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COMPARISON OF POLYMERIZED AND UNPOLYMERIZED ANTIGEN E FOR
IMMUNOTHERAPY OF RAGWEED ALLERGY

W. James MEeTzoer, M.D., Roy PaTTERSON, M.D., C. RayMOND ZEIss, M.D., Joun S. Irons, M.D.,
Jacos J. Pruzansky, Pu.D., IrRENa M. Suszko, B.S., aNp Doris LeviTz, B.S.

Abstract Polymerization of ragweed antigen into
high-molecular-weight polymers couid improve im-
munotherapy for ragweed pollinosis by reducing side
effects while retaining immunogenicity. To study this
thesis, 23 ragweed-sensitive patients were treated
with either ordinary ragweed antigen E or ragweed an-
tigen E polymerized by glutaraldehyde. Four patients
received the polymerized antigen, and six controls or-
dinary antigen according to the standard immuno-
therapy schedule; two groups of three patients re-
ceived either form by a “doubling-dose” schedule.

MMUNOTHERAPY for ragweed pollinosis is an

effective form of therapy for the atopic person as in-
dicated by studies recently reviewed.! However, the
use of immunotherapy is limited by local and systemic
reactions. Efforts to improve immunotherapy have in-
cluded “repository therapy™ using mineral oil and
emulsifiers, alum-precipitated extract and the modi-
fication of antigen to reduce allergenicity but retain
immunogenicity.? The polymerization of antigen into
high-molecular-weight polymers represents a further
effort to improve immunotherapy by reducing aller-
genicity while retaining immunogenicity.

Recently, we reported the polymerization of rag-
weed antigen E with glutaraldehyde into a selected
high-molecular-weight polymer with a molecular
weight of 200,000 to four million daltons.® This poly-
merized ragweed antigen E was found to be slightly
more antigenic in animals than antigen E mono-
mer,™* and it required 10 to 100 times as much po-
lymerized antigen on a weight basis as the monomer
to release an equivalent amount of cellular hista-
mine.> The rate of disappearance of the polymerized
antigen from skin sites is less than that of ordinary an-
tigen, and the polymerized form was found to localize
to spleen and liver rather than to be excreted in the
urine after intravenous injection.* A very-high-molec-
ular-weight polymer (range of four to 20 million dal-
tons) was also prepared but was not used for human
studies because in rabbits it was found to induce more
IgE antibody than the lower-molecular-weight poly-
mer.* These studies suggested that polymerized anti-
gen might be useful for immunotherapy.

To show the usefulness of the polymerized antigen
for ragweed immunotherapy, clinical studies were un-
dertaken comparing it with regular antigen in 23 un-

Seven subjects received the polymerized antigen by a
schedule in which each successive dose was tripled.
Serum antigen E binding capacity (biocking antibody)
increased significantly in all subjects (P<0.001 by Stu-
dent t-test). Patients treated with polymerized antigen
had fewer local and generalized reactions than those
receiving the monomeric preparation.

Polymerized ragweed antigen permits more rapid
immunization of atopic persons, with fewer side ef-
fects, than standard monomeric preparations. (N Engl
J Med 295:1160-1164, 1976)

treated ragweed-sensitive patients. The first phase of
the study was designed to prove its clinical safetv. ef-
fectiveness and immunogenicity in human beings.
Further studies were undertaken to determine if po-
lymerized ragweed antigen E could be given more
rapidly, but with less risk to the patient. than antigen
E monomer during immunotherapy. This ¢ omparison
was made with the knowledge that antigen E had al-
ready been shown to pose somewhat less risk during
immunotherapy than crude ragweed antigen. but to
possess equal clinical efficacy.

The results of the studies suggested that the po-
lymerized antigen was sale, effective and capable of
inducing blocking antibody in treated patients. A
maintenance dose could be given in as few as nine in-
jections, in less than one-third the time required
by crude-ragweed therapy, with little risk to the pa-
tient.

