Human reaginic antibodies and
immunoglobulin E

Kimishige Ishizaka and Teruko Ishizaka, Denver, Colo.

Eprror’s Note: The Editorial Board has solicited the following review, since
the topic is one of great importance and current interest to allergists.

he term ‘‘reagin’’ is applied to the spontaneously produced skin-sensitizing
antibodies found in allergic human sera. The presence of this substance in the
sera of atopic patients was first demonstrated by Prausnitz who had passively
sensitized his forearm to fish by intracutaneous injection of serum from his
allergic patient, Kiistner. The skin site receiving the serum gave an erythema-
wheal reaction on challenge with the specific antigen to which the donor was
sensitive.r Subsequently, the passive transfer of immediate hypersensitivity to
other allergens, such as horse serum and grass pollen, was observed in a similar
manner. These observations definitely showed that atopic individuals have anti-
bodies responsible for the erythema-wheal reactions. Since then, the nature of
reaginic antibodies has been studied by many investigators in numerous labora-
tories. Whenever new methods for fractionation of serum proteins were devel-
oped, the methods were applied to study physicochemical properties of reaginie
antibodies. Despite many painstaking efforts, however, the exact nature of the
antibodies remained unknown for 40 years.

Recent improvement in this field is based on progress in the structure and
classification of immunoglobulins and on the development of sensitive immuno-
chemical methods. It has been established that immunoglobulins are composed
of 2 kinds of polypeptide chains, i.e., heavy and light chains, and that the strue-
ture of heavy chains differs from the class and subeclasses of the immunoglobu-
lins, whereas light chains are common for all classes and subelasses.>* It also
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became clear that the immunological properties of antibodies differ depending on
the class to which the antibodies belong.* * Evidence has been accumulated that
the immunological propertics of antibodies, such as their capacity to induce
anaphylactie reactions in guinea pigs and to fix complement (C’), are based on
the partial structure of the heavy chains in the immunoglobulins.® 7 The charae-
teristic immunological properties of reaginie antibodies strongly suggested to us
the possibility that these antibodies may have peculiar heavy-chain struetures
and therefore that they may belong to a distinet immunoglobulin class. Studies
in this direction lead to identification of a unique immunoglobulin, IgE (yE),
as a carrier of reaginie activity.® In this review, our investigations on this ap-
proach, together with the work of others, will be summarized following the order
of logical argument.

HISTORICAL BACKGROUND

Barlier studies by Scherrer® and Stull and associates'® have shown that
reaginie antibodies were present in the pseudoglobulin fraction rather than the
cuglobulin fraction when the patients’ sera were fractionated by precipitation
with either ammonium sulfate or sodium sulfate. On the other hand, the Cohn
low-temperature ethanol-fractionation procedure concentrated reaginic activity
in fraction III which is predominantly composed of B-globulin.’* Electrophoretic
characteristies of reaginic antibodies have been studied by various methods sueh
as free-boundary electrophoresis,'? electrophoresis conveetion,'® and zone-separa-
tion procedures.'* The results were divergent; however, reaginic antibodies were
not detected in the slow-moving, y.-globulin in most cases. Maximum reaginic
activity was found in the 8- to y,-globulin region,'* 1* especially by zone electro-
phoresis. When reaginie sera were fractionated by chromatography on a diethyl-
aminoethyl (DEAE)—cellulose ecolumn, the first fraction, which was eluted with
low ionic strength buffer and composed of the major portion of the yG-immuno-
globulin, usually lacked reaginiec activity.’® ** The sedimentation coefficient of
the antibodies was also studicd. The activity was found between the 7S and 198
fractions.'® With the use of sucrose-density gradient ultracentrifugation, Ander-
son and Vannier'® found the average sedimentation coefficient of reaginic anti-
bodies to be 7.8S. All of this information strongly suggests that reaginie anti-
bodies are different from IgG (yG) and TgM (yM) with respect to their physico-
chemieal propertiecs.

After the third major immunoglobulin, IgA (yA), was isolated and charae-
terized,?® the relationship between yA and reaginic antibodies was studied in
many laboratories. This approach was quite reasonable because yA-immunoglobu-
lin is a pseudoglobulin and its electrophoretic mobility is in the range of B2 to yi.
Iurthermore yA-immunoglobulin consisted of monomer (7.08) and polymer
forms (10.58, 13S, 17S), which may account for the apparently divergent
claims as to the molecular size of reagin. Sinee 1962, evidenee accumulated to
support the coneept that the antibodies were associated with yA. Heremans and
Vaerman?* as well as others® ** reported that the yA-globulin fraction of atopic
patients’ scra had skin-sensitizing activity. Fireman, Vannier, and Goodman®*
incubated patients’ sera with a sheep antiscrum against A-myeloma protein and
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found that reaginie activity in the sera was lost by precipitation of yA. Third,
we have demonstrated that the yA-globulin fraction of normal serum, but neither
yG nor yM, blocked passive sensitization of human skin with reagin.?> In passive-
cutaneous anaphylaxis (PCA) in the guinca pig, it has been established that the
immunoglobulin to which the skin-sensitizing antibodies belong nonspecifically
blocks passive sensitization, whercas the other serum proteins failed to do s0.%
The findings on the blocking of Prausnitz-Kiistner (P-K) reactions therefore
supported the concept that reaginic antibodies belong to yA. Finally, Yagi and
associates® detected yA antibody against ragweed allergen in patients’ sera by
radioimmunoelectrophoresis. This observation does not necessarily indicate a
relationship between yA and reaginie activity. However, the information pre-
viously deseribed in combination strongly supported the coneept that reaginic
activity is associated with yA. However, Loveless® demonstrated reaginic activity
in a serum sample which lacked a detectable amount of yA. Furthermore, our
studies on human anti-A isoagglutinins” showed that none of the y(i, and yA,
and yM antibodies sensitized human skin cven with one microgram of these
antibodies, indicating that yA antibodies arc not necessarily skin sensitizing.

GAMMA E-IMMUNOGLOBULIN AS A CARRIER OF REAGINIC ACTIVITY

Revicewing the previous findings which supported the relation between yA
and reaginic antibody, one might notice 2 assumptions for the conclusion. First,
the coneept for purity of yA preparation was based on conventional immuno-
chemical methods which are generally more sensitive than chemical methods
for detecting impurities. However, one has to consider the limitation of the
methods: Impurities cannot be detected when the antibodies against the im-
purities are lacking. In a strict sense, the demonstration of a single preeipitin
band between a ‘‘pure’” yA preparation and antihuman serum merely indicates
the presence of yA in the preparation but docs not exelude the presence of
impurities. Second, immunologists had a general feeling that the sensitivity of
P-K reactions in human beings might be comparable to that of PCA reactions
in the guinea pig in which 0.03 to 0.1 wgN per milliliter of antibody was
required for a positive reaction.*® If this is the case, the only protein which ac-
counts for the high P-K titer of yA preparations of reaginie sera should be yA-
immunoglobulin itself. However, the assumption is not correct, because the P-K
titer of some reaginie sera is in the range of 1:10,000 and the yA concentration
in the serum is on the order of 0.3 mgN per milliliter. This fact cannot
be explained unless all yA in the patient’s serum is the antibody against
the single allergen to which the donor is sensitive. If the P-K reaction is much
more sensitive than PCA reactions in the guinea pig, it is still possible that
reaginic antibodies in the yA fraction may belong to ‘‘impurities” which were
not detected by the usual immunochemical methods.

