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Allergens conjugated with several simple repeating polymers have reduced allergenicity in man,
but large doses retain the ability 1o suppress ongoing allergen-specific IgE synthesis in strains of
high-responder mice. To determine whether suppression of IgE antibodies could be induced in
man, preliminary trials of immunologic responses to conjugates in man were carried out in
ragweed hay fever patients treated with antigen E (AgE) coupled to methoxypolyethylene glycols
(MPEGs} of 5000 and 2000 daltons, lauryioxypolyethylene glycol of 1200 daltons, and a
random copolymer of D-lysine and D-glutamic acid of 69,000 daltons. In varying degrees all
these conjugates had reduced allergenicity by basophil histamine release when these conjugates
were compared with native AgE and could suppress IgE response in mice. Patients received one
of these conjugates or native AgE in a series of subcutaneous injections and were observed for
allergic reactions. The conjugates induced a lower rate of systemic reaction than native AgE but
failed to induce early suppression of IgE antibodies. Instead, early rises in IgE antibody
occurred in the several groups and were followed by a slow decline during a year or more that
was similar to that observed with standard immunotherapy. Because the conjugates eventually
caused local and systemic allergic reactions as the dose was raised, it was not possible to test
the IgE-suppressive effects at doses similar to those used in mice. In contrast, rapid sustained
rises in IgG antibodies occurred in all groups. The MPEG conjugates appeared to be more
effective than native AgE in this regard. The reduced rate of systemic reaction and rapid rise in
IgG antibody that was noted with MPEG conjugates make them worth further exploration as
agents for immunotherapy. (J ALLERGY CLIN IMMUNOL 73:782-9, 1984 .)

Animal experiments mainly in rodents have indi-
cated that antigens that are modified by conjugation to
simple repeating polymers have reduced allergenicity
yet retain the property of the native antigen in that
large doses result in suppression of an ongoing
specific-IgE response. These experiments have been
performed with haptens such as DNP? and penicilloyl?

groups and with protein allergens such as ovalbumin

and ragweed AgE.% * Suppression is specific and is
maintained over many weeks. Polymers have in-
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Abbreviations used
DNP:  Dinitrophenol
AgE: Antigen E
PEG: Polyethylene glycols

DGL: Copolymen of p-lysine and p-glutamic
acid
MPEG: Methoxypolyethylene glycol
BRIJ: Lauryloxypolyethylene glycol
SPRIA:  Solid-phase radioimmunoprecipitation

assay
RIA: Radioimmunoassay

cluded various alkoxyPEG of different molecular
weights,>~7 a random copolymer of D-glutamic acid
and p-lysine (DGL),!3~% and others. Several methods
of covalent linkage between polymer and antigen
have been tried. In general, the longer the chain and
the greater the degree of substitution, the greater the
reduction in allergenicity.
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Although the mechanism of suppression has not
been fully elucidated, the favored hypothesis is that
antigen-specific, T-suppressor cells are stimulated
and in turn down-modulate the proliferation of B cell
clones engaged in IgE synthesis. It has been sug-
gested repeatedly that the principle might be applica-
ble to allergic man so that specific undesirable IgE
antibodies could be abrogated with resultant amelio-
ration of allergic symptoms. This subject has recently
been reviewed by Sehon.®

This article describes our attempts to detect sup-
pression of IgE antibodies in ragweed-allergic indi-
viduals with ragweed AgE coupled to several poly-
mers including MPEG of 5000 and 2000 daltons,
lauryloxyPEG (BRIJ) of 1200 daltons, and DGL of
69,000 daltons. Control patients were given unaltered
AgE because immunotherapy with native allergens is
well-known to suppress annual rises in IgE antibody
that occur during natural respiratory exposure and to
result in eventual partial reduction in serum levels of
IgE antibodies. The results reveal little hope that the
conjugates tried can achieve clinically useful sup-
pression but do suggest that the properties of these
conjugates might be used successfully in conven-
tional immunotherapy to raise IgG-blocking anti-
bodies.

