopsy sections was performed by using a riboprobe coding for IL-12 mRNA. When
immunotherapy and control subjects were compared, there was a marked reduction in the size of the late
skin response (p = 0.0001). Significant increases in allergen-induced IL-12 mRNA+ cells in cutaneous
biopsy specimens occurred only in the immunotherapy-treated group (all 10 patients, p = 0.002). At allergen-
challenged sites, IL-12+ cells correlated positively with interferon-y+ cells (1 = 0.64, p < 0.05) and inversely
with IL-4+ cells (r = —0.67, p < 0.05). The principal cell source (55% to 80%) of IL-12 message was the
tissue macrophage (CD68+ cells). We suggest that IL-12 may promote T,,; responses and inhibit late-phase

responses dfter successful immunotherapy. (J Allergy Clin Immunol 1997:99:254-60.)
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Immunotherapy for summer hay fever is effective,
although efficacy must be balanced against side ef-
fects.:2 We recently reported a double-blind, placebo-
controlled trial in which grass pollen immunotherapy
was highly effective in reducing clinical symptoms and
requirements for topical and oral rescue medication.?
After 9 months of immunotherapy, a marked reduction
in the size of the allergen-induced late cutaneous re-
sponse was observed. Immunohistologic examination of
cutaneous biopsy specimens obtained at 24 hours dem-
onstrated a decrease in CD4+ T lymphocytes and
eosinophils.* Unexpected findings included significant
increases in tissue macrophages (CD68+ cells) and
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Abbreviations used
BU: Biological units
IFN-y:  Interferon-y

highly significant increases in class II (HLA-DR) expres-
sion and IL-2 receptor (CD25)-bearing cells. Interfer-
on-y represents a major stimulus for HLA-DR, and IL-2
enhances IL-2 receptor expression. In situ hybridization
studies subsequently revealed increases in messenger
RNA+ cells for interferon-y (IFN-y) and IL-2 only in
the immunotherapy-treated group. We recently con-
firmed allergen-induced increases in IFN-y+ cells dur-
ing inhibition of late nasal responses after immunother-
apy.” These observations suggested that immunotherapy
might act by inducing a local “T,;-type” T-lymphocyte
response to allergen with consequent inhibition of local
T,,-mediated events, such as tissue eosinophilia and IgE
production by B cells.*¢

IL-12 is a novel cytokine, which may be involved in
protective immunity against viruses.” IL-12 is produced
by macrophages and B lymphocytes and has the ability to
induce proliferation of T,,-type cells.?'0 In this study we
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FIG. 1. Size of early (15-minute) and late {24-hour) skin responses after intradermal allergen (30 BU Phleum
pratense) in control (open circles) and immunotherapy-treated (filled circles) patients. Between-group

comparisons were done with unpaired t test.

hypothesize that T, responses after immunotherapy
may occur as a consequence of increased production
of IL-12. We have therefore performed intradermal
allergen challenge (and a control challenge) in pa-
tients after 4 years of grass pollen immunotherapy.*!
In situ hybridization studies were performed by using
an antisense riboprobe coding for IL-12 mRNA on
cutaneous biopsy specimens obtained at 24 hours.
Results were compared with a control group of un-
treated grass pollen—sensitive subjects.

METHODS
Patients

Patients who had previously received 4 years of grass
pollen immunotherapy for treatment of severe summer hay
fever were studied.® ! As a control group, 10 grass pollen—
sensitive subjects with hay fever of comparable severity
(when compared with immunotherapy-treated patients be-
fore they had received treatment) were recruited from the
Allergy Clinic at Royal Brompton Hospital, London (Table
I). Subjects were excluded from the study if they had a
history of asthma, eczema, or other significant medical or
immunologic disease. Immunotherapy-treated patients had
received 4 years of treatment with Alutard SQ Phleum
pratense (ALK, Horsholm, Denmark), an aluminum hydrox-
ide—precipitated depot grass pollen extract. After routine
twice weekly dose increases, to a maintenance dose of
100,000 SQ wunits in 1 ml, patients continued to receive
monthly maintenance injections for 4 years.

