PRIMARY INTERACTION BETWEEN I'** LABELED RAGWEED POLLEN
AND ANTIBODIES IN THE SERA OF HUMANS AND RABBITS

David Lidd, M.D., and Richard 8. Farr. M.D., Pittsburgh, Pa.

SEVERAL in vitre immunologic techniques such as the precipitin reaction,'
agglutination of antigen-coated ecollodion particles,? complement fixation,®
and hemagglutination* have been used to study the antibodies to pollen antigens
in sera of humans and animals. All of these tests have in common the faet that
they are dependent upon a secondary reaction oceurring subsequent to a primary
antigen-antibody interaction.® Inasmuch as the secondary reactions do not
necessarily reflect the total extent of the primary interactions, there is a need
for a method which measures the primary binding of pollen antigens by antibody
in order to compare such results with secondary manifestations in vivo or in
vitro.

The present study deseribes what appears to be a feasible approach to the
problem of measuring the primary interaction between ragweed pollen antigens
and circulating anti-ragweed antibodies. It is based on the observation that
ammonium sulfate will preeipitate 1'3! labeled antigen-antibody complexes in
some immune systems when the antigens in question are soluble in the same con-
centration of ammonium sulfate.® TUtilizing a partially purified 1*** labeled
ragweed pollen extraet (I*RW) as the antigen and 40 per cent saturated am-
monium sulfate (SAS) to precipitate T*RW-globulin complexes, the method
appears to quantitatively and reproducibly measure the specific binding between
at least some antigenic groups associated with ragweed pollen and antibodies in
sera from humans and rabbits that have been previously immunized with rag-
weed pollen extract.”

MATERIALS AND METHODS

Diluents, Reagents and General Procedures—The borate buffer (pH 8.3)
and saturated ammonium sulfate used in this experiment were prepared as pre-
viously described.® The saline-borate buffer was a mixture of 9 parts of 0.85 per
cent NaCl in distilled water and 1 part of borate buffer.

All dialyses, incubation periods, fractionations, and extractions were car-
ried out at 4° C. unless otherwise noted.
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Preparation of Ragweed Pollen Extracts—

1. Ragweed pollen extract used for clinical hyposensitization: Defatted and
dried dwart and giant ragweed pollen were separately suspended in Coea’s
fluid at a 5 per cent eoncentration and refrigerated over night at 4° (. The
suspensions were then passed through a Seitz filter and the filtrates were tested
for bacterial sterility. An equal volume of glycerin was added to each of the rag-
weed extracts (dwarf and giant) and these in turn were combined so that the
final glycerinated mixture contained 400 y ragweed pollen nitrogen per milli-
liter.* This extract, in varying dilutions, was used for clinieal hyposensitization.

2. Ragweed pollen extract used for rabbil immunization: Ten grams of de-
fatted ragweed pollen (equal parts of giant and dwarf) were extracted for 24
hours in 200 c.c. of Coca’s fluid. The mixture was filtered and an equal volume
of borate buffer was added to the filtrate. The resultant mixture was dialyzed
against frequent changes of saline-borate buffer for 48 hours. This dialyzed mix-
ture was concentrated by pervaporation so that the final mixture contained 430 y
ragweed pollen N per milliliter.

3. Ragweed pollen extract used for inhibition tests: The ragweed pollen
extract prepared for rabbit immunization was diluted with an equal volume of
borate buffer and precipitated in the presence of 50 per cent SAS. The super-
natant was dialyzed against a saline-borate buffer for 24 hours. This final mix-
ture, when diluted 1:10 in borate buffer, was used as the unlabeled ragweed
inhibitor and contained 2 y N per milliliter. No polyvinyl pyrrolidone (PVP)
or glycerine was used in its preparation.

Preparation of 1'*" Labeled RW Euxtract (I*RW ). —

The glycerinated ragweed extract used for clinical hyposensitization was
dialyzed against frequent changes of the saline-borate buffer containing 1 per
cent PVP for 48 hours to elear the glycerin. Subsequently, the sac contents were
dialyzed against saline-borate buffer without VP to remove any PVP frag-
ments. The dialyzed extract was diluted 1:2 with borate buffer, an equal
volume of saturated ammonium sulfate added, the mixture incubated for 30
minutes prior to eentrifugation at 2,200 r.p.m. for 30 minutes, and the super-
natant decanted and dialyzed against saline-borate buffer until the dialysate
was free of sulfate ions. The dialyzed supernatant was then concentrated by
pervaporation to the original volume and divided into 1.0 ml. aliquots for
storage in the deep freeze at —20° C. until used.