.

MATERIALS AND METHODS
Seiection of Subjects

The investigator who was to receive the dose equivalent of a
three-year course of polvmerized ragweed anugen E to demon-
strate safety was nonatopic and had no histors of t Linitis or asthma.
Subsequently, 23 atopic subjects with mirked <kir. rear uvity (prick
test) to crude ragweed (1:20, Hollister-stier. Spokane. Washing-
ton) and a seasonal history of ragweed is were chosen to
participate in the study. Two subje previously received im-
munotherapy, each 20 vears before « v Subiects were men or
women between the ages of 2% an d matched as far as
possible by cellular reactiviev or nen received only
standard ragweed antigen E. The ueen approved by the
Human Subjects Review Co estern University
Medical School

Method of Immunotherapy

From the Department of Medicine, Section of Allergy-Immunology, and
Immunology, Northwestern University
s reprint requests to Dr. Putterson ut the Department [
of Medicine, Northwestern University Medical School, 303 E. Chicago gen was made in the r
Ave. Chicago, IL 60611)

Supported by the Lrmest S. Bazley Grant and by a grant (Al 11403) from amount of standard an
the National Institute of Allergy and Infectious Discases,

the Department of Microbiology-
Medical School (addres

Immunotherapy was initi
ther standard ragweed an
or a polymer of antiver E-1\VC
million daltons) as previo

tion of monomer an

equivalent to the amoun

Hion with ei-
ariven E,

L2 e foar

zed anti-
Tieriza-
- lhe

he




SRR -
YAl
vl 293 No.o 21 INMUNOTHERAPY OF RAGWEED ALLERGY — METZGER ET AL. 1161

munotherapy with crude ragweed * The protein content of the an-
tigen was determined front optical-density measurements at 280 nm
with a Beckman DU spectrophotomerer. The final maintenance
dose of either preparation containing 1875 pe of antigen E was con-
sidered equivalent to the antigen Ein 00530 mb of 1:50 crude rag-
weed. a dose used commoniy for high-duse therapy.” Each prepa-
ration of either antizen was fiitered through & 11 20-um bacterial fil-
ter (Nalge Filter Unit. Nalge Sybron Corprration. Rochester. New
York) and cultured for bacteria and fungi Polvmerized ragweed
antigen E was preparcd every six months Both forms were dijured
in a solution of phosphate-buffered 0.15 M sodium chloride. pH
7.35, containing 0.5 per cent phenol and were stored at 4°C.. Both
polymer and monomer were renewed for treatment purposes every
(wo to three weeks, although polymerized antigen has been shown
to have a shelf life of at least six months.’

Treatment Schedule and Clinical Studies

Before its use in patients, one of the physician-investigators re-
ceived the equivalent of three years® treatment with the polymer-
ized antigen at regular intervals in an accelerated schedule for six
weeks. Routine laboratory studies, including complete blood count,
differential, sedimentation rate. urinalysis, SMA-12 and chest x-ray
examination were performed before treatment and at regular inter-
vals during treatment in this subject and the atopic patients.

Immunotherapy was given to different groups of subjects in three
phases. During the first phese i1 the subjects were separated into
two groups; one groups of four pattents received the pelymerized an-
tigen, and the ather aronp af siscsrandard anngen. both groups ac-
cording to a schedule nsed for standard immunotherapy, which re-
quires 27 weeks to reach maintenance dose. In the second phase
(I1), two groups of three patients eacli received the polymer or the

monomer, so that eacl sutneq
ous dose. Attainment of
tions. Finally, in phuse e 1T wroup of seven subjects re-
ceived only polymerized antizern so that rach subsequent dose was
tripled. If a local or svstemic reaczon occurred in cither phase I or
phase TH, the dose at wior i ovcaried wis reduced according to a
standard protocol and s aved until the maintenance dose
was tolerated at weekiv: ~ Antiger E monomer was not giv-
en in phase 1 because o the potential risk of major local or sys-
temic reactions as evidencea Tvores of phase 11 of the study