With these considerations in mind, we have repeated our own previous ex-
periments as well as those performed by others. When reaginic sera from rag-
weed-sensitive patients were fractionated by DEAE-cellulose column chromatog-
raphy and gel filtration through Sephadex G-200 columns, the reaginic activity
in the fractions did not parallel either yG or yA concentrations.®® Although the
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reagin-rich fractions contained both vG and yA, reaginie activity in the fractions
was not precipitated by rabbit antisera specifie for either yG or yA. The results
were different from those reported by Fireman and associates.** In order to
confirm our findings, yA iscagelutinin was added to a reagin-rich fraction as a
marker, and yA in the mixture was precipitated. The results showed that yA
isoagglutinin was completely precipitated by anti-yA, whereas essentially all
reaginie activity remained in the supernatant fluid.** The physicochemical prop-
erties of reaginie antibodies were also different from those of yA isoagglutinin.
When the mixture of reagin-rich fraction with yA isoagglutinin was analyzed by
sucrose-density gradient ultracentrifugation, the sedimentation velocity of re-
aginic antibody was intermediate between those of polymer and monomer forms
of yA isoagglutining, with a sedimentation coefficient of approximately 8S.%* As
reported by Anderson and Vannier,'® the distribution of the reaginic antibody
in gradient fractions was homogeneous. Sinee the polymer (10.58) and monomer
(7S) forms of yA isoagglutinins were completely separated under the experi-
mental conditions, it is unlikely that the reaginic antibodies are composed of
both 7S and 10.5S eomponents. It was also found that the yA isoagglutinin had
faster clectrophoretic mobility than reaginie antibodies when a mixture of these
antibodies were analyzed by zone clectrophoresis in Sephadex G-25 gel. These
findings show that the reaginic antibody is different from yA antibody in both
physicochemical properties and in antigenie structure.

The possibility may be considered that reaginic antibodies are heterogeneous
with respect to immunoglobulin class and that part of the antibodies is asso-
clated with yA-immunoglobulin. In fact a “‘pure’” yA fraction, which was ob-
tained from reaginie sera by the zine-precipitation method®, and gave a single
precipitin band with antihuman serum, eontained high reaginic aetivity.*® When
the yA fraction was further fractionated by DEAE-cellulose column chroma-
tography, however, the reaginie activity in subfractions did not parallel yA econ-
centration. Proteins were cluted stepwise from the column with pH 8.0 phos-
phate buffers of inereasing molarity, ie., 0.02M, 0.035M, and 0.08M. The major
portion of yA was eluted in the second fraction, whereas most of the reaginie
activity was concentrated in the first fraction (fraction yA,). Furthermore,
essentially all reaginic activity in the yA preparation remained in the super-
natant fluid after the precipitation of all yA by the antibody specific for the
immunoglobulin. Thosc results indicated that reaginic aetivity in a so-called
““pure” yA preparation did not belong to yA-immunoglobulin itself but to the
other protein not detectable by immunodiffusion.®* Our previous cxperiments
on blocking of passive sensitization by yA preparation were also repeated. In-
deed, a yA preparation from normal serum blocked passive sensitization. Ilow-
ever, all A-myeloma proteins tested failed to do so. Tt was also found that the
activity of yA fraction to block passive sensitization did not correlate with the
concentration of the protein. When a yA fraction from a ragwecd-sensitive
serum was subfractionated by DEAR-cellulose column chromatography and
subfractions were tested for the activity to block passive sensitization with
reaginic antibody to cgg albumin, the blocking activity was detected in the first
fraction (fraction yA,) which contained antiragweed-reaginic antibody.®® It
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scems that blocking activity is due to the protein carrying the reaginic activity
rather than yA itself. We have also confirmed the findings by Yagi and asso-
ciates®” that the yA-preeipitin band formed with ragweed-sensitive sera hound
radioactive ragweed allergen. However, the presence of yA antibody did not
have any correlation with the skin-sensitizing activity of the patients’ sera.®*
Similar results have been reported by Reisman and associates.®® Furthermore,
the antiragweed yA antibody in the patients’ sera was precipitated by rabbit
anti-yA antibody leaving cssentially all the skin-sensitizing activity in the super-
natant fluids.?* 3¢

A critical difference between the previous findings and our data was that
reaginic activity was preeipitated by a sheep anti-yA serum by Fireman and
associates, whereas our rabbit anti-yA scrum did not preeipitate reaginie
activity. Since the difference is important for the conclusion, we have repeated
the experiments with the same sheep anti-yA serum used in their experiments.
The antiserum was supplied by Dr. Vannier. Indeed, the antiserum removed
reaginic activity from a reaginie serum. However, the activity of the antiserum
did not have any connection with anti-yA antibody. When the antibody in the
antisernm was preeipitated with A-myecloma protein and the supernatant {luid
was tested for the ability to neutralize reaginie activity, the supernatant fluid
and the original antiserum were comparable with respeet to the neuntralizing
activity. The results indicated that anti-yA in the sheep antiserum was not
responsible for the precipitation of reaginie aetivity, In summarizing the results
deseribed, one may notice that all the previous findings are experimentally
reproducible. However, the data do not support the yA hypothesis. Our findings
seem to indicate that reaginie antibodies are associated with a minor component
which eontaminated ‘‘pure” yA preparations,

Evidence was also obtained that the reaginic antibodies are not IgD (yD)
immunoglobulin. When the patients’ scra were fractionated, reaginic activity
of the fractions did not correlate with the concentration of this protein, The
precipitation of yD from reagin-rich fractions by antibody speeifie for the pro-
tein did not result in any detectable decerease in reaginie activity.® Lack of
correlation between reaginie activity and either the y(¥, yA, or yI) concentration
in chromatographic fractions from reaginie sera was confirmed by Perelmutter
and associates.*™ ** The reaginic antibody is probably not yM because the sedi-
mentation cocfficient of the antibody is 8S and the reagin-rich fraction does not
contain a detectable amount of yM. In order to econfirm this, a pathological yM
protein was added to the fraction and then precipitated with anti-yM.*® As
expected, reaginiec activity was not coprecipitated with yM-anti-yM complexes.
The presence of 78 yM-immunoglobulin has heen reported by Rothfeld and
associates.®® However, the vesults of the absorption experiments showed that
reaginie antibody is necither 78 nor 198 yM-immunoglobulin.

