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The proteins of an aqueous extract of ragweed pollen (RW) were precipitated at 90% saturation 
with (NH&SO,, solubilized, and sieved through Sephadex G-15. The excluded fraction, termed 
the monomeric form (MRW), was cross-linked with glutaraldehyde to form polymerized ragweed 
(PRW). As compared with MRW, PRW is more immunogenic in rabbits in the production of 
antibody against RW antigen E (AgE). MRW and PRW resulted in equal peak reaginic 
responses in rabbits but the duration of reagin production was longer after immunization with 
MRW than with PRW. Both MRW and PRW have exposed antigenic determinants of AgE but 
PRW had approximately ‘/3 the number as shown by neutralization of human antibody against 
RW AgE. PRW had loo-to l,OOO-fola! less human cutaneous reactivity than MRW. PRW may be 
a more easily effective therapeutic agent for human RW immunotherapy than currently used 
aqueous extracts and may be more readily obtainable than polymerized AgE. 

Previous studies were initiated to determine if a 
polymerized form of ragweed antigen E (AgE) would 
have reduced allergenicity but retained im- 
munogenicity. l, 2 The results showed that the major 
allergen of ragweed, AgE,3 could be polymerized 
with glutaraldehyde and polymers of known mo- 
lecular weight ranges obtained by column fraction- 
ation When compared with monomeric AgE, the 
polymeric AgE was at least as immunogenic as as- 
sessed by IgG antibody responses in rabbits.’ The 
polymeric AgE was less allergenic in man, however, 
as demonstrated by decreased ability to elicit 
immediate-type skin reactivity or leukocyte histamine 
release.2 These laboratory studies were followed by a 
clinical trial of polymerized AgE for therapy of rag- 
weed pollinosis. The results showed that the polymer 
induced as great an IgG response, fewer immediate- 
type reactions, and equal clinical efficacy as com- 
pared with monomer.4 It was also demonstrated that 
the same therapeutic response could be obtained with 
significantly fewer injections.4 
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The limitations of polymerized AgE as a therapeu- 
tic agent include the technical difficulty of obtaining 
large amounts of AgE for general clinical use because 
of the extensive fractionation procedures required.3 
Further, although AgE is a major allergen, it is not the 
only allergen in ragweed extract. Other allergens may 
be of great clinical significance because of their 
ability to diffuse more rapidly from pollens.5 

The objectives of this study were as follows: first, 
to determine if a more complete fraction of ragweed 
extract containing an array of antigen5 could be 
polymerized and the higher molecular weight poly- 
mers fractionated; second, to discover if such a prep- 
aration would result in an equal immune response 
directed against an important known allergen (AgE) 
of the polymer in comparison with the u~~olyrne~z~d 
(monomer) preparation; third, to determine if such a 
polymer would have reduced allergenicity when com- 
pared with the monomeric form; finally, to determine 
if an enhanced reaginic antibody response occurs with 
the polymer. All of these questions were considered 
relevant to the potential of the polymerized polymeric 
ragweed for application to human immunothe 

MATERIALS AND METHODS 
Preparation of polymerized ragweed ( 
from monomeric ragweed antigen (M 

Pollens were obtained from Hollister-Stier Laboratories 
(Spokane, Wash.). Giant and short ragweed pollens, 25 gm 
of each, were used. These pollens were defatted by extrac- 
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FIG. I. ,4, Sepharose 48 column fractionations of preparations of ragweed (RWl prepared by 
precipitation with ammonium sulfate for the monomeric (MRW) and the polymeric (PR forms 
produced by treatment of MRW with glutaraldehyde. L?, Column fractionation of ragweed 
polymers through Sephadex G-200 compared with dextran blue. The excluded fractions were 
pooled to form the final preparation of PRW. 

tion with 1,000 ml/ethyl ether at room temperature with the 
use of a magnetic stirrer. The pollen grains were extracted 
several times with ethyl ether anhydrous and dried over- 
night. The defatted pollen grains were extracted with 500 ml 
isotonic phosphate-buffered saline (PBS), pH 7.2, at 4” C 
for 24 hr with the use of a magnetic stirrer. The preparation 
was centrifuged at 17,000 x G for 1 hr and the precipitate 
was discarded. 

