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Allergy treatment with a peptide vaccine

Ian V. LEWIN

SARITA NAYYAR

An antiserum, obtained by immunising rabbits
with a human peptide-protein conjugate, was
shown to inhibit histamine release from rat mast
cells both in vitro and in vivo. Immunisation of
sensitised rats with the same peptide reduced IgE
antibody formation and serum histamine
concentration, and abolished systemic anaphy-
lactic reactions in response to allergen challenge.
This peptide may form the basis of a vaccine in a
new approach to the immunotherapy of atopic

disease.
Lancet 1990; 336: 1279-81.

Introduction

Treatment of IgE-mediated allergic responses—eg, asthma
and hay-fever, by hyposensitisation—a gradual increase in
amount of allergen given to reduce the effects of subscquent
exposure to that allergen—has been practised since 1911.
Limitations to allergen immunotherapy’ include the
difficulty in identification of the allergen involved—eg, with
food or drug sensitivity. Moreover, the potential of such
immunotherapy to cause adverse reactions has restricted its
use in the UK.?

Consequently, we have made a peptide vaccine to provide
a new form of immunotherapy for patients with IgE-
mediated hypersensitivities.

Methods
Peptide antibody preparation
A decapeptide sequence within the CH4 domain of human IgE
(Lys~Thr-Lys—Gly-Ser-Gly-Phe-Phe-Val-Phe-NH,),  which

may be the signal to sensitised mast cells after allergen challenge,?
was synthesised in an LKB ‘Biolynx’ automared solid phase

synthesiser with F-moc active ester techniques® and characterised
by high-performance liquid chromatography. The peptide was
conjugated to keyhole limpet haemocyanin (KL.H) or the purified
protein derivative (PPD) of twberculin, with glutaraldehyde.*
Rabbits were immunised with the peptide-protein conjugates in
Freund's adjuvant for production of polyclonal peptide antibodies.*
Peptide antibody concentrations in serum were measured by
indirect and inhibition enzyme-linked immunosorbent assay
(ELISA).*

Mast cell studies

“The ability of polyclonal peptide antiserum to inhibit mast cell
activation was measured. In-vitro studies involved incubation of
samples that contained purified” rat peritoneal mast cells in
Hepes-buffered Tyrodes solution (150 yd with 10¢ cells for 15 minat
37°C) with equal volumes (100 pl) of 107* mol/l human &-chain
decapeptide solution at variable dilutions of rabbit peptide
antiserum (1 in 4, 1 in 8, or 1 in 16). After addition of
Hepes-buffered Tyrodes solution and centrifugation (150 g, 5 min),
histamine conceniration in the supernatant was measured by
automated spectrofluorimetry. In-vivo studies measured the ability
of rabbit antiserum to inhibit IgE-mediated passive cutaneous
anaphylaxis (PCA) reactions in male Wistar rats. Groups of six rats
were injected intradermally with 20 pl of serum (at in2,1in4,1in
8, and 1 in 16 dilutions) obtained from sensitised rats (see below).
After 48 h they were challenged intravenously with 5 mg ovalbumin
in Evans blue (2% w/v). Rabbit-peptide-antiserum (250 pl) was
given either concurrently with or 2 min before the allergen. In two
further groups of laboratory animals, rabbit-peptide-antiserum
(100 pl) or normal rabbit serum (100 pl) was given 48 h before
the allergen challenge. After 2 h, animals were killed with either

ADDRESS: Rheumatology and Allergy Research Unit,
Department of Immunology, University of Birmingham.
Medical School, Birmingham B15 2TJ, UK (D. R Stanworth, DSc.
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Dr D. R. Stanworth
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Fig 1—PCA inhibition tests.
PCA score was derived from a combined estimate of the area and

intensity of blueing reaction. i = Control, normal rabbit serum. % =rabhbit
pepuade antiserum.

anaesthetic and their skins were removed and examined from the
underside. The intensity of blucing at each site was compared with
that recorded at PCA test sites in control rats that had been
challenged with either ovalbumin mixed with normal rabbit serum
or normal rabbit serum alone.

Sensitisation of rats was campleted by subcutaneous injection of
500 pl chicken egg white (200 mg) and Borderelia pertussts (104
organisms/2-5 ml).¥

Immunisation studies

Rats were immunised with human £-chain decapeptide protein
carrier (KLH or PPD; conjugate, rar Cid domain mast cell
activation peptide 1Lys—-'l‘yrfAﬂn—GIy-Scr—Asn—Gln~Arnghr
Phe- He-Phe~NH,) or a non-histamine releasing analogue of this
dodecapeptide (in which the N-terminal lysyl residue was replaced
by a glvevl residue) either before or after they had been sensitised.
At the end of a 4-week immunisation period (subcutaneous
injection of immunogen in complete Freund’s adjuvant and later by
injection in incomplete adjuvant), “pre-immunised” rats were
sensitised a week later (as described above) before being challenged
with allergen (ovalbumin) after a further 4 weeks. “Post-
immunised” rats were immunised over 4 weeks, 3 weeks after
sensitisation, were re-sensitised after 1 week, and finally challenged
with ovalbumin 4 weeks later.

Fig 2—Biusing reactions.