In collaboration with Dr. W. D. Terry, the relation between reaginie anti-
body and yG subeclasses was also studied.® The reaginic activity in chromato-
graphice fractions of patients’ sera did not parallel either vyG2 or y(G3 concentra-
tion, and the anti-yG3 serum did not precipitate reaginic activity. Furthermore,
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Fig. 1

Radioimmunoelectrophoresis of a reagin-rich fraction. Both the stained slide, 4, and the
radioautograph, B, are shown. After eleetrophoresis of a reagin-rich fraction in agarose, anti-
body trough was filled with anti-yE antiserum. A v, (yE) precipitin band combined radio-
active antigen.

our anti-yG antibody precipitated both yG2- and yG4-myeloma proteins pre-
viously added to a reaginiec fraction. However, reaginic activity in the
fraction did not diminish by the precipitation. From these experiments, it
seems that the reaginic antibodies are not associated with any of the yG2, yG3-,
and yG4-globulins. In summarizing these experimental results, we have specu-
lated that reaginic antibody belongs to a unique immunoglobulin class which
had not been deseribed.

In order to prove the hypothesis that reaginie antibodies may belong to a
distinet immunoglobulin class, we have tried to prepare rabbit antibodies which
react with the earrier protein of reaginie activity. A rabbit was immunized with
a reagin-rich fraction from a ragweed-sensitive serum, and the antiserum was
absorbed with normal y( and with A-myeloma and D-mycloma proteins.®
The supernatant fluids did not give a preeipitin band with any of the yG,- yA,-
yM,- or yD-immunoglobulins but gave a y,-precipitin band with a reagin-rich
fraction in immunoelectrophoresis (IFig. 1, A). After washing the slide, radio-
actively labeled purified ragweed antigen (antigen E of King and associates*!
was applied to the antibody trough. The radioactive antigen specifically com-
bined to the v;-precipitin band, indicating that the vy,-globulin had antibody
activity (Fig. 1, B). As the y; band was different from vG, yA, yM, and yD
bands in speeificity, the protein responsible for the band was tentatively desig-
nated yE.** In radioimmunodiffusion, all of the sera containing high reaginic
activity against the purified ragweed allergen gave the radioactive yE band,
whereas the sera lacking the reagin did not (I'ig. 2, 4).3¢ More recently, the yIi
antibodics against rye-grass allergen and horse dandruff have been detceted in
the sera of atopic paticnts who are sensitive to these allergens. The antibodies
against these allergens were not found in the sera from ragweed-sensitive pa-
tients who arc not sensitive to either rye grass or horse dandruff. These findings
indicated that the combination of radioactive antigens to the yE-preeipitin band
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was specific and correlated with the presence of skin-sensitizing activity in the
sera, The anti-yE serum actually precipitated reaginic antibody in the patients’
scra. Incubation of reaginie sera with anti-yE resulted in a formation of a trace
amount of precipitate. The supernatant fluids did not give either a radioactive
vl band in Ouchterlony plates (Fig. 2, B) or P-K recactions. Representative
results of the skin reactions by the supernatant fluid and by the original serum
before absorption are shown in Fig. 3, A. So far, sera from 10 ragweed-sensitive
patients and 10 serum samples from atopie patients sensitive to other allergens,
such as grass, egg, and horse dandruff, have been tested. The reaginie activity
in all of the sera studied was removed by the preecipitation of yE.

The correlation between yE antibody and reaginic activity was studied by
fractionating reaginic sera from ragweed-sensitive patients.*® Throughout the
experiments, distribution of vG, yA, and yE antibodies was studied by radio-
immunodiffusion, and reaginic activity was tested by P-K reactions. The globulin
fraction of the sera was obtained by precipitation with 50 per eent saturation of
ammonium sulfate at pH 7.0 and further fractionated by DEAE-cellulose column
chromatography. Proteins were cluted stepwise with phosphate buffers of in-

Fig. 2

Radioimmunodiffusion analyses of reaginie sera and a yE fraction. The center wells in 4 and
B were filled with the mixture of anti-yE and radioactive antigen E. 4, Peripheral wells were
filled with reaginic sera. X and II, did not contain reaginic antibody against antigen E.
B, Effect of absorption of reaginic sera with anti-yE antibody. Peripheral wells were filled
with the supernatants after the absorption (small letter) and the original sera diluted in
saline (capital letter). €, Radioimmunodiffusion of yE fraction placed in the center well.
Peripheral wells were filled with antisera specific for one of the 5 immunoglobulin classes
(v@, yA, yM, yD, and yE) and the antibody against F,, portion of yG (a-Fy;). After wash-
ing, the slide was washed and peripheral wells were filled with radioactive antigen E.



Volume 42 Human reaginic antibodies and immunoglobulin E 337
Number 6

B

Fig. 3

A, Absorption of reaginic activity by anti-yE antiserum. A reagin-rich fraction was incubated
with anti-yE serum. Specific precipitate was removed and serial dilutions of the supernatant
were injected intracutaneously to left side (abs) of the back. Right side (cont) received the
same dilutions of the unabsorbed fraction. All sites were challenged by allergen 24 hours later.
I, The same patient’s serum was absorbed with anti-E myeloma (anti-ND). Serial dilutions
of the supernatant fluids were injected into left side (ab). Right side (¢) received same
dilutions of the unabsorbed serum.
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Table 1. Distribution of aniibodies associated wilh different immunoglobulins
and of reaginic activity

Phosphate Relative o
bm:];il; L](‘lor ooncgw%;;:ion Presence of antibodies Minimum skin-
clution*® of v4 against antigen I int éensitizz’ng dose
Fraction (M/1) (per cent) vG¢ | vyd4 | yEt (gN)
I 0.005 0 ++ - - 1.6
11 0.025 32 + -~ +4+ 0.05
11T 0.035 61 * + + 0.4
1v 0.05 39 - - - > 1.6
v 0.08 10 - - - S 1.6

*pH of the buffer was 8.0 (J. Immunol. 97: 840, 1966).

tRadioactivity of preecipitin bands was compared in radioautographs.

jProtein concentrations of fractions I-V applied in radicimmunodiffusion were 1 per cent.
(J. Immunol. 97 849, 1966.)