To 440 ml crude extract at 4” C, 268 gm ammonium 
sulfate was added with constant stirring which was then 
continued for 4 hr. The resulting precipitate was sedimented 
at 4” C and the supemate discarded. The precipitate was 
dissolved in 100 ml PBS. The solution was dialyzed with 
the use of dialysis membrane (Union Carbide) at 4” C 
against 5 changes of 5,000 ml PBS at which time the dialy- 
sate was free from ammonium sulfate. The contents of the 
dialysis bag were centrifuged to remove a small amount of 
precipitate and the supernatant solution was further purified 
by chromatography on a Sephadex G- 15 column. Sephadex 
G-15 columns measured 5 X 60 cm, and isotonic PBS was 
the eluting fluid. The excluded portion of Sephadex G-15 
was the monomer ragweed (MRW). Protein concentration 
of MRW was determined by both the biuret technique and 
spectrophotometrically at 280 nm with the use of a Gilford 
250 spectrophotometer. 

For each 10 mg MRW, 0.625 ml 1: 50 glutaraldehyde 
(25% grade II, Sigma Chemical Company) was added. The 
polymerization of 20 to 30 mg MRW was carried out at 
room temperature for 4 hr with the use of a magnetic stirrer. 

The preparation was treated with glycine to stop further 
polymerization with the use of a ratio of 50 moles of glycine 
to one mole of glutaraldehyde. The glutaraldehyde-treated 
mixture was applied to a Sepharose 4B (Pharmacia) column 
and fractionated with a 0.1 M tris and 0.15 M NaCl buffer, 
pH 7.9. The column had been calibrated previously with 
dextran blue to obtain exclusion and inclusion profiles. 
Fractions obtained were evaluated for protein content with 
the use of a Gilford 250 spectrophotometer at 280 nm. The 
fractions included by the Sepharose 4B column were com- 
bined. The polymerized ragweed (PRW) was placed in a 
dialysis bag, concentrated by evaporation to 4 ml, and 
dialyzed against tris-NaC1 buffer, pH 7.9, overnight at 4” C. 
The PRW was then applied to a Sephadex G-200 (Phar- 
macia) column. This column had been previously calibrated 
with dextran blue to determine the exclusion profile. The 
fraction excluded by the Sephadex G-200 was designated 
PRW. Preparations of MRW and PRW were stored at -20 
C until use in immunization procedures. For human use, 
both MRW and PRW were dialyzed for 48 hr against 
phosphate-buffered 0.15 M NaCl, pH 7.3, containing 0.5% 
phenol. 

Both MRW and PRW were sterilized by filtration with 
the use of a filter unit (0.20~ plain membrane, Nalge, Sy- 
bron Corp., N. Y.). They were cultured for sterility by +Ae 
microbiology laboratories of Northwestern Memorial Hos- 
pital at 48 hr and following 2 wk of culture. Preparations 
were proved to be sterile before use in the human studies 
reported below. I 
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TABLE 1. Endpoint cutaneous titers with the use of serial IO-fold dilutions of monomer or ~o~yrner~~e 
ragweed in 3 subjects allergic to ragweed 

Concentration of RW 
tested (pg/m!)* 

Subject 1 

MRW PRW 

Subject 2 Subject 3 

MRW PRW MR 

50 ND ND ND ND ND +-I-+ 
5 ND +++ ND ND ND - 

0.5 ND - ND +++ 4++ - 
0.05 +++ - ++++ - ++ - 

0.005 if - ++ - - - 
0.0005 - - - - - 

RW, ragweed antigen; MRW, monomer ragweed; PRW, polymerized ragweed; ND, not done. 
*Based on optical density at 280 nm with the use of a Gilford 250 spectrophotometer. 

Immunization procedure 

Adult albino rabbits received an initial intravenous dose 
of 0.8 mg of PR W or MRW. One week later and every 2 wk 
thereafter each rabbit received 0.8 mg of PRW or MRW 
delivered subcutaneously divided among 4 different sites for 
a total of 6 doses. Blood samples were collected prior to 
immunization and subsequently just prior to each booster 
immunization. Serum was separated and stored at -20” C 
until used. 