In the ragweed season nt and during each subse-
quent ragweed season. th were asked (o complete a daily-
SYMPLOM-sCore Ques I0nnaire August 13 through October 1.
The daily symptom score v e wm weighted total scores re-
corded by the patient for svmproms experienced and the amount of
medication needed 1o contred his svmproms similar to the symptom-
score index described previoush in the Johns Hopkins studies.!”
Subjects were also questioned and examined weekly by a physici
during each scason. Local reactions were measured and recorded 30
minutes after an injection by a registered nurse. who did nat know
which antigen the subjects were receiving. A record of late reac-
tiuns and systemic symptoms was kept by the physicians and pa-
tients.

1t duse was twice that of the previ-

atenance dose required 13 injec-

‘1an

IMMUNOLOGIC STUDIES

Serum samples. Serum was obtained from each subject when 1, 10,
100, 300, 500, 700 and 1000 ug monomer or polymerized antigen
had been given. These samples were analyzed for antigen-E-specific
IgE and total serum antigen E binding capacity. Samples drawn
before treatment were labeled pretreatment samples, and those
drawn when 10 ug of AgE had been given were labeled early treat-
ment. Samples drawn when at least 100 ug of AgE had been given
were arbitrarily called late-treatment samples.
the presence of antibodies of other immunoglobulin classes. Anti-

Measurement of AgE-spectfic IgE. The serum concentration of IgE
specific for antigen E was measured with the polystyrene-tube ra-
dioimmunoassay technic previously described.!! The advantage of
this assay is that the measurement of IgE antibody is not affected by

gen E used for these and the total antibody measurements de-
scribed below was supplied by Dr. Floyd Mclntire.!

Measurement of total blockmg antibody specific for gk Total serum
antigen-E-specific binding capacity was measured with a modifica-
tion of the procedure initially described by Lidd and Farr.'? In these
studies. antigen E was labeled with '**], and the antibody was pre-
cipitated by 40 per cent saturated ammonium sulfate. The anti-
body was imed to be largely 1gG because of the comparatively
small amounts of IgE simultaneously precipitated (unpublished da-
4. In addition. the levels of IgE specific for antigen E simultane-
ously present were calculated to be very small by a comparison us-
ing the technics described above. In these measurements, total spe-
cific antibody (blocking antibody) was estimated by the amount of
antigen bound when 800 ng of trace-labeled antigen E was added to
(.1 mi of serum and precipitated by 40 per cent saturated ammoni-
um sulfate. Precipitation occurred near antigen excess and ap-
peared 1o be a close estimate of total serum specific antibody

Measirenani of cellular vesponseeness. Cellular responsiveness (reac-
tivity or sensitivity) was measured by histamine release from human
peripheral blood leukocytes with use of antigen E. Dose-response
histamine-release curves were established as previously described"
with use of 30 ml of heparinized blood drawn before 1reatment and
after each rigweed senson. Histamine refease was measured in most
cases in carly and late treatment. Cellular reactivity was defined as
the maximum percentage of cellular histamine release. regardless of
the antigen E concentration effecting release. Cellular sensitivity
was defined as the negative log of the micrograms of antigen E re-
quired 1o release 50 per cent or 30 per cent of the cellular hista-
mine. Thus, a numerical decrease in sensitivity indicated that the
cells had become less sensitive to the antigenic stimuli.

RESULTS

Clinical Safety

Routine laboratory data obtained on the investi-
gator subsequent to the accelerated course of treat-
ment with polymerized ragweed antigen E were nor-
mal. Likewise, all laboratory data obtained from the
first 10 subjects treated with monomer or polymer
during a ycar and a half of therapy were normal.
There appeared to be no toxic effects from the anti-
gen.