The final extract contained 400 y ragweed pollen N per milliliter and a 0.5
ml. sample was iodinated with 40 millicuries of I'*** by the method of Talmage
and co-workers.® After iodination, the labeled material was passed through an
Amberlite resin columnt and then dialyzed against multiple changes of saline-
borate buffer for 24 to 36 hours to remove I not bound to RW extract. The
nondialyzable portion contained 15 y ragweed pollen N per milliliter.

The final step in the preparation of the test antigen was to eliminate any
fractions whiech would preeipitate in the presence of normal serum and 50 per

*Obtained from Allergy Laboratory of Monteflore Hospital, Pittsburgh, Pa.
tResikit, E. R. Squibb & Sons, New York, New York.
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cent SAS. Details of this procedure were as follows: (a) 20 ml. of 1: 10 normal
human serum (or normal rabbit serum) was mixed with 16 ml. of borate buffer
and 4 ml. of the iodinated dialyzed ragweed pollen extraet; (b) the mixture was
refrigerated overnight, 40 ml. of SAS added, and refrigerated again for 30
minutes; (e) the mixture was centrifuged for 30 minutes at 2,200 r.p.m. and
the supernatant decanted; and (d) the supernatant was dialyzed against saline-
borate buffer until the dialysate was free of sulfate ions.

Unless otherwise stated, the supernatant was then diluted 1: 10 with 1:100
normal rabbit serum (NRS) in borate buffer and was designated as I*RW.
An 1" laheled ragweed pollen nitrogen determination could not be performed
on this final product because of the serum protein nitrogen added but, on the
basis of dilution and volumetrie changes during dialysis, the final solution prob-
ably contained approximately 0.04 y I*RW N per milliliter.

Preparation and Selection of Sera.—

1. Rabbit antisera: Ten milliliters of aqueous ragweed pollen extract, pre-
pared for rabbit immunization as deseribed above, was added to 8.5 ml. of Bayol
F and 1.5 ml of Arlacel. The mixture was emulsified by mixing at full speed
in a Servall Omnimixer for 1 minute. Mature male New Zealand white rabbits
were injected with a total of 3 ml. (645 y ragweed pollen N) of the emulsified
antigen into 6 subcutancous sites over the back. One month later, the rabbits
were given 0.5 ml. (215 y ragweed pollen N) of the aqueous extract intra-
venously via the marginal ear vein and the adjuvant immunization repeated 4
days later. Sera were obtained 2 months subsequent to the original antigen-
in-emulsion injeetion.

2. Human sera:

A. Reference standard serum (RRSS). The serum from an individual with
a negative history for clinical allergy attributable to ragweed pollen was selected
for use as a reference standard in all experimental procedures. The donor
for this serum had a negative intradermal test to 0.02 ml. of a 10.0 y N per
milliliter ragweed pollen extract, and was skin tested on one occasion 7 to 30
days before several bleedings.

B. Nonallergic sera. Sera were obtained from 100 patients at the Preshy-
terian Hospital and Falk Clinie of the University of Pittsburgh. In this group
there were no patients with a history of elinieal sensitivity to ragweed pollen,
asthma, rhinitis, or allergic disease. In addition, patients being treated with
bronehodilators, steroids, or antihistamines, and those with a positive skin test
to a 10.0 y N per milliliter test solution of ragweed pollen extract were eliminated
from this study. Eighty-seven patients of this group were hospitalized with a
variety of acute and chronic medical diseases while the 13 clinic patients were
medically asymptomatic.

C. Ragweed-sensitive sera. Sera were obtained from ragweed-sensitive pa-
tients, both treated and untreated, who attended the Immunology Clinie of the
Iralk Clinie of the University of Pittsburgh, the Allergy Clinic of Montefiore
Hospital of Pittshburgh, and the Division of Allergy and Infectious Diseases of
the Johns Hopkins Hospital, or from those seen in private practice. The
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treated patients had received at least 5 months of aqueous ragweed pollen in-
jeetion therapy or one injection of a watev-in-oil emulsion of a ragweed pollen
extract a month prior to the collection of serum.