creasing molarity, and the fractions were tested for the presence of v(}, yA, and
yE antibodies by radioimmunodiffusion and for skin-sensitizing activity. As shown
in Table I, both reaginic activity and yE antibody against ragweed antigen
were detected in fractions IT and II1; and fraction IT had the highest reaginic
activity and the highest yE-antibody concentration. The yG antibody was con-
centrated in fraction I, and yA antibody was detected only in fraetion III. The
second fraction (fraection IT), having the high reaginie activity and the highest
level of yE antibody, was further fractionated by recyeling gel filtration through
Sephadex G-200 columns.** The reaginic activity and yE antibody against puri-
fied ragweed allergen were detected in the first and second peaks, whereas the
third peak, composed of yG-globulin, lacked both activities (Fig. 4). The reagin-
rich fraction, thus obtained (fraction II, in Fig. 4), was then analyzed by
sucrose-density gradient ultracentrifugation. Some yG anti-A isoagglutinin was
added as a marker. After centrifugation, distribution of reaginic activity and
of yE antibody were studied. The results indieated that the sedimentation ve-
locity of reaginic antibody was higher than that of yG isoagglutinin, and yE
antibody was detccted in the fractions having the highest reaginie activity. As
deseribed previously, the sedimentation eoefficicnt of the reaginic antibody was
approximately 8S. The electrophoretic mobility of yE antibody was also in
agreement with that of reaginic antibody, when a reagin-rich fraction was
analyzed by electrophoresis in agarose gel. After electrophoresis, segments of
the center piecc of the gel were extracted with saline and tested for the pres-
ence of reaginic activity. Troughs were cut along with the direetion of electro-
phovesis, and anti-yE serum was placed in a trough. The distribution of reaginic
activity corresponded with the place of yE-precipitin-band formation.
Perelmutter and associates®® applied DEAE-Sephadex column chromatog-
raphy for the fractionation of reaginic sera. In their experiments, most of the
vyA was distinet from the reagin-containing fractions. Therefore, we have applied
this method to study the correlation between yE antibody and reaginic activity.
In our experiments, reaginic sera were fractionated by DEAR-cellulose column
chromatography and gel filtration, and a reagin-rich fraction, thus obtained, was
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Fig. 4
Gel filtration of a reagin-rich fraction through a Sephadex G-200 column. The major protein

component in fraction II, and fraction II, were yA- and yG-globulin, respectively. Reaginic
activity was detected in fractions II, and I, (J. Immunol. 99: 1187, 1967.)

applied to a DEAE-Sephadex column which was equilibrated with 0.1M Tris-
HCI buffer at pH 8.0 (Fig. 5, 4). After gradient elution with a 0.5M Tris buffer
of the same pH, the fractions were analyzed. It was found that the major protein
component in the first and last peaks were yG and vA, respectively, and the
highest reaginic activity was observed between the 2 peaks. By radioimmuno-
diffusion, the intensity of radioactivity of the yE-precipitin band paralleled
reaginie activity, whereas distribution of both yG and yA antibodies exhibited
no correlation with that of reagin. The parallel distributions between reaginic
activity and yE antibody to the same allergen in all the fractionations de-
seribed strongly support the concept that reaginie activity is associated with yE.

Direet proof for yE as a carrier of reaginic activity was obtained after puri-
fication of the protein from reaginie sera.? The globulin fraction was obtained
from the sera by precipitation with ammonium sulfate and further fractionated
successively by DEAR-cellulose column chromatography and recyeling gel fil-
tration followed by DREAE-Sephadex column chromatography. On a weight
basis, reaginic activity in the most active fraction was 150 to 200 times higher
than that in the original sera. However, the fraction still contained yG- and yA-
globulins. These proteins were absorbed with purified rabbit anti-yA and anti-
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DEAE-Sephadex chromatography of fraction II, (ef. Fig. 4). The starting buffer was 0.1M
Tris-HCI buffer, pH 8.0. After the first peak was obtained, proteins remaining in the column
were eluted with a gradient increase of molarity. G represents the start of gradient elution.
In 4, anti-ragweed yE-antibody was detected in fractions A, B, C, whereas all fractions,
A through F, contained the yE antibody in B. The highest antibody activity was in fraction
B in both cases. (J. Immunol. 99: 1187, 1967.)

yG antibodies. The purified rabbit antibodies were precipitated with goat anti-
body specific for the F. portion of rabbit y(, and the specific precipitates were
incubated with the reagin-rich fraction for the absorption. By this procedure,
almost all the yG and yA in the preparations were removed, leaving reaginic
activity in the supernatant fluid. On a weight basis reaginic activity in the final
preparations was about 1,000 times more active than the original serum. The
preparation gave a positive P-K reaction with 0.0001 pgN, while the P-K titer
of the preparation was 1:80,000. The preparation gave yE- and yD-precipitin
bands when it was analyzed by immunodiffusion with antisera specific for each
immunoglobulin class. The presence of anti-ragweed antibodies was analyzed by
radioimmunodiffusion. As shown in Fig. 2, €, only yE antibody but none of yG,
vA, yM, or yD antibody was detected in the preparation. As will be discussed,
the radioactive band formed by anti-Fyy, is due to the presence of light chains in
yB. Furthermore, both reaginie activity and yE antibody in the most active
preparation were completely removed by precipitation of yE with
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Fig. 6

Radioimmunoelectrophoresis showing the presence of light chains in yE. Both stained slide
(top) and the radioautographs (4, B,C) are shown. The yE-precipitin band was developed by
immunoelectrophoresis (top). After washing 3 slides (4,B,C) showing the yE-precipitin
band, each slide was treated with normal rabbit serum, 4, unlabeled anti-x, B, or anti-A anti-
body, C, followed by application of radioactive anti-x-chain antibody. The radioactive antibody
combined with the yE precipitin band, 4, C, and the combination was speeifically blocked by
unlabeled anti-x antibody, B. (J. Immunol. 99: 849, 1967.)

anti-yE. These results clearly show that vE antibody is responsible for the
reaginic activity in the purified preparation and thus identified yIE-globulin
as a carrier of reaginic activity.

CHARACTERIZATION OF yE-IMMUNOGLOBULIN
Antigenic structure

As described before, yE was first deteeted by radicimmunodiffusion. Sinee
the antiserum used in the immunoelectrophoresis did not contain any antibodies
specifie for heavy chain of 4 known immunoglobuling and lacked antibodies re-
acting with light chains, the protein was expected to be a unique immunoglob-
ulin. However, more evidence is required for the conclusion that yE actually
represents a distinet immunoglobulin class. All immunoglobulins are composed
of heavy and light polypeptide chains, and the presence of « and A light poly-
peptide chains is a common property of immunoglobulins. Therefore, we have
investigated the presence of these light chains in yE by radioimmunoclectro-
phoresis (Fig. 6).% Immunoelectrophoresis was set up between a recagin-rich
fraction and anti-yE antiserum. After the precipitin band developed (Fig. 6),
the slides were washed and radioactively labeled anti-x or anti-A antibody was
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Fig. 7