TABLE |I. Clinical data of patients studied

Control

group Immunotherapy-treated

(n=10) group (n = 10)
Age (yr = 56) 325(35) 44.9 (3.2)

Sex (M/F) 6/4 406

Skin prick test to 9.2 (0.6) 9.4 (0.8)
grass pollen
No. of patients with
hay fever se-
verity score®
A 4 5
B 6 5

*Severity score A = skin prick test >16 mm; positive conjunctival
provocation test at <300 BU/ml; history of symptoms for >10 weeks
associated with asthma and previous oral or injected corticosteroids,
or both. Severity score B = patients with moderate to severe hay fever
who did not fulfill all of above criteria.

Study design

The study was approved by the Royal Brompton Hospital
Ethics Committee and performed with the patients’ written
informed consent. Intradermal challenges were performed on
the extensor aspect of the forearm at the same time of day with
30 biological units (BU) (0.02 ml) of intradermal grass pollen
extract and the allergen diluent (0.02 ml) as a control. The grass
pollen extract used (Phleum pratense, ALK) was a biologically
standardized and partially purified freeze-dried extract, which
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FIG. 2. In situ hybridization studies of IL-12 mRNA+ cells in cutaneous biopsy specimens 24 hours after
control {allergen diluent) and allergen (30 BU grass pollen extract) in untreated grass pollen-sensitive patients
(open circles} and immunotherapy-treated patients (filled circles). Within- and between-group comparisons

were performed by using paired and unpaired f tests.

was reconstituted immediately before intradermal use. The
sizes of the immediate (15-minute) and late-phase (24-hour)
responses were recorded as the means of the longest and the
perpendicular diameters. After local anesthesia was induced
with 1% lignocaine, 24-hour skin biopsy specimens were ob-
tained from the center of allergen and diluent (control) sites by
using a 3 mm disposable punch.*

In situ hybridization

Biopsy specimens were immediately placed in 4% parafor-
maldehyde in 0.1 molar phosphate-buffered saline for 1 hour,
followed by 15% sucrose~phosphate-buffered saline for 1 hour,
and then subsequently in 15% sucrose—phosphate buffered
saline overnight. Biopsy specimens were then snap-frozen and

stored at —80° C. Cryostat sections (10 pm) were cut and
placed on poly-I-lysine-coated microscope slides. An antisense
riboprobe for IL-12 mRNA was generated from IL-12 comple-
mentary DNA (p35 isoform).? In situ hybridization was per-
formed as previously described by using sulfur 35-labeled
probes.*13 Allergen-challenged biopsy specimens from immu-
notherapy-treated patients were also hybridized with antisense
probes against IL-4 and IFN~y (Glaxo Biogen, Geneva). Slides
were counted in blinded fashion by using an Olympus BH2
microscope (magnification X200) with an eyepiece graticule.
The upper edge of the grid was placed at the epidermal
junction. Messenger RNA+ cells were expressed as cells per
field, excluding areas containing sweat ducts and hair shafts
where only intervening dermal regions were counted. Within-
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FIG. 3. Correlations between IL-12 mRNA+ cells and IFN-y+ and IL-4+ cells at allergen-challenged sites in
patients who had received immunotherapy. Pearson correlation coefficient was used. Levels of statistical

significance are shown.

FIG. 4. Autoradiographs of skin biopsy sections obtained from control (diluent-challenged) site (A) and
allergen-challenged site {B) obtained from an immunotherapy-treated patient. Sections were hybridized with
an 35S-labeled antisense riboprobe for IL-12. IL-12-positive signals are evident as discrete cells overlaid by
black silver grains.

observer coefficient of variation for repeat measurements was
less than 5%. Negative controls included use of an IL-12 sense
probe and pretreatment of sections with RNase before use of
the antisense probe.