Determination of rabbit antibody response 
against AgE following immunization with 
MRW,or PRW 

AgE (supplied by Dr. Floyd McIntyre) was labeled with 
9 as previously described.‘j 1251-AgE is not precipitated by 
40% saturation with ammonium sulfate and a modification 
of the Far? technique was used to determine binding of 
lz51-AgE by antisera. Increasing amounts of lz51-AgE were 
added to serum samples and incubated at 37” C for 2 hr and 
then overnight at 4” C. Sufficient saturated ammonium sul- 
fate was added at 4” C to produce 40% saturation. The 
samples were thoroughly mixed, incubated at 4” C for 2 hr, 
and centrifuged at 1,500 X G. The supematant solution was 
separated from the precipitate and the percentage of added 
lz51-AgE in the precipitate was determined and expressed as 
micrograms of AgE bound per milliliter at 70% antigen 
precipitation. 

Cutaneous and passive cutaneous testing 
procedures in rabbits 

Immediate-type, active cutaneous reactivity was evalu- 
ated by testing of animals at weekly intervals with 0.1 ml of 
RW AgE containing antigen in concentrations beginning at 
1.0 pgiml and including serial lo-fold dilutions to 0.001 
pg/ml. Reading of skin test titers was aided by the intrave- 
nous injection of 1.0 ml of 0.5% Evans blue dye before 
testing with antigen. A positive reaction was read as one 
giving a bluing reaction 1 cm or more in diameter. The 
passive cutaneous reactions were done by sensitizing nor- 
mal rabbits with intracutaneous injections of serial 2-fold 
dilutions of rabbit sera. Seventy-two hours later, the rabbit 
was injected intravenously with 1 ml of 0.5% Evan’s blue 
dye and 5 ml of 1: 10 crude ragweed antigen (Hollister- 

Stier). Positive reactions were determined by the same cri- 
terion used for active cutaneous titration. 

Cutaneous titration (human) 

Three ragweed-sensitive subjects were tested by intracu- 
taneous injection of 0.02 ml of serial lo-fold dilutions of 
both PRW and MRW. Reactions were graded l+ to 4f 
positive and the endpoint titration was the highest dilution 
giving a wheal and erythema reaction. 

Polystyrene tube radioimmunoassay 

This technique has been described for use in detectiorr of 
IgE antibodies against Aspergillus&migatus.8 In the current 
experiments the assay was used to demonstrate that MRW 
and PRW had similar antigenic determinants. For these ex- 
periments the sequence of addition of reagents to poly- 
styrene tubes included MRW or PRW, posttreatment serum 
from a subject previously treated with standard RW im- 
munotherapy and lz51-MRW. Because posttreatment serum 
was used, almost all antibody detected would be IgG. A 
second type of experiment was designed to demonstrate that 
MRW and PRW had exposed antigenic determinants of RW 
AgE. For these experiments, the sequence of addition of 
reagents to the tubes included MRW or PRW, human anti- 
RW, and 1251-AgE. MRW and AgE were radiolabeled by 
the method previously described.g 

Comparison of AgE determinants an 
and PRW by inhibition analysis 

This experiment was designed to estimate the weight 
ratios of MRW and PRW required to neutralize human IgG 
antibody against RW AgE. This technique uses 5 ng lZ51- 
AgE plus just sufficient human anti-AgE to result in maxi- 
mum precipitation of AgE after bringing the mixture to 40% 
saturation with ammonium sulfate. Aliquots of this pre- 
determined quantity of human anti-AgE were incubated 
with increasing concentrations of MRW or PRW prior to the 
addition of 5 ng lZ51-AgE and the degree of binding of the 
lz51-AgE determined at 40% ammonium sulfate saturation. 
The decrease in precipitation of 1251-AgE after preincubation 
of the antiserum with varying amounts of MRW or PRW 
demonstrates the degree of neutralization of antibody di- 
rected against determinants of AgE. 
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WEEKS AFTER INITIATION OF lMMUNlZATlO 

FIG. 2. A, immune response against ragweed antigen E (RW AgEl of rabbits immunized with 
monomer ragweed /MRW). 6, Response of rabbits immunized with PRW. C, Mean of re- 
sponses of MRW and PRW groups. Arrows indicate immunizations; letters denote individual 
rabbits. 