Antigenic analysis of yE. 4, A yE-globulin fraction of a reaginic serum was placed in the
center well against the antisera specific for the 5 immunoglobulins placed in peripheral wells.
Only the anti-yE serum gave a precipitin band with the fraction. The slide, 4, was washed
and radioactive antigen K was applied to peripheral wells. Radioautograph, B, of the slide
shows that the yE-precipitin band combined radioactive antigen. C, A monospecific anti-yE
serum was placed in the center well of the plate against a reaginic serum (8S), a fraction
composed of yG- and yE-globulins (G + E) and yG-myeloma proteins of 4 subclasses. I, The
center well was filled with the same anti-yE serum against yA-myeloma proteins of 3 sub-
classes, yD-myeloma and yM-macroglobulin. YAy, yA, represent Fu type and Ma type by
Terry and Robert.#8 yAy represents He type by Vacrman and Iferemans.¢ Both Fu and Ma
types belong to Le type by the latter investigators. The results in C and D show that the
vE-antigenie determinant is not shared by any of the other immunoglobuling of known classes
and subclasses.

applied to the antibody trough. The radioactive antibody combined with the yE-
precipitin band (F'ig. 6, A). The combination of the labeled antobody was spe-
cifically blocked by pretreatment of the slides with unlabeled antibody of the
same specificity but not with antibody of the other specificity. For example, the
combination of radioactive anti-« antibody was blocked by pretreatment with
unlabeled anti-«x antibody but not by treatment with anti-A antibody (Fig. 6,
B and (). These findings show that yE possesses antigenic determinants in
both « and A polypeptide chains and indicate that yE is an immunoglobulin.
Since yE was detected with the use of a rabbit antiserum from which anti-
bodies specific for yA, y&, and yD globulins were precipitated with myeloma
proteins, it is possible that the antiserum contained antibodies directed toward
minor antigenic determinants in the known immunoglobulins and that “‘yE’’-
globulin was detected by one of these antibodies. If this is the case, ‘‘yE’’-
globulin could represent a subclass of known immunoglobulins rather than a
distinet class. Subelasses of yG were described by Grey and Kunkel*® as well as
by Terry and Fahey,** and 4 subclasses, yG1, y(G2, y(3, and y(G4, are known.
Gamma A subelasses have heen reported by Kunkel and Prendergast,*® Vaerman
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Fig. 8

Radioimmunodiffusion showing the antigenic identity of myeloma protein ND with yE-globu-
lin. A reagin-rich fraction was placed in the center well and antisera specific for each of the
5 immunoglobulins and that specific for myeloma ND (a-ND) were placed in center well, 4.
Anti-yE and anti-ND showed a precipitin band of identical specificity with the reagin-rich
(YE) fraction. The slide was washed and radioactive antigen E was applied to peripheral
wells. A radioautograph (B) of the slide showed that the precipitin band combined radioactive
antigen.

and Heremans,*® and Feinstein and Franklin,*” as well as by Terry and Robert.*®
The subelasses desceribed by the first 3 groups are exactly the same. However,
vE-globulin is not a subelass of the known immunoglobulins because of the fol-
lowing evidence. When a purified yE fraction from a ragwecd-sensitive serum
was analyzed by immunodiffusion, only the anti-yE serum, but none of the anti-
vG, anti-yA, anti-yM, or anti-yD sera, gave a precipitin band, and the yE band
combhined with radicactive ragweed antigen in radioimmunodiffusion (Fig. 7,
A and B). The results indicate that yE-globulin lacks major antigenic determi-
nants present in y, e, p and § chains. It was also found by immunodiffusion
expceriments that anti-yE serum failed to give a preeipitin band with myeloma
proteins of all y(& and yA subeclasses, yD-myeloma protein, and yM-maeroglobulin
(Fig. 7, € and D). It is evident that yE-globulin has antigenie determinants
whieh are not shared by any of the known immunoglobulins. From these find-
ings on antigenie structure of vE, as well as the presence of antibody activity in
vE, it was concluded that vE represents a distinct immunoglobulin elass.

This eonclusion was supported by the presence of a E-mycloma protein. An
atypical type L-mycloma protein, which was called myeloma ND, was found by
Johansson and Bennich in Sweden.*® As the physiochemical properties of this
protein were similar to those of yE in our experiments, antisera specific for the
myeloma protein and for yH were compared. The anti-ND serum used in the
experiment was specific for the F, portion of the myeloma protein. In our labo-
ratory, it was found that the anti-ND and anti-yE gave a single precipitin band
of identical specifieity with a yE fraetion from a reaginic serum, and the pre-
cipitin band combined radioactive ragweed allergen (Fig. 8, 4 and B).*® Since
the yE preparation did not contain a detectable amount of other immunoglobu-
lins, it is apparent that both anti-ND and anti-yIi react with the same protein
having antibody activity. It was also found that anti-ND precipitated reaginic
activity in a ragweed-sensitive serum (Fig. 3, B). Johansson and Bennich found
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that both anti-yE and anti-ND gave a preeipitin band of identical speeificity
with the myeloma protein. These results indicate that myeloma ND is a E-mye-
loma protein and that the yE-antigenie determinants are probably present in
the F. portion of the yE-immunoglobulin molecules. An interesting observation
on the yli-antigenic determinants is that the protein loses the activity to give
a precipitin reaction with anti-yE by heating at 56° C. for 4 hours. This loss of
precipitating property following heat treatment was not observed for the other
immunoglobulins and indicated that the yK-antigenic determinants are heat
labile.5t

Physicochemical properties and structure of yE-immunoglobulin

The physicochemical properties of vE antibodies against ragweed allergen
have been studied during purification and are summarized in Table II. The
properties of vE are in agreement with those of reaginie antibodies reported by
previous investigators and are different from those of the 4 other immunoglobu-
lins. As shown in the table, E-myeloma protein has similar properties to yE
antibodies. In addition, Johansson and Bennich*® have measured the molecular
weight and carbohydrate content of the mycloma protein. It is clear that the
protein has slightly higher molecular weight than those of y(& and monomer
form yA. The carbohydrate content of the myeloma protein is similar to that of
vM.