MATERIAL AND METHODS

MPEG-5K-AgE. MPEG having an average molecular
weight of about 5000 daltons was activated with cyanuric
chloride by the method of Abuchowski et al.® and then
coupled to AgE as described previously.® Chamical analysis
indicated that about six of the total 18 lysyl residues of AgE
were medified with- MPEG side chains. Electrophoresis in
4% polyacrylamide gel containing sodium dodecylsulfate
demonstrated the MPEG-5K-AgE to contain one broad band
of 250K to 600K daltons. The broadness of the band is due
partly to dissociation of AgE into its two polypeptide
chains.®

MPEG-2K-AgE and BRIJ-1K-AgE. MPEG of average
molecular weight of 2000 daltons and BRIJ of average mo-
lecular weight of 1200 daltons were converted to their re-
spective O-(alkoxyPEG)-S-carboxamidomethyldithiocarbo-
nates by the method of King and Weiner.' The activated
alkoxyPEG. derivative (10mM) was then coupled to AgE
(0.2 to 0.3 mM) in sodium borate buffer of pH 9.2. After 16
to 20 hr at 25° C, the mixture (25 ml or less) was separated
on a column (200 by 2.6 cm) of Sephacryl S-200 (Phar-
macia, Piscataway, N.J.) with 0.1M NH,HCO; as eluent.
To avoid micelle formation of the BRIJ-dithiocarbonate, the
reaction mixture was diluted eightfold before separation.
Both conjugates, MPEG-AgE or BRIJ-AgE, were eluted at
about 480 m! (column void volume at about 380 ml),
whereas the native AgE and the excess dithiocarbonate were
eluted at about 620 and 900 ml, respectively. Chemical and
spectral analyses demonstrated the conjugates to contain 6
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to 8 alkoxyPEG groups per moie of AgE, and the concen-
tration of AgE conjugates was established by amino acid
analysis after acid hydrolysis. Electrophoresis in 5% poly-
acrylamide gel containing sodium dodecylsulfate demon-
strated the MPEG-2K-AgE to contain one broad band of
40K to 90K daltons, whereas the BRIJ- 1K-AgE contained a
broad band of 40K to 70K daltons. Two batches of MPEG-
2K-AgE and three batches of BRIJ-1K-AgE were prepared
during the course of the study.

Acute safety tests of each batch of conjugate were done
in mice by intraperitoneal injection of 0.2 ml of a 0.1 mg
per milliliter solution and in guinea pigs by injection of 4
ml. No unusual symptoms or weight changes were ob-
served; normal histopathologic results were found when the
animals were killed on day 7; no long-term ill effects were
found in mice that had been treated with the first batch of
each conjugate (200 pg per mouse) and observed for 3 to 6
mo. These studies served to demonstrate the sappressive
effects of MPEG-AgE and BRIJ-AgE in animals > ¢

The methods used for gel electrophoresis and for measur-
ing the relative antigenicity of the conjugates have been
described previously.'!

AgE. Unaltered AgE to be administered to control pa-
tients was furnished by Miles Laboratories, Elkhart; Ind,
The sample was verified by gel electrophoresis. and by
quantitative rocket immunoelectrophoresis -with specific
rabbit antisera. By these tests the sample contained
60 + 15% of the stated AgE concentration.

DGL-AgE. AgE from the same batch was coupled by
Miles Laboratories to a random copolymer of DGL with a
ratio of 60 D-glutamic acid/40 p-lysine, and. an average
molecular weight of 69,000 daltons was furnished: AgE/
DGL = 0.36 so that about three side chains were attached to
each molecule of AgE. The single.batch of DGL-AgE used
in these studies was tested in mice by Dr. David G. Katz
and suppressed IgE responses to AgE (persenal communi-
cation).

Diluent. Phosphate-buffered saline with 0.4% phenot and
0.03% human serum albumin was furnished by Miles Lab-
oratories.

Standardizarion. All materials ‘were labeled according to
their content of AgE in micrograms; hence, all doses are
reported in AgE equivalents. The AgE concentration after
conjugation was determined by amino acid analysis (see
description of conjugates) and by ulira violet absorption.
Ultra violet absorption of AgE at 280 nm was only slightly
changed by the coupling process so that the AgE equiva-
lency of conjugates could be redetermined: directly from
protein content.® Stock solutions of 500ug AgE Eq/ml of
MPEG-2K-AgE and BRIJ-1K-AgE were furnished in
phosphate-buffered saline containing 0.2% methylparaben.
AgE and DGL-AgE were furnished as 1000 gg AgE Eq/ml
of stock solutions in phosphate-buffered saline containing
0.4% phenol. As the Miles Laboratories AgE restandard-
ized in our laboratory gave a value 60% of that stated on the
label, dosages of AgE and DGL-AGE adsninistered to pa-
tients were calculated by use of the corrected figure: New
dilutions were made from stock -concentrates at” regular
intervals and were stored at 4° C. They were kept in an