For co-localization of IL-12 message, double immunocyto-
chemistry/in situ hybridization was performed as described
previously." Immunocytochemistry was performed (alkaline
phosphatase—anti-alkaline phosphatase technique) by using a
monoclonal antibody directed against CD68 (Becton Dickin-
son, Cowley, Oxford, U.K.), followed by in situ hybridization
with an 35S-labeled antisense IL-12 riboprobe.

Analysis of results within and between group comparisons

were made by using Student’s paired and unpaired ¢ tests.
Correlations were obtained by using Pearson’s test.

RESULTS

Control and immunotherapy-treated patients (before
treatment) were well-matched for gender, summer hay
fever severity, and grass pollen sensitivity as determined
by skin prick tests. There was a small significant differ-
ence in age between the groups (p < 0.05) (Table I).
After intradermal testing with grass pollen, 30 BU, the
size of the early (15-minute) and late (24-hour) skin
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TABLE . Co-localization of IL-12 mRNA+ cells to
macrophages (CD68+)

Total IL-12 IL-12 mRNA+
Patient mRNA+ IL-12 mRNA+ cells that are
No. cells/hpf CD68+ cells CD68+ (%)
1 16 9 55
3 22 ' 14.5 65
12 13 10 79
15 15 12 80

Data are from biopsy specimens of allergen-challenged sites in four
patients after immunotherapy.
hpf, High-power field.

responses were highly significantly reduced in immuno-
therapy-treated patients compared with control patients
(p < 0.0001)(Fig. 1).

Cutaneous biopsy specimens were processed for in
situ hybridization by using an IL-12 antisense riboprobe
(Fig. 2). There was no significant difference in the
number of IL-12 mRNA+ cells after control (diluent)
challenge for either group of patients. A significant
increase in the number of IL-12 mRNA+ cells was
observed only in the immunotherapy-treated group (p <
0.006). This difference (allergen minus diluent sites) was
significant (p = 0.02) when compared with the corre-
sponding values for the untreated patients. The number
of IL-12 mRNA+ cells at allergen-challenged sites for
the immunotherapy-treated group was related to the
corresponding number of cells mRNA+ for IFN-y and
IL-4 (Fig. 3). A significant positive correlation was
observed between IL-12 mRNA+ cells and IFN-y+
cells (r = 0.64, p < 0.05) and a significant inverse
relationship between IL-12+ and IL-4+ cells (r =
—0.67, p < 0.05). A significant negative correlation was
also found between the number of IL-4 and IFN-vy
mRNA+ cells (r = —0.72, p < 0.02, data not shown).

Examples of hybridization studies of IL-12 mRNA+
cells in cutaneous biopsy specimens are shown in Fig. 4.
IL-12 mRNA+ cells were distributed around blood
vessels and scattered throughout the dermis. Individual
mRNA+ cells were evident as discreet, dark-staining
cells with a low background signal under the conditions
used when compared with experimental controls.

Sequential immunostaining/in situ hybridization of
four allergen-challenged biopsy specimens from the
immunotherapy-treated group showed that 55% to 80%
of positive IL-12 mRNA hybridization signals were
co-localized to macrophages (CD68+ cells) (Table II).

DISCUSSION

In agreement with previous studies®!>1¢ we have
shown that prolonged immunotherapy in patients with
hay fever resulted in almost complete inhibition of
allergen-induced late cutaneous responses. In situ hy-
bridization demonstrated highly significant increases in
IL-12 mRNA+ cells at allergen-challenged sites, which
correlated with the number of IFN-y+ cells. An inverse
correlation was noted between IL-12+ cells and IL-4+
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cells. Taken together, these observations suggest that
successful grass pollen immunotherapy may modify the
T-lymphocyte response to subsequent allergen exposure
with an additional T,,; response (with local increases in
IFN-vy), which may be driven by IL-12.