Basic Experimental Procedure to Test for the Presence of Anti-I*RW . —

Human and/or rabbit antiserum werce diluted 1:10 in borate buffer and
duplicate 0.5 ml. aliquots incubated 18 to 24 hours at 4° . with 0.5 ml. T*RW.
In addition, control tubes were prepared with the same I*RW and 1: 10 normal
serum from the same species. After incubation, 1 ml. of 80 per cent SAS in
distilled water was added and the tubes immediately shaken in a vigorous fashion
s0 as to insure complete mixing of the heavy ammonium sulfate solution with
the less dense I*RW-sera mixtures. An additional incubation period of 30
minutes, still at 4° ., was allowed for precipitation of globulins and any I*RW-
globulin complexes. Following centrifugation for 30 minutes at 2,200 r.p.m., the
supernatant was decanted from the precipitate and the preeipitate washed with
40 per cent SAS in borate buffer. The preeipitate was then counted in a well-
type gamma scintillation counter. The caleulation of the per cent preecipitated
was determined by the ratio of the counts per minute in the precipitate to the
total counts per minute of the I*RW initially added.

For each experiment involving human serum, the reference standard serum
described above was also tested.

EXPERIMENTAL PROCEDURES AND RESULTS

1. Retention of the Biologic Activity of Ragweed Pollen Extract After
Labeling With I'%,

To determine whether the iodination procedure itself had altered the biologie
activity of the ragweed pollen extract, the iodinated extract was allowed to
undergo radioactive decay for 2 months, sterilized with a Sweeney filter, and
diluted with buffered saline so that the final extract contained 1.5 y N per mil-
liliter. Intradermal tests with 0.02 ml. of this iodinated extract, a buffered-
saline control, and unlabeled ragweed pollen extract containing 1.0 y N per
milliliter were performed on an untreated ragweed-sensitive individual and on an
individual with no history attributable to ragweed pollen. The iodinated ex-
tract elicited a wheal-and-flare response in the ragweed-sensitive individual which
was comparable to the response with the unlabeled extract. Both the labeled
and unlabeled extraets failed to elicit an intradermal response in the nonsensi-
tive individual. The buffered-saline control solution caused no reaction in either
the sensitive or control individual.

2. Precipitation of I*BEW by Normal and Antiragweed Rabbit Sera in the
Presence of 40 and 50 Per Cent Saturated Ammonium Sulfate.

Duplicate samples of normal rabbit serum and of antiragweed sera were
prepared according to the basic experimental plan by precipitation with an equal
volume of 80 per cent SAS and washing the preecipitate with 40 per cent SAS.
Another duplicate set of these sera were treated in the same manner except
that they were precipitated in an equal volume of SAS and washed with 50 per
cent SAS. In Table I, it can be seen that at final concentrations of both 40 and
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50 per cent SAS, the antisera bound approximately 50 per cent more of the
total I*RW added than did the normal rabbit serum. It can also be seen that
the per cent of I*RW precipitated by normal rabbit serum inereased from 6.3
to 26.4 per cent when the concentration of SAS was increased from 40 to 50
per cent. Under the same conditions, however, the per cent I¥RW precipitated
by cach antiragweed serum was also inereased approximately 20 per cent. Sub-
sequent sections of this report will demonstrate that the difference between the
per cent precipitated by the antiserum and the per cent precipitated by the
normal serum was due to binding of I¥*RW by antibody, and, since this difference
remained unchanged with the 10 per cent inerease in SAS concentration, the ad-
ditional amounts of I*RW precipitated at 50 per cent SAS by both normal and
antiragweed sera were probably due to the solubility characteristies of the I*RW
per se. Evidence will be presented helow (Table IV) which indicates that even
the 6 per cent I¥R'W precipitated by normal serum after the addition of 40
per cent SAS was due to the inherent insolubility of T*RW in 40 per cent SAS.
Becausce of these considerations, the 40 per cent SAS was used to preeipitate the
I*RW-antibody eomplexes in all subsequent experiments,

TaBLe I. THE PER CENT oF I¥RW PRECIPITATED BY NORMAL AND ANTIRAGWEED RABBIT SERA
IN THE PRESENCE OF 40 AND 50 PER CENT SAS

PER CENT OF 0.02 vy I*RW N/ML. PRECIPITATED
506 SAS | 409 SAS
TOTAL TOTAL 509% TOTAL
MINUS MINUS MINUS
RABBIT SERUM (1-10) TOTAL NRS TOTAL | NRS 40% TOTAL
Normal (NRS) 26.4 6.3 20.1
Ragweed injected
1030-8 75.9 49.3 56.4 50.1 19.5
1031-8 74.4 48.0 55.6 49.3 18.8

3. Effect of I*BRW Concentration Upon the Precipitation of I*RW by
Human Sera in the Presence of 40 Per Cent SAS.

‘Whereas Table I demonstrated that it was possible to detect antibody in
the serum of rabbits immunized with ragweed pollen extract, Table II shows
it was possible to detect increased binding of I*R'W by sera from certain selected
humans also immunized with ragweed pollen extract. The fact that increased
capacity to bind T*RW was not detected in the sera of nonallergic patients or of
ragweed-sensitive individuals who had not received parenteral ragweed pollen ex-
tract therapy can also be seen in Table IT and will be further shown in Table V.