784 Norman et al.

TABLE . Relative activity of conjugates of AgE

J. ALLERGY CLIN. IMMUNOL.
JUNE 1984

By histamine release®

Reaction with

Before treatment

After treatment rabbit anti-AgEt

DGL-AgE 1.54
MPEG-2K-AgE 1.61
BRU-1K-AgE 3.39
MPEG-5K-AgE 312

1.26 ND

2.17 i>47+23

5.58 >37=x038
- 130

ND = not done.

*Ratio concentration of conjugated AgE/AgE for 50% histamine release.
tRatio concentration of conjugated AgE/AgE for 50% inhibition of binding of labeled AgE to rabbit anti-AgE.
tAverages of three preparations (September 1980; April 1981; September 1981).

ice chest on the day of injections to maintain storage tem-
perature.

Patients. Individuals between the ages of 18 and 55 yr
with histories of autumnal hay fever were chosed from vol-
unteer responders to a newspaper article describing the
study. Patients were accepted if they were in good health
except for allergy, could conform to the needs of the study,
and had a positive intradermal skin reaction (10 mm wheal
and >20 mm erythema) to 0.01 PNU/ml or less of whole
ragweed extract. Patients who had previously received im-
munotherapy with ragweed extract were excluded. Patients
were informed as to potential risks and benefits and gave
consent on a form approved by the Johns Hopkins Joint
Committee on Clinical Investigation.

Histamine release. Leukocyte histamine release was per-
formed on the basis of the method of Lichtenstein and Os-
ler!? as modified by May et al.’® Briefly, washed leukocytes
resuspended in a Ca** containing buffer are exposed to
various concentrations of native or modified allergen at 37°
C for 45 min. The cells are then pelleted by centrifugation,
and the released histamine measured by use of an automated
fluorometric method.! The released histamine is expressed
as a percentage of the total histamine content of aliquots of
perchloric acid-lysed cells after subtraction of the cell blank
(=5% of total) from all samples. Dose-response curves
(percent versus allergen concentration in AgE equivalents)
are plotted, and the allergen dose required for 50% hista-
mine release determined.

IgE antibodies. A highly sensitive RAST by use of
Sepharose 4B to which purified ragweed AgE was coupled
was used as previously described.'® All IgE antibody results
are reported in nanograms per milliliter and calculated on
the basis of a standard serum pool that ws quantified by use
of a RAST elution method.'® All sera from an individual
patient were run in duplicate at two dilutions in the same
assay and were repeated if the coefficient of variation be-
tween dilutions exceeded 10%.

IgG antibodies. The sera obtained in 1978 and 1979 were
analyzed by use of highly sensitive double antibody
radioimmunossay.'” After the development of a SPRIA by

use of radiolabeled Staphylococcus aureus A as the detec- -

tion protein,'® this system was used to measure AgE-
specific IgG antibodies in 1980 and 1981. An excellent
correlation exists between the results obtained by RIA and

SPIRA when purified allergens are used r = 0.981, p <
0.001."® Numerically, a 100-fold ratio exists between the
results obtained by RIA versus SPRIA. Therefore for con-
sistency, the early RIA values were multiplied by 100 and
are reported in terms of arbitrary SPRIA units.

‘Symptom diaries. Patients filled out daily symptom diary
forms as described previously*® for 8 wk during the ragweed
pollination season. The forms report the duration of sneez-
ing, rhinitis, conjunctivitis, and cough for each 12-hour
period, along with antihistamine and other medication used.
An average daily symptom and medication score for each
patient and an average score for each group of patients for
each day of the season were calculated.

Reactions. Patients were observed for 30 min after each
injection, and the size of any wheal and erythema at the site
of injection and any systemic symptoms were recorded.
Each patient was given a sheet to record the size of any local
swelling at 24 hr and on subsequent days, if any swelling
was still present. These forms were returned by mail.