The chromatographic properties of yE in Table II represent the molarity
of phosphate buffer (pH 8.0) by which the major part of yE is eluted from a
DEAE-cellulose column, However, yE is chromatographically heterogeneous.
When the yE-rich fraction from a ragweed-sensitive serum was applied to a
DEAE-Sephadex column and eluted by increase of molarity of Tris-TICl buffer,
yE antibody was detected in all fractions shown in Fig. 5, B. As expected, all
fractions had reaginic activity which paralleled the intensity of radioactivity
of the yE-precipitin band. Precipitation of vE with anti-yE in fractions A, B,
and D was accompanied by loss of reaginie activity. The chromatographic hetero-
geneity of yIi might explain heterogeneity of reaginic antibodies observed by
other investigators.’> 5 In the rabbit, Sela and Mozes® have shown that the

Table ll. Physicochemical properties of human immunoglobulins

[ v¢ | yM | y4 | yD | yE(myclomaND) | Reagin

Electrophoretic

mobility v1-y2 vl 71 ~v1 vl (y1) b2t
Sedimentation

coefficient Sy, w 6.6 18 6.6 7.0 8.0 (8.2) Ca 8.0
DEAE cellulose

chromatography

(M)* 0.005 0.15 0.035  0.035 0.2 0.02
Molecular weight 150,000 900,000 180,000 — (200,000) —_—
Carbohydrate per cent 2.9 11.8 7.5 — (10.7) —

Parentheses indicate myeloma ND.
*Stepwise elution with phosphate buffers, pH 8.0. The numerals indicate molarity of
phosphate buffer for elution of the major component.



Volume 42 Human reaginic antibodies and immunoglobulin £ 345
Number 6

chromatographic distribution of yG antibodies differs depending on the antigen
for immunization. One can expect that the chromatographic distribution of yE
antibodies may also be different depending on the allergen.

The sedimentation coefficient of the major component of yE in atopie pa-
tients’ sera and an E-myeloma protein is 8S. However, Girard® has reported
that gel filtration of serum from a patient with penieillin hypersensitivity gave
2 types of reaginic antibodies. One corresponded to yM and another was in the
ascending portion of y& peak. Our recent experiments confirmed the findings
with a ragweed-sensitive serum. When the serum was applied to a Sephadex
(G-200 column, the major part of reaginic antibody was eluted with yA, but a
part of the antibody came off the column between yM and yA. Both fractions
were rechromatographed for further purification. By radioimmunodiffusion yE
antibodies against ragweed antigen were detected in both fractions. The active
fractions were analyzed by sucrose-density gradient ultracentrifugation. The
sedimentation coefficient of the yE antibody in the major fraction was 85,
whereas that in the minor component was approximately 11S. The 11S yE
antibody may be a polymer form yE, although the possibility still exists that
the antibody may be a complex of 83 vE with some other protein. In any
event, the heterogeneity of reaginic antibody in molecular size does not neces-
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Molweight S35, Tot. Carbohydrate 1/,Cystine Methionine

Myeloma Protein ND 186000 7.9 10.71 42 18

Light chain (A), 214 aa 22500 - 0 5 1

Heavy chain (ND) 75500 - 14 16 8

(Fab'), 104000 6.1 10.76 18 10

Fd’ 29500 - 19 4 4

Y2 "Fc"= (Heavy-Fd") 46000 - 1 12 4
Fig. 9

Scheme of E-myeloma protein. M represents methionine and CHO represents carbohydrate.
(Bennich and Johansson, Nobel Symposium, 1967.)
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sarily indicate heterogeneity of immunoglobulin class possessing reaginie
activity.

Gamma E-immunoglobulin is a very minor component of serum proteins.
Johansson, Bennich and Wide,* who measured the concentration of yE in sera
of normal and atopic individuals, reported that the concentration of the protein
in normal sera is in the range of 0.1 to 0.7 pg per milliliter, with the average con-
centration of 0.33 pg per milliliter. A significantly raised level of the protein
was found in the sera of patients with allergic asthma.®” Among the 16 cases
studied by them, the highest level was 4 pg per milliliter, and the average con-
centration was 1.6 pg per milliliter. Increase of yE concentration in atopic in-
dividuals is an interesting obscrvation in view of the fact that reaginic anti-
bodies belong to this protein.

In any event, therc is too little yB in serum to be isolated for structural
studies. Therefore, all available information on the structure of this protein
depends on an E-myeloma protein. Bennich and Johansson® have reduced the
E-myeloma protein (myeloma ND) with mercaptoethanol followed by alkyla-
tion with iodoacetamide and isolated 2 components which correspond to heavy
and light chains. The yield of light chain was 20 per cent of the total protein,
and its molecular weight, caleculated from the amino acid composition, was
22,500. Since the molecular weight of the original molecule is 200,000, the results
indicate that the molecule contained 2 light chains. Assuming 2 heavy chains
per molecule, the molecular weight of each heavy chain was calculated to be
approximately 75,500, which is significantly higher than those of v, i, and «
chains. The myeloma protein was subjected to papain or pepsin digestion. The
papain digestion produced 2 fragments which correspond to I. and Iy, frag-
ments from yG. The Fy, fragment contained A-chain determinants, indicating
the presence of A chains, whereas the F, fragment did not. The yli-antigenic
determinant (s) were present in F', but not in Iy, fragments. Sedimentation co-
efficient of the F. fragment was 5S, and its molecular weight was estimated to
be 100,000. These data indicate that the 17, fragment of the E-myeloma protein
represents a portion of heavy (¢) chains. Although the isolated e chain did not
have the yE-antigenic determinant, the presence of the determinant in the F.
fragment indicates that the determinants were originally present in heavy
chains. After pepsin digestion of the protein followed by gel filtration, approxi-
mately 52 per cent of the material was recovered as a 6S fragment. The frag-
ment contained A chains and corresponded to (Fg').. Both F. and (Fu'). con-
tained 11 per cent carbohydrate, whereas A chain did not. Distribution of half
cystine and methionine residues in heavy and light chains was estimated from
chemical analysis of the isolated heavy and light chains and (Fy'). fragment.
From these findings Bennich and Johansson® proposed a schematic model of the
E-myeloma protein as shown in Fig. 9. Apparently the great number of methio-
nine residues per heavy chain and of half cystine residues in the F. portion of
the molceules are characteristics of this immunoglobulin. As will be discussed
later, this structure might be related to peculiar biological properties of vE
antibodies.



Volume 42 Human reaginic antibodies and immunoglobulin E 347
Number 6

Immunological properties of yE antibodies

The most important property of yE antibodies is the ability to sensitize
human skin for erythema-wheal type allergic reactions. The question arose as to
how much yE antibody is required for giving Prausnitz-Kiistner reactions. The
characteristic antigenic structure of yE suggested the possibility that guantita-
tion of the antibody may be estimated in vitro by measuring the allergen-binding
activity of yE antibody in serum samples. Thus, a method for measuring anti-
bodies associated with each immunoglobulin clags was devised.®® The principle
of the method is shown in Table ITI. An excess amount of radioactively labeled
purified ragweed allergen (antigen K) was incubated with the patients’ sera.
Aliquots of the mixture were ineubated with the antibody specific for one of
the immunoglobulins or anti-light chain to precipitate each immunoglobulin or
all immunoglobulins. Since the yE concentration on patients’ sera is very low,
the yE-anti-yE precipitates were formed in 0.5 per cent agarose, and the agarosc
containing the immune precipitate was washed to remove free antigen. Radio-

Table 1Il. Principle of quantitative measurements of antibodies

Patient’s serum + large excess of I131-allergen
Formation of allergen*-antibody complexes
precipitation with

|
Anti-yG Anti-yA Anti-yM Anti-yE+ Anti-Li

1 1 1 1 1
Ag*-Ab(yG) Ag*-Ab(vA) Ag*-Ab(yM) Ag*-Ab(vE) Ag*-Ab(lg)
+ + + + +
~G YA +M vE ig

wash precipitate
Radioactivity measurements

+In agarose.
*Radioactive.