In addition, Table IT also illustrates that the concentration of T*RW was
a eritical determinant in deteeting antibody in the sera from humans immunized
with ragweed pollen extract. A tenfold diminution in the concentration of
I*RW from 0.2 y to 0.02 y N per milliliter elicited a significant increase in the
per cent of T*RW bhound by the sera of the treated ragweed-sensitive group
while the per cent of T*RW bound by the other two groups and by the controls
remained essentially unchanged. Although further dilution of T*RW further in-
creased the per cent of T*RW hound by the same antisera, the 0.02 y T*RW N
per milliliter concentration was used in the subsequent studies because the I'*!
activity of the more dilute solutions was too low for accurate counting.
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4. Effect of Antiserum Dilution Upon the Precipitation of I*REW in the
Presence of 40 Per Cent SAS.

The effect of antiserum-dilutions upon the per cent of 0.02 y T*RW N per
milliliter precipitated by two representative antisera is presented in Kig. 1.
The sera were diluted 1: 10 in borate buffer and subsequent dilutions were made
in 1:10 normal rabbit serum-borate buffer. It can be seen that the per cent of
I*RW precipitated decreased with antiserum dilution, but that the inereased
precipitation of I*RW was still demounstrable with as little as 0.5 ml. of a 1: 100
ragweed-injected human antiserum or 0.5 ml. of a 1:2000 ragweed-immunized
rabbit antiserum,

3. Failure of Antisera Against Unrelated Antigens to Precipitate Increased
Amounts of I¥EW.

A group of antisera directed against apparently unrelated antigens were
studied to learn whether increased amounts of 1*RW would he precipitated by
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Fig. 1—The effect of antiserum concentration upon the per cent of I*RW precipitated by
0 per cent SAS.

TaBLE II. THE EFrEcT OF I*RW CONCENTRATION ON THE PRECIPITATION OF I*RW
BY HUMAN SERA

I PER CEN'T PRECIPITATED WITH

HUMAN SERUM 1:10 ‘ 0.2 y I*RW N/ML. 1 0.02 v 1*RW N/ML,
Reference standard 8.3 9.4

Ragweed-sensitive

#9 9.1 7.1
#11 7.3 8.9
#12 6.2 6.7
#14 7.4 6.9
Treated ragweed-sensitive
# 8 19,7 18.8
#17 11.9 19.3
#22 11.8 16.7
432 20.1 31.9
Chest diseases, nonallergic
#15 6.0 5.5
28 6.8 7.6
#30 7.0 6.1
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these antisera in some nonspecific fashion. Aceordingly, Table 111 demonstrates
that high titer rabbit antisera against hovine albumin (BSA) and globulin,
human globulin, and Type 12 streptococcal M-protein did not precipitate more
1*R'W than did normal rabbit sera. Similarly, sera obtained from patients in
whom immunologic mechanisms might be operative were also studied and they
precipitated no more I*RW than did the human reference standard serum.

TapLE ITI. THE FAILURE OF UNRELATED ANTISERA TO PRECIPITATE INCREASED AMOQUNTS

or I*RW
PER CENT OF 0.02 y I*RW
TEST SERUM NUMBER OF SAMPLES N/ML. PRECIPITATED
Eabbit
Normal (NRS) 26 8.4 * 1.9%
Anti-ragweed
1030-8 1 56.4
1031-8 1 55.6
Antibovine globulin 1 9.5
Antibovine albumin 1 14.5
Antihuman globulin 1 7.9
Antistreptococcal M-protein 1 11.0
Human
Reference standard 1 11.0
‘‘Normal’’ nonallergic 99 8.1 + 1.3*%
Penicillin hypersensitivity 5 9.1 * 1.4*
Serum sickness 1 13.2
Egg sensitivity 4 8.4 * 1.3*
Hyperglobulinemia 1 11.1

*1 Standard deviation.

6. Specific Inhibition of the I*RW-Antiragweed Interaction by the Addition
of Unlabeled Rogweed Pollen Antigens.

The speecificity of the I*RW-antiragweed antibody interaction was also
studied by means of an inhibition test utilizing unlabeled ragweed pollen extract
and unlabeled BSA and streptococcal M-protein. The experimental procedure
for the inhibition test was a slight modification of the routine method of testing
for anti-T¥RW. Specifically, 0.5 ml. of horate buffer or 0.5 ml. of the unlabeled
antigen in borate buffer was incubated with 0.5 ml. of the 1:10 test serum at
37° (. for 2 hours prior to the addition of 0.5 ml. of I¥RW. The mixture was
shaken, incubated for 18 hours at 4° C., and 1.5 ml. of 80 per cent SAS was
then added to each tube. The rest of the procedure was identical to that pre-
viously deseribed above for ammonium sultate precipitation.