RESUb 
olymerization of ragweed antigens 

MRW and PRW were prepared as described in the 
section on materials and methods. The elution profiles 
of MRW and PRW with the use of Sepharose 4B are 

shown in Fig. 1, A. The shift in the pattern following 
the treatment of MRW with glutaral de demon- 
strates the polymerization of the M to provide 
PRW. The elution pattern of the polymerized 
from a column of Sephadex G-200 is compared with 
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FIG. 3. Means of cutaneous endpoint titers against RW AgE of 5 rabbits immunized with either 
MRW or PRW. Arrows indicate immunizations. 

that of dextran blue in Fig. 1, B. The combined frac- 
tions of the polymerized RW excluded by Sephadex 
G-200 shown in Fig. 1, B constitute the final prepara- 
tion of PRW. 

immune response in rabbits 

The binding capacity for ragweed AgE of rabbit 
sera following immunization with either MRW or 
PRW is shown in Fig. 2. There was an overlap of the 
immune response of the 2 groups of rabbits through 
wk 8 after onset of immunization. At wk 10 and 12, 
there was no overlap as the rabbits immunized with 
PRW all had higher serum-binding capacity for 1251- 
AgE than did the rabbits immunized with MRW. The 
means of the serum-binding capacities of the rabbits 
in each group are shown in Fig. 2, C. This overall 
comparison shows an earlier and higher immune re- 
sponse against AgE in the PRW group than in the 
MRW group. 

Reagin response in rabbits: Cutaneous 
titration 

The immediate-type cutaneous reactivity of rabbits 
to skin testing with serial lo-fold dilutions of AgE 
during the course of immunization with PRW and 
MRW is shown in Fig. 3. A slightly higher peak titer 
and late titer is seen in the PRW rabbits but the rate of 
rise and fall of the cutaneous titers in both groups is 
similar. 

Long-latency passive cutaneous anaphylaxis 

Passive cutaneous skin titers with the use of serial 
2-fold dilutions of serum obtained during the immuni- 
zation of rabbits with MRW or PRW are shown in 
Fig. 4, A and B. The skin sites were tested at 72 hr 
after sensitization. The means of these cutaneous 

transfer titers are shown in Fig. 4, C. Both MRW and 
PRW induce reaginic antibody responses of similar 
magnitude which declined in both groups with con- 
tinued immunization. In the limited group of rab- 
bits immunized with MRW, there was a higher per- 
sistent long-latency reaginic antibody response 
(Fig. 4). 

Cutaneous reactivity of MRW and PRW in 
ragweed-sensitive humans 

Intracutaneous endpoint titrations of lo-fold dilu- 
tions of MRW and PRW standardized by optical den- 
sity at 280 nm in 3 ragweed-allergic subjects are 
shown in Table I. In 2 subjects, the lowest concentra- 
tion of PRW resulting in a positive skin test was 
l,OOO-fold more and in one subject IO@fold more 
than the lowest concentration of MRW resulting in a 
positive skin test reaction. 

Binding of human antibody to MR 
and PRW 

Posttreatment serum from a patient treated witb 
standard ragweed immunotherapy was used to evah- 
ate whether binding activity against AWN PRW, and 
ragweed AgE could be demonstrated. The human 
serum used was known, from prior studies,O to con- 
tain IgG antibody against ragweed antigens and AgE. 
The polystyrene tube solid-phase immunoadsorbent 
technique was used. Human antiragweed or control 
sera and finally 1251-MRW or 129-AgE were added in 
sequence to tubes coated with either 
The results in Table II demonstrate that the tubes 
coated with MRW or PRW will bind bivalent anti- 
body which can react with either 1251-MRW or lZ51- 
AgE. The latter result demonstrates the presence of 
exposed AgE determinants on PRW. 
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IG. 4. A, Seventy-two-hour passive cutaneous transfer titers with the use of sera from rabbits 
immunized with MRW. B, Rabbits immunized with PRW. C, Means of titers of both groups of 
rabbits. Arrows indicate immunizations; letters denote individual rabbits. 
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LE II. Polystyrene tube radioimmunoassay 
onstrating IgG antibody activity- against 

monomer ragweed (MRW) and polymerized 
ragweed (PRW) and showing that both MRW and 
PRW contain exposed antigenic determinants 
of antigen E (AgE) 

Counts 

per 
olystyrene Isotope-labeled minute 

tuba coating Serum added Ag added bound 

MRW Human anti-RW lz51-MRW 2,003 
Normal lz51-MRW 303 

PRW Human anti-RW lz51-MRW 2,789 
Normal lz51-MRW 431 

MRW Human anti-RW lZ51-AgE 4,448 
Normal lZ51-AgE 49 

PRW Human anti-RW ‘=I-AgE 10,322 
Normal ‘=I-AgE 69 

MRW, monomer ragweed; PRW, polymerized ragweed; AgE, 
ragweed antigen E. 