Treatment Schedules

Table 1 summarizes the mean number of injections
required to reach maintenance doses with the three
treatment schedules and the mean group antibody
level attained when 1, 10, 70 (maintenance), 100, 300
and 500 ug of antigen E had been given. These data
show that standard treatment schedule required ap-
proximately 29 injections to reach maintenance with
either polymer or monomer. When the polymerized
antigen was given in doubling doses, the number of in-
jections required to reach maintenance was reduced
to less than half that of standard therapy. However,
by use of the tripling-dose schedule, maintenance
doses of polymer could be given with nine weekly in-
jections. No local reactions were encountered in this
reaction three hours after the injection upon receiving
the initial maintenance dose. After the maintenance
dose was reached, all groups received an equivalent
amount of antigen per injection. Thus, in late treat-
ment the savings in time when this regimen was used
did not steadily increase.
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Table 1. Number of Injections Required to Give Increasing
Amounts of Antigen E (AgE) by Three Separate Therapeutic
Schedules and Mean Blocking Antibody Level Attained.

AMOUNT OF AGE Mian No, BLOCKING ANTIBODY®
OF INJECTHONS
ug ne
Monomer standard® (6)1:
125 835
10 22 1,037
Maintenancet 29 ND¥
100 30.5 1,848
300 42.4 ND
500 st 2,117
Polymer standard (4).
I 12 854
10 22 1,055
Maintenance 29 ND
100 31 1,257
300 39 ND
500 48.7 1,360
Monomer doubling dose (3):
i 6 560
10 12 733
Maintenance 21 ND
100 237 1,233
300 30 2420
300 40.5 ND
Polymer doubling dose (3)
] 67 597
Y] 10.7 667
Maintenance 13.3 ND
100 153 1,283
300 26 1967
500 7 2.900
Polyiier iripling dose (7
I 5 1,023
10 K. 1,288
Maintenance 9.4 ND
160 13.2 2,760
00 23 3,973
500 34 ND
*Agk bound by I ml of post-treatment serum.
TRefers to usual treatment regimen in clinical practice (see 1ext).

Fhigures in parentheses denote no. patients
§Cumulative dose at mainterance necessarily less with accelerated schedules than with
standard immunotherapy

¥Not done.

Therapeutic Safety

Table 2 summarizes the local and systemic reac-
tions encountered in the combined experience with
the two antigens. Similar amounts of antigen were
given to each group, but 45 times as much erythema
and 17 times as much wheal or induration was en-
countered when the monomer was used. Four times
as many generalized reactions were observed with
monomer as polymer. The number of injections given
each group were nearly the same, but the polymer

Table 2. Comparison of Local and Generalized Reactions Ob-
tained with Polymerized (PRW) and Monomer (RW) Ragweed

Antigen E.
ANIGEN Toran ERY1HILMAY INDURATIONT GLNERATIZID
Given OR WiiLal REACTIONS
Be
RW 9y 5071 4.5 2.8 8
PRW (14) 6,721 0.10 0.17 2
*Expressed

Fhigures in parentheses denote ro. of patients

Nov. 18, 1976

group received on the average more antigen per injec-
tion than those treated with monomer.

All the generalized reactions in both treatment
groups were minimal, consisting of mild, generalized
urticaria or a feeling of tightness in the chest, that was
reversed by epinephrine or antihistamine given by
mouth. Although these reactions were not severe, they
represented the potential for serious adverse reactions
and were considered of potential importance.

It is important that with polymerized antigen E one
of the two systemic reactions was doubtfully due to
the polymer, that the other was a mild, late urticarial
reaction, that approximately 1500 ug (375,000 pro-
tein nitrogen units) more of antigen E polymer were
given than monomer and that the total dosage of poly-
mer antigen E given was approximately equivalent to
27 patient-years of standard immunotherapy.