The data obtained by this inhibition technique are presented in Table IV.
It is apparent that 1 y N of unlabeled ragweed pollen extract markedly inhibited
the binding ot I*RW when the unlabeled ragweed pollen was added prior to the
T*RW. In contrast, 100 y N of Type 12 streptococcal M-protein and 80 y N
of bhovine serum albumin did not interfere with the binding of I*RW wunder
the same conditions. It is also apparent in Table IV that the 1 y unlabeled
ragweed pollen extract N did not depress the per cent I*RW bound by normal
serum controls. This lack of effeet is further evidence that the I*RW preeipi-
tated in the presence of 40 per cent SAS was not the result of specific binding,
but was more likely an expression of the innate solubility charaecteristies of
I*RW in ammonium sulfate.
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TABLE IV. THE SpPECIFIC INHIBITION OF THE I*RW-ANTIRAGWEED [NTERACTION BY THE
ADDITION OF UNTLABELED RAGWEERD ANTIGENS

|  PER CENT OF 0.02 7 I"RW N/ML. PRECIPITATED UPON ADDITION OF:

DILUENT RAGWEED STREP. M12 BSA
SERA (0.5 ML) (1y N/0.5 L) (100 y N/0.5 ML) | (80 N/0.5 ML)
Controls
NRS 11.0 10.5
Reference standard 11.5 10.5
RW-Immunized
Rabbit
1030-8 39.1 13.0 39.2 39.3
1031-8 40.7 12.8 40.4 40.0
Human
.18 33.6 8.3 33.7 34.0
114 35.8 8.9 37.3 36.0
43D 38.1 9.8 38.0 37.5

7. Precipitation of I*RW by Sera From Normal, Ragweed-Sensitive, and
Ragweed-Treated Sensitive Humans After the Addition of 40 Per Cent SAS.

In Table II it was shown that the incereased I*RW precipitation could be
demonstrated in the sera of 4 sclected ragweed-sensitive patients following
parenteral administration of ragweed pollen extract. It was necessary to seleet
the sera presented in Table IT because increased T¥RW hinding was not detected
in all sera from the individuals immunized with ragweed pollen extract. 1t
was, therefore, of interest to know how many of a group of ragweed pollen-
immunized individuals would indeed produce anti-I*RW as measured by this
method. Furthermore, the question arose as to whether the sera from ragweed-
sensitive individuals as a group bound more I*RW than did the scra from a
group of nonallergic individuals. Aeccordingly, Table V compares the T¥RW
precipitation by sera from 99 nonallergic individuals, 29 ragweed-sensitive in-
dividuals before hyvposensitization, and 80 ragweed-sensitive individuals after
parenteral injection of ragweed pollen extract.

TaBLE V. THE PRECIPITATION OF I*RW BY SEra ¥FroM NORMAL, RAGWEED-SENSITIVE, AND
RAGWEED-TREATED SENSITIVE HUMANS

PER CENT OF (.02 v I*RW N/ML.
NUMBER PRECLPITATED
SERA OF SAMPLES AVERAGE | RANGE ! S.D.
Reference standard 1 11.0

Nonallergic 99 8.1 5.0-12.5 1.3
Ragweed-sensitive

(untreated) 29 9.8 7.1-13.2 1.6
Ragweed-sensitive

(Immunized) 25 11.8 7-1+.9 1.9

23 18.6 15-20.9 9

32 26.7 21-43 4.9

80 19.7 743 RXE]

It can be seen that the sera of untreated ragweed-sensitive individuals
precipitated no more I*RW than did the sera from the nonallergic group.
These two groups were similar with respect to the average, the range, and the
standard deviation of the per cent I*RW precipitated. The data from these
control groups is presented in its entirety except for the results obtained with



:\\ft:,l:)rl?:r»;ll‘ [131 LABELED RAGWEED POLLEN AND ANTIBRODIES Hh3
one serum from a nonallergie patient who had received 100 mg. digitalis leaf
per day for 15 months. This serum pre'cipitated 17 per cent of the T*RW, hut
the result was execluded from the data of the nonallergic group because ani-
mals® ’® and man'* can be immunized via the oral route and subsequent
experiments have shown a small deerec of shared antigenicity exists hetween
digitalis leaf extract and ragweed pollen extract.'?