Table IV. Allergen-binding activity of antibodies in patients’ sera*

Allergen-binding activity

Serum v¢ | y4 | yE |16t | IGealt P-K titer
EK 0.40 0 0.23 0.62 0.63 1600
B 0.26 0 0.38 0.66 0.64 3200
F.$ 0.16 0.082 0.14 0.33 0.38 800
F§ 0.14 0.016 0.097 0.25 0.27 600
A 0.23 0 0.10 0.34 0.33 800
w 0.61 0.033 0.099 0.79 0.74 600
P 1.8 0 0.07 1.9 1.9 400
I 1.9 0 0 1.9 1.9 0

*Numerals in the table indicate pg of antigen E bound by immunoglobulins in 1 ml. of
serum.

tMeasured by precipitation of all immunoglobuling with antilight-chain antibodies.
tAllergen-binding activities of y(&, vA, and yE antibodies were added.

§Untreated patients, all other patients were treated.

(J. Immunol. 98: 497, 1967.)
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activity in the precipitates represents the amount of antigen combined to the
antibody associated with cach immunoglobulin class. The dose of antigen spe-
cifically bound to y@, vA, and yE antibodies and to all antibodies is shown in
Table IV. It is apparent that the antigen-binding activity of yE antibody bears
no eorrelation with those of either yG or yA antibodies and that the sum of the
antigen bound by y@&, vA, and yE antibodies in the serum specimens is in agree-
ment with that of total antibody, which was measured by precipitation with
anti-light chain antibodies. An important finding in this experiment is that skin-
sensitizing activity of the serum samples correlated with yE-antibody concen-
tration as measured by antigen-binding activity (Table IV). In order to esti-
mate the concentration of yIi antibody in paticnts’ scra, the antigen-binding
value of yIi antibody in the sera was compared with that of rabbit antibody
against the same antigen. The antigen-binding value of the rabbit antibody was
measured by precipitating antigen-rabbit antibody complexes by anti-rabbit yG
goat antibodies, and the relation between the antigen-binding value and the
antibody concentration was obtained (Fig. 10). The antigen-binding value of yE
antibody in the patients’ sera were then interpolated to the relationship. By this
method, one can estimate the concentration of rabbit antibody which has the
same antigen-binding value as yE antibody in the patients’ sera (Table V). As
the antigen-binding aetivity of antibodies is dependent on their avidity and
valency, the concentration of rabbit antibody in the table does not necessarily
represent the actual concentration of yE antibody but gives a general idea on the

.03 __pn 006
Fig. 10
Relation between antibody concentration and allergen-binding activity of rabbit antibody
(@, A represent two different measurements). The allergen-binding values of yE antibodies in
serum EK, F., ¥, and P were interpolated. The numerals in the figure represent the Prausnitz-
Kiistner titer of the serum samples. (J. Immunol. 98: 490, 1967.)
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range of yE-antibody econcentration in the patients’ sera. The recent studies
which will be described later indicated that both human yE and rabbit yG anti-
bodics are divalent. As P-K titers of these sera are known, one can calculate the
dose of rabbit antibody which corresponds to that of yE antibody in the mini-
mum sensitizing dose of the sera. The caleulated dosecs in 6 different sera are very
close to one another and in the range of 2 x 10° pegN (Table V). If onc
assumes that the avidity of yE antibody is comparable to that of the rabbit yG
antibody used in the experiments, the minimum dose of y¥ antibody required
for giving positive P-K reactions would be on the order of 10° to 10-° pgN,
which is about 1/1,000 of the minimum dosc of guinea pig y; and rabbit yG
antibodies for the induction of PCA reactions in the guinea pig. In an carly
stage of this investigation we speculated that P-K reactions in human beings by
reaginic antibodies are much more sensitive than the PCA reactions in the
guinea pig. The findings deseribed above definitely proved this hypothesis. The
results also showed a complete correlation between yIi antibody concentration
and reaginic activity and supported the conecept that at least the major part of
the skin-sensitizing antibody in the patients’ sera is yBE-immunoglobulin,

The yE antibodies give PCA reactions in the monkey. Tt has been reported
by Layton and his ecoworkers® that human reaginie scra induced PCA reactions.
Their findings strongly suggested that the reaginic antibodies are responsible
for the reactions. However, the problem remained as to whether the reaginie
antibodies and/or some other antibodies in the reagin-rich fraction were in-
volved in the reactions. Thus, we studied this problem by fractionating reaginie
sera.’* The antigen-binding activity of the yG, yA, and yE antibodies in the
fractions was measured, and the ability of the same fractions to sensitize monkey
skin was tested. The results showed that the fractions containing yE antibody
gave PCA reactions, whereas the fractions containing v or yA antibodies but
no yI antibody failed to sensitize monkey skin (Table VI). The yE antibody,
of which the antigen-binding value was eomparable to that of 10-* to 10-® ugN
of rabbit yG antibody, was sufficient to give a positive reaction, but 1,000 times
as much yG antibody or 20 times as much yA antibody was incapable of giving

Table V. Estimation of the minimum sensitizing dose of yE antibody in
Prausnitz-Kiistner reactions

Rabbit antibody
Allergen-binding value Rabbit-antibody corresponding to
Serum specimen of vE antibody concentration® mintmum P-K dose
pg/ml ugN/ml. x10-6 ugN

EK 0.23 0.065 2.0
F, 0.14 0.038 2.4
F 0.097 0.026 2.1
A 0.10 0.028 1.8
W 0.099 0.027 2.2
r 0.07 0.019 2.4

*The concentration of rabbit antibody which is comparable to YE antibody with respect to
allergen-binding activity.
(J. Immunol, 98: 500, 1967.)
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Table VI. Allergen-binding activity of vG-, vA,- and yE-globulins in scrum
samples gwing PCA reaction

’ Rabbit
antibodyt
correspond-
PCA B Allergen-binding activity® 171%?/7537}1
Serum Fraction | Dilution l Reaction vG [ vA | vE PCA dose
x10-3 ug x10-5 ugN
EX I Undiluted - 30 0 0 -
11, 1:112 + 0 0 0.15 4
I1,, Undiluted - 0.45 0 0 -
ITT 1:16 + 0.15 0.12 0.25 7
Tr vG Undiluted - 200 0 0
vA Undiluted - 0 4 0 -
EK 1:80 + 0.25 0 0.14 1
F, 1:40 + 0.2 0.1 0.17 5
w 1:20 + 1.5 0.09 0.22 7
P 1:10 + 9 0 0.35 9