RESULTS

In 1978 a preliminary trial of MPEG-5K-AgE was
carried out in four volunteers. A study of the al-
lergencity of MPEG-5K-AgE and AgE by basophil
histamine release demonstrated in six untreated rag-
weed-sensitive donors that the ratio of concentration
required for 50% histamine release (MPEG-5K-AgE/
AgE) ranged from 180 to 666 with a mean of 312.
The antibody-combining activity of MPEG-5K-AgE
relative to that of AgE is 130 (Table I) as determined
by comparing the concentrations of conjugate of AgE
required for 50% inhibition of the binding of
horseradish peroxidase-labeled AgE to plastic tube-
bound rabbit antibody specific for AgE.

On the basis of this low allergenicity, a brief course
of injections was planned involving four preseasonal
visits with two or three injections per visit starting in
late June when the compound became available.

On the first day the planned schedule was 0.1, 1.0,
and 10.0 ug AgE equivalents administered at 30-
minute intervals. Three patients received these doses
with only a mild early wheal and erythema reactions,
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TABLE Il. Treatment with MPEG-5K-AgE

immunologic responses to antigen 785

Cumulative dose IgE antibody
(microgram AgE (nanogram per 1gG antibody
equivalents) milliliter) (Arbitrery units)
Before After Before After Symptom
Patient Preseason treatment treatment®  treatment treatment® sgore

1978
R W. 1111 86 17 <156 10000 3.5
J. W, 226 55 53 <156 16100 11.0
C. M. 861 76 73 <156 141290 1.4
K. C. 96 375 >670 <156 714300 8.6
1979
R.S. 2171 <] <1 <156 <156 0.5
B. R. 476 <} <1 <156 <156 3.9
P. Mc. 241 <1 <1 <156 4300 119
M. D. 831 27 23 <156 3500 6.2
T. M. 58 56 83 <156 4500 14.5
E. P. 225 136 136 <156 10000 9.3
D. R. 66 161 230 <156 8300 2.9
C. M. (second year) 360 60 75 27700 140000 1.4

*Approximately September 15 (midseason).

but one patient had a larger wheal and erythema after
1.0 ug. The final dose was limited to 5.0 ug. At 24
hir, this patient had developed a large swelling extend-
ing to the elbow that lasted for 3 days. Subsequent
doses were administered in single injections weekly
for the next 5 wk, and dosage was limited again by a
second late swelling 12 cm in size. The other three
patients received their injections in the planned three
additional visits and did not have large, late local
reactions, although immediate wheal and erythema
reactions were a source of caution that limited dosage
in one patient. There were no systemic reactions.

Table 11 details cumulative doses administered, pre
and postireatment IgE and IgG antibodies to AgE, and
mean daily symptom scores in these patients. Large
rises in IgG antibody accompanied by little or no rise
in IgE antibodies were encouraging immunologic re-
sponses. Symptom scores were variable and not re-
markably - different from those obtained in other
treated groups of patients.

This resuit encouraged a further trial in 1979. Only
one patient of the 1978 group was available for study,
but eight additional patients were recruited to receive
MPEG-SK-AgE for the first time. One of these pa-
tients failed to keep appointments and did not receive
any shots. The other seven patients had an initial
series of injections in four weekly visits in late April
and May with one to:three injections per visit depend-
ing on previous reactions. There was one systemic
reaction in one patient requiring antihistamine only.
One large, Iate local reaction occurred in one patient,

and three such reactions ocourred m_amm pamnt

were evaluated, the pams tweaved a
injection on August 15, and another serum was taken
for antibodies about 30 days later.

Table II illustrates dosages, before aﬁé after
booster-antibody levels to AgE, and symptom sc
Despite positive skin tests to whole 13
three patients were found to have und
treatment levels of IgE mbady w '

addxmal pabmﬁcanmaws haﬁng bcen mwmd to
induce specific-IgE suppression: in mice, it seemed

appropriate to try several compounds.
compared with unaltered AgE in patien
sensitivity. The availability of BRIJ-1K,

and DGL (69K) allowed us to oy sewral chain
lengths and at the same time, varying degrees of sub-
stitution. Accordingly, 48 patients were selected for a

These were
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TABLE Ill. Dosages* and reactions
No. No. Highest Cumulative 4-Hour Systemic