Immunologic Studies

Blocking antibody. Blocking antibody increased from
pretreatment levels in all subjects. In some cases, peak
levels of blocking antibody in late-treatment samples
were more than 10 times pretreatment levels. The
iean rise in blocking antibody for each treatment
group was approximately fivefold. The mean log
(£S.D.) for the monomer-treated group rose from
2.7£0.3 to 3.4£0.2, whereas that for the polymer-
treated group rose from 2.640.4 to 3.3+£0.4. The lev-
els of blocking antibody in most patients remained
stable after reaching peak levels; however, in a few
patients the blocking antibody began to fall late in
treatment. This phenomenon has been observed by
other investigators.'*'s .

As shown in Table 1, the time required for maximal
production of blocking antibody is related to the
quantity of antigen given per injection. Thus, the
mean level attained in the groups treated by the tri-
pling-dose schedule after 100 ug of antigen E had been
given was greater than that in any other group in spite
of the fact that only 13 weeks had elapsed since the be-
ginning of treatment.

Specific IgE. 'The change in serum IgE specific for
antigen E from pretreatment to early and late levels
was similar in both treatment groups. There was no
statistically significant increase or decrease in early or
late treatment. However, the mean antibody level for
each group decreased in late treatment as compared
with early treatment, but because of the large stan-
dard deviations and small numbers, this change did
not reach statistically significant levels. Serum specif-
ic IgE appeared to increase in each patient with the
beginning of treatment and with each ragweed sea-
son. Because of these complicated changes in IgE lev-
els, we calculated the rise in serum specific IgE after
the ragweed season before and after treatment. Fig-
ure 1 shows that the post-seasonal rise in specific IgE
was significantly reduced after a single season of treat-
ment (P<0.01, with the paired Student t-test). This
would support other data, showing that immunother-
apy diminished the “‘boost” in IgE after a ragweed
season.'®"?
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Figure 1. Seasonal Changes in Specific IgE.

The diminished post-seasonal rise in IgE specific for antigen
E after one year of treatment with either monomer or poly-
mer is significant at P<0.01 (arrow) by paired Student t-test.
The mean change in specific IgE is shown by the solid lines.

Cellular responsiveness. Table 3 demonstrates that in
late treatment, cellular responsiveness of most pa-
tients, as measured by reactivity or sensitivity, de-
creased. Several patients” cells were found to become
“unreactive” to antigen after therapy. This phenom-
enon was found in those treated with monomer or
polymer.

Clinical efficacy. All subjects were relieved of symp-
toms during their first season after treatment. Rag-
weed counts during the 1975 season showed three to
four peaks of antigen exposure that were associated
with peaks in symptoms experienced by a group of un-
treated subjects (Fig. 2). The mean symptom scores of
the groups treated with monomer and polymer were
less than those of the untreated control group.

This untreated group comprised three ragweed-
sensitive patients who met all the criteria for entrance
into the study. The mean daily symptom scores of
these patients are shown in Figure 2. In addition to
this control group, 13 or 23 patients collected symp-
tom scores in the ragweed season before therapy and
again in the ragweed season after therapy, serving as
their own controls. The mean daily symptom scores of

Table 3. Changes in Cellular Responsiveness in Late Treat-
ment with Monomer (RW) or Polymerized (PRW) Antigen E.

Annary Na oy PATIENTS Patirnis PATIENTS wiTit
PATIENTS W WITH No Criange
DECRTASF INCREASE
RW 6 4 1 L
PRW 8 & 0 0
Totaly

=

286%) 1% %)
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these 13 patients before therapy were almost identi-
cal to those of the untreated control group shown in
Figure 2.

DiscussioN

The purpose of this study was to show the clinical
safety of polymerized ragweed antigen® by routine
laboratory data, to prove its immunogenicity in spite
of a reduced allergenicity, to indicate its effectiveness
in symptom control during immunotherapy and to
demonstrate its increased safety during immuno-
therapy with fewer injections to reach maintenance.
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Figure 2. Mean Daily Ragweed Pollen Counts Averaged Two

Days at a Time (Upper Graph) and Mean Symptom Scores

Recorded during the 1975 Ragweed Season by a Group of

Untreated Patients and the Groups Treated with Polymer or
Monomer (Lower Graph).