The data in Table V coneerned with the sera from the immunized ragweed
patients has been subdivided into three groups according to the amount of I*RW
precipitated after the addition of 40 per cent SAS. It can be scen that 55 of
the 80 sera had more capacity to bind I*RW than did the nonallergie or rag-
weed-sensitive controls. Of the 25 sera from the immunized group that preeipi-
tated less than 15 per cent of T*RW, 8 were obtained from patients who had
received a single injection of only 193 protein nitrogen units (PNU) ragweed
pollen extract in adjuvant. The failure of these sera to precipitate additional
I*RW may be a refleetion of the small antigenie stimulation. On the other
hand, at least 10 of the 25 sera with less than 15 per cent binding came from
patients who had received aqueous ragweed pollen extract for more than a year
followed by 500 to 5,000 PNU of ragweed pollen extract in adjuvant. It seems
likely that this latter group of patients were unable to produce antibody against
the I*RW antigens as measured by this method. Analagous unresponsiveness
to other antigens in amounts which stimulate deteetable antibody production
in most subjects has been previously deseribed in humans'® and in experimental
animals.™ A detailed presentation of this and other data as related to elinical
observations will be the subject of a subsequent report.’?

8. Reproducibility of Date Obtained Using I*RW Prepared on Separate
Occasions.

During the eourse of these experiments a pair of selected control sera were
repeatedly studied in order to determine the reproducibility of data obtained
using different preparations of T*RW. Table VI compares 3 different prepara-
tions of T¥RW on 8 separate occasions with respect to the per cent precipitated
by the reference standard serum and by a single sample of serum from a rag-
weed-sensitive immunized patient. It ean be seen that the antiragweed serum
bound an average of 39.0 + 2.3 per cent with a maximum spread of 8.2 per cent;
under the same conditions the reference standard serum bound only 11.0 + 1.8
per eent with a maximum spread in the data of 6.4 per cent. Of greater im-
portance than the per cent I*RW precipitated by a given antiserum, however, is
the difference between the per cent I*RW precipitated by the antiserum and
the per cent preecipitated by the reference standard serum when determined
concomitantly with the same preparation of I*RW. This difference represents
the spectfic binding of T*RW by the antiserum which ean be attributed to the
presence of antibody. Tt can be seen in Table VI that the specific binding of
this patient’s antiserum, studied on 8 occasions, averaged 28.0 + 1.8 per cent.
Thus, employing 3 different preparations on 8 occasions of 1*RW, the method
appears to be reproducible to + 1.8 parts in 28.0 or a standard deviation of
approximately 6.5 per cent of the specifie hinding of the antiserum. Additional
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data collected over a period of 9 months are also available for the Reference
Standard serum alone. With 9 preparations of I¥RW and on 20 separate oc-
casions, the RSS precipitated 11.0 £ 1.5 per cent with a range of 8.7 to 13.9
per cent. In addition, the data indicate that the ragweed pollen extract antigens
labeled with I**!, and the human antiragweed antiserum used for testing the
antigens, remained stable at —-20° C. for 3 months. The stahility of the data
from the repeated tests of the Reference Standard scrum suggests that the ex-
tract may remain stable for a longer period of time.

TaBLe VI. REPRODUCIBILITY OF SPECIFIC BINDING OBTAINED USING I[*RW PREPARED ON
DIrFERENT OCCASIONS

% OF 0.02 ¥y I*RW N/ML. PRECIPITATED
RAGWEED POLLEN REFERENCE STANDARD SPECIFIC
IMMUNIZED SERUM SERUM BINDING
PREPARATION (43p) (RSS) (43D-RS8)
A-1 38.3 11.4 26.9
B -1 35.3 7.4 27.9
B -2 40.9 9.3 31.6
B -3 39.3 10.4 28.9
C -1 39.0 12,0 27.0
C -2 38.0 11.8 26.2
C -3 43.5 13.8 29.7
C -4 37.8 11.9 25.9
Average 39.0 + 2.3% 11.0 + 1.8% 28.0 + 1.8*

*1 Standard deviation.

9. Lack of Effect of Heat-Labile Serum Components Upon the Specific Bind-
ing I*RW by Antisera.

To learn whether heat would effect the I*RW-antibody interaction as
measured by this method, samples of sera from nonallergic, untreated ragweed-
sensitive, and immunized ragweed-sensitive patients were divided into two ali-
quots: one aliquot of cach was kept as a control and one was heated in a water-
bath at 56° C. for 2 hours. It was found that heating neither enhanced nor
inhibited the precipitation of T*RW by any of the sera from the three groups
of patients tested.