Group patientst  injections . doset doset reactions§ reactions||
1980
AgE 10/2 22 190 (27 to 360) 880 (190 to 1640) . 9/4 3/4/4
DGL-AgE 10/3 22 310 (150 to 600) 1480 (600 to 2620) 6/5 2/0/2
MPEG-2K-AgE 9/1 22 330 (90to730) 1640 (400 to 2410) 5/3 0/2/1
BRIJ-1K-AgE 9/2 22 440 (30t0930) 2220 (200 to 4530) 10/4 1/0/1#
1981
AgE 7 11 380 (30t0600) 2240 (290 to 3530) 4/1 1/1/1
DGL-AgE 7 12 460 (210to 600) 3360 (820 to 6350) 1/1 0/0/0
MPEG-2K-AgE 7 15 550 (75to 1000) 3480 (600 to 6250) 3/2 0/0/0
BRIJ-1K-AgE 5 13 580 (300 to 1000) 4260 (2620 to 4726) 3/2 0/0/0

*Microgram AgE equivalents.

TNumber of patients who completed year/number of patients who dropped out during year. Patients who dropped out not included in num-

ber of injection or dosage tabulations.
$Mean and range.

§Number of reactions larger than 10 cm/number of patients who had reactions.

[|[Number of reactions rot requiring epinephrine/number of reactions requiring epinephrine/number of patients- who had reactions.
fOne patient who dropped out had two reactions requiring epinephrine.

#One patient who dropped out had one reaction not requiring epinephrine.

preseasonal study in 1980 and matched into quartets
on the basis of skin tests to whole ragweed extract.
Members of each quartet were assigned at random to
one of the possible treatments (three conjugates and
unaltered AgE).

In the patients to be treated with each conjugate, an
estimate was made by histamine-release studies on
blood basophils of the relative allergenicity of the
conjugate. Table I demonstrates the geometric mear
ratio of the relative allergenicity of each conjugate in
each group of patients as determined before and after
the first year of treatment. Table I also demonstrates
the relative antibody-combining activity of conjugate
as determined with rabbit antibodies specific for AgE.
There appears to have been little change with treat-
ment and fair agreement between methods by use of
different antibodies. The ratios of these conjugates are
clearly much less than that of the MPEG-SK-AgE
used in 1978 and 1979 (see discussion).

Several patients found that they could not meet the
schedule of injections and blood samples after being
selected and dropped out before receiving any treat-
ment. Forty-six patients began treatment of whom 38
completed the protocol. All material became available
later than anticipated, but treatment was initiated in
1980 nevertheless because the main purpose was to
examine immunologic rather than clinical responses.
Injections were initiated on July 11, and several shots
were given at each of six weekly visits until August
15. Thereafter a single injection was given every 2 wk
until December 29 at which time injections were dis-
continued temporarily to evaluate immunologic re-
sponses and the usefulness of further study. Eight

patients dropped out before completion of the series.
So far as could be ascertained by personal contact,
seven of these were due to personal reasons. One
patient receiving MPEG-2K-AgE desired to discon-
tinue injections after two reactions with systemic
symptoms treated with epinephrine.

Table III demonstrates the number of patients in
each group who completed the first series of injec-
tions, the dosages administered, and the rate of reac-
tions. The mean dose administered to patients receiv-
ing conjugates was somewhat larger than the dose
given to those receiving AgE. Systemic reactions oc-
curred with all four materials. Counting both patients
who completed the first course of treatment and those
who dropped out before completing it, the rates of
systemic reaction (number of reactions/number of in-
jections) were 7/241 for AgE, 2/253 for DGL-AgE,
2/216 for MPEG-2K-AgE, and. 1/217 for BRIJ-1K-
'AgE. Because the dose was reduced after systemic
reactions in 4/10 patients on AgE, the mean dose of
AgE was lower than that of the three conjugates. De-
spite that fact, three reactions rated as 4+ (requiring
more than 0.5 ml epinephrine) occurred in the AgE
group, and none so severe occurred in the other groups
so that it appears that the reduced allergenicity of the
modified allergens demonstrated by histamine release
reduced the tendency to elicit systemic reactions.
Local swellings larger than 10 cm were infrequent in
all four groups but did result in limitation of dosage in
a number of patients. There does not appear to be a
difference in the rate of 24-hour local reactions.

An assessmient of IgE antibodies to AgE in sera
taken from these patients during and just after the first
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series of injections demonstrated that all except one
patient had an initial rise in IgE antibody and that in
many the titer had begun to decline by the time the
final serum was received 2 to 3 wk after the last injec-
tion. Every patient also had a striking rise in IgG
antibody titer to AgE. Symptom scores taken during
the season of ragweed pollination failed to demon-
strate any differences between the groups.