Immunotherapy-treated and control patients were
well-matched for gender, disease severity, and allergen
sensitivity, although by chance there was a small increase
in the mean age of the immunotherapy-treated group.
However, increases in IL-12 mRNA were observed in all
10 immunotherapy-treated patients irrespective of their
age, such that age was unlikely to account for the
marked differences observed in local IL-12 mRNA ex-
pression. Co-localization studies, in which previously
validated methods were used, confirmed the macro-
phage as the principal source of IL-12. The remainder
may be either B lymphocytes or possibly other cells not
examined in this study. Increases in IL-12 were only
observed in immunotherapy-treated patients and not in
the untreated group, which suggests that increases were
unlikely to be explained by any contaminants such as
excipients or endotoxin, which could have been present
in the allergen extract. The latter is unlikely because the
allergen extract used was manufactured under sterile
conditions, stored freeze-dried in sterile vials, and re-
constituted immediately before use.

Previous studies of the mechanism of immunotherapy
have focused on changes in peripheral blood. A blunting of
seasonal increases in IgE!” and marked increases in aller-
gen-specific IgG concentrations'® have been observed. A
recent study demonstrated a reduction in mast cell num-
bers in nasal epithelial scrapings after immunotherapy in
house dust mite-sensitive patients.!” Immunotherapy has
also been shown to decrease mast cell mediators® and
reduce eosinophil infiltration®! after local nasal allergen
provocation. Our previous placebo-controlled studies of
late responses in the skin* and nose® after grass pollen
immunotherapy and studies of peripheral blood mononu-
clear cells after mite??> and venom®2* immunotherapy
support our original hypothesis® that immunotherapy may
act by inducing T,;; responses. It is of interest that normal
nonatopic individuals also mount immune responses to
grass pollen extract. In vitro studies confirm that T lym-
phocytes from normal subjects proliferate®>2%26 in re-
sponse to grass pollen and produce increased IFN-y?® and
decreased IL-4%22° when compared with grass pollen—
sensitive subjects with atopic rhinitis. In this sense, immu-
notherapy may simply be amplifying the “normal” T,
response to grass pollen present in nonatopic subjects,
which, in patients with atopic rhinitis, competes with the
“abnormal” T,, response. It would be of interest to ob-
serve whether nonatopic individuals also produce IL-12 in
response to grass pollen, although this was not examined in
this study.

IL-12 appears to be the principal cytokine responsible
for proliferation of T,,;-type cells in response to antigen
challenge.” TL-12 has also been shown to inhibit pro-
liferation of T,, (IL-4—producing) T lymphocytes and
inhibit IL-4—-dependent B-cell switching from IgG to
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IgE production.!® Production of IL-4 by cloned cells,
however, is at best only minimally affected by the
presence or absence of 1L-12.27 Our findings of increases
in IL-12 mRNA+ cells, which correlate directly with
IFN-y+ and inversely with IL-4+ cells, provide further
support for the view that T, responses after immuno-
therapy may be IL-12—-driven.

There are practical implications to our findings. Human
allergic responses would appear to result from a local
mucosal imbalance of T,,/T,,, responses.?® Local increases
in IFN-y may also be consistent with the induction of T-cell
anergy.”? However, our finding of an increase in IL-12
would support the induction of T,; responses rather than
T-cell anergy as responsible for inhibition of the late
response after immunotherapy. Recent animal studies also
provide evidence that strategies involving topical IFN-y or
IL-12 might represent a viable therapeutic approach in
patients with allergy, although clearly detailed safety stud-
ies would first be required. For example, IFN-y adminis-
tered by inhalation in mice was effective in inhibiting IgE
production and allergen-induced increases in airway re-
sponsiveness.* When vaccination of rodents with Schisto-
soma eggs was combined with I1.-12, there was a marked
reduction in hepatic granuloma formation and fibrosis
after subsequent natural infection with Schistosoma
worms.> This raises the possibility that IL-12 in combina-
tion with allergen might have the potential to inhibit
T, ,-mediated allergic responses while reducing the dose of
allergen (and attendant risks of side effects) required for
effective immunotherapy.

We thank Dr. H. Lowenstein, ALK Denmark, for the supply
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thank Qui Meng for her help in preparation of the IL-12 probe.
IL-12 cDNA was a generous gift from Genetics Institute
(Cambridge, Mass.).
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