Representative mean (+5.D.) symptom scores of the treated

and untreated groups are significantly different (P<0.05, by

Student t-test), as are those for the intercurrent days, except
for day 20 and thereafter.

During the first phase of the study, one investigator
who received the equivalent of three years of therapy
(approximately 775 ug of antigen E) and those treat-
ed with either monomer or polymer underwent 1%2
years of therapy without any abnormal laboratory da-
ta. Because of the absence of any evidence of toxicity
the polymerized antigen was considered safe for clini-
cal trials of immunotherapy in patients in the same
manner as standard therapy.

In the third phase, seven patients treated with the
polymer were able to reach the full maintenance dose
in less than one-third the time required for standard
therapy. The safety of the polymerized antigen may
be a result of its slower absorption from the injection
site and the fact that there are fewer molecules per
unit weight in a polymer, so that less molecular bridg-
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ing of surface-bound IgE molecules is possible. Fur-
thermore, some antigenic determinants may be in-
side the large polymer that cannot attach to cell-
bound IgE.

In these studies, polymerized antigen E was found
to be as immunogenic as the monomer, producing
comparable levels of blocking antibody during thera-
py (Table 1). The production of antibody was greater
in the subjects treated with polymerized antigen in tri-
pling doses than in the other groups (Table 1). Of spe-
cial interest is the fact that after 100 ug of antigen E
had been given, these antibody levels appeared to be
greater than in the other groups treated at a slower
pace. This form of accelerated immunotherapy also
appeared to be associated with rapidly falling serum
IgE specific for antigen E in a few cases, in spite of
current ragweed seasons. These results suggest there
may be a corrclation between rapidly rising Ig(
blocking antibody and decreasing antigen-specific
IgE.

Cellular responsiveness fell in late treatment re-
gardless of which type of antigen was used for thera-
py (Table 3). Although cellular sensitivity may be in-
creased soon after treatment is begun, a finding prob-
ably related to an early treatment boost in specific
IgE, histamine release decreased in late treatment in a
majority of patients.

Clinical benefit was seen in all patients during their
first post-treatment season, suggesting that the po-
lymerized antigen is as clinically efficacious as the
monomer or crude ragweed.

In the light of these studies, polymerized ragweed
was found to be a safe and effective form of immuno-
therapy. It is immunogenic and results in clinical im-
provement comparable to that obtained with mono-
mer antigen E, the major antigenic component of
ragweed.® Immunologic changes found with polym-
erized ragweed were similar to those found with stan-
dard therapy as reviewed recently. '8 Contrary to oth-
er attempts at reducing allergenicity, such as forma-
lin treatment to modify antigenic determinants,? ' the
antigenic determinants of the polymerized antigen are
not destroyed or modified, but retain their native abil-
ity to induce antibody. It is important that the equiv-
alent maintenance dose of either monomer or poly-
mer produced similar levels of blocking antibody.
Much more forminalized antigen (allergoid) appears
to be required to induce an antibody response similar
to that obtained with unaltered antigen.

In conclusion, we believe that polymerized antigen
represents an improved form of immunotherapy that
is as effective as standard immunotherapy but offers
the important advantage of rapidly administered
doses with greater safety. Polymerized antigen would

allow a rapidly effective dose pre-seasonally and offer
the advantages of immunotherapy to a greater num-
ber of patients with less risk and less expenditure of
time and money. This concept should be applied to
whole ragweed and other seasonal inhalant antigens.
A clinical trial using polymerized grass antigen is be-
ing evaluated.

We are indebted to Mr. Herbert Peak. Hinsdale Sanitarium and
Hospital, Hinsdale, Illinois, who kindly supplied the ragweed
counts for the 1974 and 1975 seasons.
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