Because of the possibility that further treatment
with larger doses might begin to produce the desired
decline in IgE antibodies, a second year of treatment
was planned and all 38 patients were offered the op-
portunity to continue with a course of further injec-
tions. Twenty-six responded favorably; the other 12
cited difficulty in making appointments or lack of
progress as reasons for not continuing with the study.
Patients were administered single injections at 2-week
intervals from early June until the end of November
1981. The initial dose has one tenth the final dose of
the previous series, and dosage was raised according
to the physician’s judgement as to tolerance. One per-
son receiving AgE had two systemic reactions. No
systemic reactions occurred in the other three groups.
Dosages and reactions are demonstrated in Table III.
Larger doses were achieved in all patients, but two
patients remained at single-dose levels lower than 250
ug of AgE equivalents, one receiving AgE because of
several systemic reactions and one receiving MPEG-
2K-AgE because of several large local reactions. As
is common in the second year of immunotherapy,
reactions of both types occurred less frequently.

Antibody responses were determined in detail only
on those patients who completed both years of study.
Fig | demonstrates serial specific—IgE antibody de-
terminations on these patients (a sixth patient who
received BRIJ-1K-AgE and who dropped out only 2
mo before the completion of the study was added for
completeness). An initial rise in IgE-antibody titer
followed by a subsequent decline toward pretreatment
levels appears to be the general rule. In 1980 the early
rise in IgE antibody is similar to that observed usually
when immunotherapy is initiated. Since it occurred
concomitantly with seasonal exposure, the effects of
injection and natural inhalation are not readily distin-
guished. After a 5-month rest, several patients had a
modest secondary rise after the second course of
treatment was begun. Three patients (one on DGL-
AgE and two on MPEG-2K-AgE) started with low
levels and had a continuing rise in titer over the period
of study, although their final IgE-antibody level was
still low. The responses to conjugated AgE prepara-
tions do not appear to be significantly different from
the response to unaltered AgE.

Table I'V demonstrates the IgG antibody 2 wk after
the last injection in the same patients. All four agents

Immunologic responses to antigen 787

DGL-AgE

1000, 29E

]

LR

o1
1000

R R S S S St R —
681022468101 168I10IR2468I10R1
- .

MPEG- 2K AgE

'OOT/_‘\/ \_./‘
T —

BRIJ-1K-AgE
ﬁ“/
4

~—= AR
{:% A -

IgE ANTIBODY TO ANTIGEN E (ng/mt)

0.1+ L AL (F 1T T T2 T S TS 7 i
6 8101224 6 8101216 8I01R24868I10I1I
1980 1981 1980 198t

FIG. 1. IgE antibody to AgE (nenogram per milliliter} by
quantitative RAST during two seasons: af'tmim@m npa-
tients followed for entire mﬁcd of study. Injections. of
conjugates or native AgE are indicated by arrows.

produced sizable antibody responses that increased
with the larger doses administered the second year.
PEG-conjugated AgE appears to be samwkat miore
efficient at raising IgG antibody levels than the other
agents in this trial, but the difference is of barﬁgﬂme
significance. Symptom scores in both years were
similar in the four groups and lower than usually re-
ported by placebo treated groups (Table V). As in
other studies, we were unable to discern any quantita-
tive relationship between symptom scores and insea-
son IgG antibody (not shown).

The addition of several synthetic polymers of sim-
ple structure to allergens appears not to can’y any
increased risk of toxicity. Both long-term animal stud-
ies and administration to humans over several years
have been without evidence of hemazetw or
hepatic toxicity. The structure of these matmals
suggests that they will be x‘ea&ly me
creted. Studies with radiolabeled M
gate of bovine .plasma amumm in rabbits demon
strated that more than 90% of the canﬁ;gme appeared
in urine after 4 days and that less than 4% was still
retained by the animal (chiefly in the liver) after 31
days.?
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TABLE V. IgG antibodies to AgE*—geometric means and ranges

No. Before After After
Group patients treatment treatment (1980)1 treatment (1981)t
AgE 7 958 (300 to 3760) 19920 (12560 to 39300) 33980 (18170 to >80000)
DGL-AgE 7 896 (<156 to 4550) 22260 (10750 to >>40000) 43550 (19700 to >80000)
MPEG-2K-AgE 7 456 (=156 to 999) 38550 (23090 to >80000) 65334 (35880 to >80000)
BRIJ-1K-AgE 6 904 (459 to 1758) 15100 (<170 to 45260) 46020 (19290 to >80000)

* Arbitrary units.
‘TApproximately 2 wk after last injection.