Human anti-RW serum is from subject treated with standard RW 
immunotherapy. 

Neutralization of human antibody activity 
against ragweed AgE by MRW and PRW 

The maximal binding of lz51-AgE by human anti- 
RW with the use of the ammonium sulfate precipita- 
tion technique was determined. Increasing concen- 
trations of MRW and PRW were preincubated with 
the human anti-RW prior to addition of the lz51-AgE 
(5 ng). The concentration of MRW and PRW required 
for 50% inhibition of binding of lz51-AgE by anti-RW 
was determined. For MRW this was 118 ng and for 
PRW 386 ng. This experiment confirmed the presence 
of AgE determinants on MRW and PRW and demon- 
strated that approximately 3 times as much PRW was 
required as MRW for the same degree of neutraliza- 
tion of antibody against AgE. 

We believe the results reported complete the re- 
search objectives outlined in the introduction to this 
paper. The studies demonstrated that a mixture of all 
ragweed proteins prepared by precipitation with am- 
monium sulfate and excluded by Sephadex G- 15 can 
be polymerized by glutaraldehyde. The proteins in 
such a preparation have been identified as E(3), 
K(lO), Ra-3 (ll), BPA-R(12), andRa-5.13Thesmal- 
lest of these is Ra-5 which has a molecular weight of 
about 5,000 daltons, and thus we assume that most of 
the identified ragwked allergens should be included in 
MRW and PRW under the conditions of the prep- 
arations of our procedures of crude extract which are 

similar to those described by Underdown and Go&- 
friend.ll 

In studies of the immune response to M 
PRW in rabbits, antibody against AgE was measured. 
This was done because every clinically useful modal- 
ity of immunotherapy in humans should result in a 
response against major allergens in ragweed pollen 
and AgE is a major allergen of RW.” The results of 
the studies indicated that PRW induced 
mune response against AgE than did M 

The reaginic response against AgE 
immunization with MRW and PRW as demonstrated 
by the passive cutaneous transfer studies showed a 
less persistent reaginic response to AgE following 
PRW. This difference was not demonstrable in the 
direct cutaneous titers with AgE possibly because of 
the longer half-life of homocytotropic antibody bound 
to skin mast cells as compared with its half life in 
serum. Also direct skin titers will detect both IgE and 
IgG homocytotropic antibody while 72-hr passive 
transfer measures only IgE antibody. 

PRW had IOO-to 1 ,OOO-fold less allergenicity than 
MRW as demonstrated by reduced skin reactivity in 
human subjects. 

Both MRW and PRW have antigenic determinants 
of AgE as demonstrated by immunization of rabbits, 
radioimmunoassay, and neutralization of human anti- 
body against AgE. The latter experiment de 
strated that approximately % the amount of MR 
compared with PRW was required to neutralize anti- 
body against AgE. We propose that the greater im- 
munogenicity of PRW for- AgE in rabbits at the same 
time that there are fewer exposed AgE determinants 
may be explained by sterically concealed antigenic 
determinants as previously suggested for polymerized 
antigens. l4 The much greater redu 
ity of PRW as compared with 
could be explained by the reduced rmmber of exposed 
antigenic determinants of PRW, the decreased ability 
of high molecular weight polymers lo diffuse to and 
bridge IgE antibody on mast cells in skin, and the 
lower molar concentration of PRW per unit weight. 
The ability of PRW to mount an enhanced imrn~~e 
response against allergenic determinants as demon- 
strated by the rabbit immune response against AgE 
may be explained by enhanced processing of the 
higher molecular weight polymers and their longer 
persistence in vivo. The concealed antigenic deter- 
minants in the polymerized preparation were appar- 
ently available to stimulate the humoral immune 
response. 