10. Comparison of I*RW-Ammonium Sulfate and Hemagglutination Tech-
niques.

Representative sera were seleected and studied with both the I*RW-am-
monium sulfate and the bisdiazotized benzidine (BDB) hemagglutination tech-
niques in order to learn if the two methods were measuring the same antibody
response to ragweed pollen extract. The I*RW binding as measured with 40
per cent SAS was determined on 6 sera and these sera sent as unknown samples
to the laboratory of Dr. Alee H. Sehon who performed the BDB hemagglutina-
tion determinations. The ragweed pollen extract used for the hemagglutination
test was similar to the extract used for the preparation of I*RW except for the
fractionation with 50 per cent SAS prior to I'*t labeling. Three of the sera
were sent as duplicate samples and it ean be seen in Table VII that the paired
data obtained from the 3 sets of duplicates did not vary more than 1 tube.

It can also be seen in Table VII that (a) neither method was able to dis-
tinguish between the sera of two untreated ragweed-sensitive individuals withy
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positive intradermal tests (16A and 33A) and the Reference Standard serum
(RSS), and (b) both methods could detect increased antibody activity in the
serum from a single individual (16B compared to 16A) 1 month after a single
injection of 500 PNU of ragweed pollen extract in adjuvant.

TABLE VII. COMPARISON OF AMMONIUM SULFATE AND HEMAGGLUTINATION TECHNIQUES

409, SAS BDB HEMAGGLUTINATION
% OF 0.02 y I*"RW N/ML. RECIPROCAL OF DILUTION
HUMAN SERA PRECIPITATED TITER

Reference Standard  RSS#1 10.8 80
RSS#2 160
Ragweed-sensitive F#16A 13.1 40
#33A 9.5 10
Treated ragweed- 16B 29.7 160
sensitive TB-#1 20.2 160
TB-#2 160
18B-#1 30.0 1,280
18B-#2 2,560

It is not of particular significance that all 3 post-immunization sera (16B,
7B, and 18B) had high binding by the SAS method inasmuch as they were
selected on that basis for evaluation by the BDB method. It is of significance,
however, that the two methods do not appear to have measured the same anti-
body response because (a) the BDB method was unable to distinguish between
the nonallergic reference serum (RSS) and 2 of the 3 post-immunization sera
(16B and 7B), and (b) the SAS method was unable to differentiate hetween
the two post-immunization sera with the highest binding capacity (16B and
18B), whereas the BDB method indicated a high titer for one (18B) and a low
titer for the other (16B).

Thus, it appears possible to further characterize a human antiserum against
ragweed pollen by considering data obtained by these two techniques.

DISCUSSION

The use of ammonium sulfate to precipitate soluble complexes formed from
the interaction of antibody and some of the I*** labeled antigens in ragweed
pollen extract offers a sensitive and quantitative method for detecting ecir-
culating antibody produced by humans and rabbits after the parenteral ad-
ministration of ragweed pollen extract. That the technique measures antibody
has been demonstrated by the specific inhibition of T*RW binding following the
addition of unlabeled ragweed pollen antigens (Table IV), by the failure of
unrelated antigens to inhibit this interaction (Table IV), and by the failure
of antisera against unrelated antigens to bind I*RW (Table ITT). The antigens
and antisera used to demonstrate the specificity of this method were purposely
selected so that the possibility of shared or similar antigenic groups was remote.
However, as mentioned in association with the data presented in Table V, rag-
weed pollen extract probably contains antigenic groups similar to antigens
derived from other plant sources, such as digitalis leaf, grasses, and trees.'2
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It is apparent from Table V that the method of measuring anti-RW, as it
is deseribed in the present report, does not detect the amounts of skin-sensitizing
antibody present in the sera of nonimmunized ragweed-sensitive individuals.
There are at least three different interpretations as to why the method failed
to differentiate between sera of mnonallergie individuals and those of nonim-
munized ragweed-sensitive individuals: (1) There is evidenee to indicate that
skin sensitizing antibody-pollen interaction requires the presence of cclls' or
particulate materials'® before it ecan he demonstrated in vitro. For example,
(tordon and his associatest were able to show specific in vitro absorption of skin-
sensitizing antibody to ragweed with red blood ecells coated with ragweed by
the BDB method. This observation suggests that it should be possible to detect
skin-sensitizing antibody with a red blood ccll-ragweed pollen conjugate. How-
ever, in a careful statistieal study which emploved both the BDB and the tanned
cell hemagglutination techniques, Arbesman and co-workers'™ were unable to
distinguish for the most part between the sera of normal and nonimmunized
ragweed-sensitive individuals. (2) Although the I'*! labeled rvagweed pollen
extract was capable of eliciting a positive intradermal wheal-and-flave reaction
when tested on a ragweed-sensitive individual, it is possible that the I'* label
was not affixed to those components of ragweed pollen extract which elicited the
positive test.  This problem might be resolved by the use of purified fractions
of ragweed pollen extraet labeled by means of growing ragweed plants in an
atmosphere containing C14.'® (3) It is entirely possible that there is too small
an amount of skin-sensitizing antibody present in the sera of nonimmunized rag-
weed-sensitive individuals to be detected by this method. Some of the increased
binding observed in scra from immunized ragweed-sensitive individuals may be
due to an inercased amount of skin-sensitizing antibody shown to be present in
such sera by Sherman.?* This consideration would be extremely important if a
ragweed pollen skin-sensitizing antibody interaction involved casily dissociated
or non-avid bonds. Under these conditions small amounts of antibody are
difficult to detect.”