TABLE V. Mean daily symptom-medication scores

1980 1981
No. Mean No. Mean
Group patients score patients score
AgE 10 4.2 7 5.1
DGL-AgE 10 6.2 7 6.7
MPEG-2K-AgE 9 5.6 7 6.3
BRU-1K-AgE 9 5.7 5 4.5

The reduced allergenicity of these materials in in-
ducing immediate skin test reactions or basophil his-
tamine release in vitro appears to be reflected in a
lower rate of systemic reactions when they are admin-
istered by injection. In the comparison of native AgE
with three conjugates, systemic reactions were more
frequent and more severe in the AgE patients despite a
lower mean dose. Among the compounds tried, the
conjugate MPEG-5K-AgE appears to be most suc-
cessful in this regard as it was the least allergenic and
induced a considerable IgG-immune response with
only four visits for injections. Although the al-
lergenicity ratio of the other three compounds was
much less, in the first year of treatment when the risk
of systemic reactions is the highest, these compounds
appeared to cause fewer reactions than did unaltered
AgE.

The higher reduction of allergenicity and anti-
body-combining activity of MPEG-5K-AgE relative
to that of the MPEG-2K-AgE or to BRIJ-1K-AgE is
not solely a result of the increased size of MPEG-5K
groups or the different degrees of substitution of al-
koxyPEG groups. It is more a consequence of the two
different chemical methods used for the preparation of
these conjugates, since samples of MPEG-5K-AgE
prepared by the two methods differ in their size distri-
bution. When MPEG-5K-AgE was prepared by the
dithiocarbonate method"! its antibody-combining ac-
tivity was only slightly lower than that of the MPEG-
2K-AgE prepared by the same method, but it was
much higher than that of MPEG-5K-AgE prepared by

the cyanuric chloride method to a similar degree of
substitution.

Despite the reduction in allergenicity, there was
sufficient tendency in about half the patients to cause
reactions, particularly late, local swellings at the site
of injection to limit dosage below the rather modest
top dose planned of 1000 ug of AgE equivalent per
injection, and this dose was achieved with some regu-
larity only near the end of the second year of treat-
ment. This dose is far below that administered to mice
to suppress IgE synthesis. For example, ragweed al-
koxyPEG conjugates have been given to mice in
doses of 50 to 1000 g per mouse to induce suppres-
sion, 70 to 1400 times the dose on a weight basis that
we have administered to man. It appears that a conju-
gate for suppression in man will be useful only if the
doses required are at least tenfold less.

When the alkoxyPEG-AgE conjugates were used in
low doses in mice," they demonstrated greatly re-
duced immunogenicity for primary antibody re-
sponses, but they were just as effective as native AgE
in inducing secondary antibody responses. Only when
the conjugates or the native antigen were used in high
doses in mice did they demonstrate suppression of
specific IgE responses with the conjugates being
slightly more effective than the native antigen.’® The
immunologic findings in man when limited doses
were used are, therefore, quite similar to the findings
in mice. It appears therefore that in man these mate-
rials should not be thought of as uniquely capable of
suppressing IgE antibodies but rather as relatively
conventional immunizing agents. Such agents regu-
larly cause first a rise in IgE antibodies and only later
cause a modest decline that appears to be clinically
irrelevant. An earlier study suggests that a rise in IgG
antibodies may have more to do with clinical efficacy
in immunotherapy.2°

Conjugates such as these might therefore achieve
the immunologic response and the degree of relief
obtained from immunotherapy with unaltered extracts
but in fewer injections with a reduced risk of unto-
ward allergic reactions. Our results suggest that max-
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imum efficiency in this regard would come from
higher degrees of substitution with longer chain
polymers than were used in our studies. The degree of
substitution, however, is limited by the problem of
denaturation that produces proteins so extensively
modified as to be poorly immunogenic for antibody
responses specific for the native proteins.?!

REFERENCES

1.