The PRW preparation described here differs from 
the 2 polymerized AgE preparations previously de- 
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scribedl* 2, 4 which had molecular weight ranges of 
200,000 to 4,000,OOO and 4,000,OOO to 20,000,000, 
respectively. No superiority in immunogenicity of 
either polymeric AgE to monomeric AgE was dem- 
onstrated in rabbits. l, 2 The increased immunogenicity 
reported with PRW in this study is not readily ex- 
plained. PRW does have a wider molecular weight 
range (200,000 to 20,000,OOO) and is a complex 
copolymer of several monomeric species which could 
conceivably confer adjuvant properties. 

EFERENCE% 

1. Patterson, R., Suszko, 1. M., and M&tire, F. C.: 
Polymerized ragweed antigen E. I. Preparation and im- 
munologic studies, J. Immunol. 110:1402, 1973. 

2. Patterson, R., Suszko, I. M., Pruzansky, J. J., and Zeiss, 
C. R.: Polymerized ragweed antigen E. II. In vivo elimination 
studies and reactivity with IgE antibody systems, J. Immunol. 
110:1413, 1973. 

3. King, T. P., Norman, P. S., and Connell, J. T.: Isolation and 
characterization of allergens from ragweed pollen. II, 
Biochemistry 3458, 1964. 

4. Metzger, W. J., Patterson, R., Zeiss, C. R., Irons, J. S., 
Pruzansky, I. J., Suszko, I. M., and Levits, D.: Comparison 
of polymerized and unpolymerized antigen E for im- 
munotherapy of ragweed allergy, N. Engl. J. Med. 295: 1160, 
1976. 

5. I-lussain, R., Marsh, D. G., and Norman, P. S.: Rapidly re- 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

leased ragweed allergens, American Congress of Allergy and 
Immunology, Abstract, No. 44, 1977. 
Prttzansky, J. J., and Patterson, R.: Estimation of the bomo- 
genity of purified ragweed antigens, J. Immunol. 95:48, 1965. 
Faa, R. S.: A quantitative immunochemicaf measure of the 
primary interaction between I* BSA and antibody, 5. Infect. 
Es. 103:239, 1958. 
Patterson, R., and Roberts, M.: IgE and IgG antibodies against 
Aspergillus fumigate in sera of patients with bronchopulmo- 
nary allergic aspergillosis, Int. Arch. Allergy Appi. Immunol. 
46:150, 1974. 
Zeiss, C. R., Metzger, W. J., and Levitz, D.: Quantitative 
relationships between IgE antibody and blocking antibodies 
specific for antigen E in patients given immunotherapy with 
ragweed antigen E, Clin. Exp. Immunol. 28:250, 1977. 
King, T. P., Norman, P. S., and Lichtenstein, L. M.: Isolation 
and characterization of allergens from ragweed pollen. IV, 
Biochemistry 6:1992, 1967. 
Underdown, B. J., and Goodfriend, L.: Isolation and charac- 
terization of an allergen from short ragweed pollen, 
Biochemistry 8:980, 1969. 
Griffiths, B. W., and Brunet, R.: Isolation of a basic protein 
antigen of low ragweed pollen, Can. J. Biochem. 49:396, 
1971. 

Lapkoff, C. B., and Goodfriend, L.: Isolation of a low 
molecular weight ragweed pollen allergen: Ra5, Int. Arch. 
Allergy Appl. Immunol. 46:215, 1974. 
Patterson, R., Suszko, I. M., Pruzansky, J. J., Zeiss, C. R., 
Metzger, W. J., and Roberts, M.: Polymerization of mixtures 
of grass allergens, J. ALLERGY CLIN. TMMMUNOL. 59~314, 
1977. 

Information for authors 

Most of the provisions of the Copyright Act of 1976 became effective on January 1) 
1978. Therefore, all manuscripts must be accompanied by the following statement, signed 
by each author: “The undersigned author(s) transfers all copyright ownership of the 
manuscript entitled (title of article) to The C. V. Mosby Company in the event the work is 
published. The author(s) warrants that me article is original, is not under consideration by 
another journal, and has not been previously published.” Authors will be consulted, when 
possible, regarding republication of their material. 