Left, with normal rabbit serum (control); and right, rabbit peptide
antiserum

Peptide antibody and IgE concentrations in immunised rats” sera
(il vein) were measured in animals that received the human
conjugate by ELISA. Sensitised rats that had been immunised with
peptide were challenged by intravenous injection of near-fatal doses
of ovalbumin (5 mg) and compared with non-immunised laboratory
animals, Animals were killed 10 min later, and a blood sample
obtained by cardiac puncture. Histamine concentrations in pre and
post allergen challenge serum samples were measured by automated
spectrofluorimetry. Antibody profiles of scrum samples were
measured by ELLISA.

Results
Mast cell studies

Incubation of human g-chain decapeptide with rabbit-
peptide-antiserum  reduced peptide induced histamine
release from purified rat peritoneal mast cells (78% atlin 4,
72% at 1in 8, and 37% at 1 in 16 dilutions).

This inhibitory activity in vitro was also shown in in-vivo
PCA tests. A significant reduction in PCA reactivity (as
assessed by both measurement of area of blucing, and an
estimate of colour Intensity) was observed when rabbit-
peptide-antiserum was given 2 min before or at the same
time as allergen (ovalbumin). In addition, there was a
reduction in PCA activity when peptide-antiserum was
given with sensitised allergic rat serum as shown by
subsequent allergen challenge (figs 1 and 2)

Immunisation studies

In 5 of 6 rats immunised with a human peptide vaccine
before sensitisation to egg white, there were no increases in
serum  histamine concentrations and no  evidence of
anaphylactic responses after 1 mg ovalbumin injection. In
the sixth animal no peptide antibody was produced and the
serum histamine concentration increased. In contrast, 2
non-immunised control rats died from anaphylactic shock
and 2 showed evidence of anaphylaxis—g, dyspnoea and
cyanosis, after intravenous allergen challenge.

Effects of the human peptide vaccine on histamine
concentrations are shown in fig 3. Pre-immunisation (fig 3a)
caused a reduction in serum histamine from 330 to 70 ng/ml;
immunisation after sensitisation (fig 3b) reduced histamine
concentration from 2110 to 200 ng/ml (p <005, Mann
Whitney). Pre and post immunised rats showed significant
IgG antibody responses o the peptide vaccine (fig 4a).
However, IgE antibody concentration to ovalbumin fell after
ummunisation in both laboratory animal groups (fig 4b).
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Fig 5—Histamine release with rat peptide vaccines.

{a} Pre-immunised, and (b) post-immunised laboratory animals

A vaccine generated from a rar immunogenic peptide-
PPD conjugate (F49) led 10 a fall in scrum histamine
concentration after ovalbumin challenge in pre-immunised
rats from 300 to 0 ng/ml (fig 5a) and in post-immunised rats
from 950 to 50 ng/ml (fig 5b, p<0-01). A rar peptide
analogue (F57) had no significant effect on allergen-induced
histamine release.

Discussion

The reduction in circulating histamine concentrations and
the protection of sensitised rats from the consequences of
subsequent  systemic allergen  challenge by pre-
immunisation with a human £-chain decapeptide, suggestsa
new and effective form of immunotherapy.

The reductions in anaphylactic responsiveness to allergen
challenge, achieved with this heterologous peptide in
sensitised rats, may not necessarily take place if allergic
human beings are immunised with this same human
peptide. However, this possibility is unlikely because pre or
Post immunisation of sensitised rars with a rat Ce4
dodecapeptide, which was structurally homologous o the
human peptide, gave comparable results. It is possible that
the autoantigenic epitope, of which the synthetic rat
dodecapeptide is representative, is sequestered within the

rat IgE molecule and not recognised as self. This is
suggested by our failure to show reactivity of the peptide
immunised rats’ sera with rat or human IgE by ELISA.

The major peptide antibody response was IgG and not
IgE. Our finding of a reduced IgE response to allergen in
laboratory animals is consistent with earlier evidence that
shows that the human e-chain decapeptide behaves like
interleukin-4,° which upregulates expression of low-affinity
IgE FeeRIT receptors on B Iymphocytes, and enhances IgE
production. The peptide antibody made in response to
immunisation of rats with peptide-protein conjugate may
neutralise the effect of free e-chain peptide on IgE synthesis.

The application of these results to immunotherapy of
atopic patients may be important because of inhibition of
mast cell activation and reduced synthesis of IgE by B
lymphocytes. The definition of optimum mmunisation
conditions for long-term protection, the applicability of
these results to other allergens, and the possibility of passive
immunisation with murine monoclonal antibodies are bemng
investigated. Clincial trials will be needed to examine the
value of this new immunotherapeutic technique.
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From The Lancet

Outpatient departments in hospitals

The vutpatient departments of hospitals form a rich mine, which is
very imperfectly utilized and very nsufficiently appreciated by
medical students. Attendance on the physicians and surgeons who
have charge of the inpatients is compulsory on students; it is that
which is required by the examining boards. Attendance on the
outpatient rooms is given or withheld commonly at the will of the
student. Hence it is comparatively rare to find them at the elbow of
the medical officer in charge of this deparument, where they could
see and learn so much that is of the highest importance; while they
may be found in troops at the heels of the inpatient attendant, where
often, from their number, they can hardly see or leam anything.
Students who artend at hospitals, however, 1o qualify for the
profession in the true and best sense of that much-abused word,
should by no means neglect the outpatients. The multitude and
variety of their slighter aitments or carlier stages of disorder afford
the most valuable means of instruction: these are the phases of
disease which make up the mass of ordinary practice. The severer
forms and later stages of discase are proportionately rare.

(Oct 7, 1865)
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