Katz DH, Davie JM, Paul WE, Benacerraf B: Carrier function
in anti-hapten antibody responses. IV. Experimental condi-
tions for the induction of hapten-specific tolerance or for the
stimulation of anti-hapten assamnestic responses by ‘‘nonim-
munogenic’’ hapten-polypeptide conjugates. J Exp Med 134:
201, 1971

. Chiorazzi N, Eshhar Z, Katz DH: Induction of immunological

tolerance to the major antigenic determinant of penicillin: A
therapeutic approach to penicillin allergy. Proc Natl Acad Sci
USA 73:2091, 1976

. Lee WY, Sehon AH: Abrogation of reaginic antibodies with

modified allergens. Nature 267:618, 1977

Liu FT, Katz DH: Immunological tolerance to allergenic pro-
tein determinants: A therapeutic approach for selective inhibi-
tion of IgE antibody production. Proc Natl Acad Sci USA
76:1430, 1979

. King TP, Kochoumian L, Chiorazzi N: Immunological prop-

erties of conjugates of ragweed pollen antigen E with meth-
oxypolyethylene glycol or a copolymer of D-glutamic acid and
D-lysine. J Exp Med 149:42, 1979

. King TP, Weiner C: Immunologic properties of conjugates of

ragweed antigen E with various alkoxypolyethylene glycols.
Int Arch Allergy App! Immunol 66:439, 1981

. Wie SI, Wie CW, Lee WY, Filion LG, Sehon AH, Akerblom

E: Suppression of reaginic andtbodies with modified allergens.
III. Preparation of tolerogenic conjugates of common allergens
with monomethoxypolyethylene glycols of different molecular
weights by the mixed anhydride method. Int Arch Allergy
Appl Immunol 64:84, 1981

. Sehon AH: Suppression of IgE antibody responses with tolero-

genic conjugates of allergens and haptens. Prog Allergy
32:161, 1982

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Immunologic responses to antigen 789

. Abuchowski A, Van Es T, Palczuk NC, Davis FF: Alteration

of the immunological properties of bovine serum albumin by
the covalent attachment of polyethylene glycol. J Biol Chem
252:357, 1977

King TP, Alagon A, Kochoumian L., Kuan J, Sobotka AK,
Lichtenstein .M: Limited proteolysis of antigens E and K from
ragweed pollen. Arch Biochem Biophys 212:127, 1981

King TP, Weiner C: Preparation of protein conjugates with
alkoxypolyethylene glycols. Int J Pept Protein Res 15:147,
1980

. Lichtenstein LM, Osler AG: Studies on the mechanisms of

hypersensitivity phenomena. IX. Histamine release from
human leukocytes by ragweed pollen antigen. ] Exp Med
120:507, 1964

May DC, Lyman M, Albert R, Cheng J: Procedures for immu-
nochemical study of histamine release from leukocytes with
small volumes of blood. J ALLERGY 46:12, 1970

Siraganian RP: An automated continuous-flow system for the
extraction and fluorometric analysis of histamine. Anal Bio-
chem 57:383, 1974

Sobotka AK, Adkinson NF Jr, Valentine MD, Lichtenstein
LM: Allergy to insect sting. I'V. Diagnosis by radivallergosor-
bent test (RAST). J Immunol 121:2477, 1978

Schellenberg RR, Adkinson NF Jr: Measurement of ‘absolute
amounts of antigen-specific human IgE by a radioallergosor-
bent test (RAST) elution technique. J Immunol 115:1577,
1975

Sobotka AK, Valentine MD, Ishizaka K, Lichtenstein LM:
Measurement of IgG-blocking ‘antibodies: Development and
application of a radioimmunoassay. J Immunol 117:84, 1976
Hamilton RG, Sobotka AK, Adkinson NF Jr: Solid phase ra-
dioimmunoassay for quantitation of antigen-specific IgG in
human sera using '**I-protein A from Staphvlococcus aureus. ]
Immunol 122:1073, 1979

Norman PS, Winkenwerder WL: Suppression. of hay fever
symptoms with intranasal dexamethasone aerosol. J ALLERGY
36:284, 1965

Norman PS: Immunotherapy . In Ishizaka K, editor: Progress in
Allergy, Basel, Switzerland, 1982, S Karger. vol 32, pp 318-
346

Norman PS, Ishizaka K, Lichtenstein LM, Adkinson NF Jr:
Treatment of ragweed hay fever with urea-denatared antigen
E. J ALLERGY CLIN IMMUNOL 66:336, 1980