There is no evidence in the present data to favor one or any of the three
alternatives just presented as possible reasons for not detecting increased I*RW
binding by the sera of the nonimmunized ragweed-sensitive group. The failure
to alter T*RW hinding by heating sera to 56° (. does not help to answer the
question, despite the fact that human sera containing skin-sensitizing antibody
loses its capacity to evoke a positive Prausnitz-Kiistner (P-K) reaction under
these conditions. 1t is not known whether 56° (. destroys the capacity of skin-
sensitizing antibody to interact with ragweed pollen antigens or whether heat
changes some other quality of the antibody molecule so that a positive P-K
reaction can no longer be elicited. For example, heating normal skin in vitro
for half an hour at 60° C. destroys that attribute of skin which is capable of
binding skin-sensitizing antibody.?® Similarly, it is possible that heat could
alter the capacity of skin-sensitizing antibody to fix to skin without altering the
antigen-binding ecapacity per se. Because of these considerations and until
more i1s known about how skin-sensitizing antibody interacts with skin and
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antigen to cause a positive P-K reaetion, it does not seem justified to use the
thermostability of an in vitro antibody test as a eriterion to decide whether or
not the method in question ean detect skin-sensitizing antibody.

The ragweed pollen extract used in the present extraets is a complex anti-
genie mixture whieh, in a similar form, has been used by (fordon* and Arbes-
man®® and their eo-workers for the hemagglutination method. Although the
I*RW extract was further fractionated with ammonium sulfate, it undoubtedly
remains a complex mixture of antigens. More recently, methods to prepare
highly purified fractions of ragweed pollen are becoming available.?! 2 2% It
will be of interest to repeat the present studies using those fractions which can
be labeled with I and which have the necessary solubility characteristies in
ammonium sulfate. In addition, unlabeled purified fractions will be of assist-
ance in elucidating the antigenic mosaic of the relatively erude I*RW used in
the present study. This can be done by determining the inhibition aectivity per
microgram of purified material when employed in the inhibition test illustrated
in Table 1V,

SUMMARY

1. Ragweed pollen extract was fractionated with 50 per cent saturated am-
monium sulfate (SAS) and the supernatant labeled with I'3.

2. When 0.02 y N of this heterogenous mixture (I*RW) was incubated with
normal human or rabbit sera, approximately 10 per cent was nonspecifically pre-
cipitated with the globulins after the addition of 40 per cent SAS,

3. After incubation with sera from humans or rabbits immunized with rag-
weed pollen extract as much as 40 to 60 per cent of the I*R'W was precipitated
in 40 per cent SAS.

4. Lesser degrees of increased precipitation of I*RW were demonstrated
with as little as 0.5 ml. of a 1:100 ragweed-injected human antiserum or 0.5 ml.
of a 1:2000 ragweed-immunized rabbit antiserum.

5. That the increased T*RW precipitated by immune sera after the addition
of 40 per cent SAS was duc to binding by specific antibody rather than non-
specific co-precipitation was cvidenced by: (a) rabbit antisera of high titer for
bovine albumin, bovine globulin, human glebulin, and Type 12 streptococcal
M-protein preecipitated no more T¥RW than did normal rabbit serum; (b) excess
unlabeled ragweed pollen antigens completely inhibited the binding of I*RW
by human or rabbit anti-ragweed sera; and (¢) apparently unrelated antigens
did not inhibit the reaction.

6. Determinations of the precipitation of I¥*RW on different occasions by
a pair of selected control sera demonstrated the reprodueibility of the method
and the stahility of the labeled extraet.
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