*Allergen-binding activity in the minimum dose of each sample giving positive PCA re-
actions was calculated. In the samples giving a negative PCA reaction, the allergen-binding
activity in the samples injected was listed.

tThe dose of rabbit antibody which is comparable to yE antibody in the minimum PCA
dose with respect to allergen-binding activity.

a positive reaction. Furthermore, the ability of the rcagin-rich fraction and
original sera to induce the PCA reaction was ahsorbed by anti-yE, but the
absorption of & and yA in the aetive fractions did not reduce the skin-sensitiz-
ing activity. It was also found that the presence of excess yG antibody with yE
antibody in the sensitizing sample neither enhanced nor inhibited the PCA re-
action. These findings show that v antibodies in atopic patients’ scra are re-
sponsible for PCA reactions in the monkey.

Arbesman and associates®® have reported that isolated monkey ileam, pas-
sively sensitized in vitro with human reaginic sera, eontracted upon exposure to
allergen. In collaboration with Dr. Arbesman, we have studied the possibility
that yE antibodies may passively sensitize monkey ileum. The results showed
that a yE-rich fraction of atopic patients’ sera actually sensitized ileum, and the
sensitizing activity of the fraction was removed by anti-yE.®®> However, the
findings obtained by Wicher and associates®* suggest the possibility that the
antibodies associated with other immunoglobuling as well may sensitize the
ileum. Further studies are necessary to elucidate whether immunoglobulins
other than yE may also be involved in the reaction.

The reaginic antibodies were considered to be univalent because the sera
from atopie individuals do not give a precipitin reaction with allergen despite
high skin-sensitizing activity. However, the problem has to be re-evaluated be-
cause the actual concentration of reaginic antibodies in patients’ sera is very
low on a weight basis. From the measurement of the antigen-binding value of
yE antibodies, the coneentration of yE antibody seems to be comparable to 0.4
pglN per milliliter of rabbit antibody even when the P-K titer is 1:10,000. It is
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Table VIi. Effect of anti-immunoglobulin on hemagglutination

Anti- Antibody concentration®
ragweed | Antilg 005 | 0025 | 0.0125 | 0006 | 0003 | 0.0015 0
yG None 3 3 1 0 0 0 0
Anti-yG 3 3 3 3 2 1 0
Anti-yA 3 2 1 0 0 0 0
Anti-vE 3 3 1 0 0 0 0
vE None 3 2 1 0 0 0 0
Anti-yG nd 2 1 0 0 0 0
Anti-yA nd 2 1 0 0 0 0
Anti-vE nd 3 3 3 2 1 0

*Antibody concentration of yG and yE antibodics was estimated by antigen-binding
activity and represented by the concentration of rabbit antibody having the comparable
antigen-binding activity.

possible that the lack of the precipitin reaction may be due to low coneentra-
tion rather than univalent nature of the antibody. In faect, our recent studies
have shown that yE antibodies are capable of agglutinating red cells coated with
antigen. As described previously, the preparations of yE antibodies were obtained
by fractionating reaginic sera followed by absorption of immunoglobulins other
than yIi with rabbit antibodies specific for each immunoglobulin class. In radio-
immunodiffusion with I'**-labeled antigen B, only the yE antibodies were
detected in the preparations. After measuring antigen-binding activity of the
yE antibodies, serial dilutions of the preparations were incubated with rabbit
erythrocytes coated with ragweed allergen. The results showed that the yE-anti-
body preparation agglutinated the cells (Table VII). On the basis of antigen-
binding activity, the yE and yG antibodies obtained from the same serum had
comparable hemagglutinating activity. The reactions by both yG and vE anti-
bodies were completely inhibited if the antibody preparation were incubated with
one microgram per milliliter of antigen E before the addition of the antigen-
coated cells, indicating that the reactions were specifie for the antigen. Further-
more, the hemagglutination by yE antibody was enhanced if the sensitized cells
were incubated with anti-yE (Table VII). The enhancement was specific be-
cause both anti-yG and anti-yA failed to enhance the hemagglutination. As ex-
pected, the agglutination of the same antigen-coated cells by y&G antibody prep-
aration was enhanced by anti-yG but not by either anti-yA or anti-yE. The
results showed that yE antibodies were actually responsible for the hemaggluti-
nation and indicated that the antibodies are multivalent with respect to their
antibody-combining sites. As previously described, Bennich and Johansson®®
indicated that yE is ecomposed of 2 heavy and 2 light chains. If the antibody-
combining sites of yIi antibody are located in the Fy, portion of the molecules,
one can speculate that yE antibodies are probably divalent.

The other immunochemical properties of yE antibodies have not been estab-
lished. It has been believed that reaginic antibodies lack C’-fixing activities and
are unable to sensitize guinea pig skin for PCA reactions. In order to reach a
firm conclusion, a yE preparation containing a high concentration of yE anti-
bodies but neither yG nor yA antibody is neecessary. For example, it was found
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that a reagin-rich fraction having a P-K titer of 1:3,200 did not give a positive
PCA reaction in the guinea pig. The antigen-binding value of the vE antibody
in the fraction was comparable to that of 0.12 pgN per milliliter of rabbit 4G
antibody. The results indicate the sensitizing activity of yE antibodies is less
than that of rabbit yG antibody, if active at all, and suggest the unlikelihood of
the involvement of yE antibody in the guinca pig PCA reactions induced by
reaginie sera. However, one cannot exclude the possibility that the sensitizing
activity of yE antibody might be comparable to that of human y( antibody
because 1 ugN per milliliter of human yG antibody is necessary for PCA re-
actions in the guinea pig.

MOLECULAR BASIC OF REAGINIC HYPERSENSITIVITY REACTIONS BY E
ANTIBODIES
Structural basis of sensitizing activity

In anaphylactic reactions in the guinea pig, it has been shown that guinea
pig v1- and yG-globulins from certain animal species nonspecifically block passive
sensitization. The mechanism of the blocking is considered to be due to competi-
tion between antibody and monantibody immunoglobulins for ecombination with
certain guinea pig tissues with which sensitizing antibodies combine upon sen-
sitization.?® Similar findings were obtained in P-K reactions in human beings.
Nonantibody yE blocked passive sensitization of human skin when the protein
was mixed with reaginic serum and the mixtures were injected intracutaneously
into normal individuals for passive sensitization.” The blocking of passive sensi-
tization is one of the characteristic properties of yE-immunoglobulin. As shown

Table VIll. Blocking effect of immunoglobulins on passiwe sensttization with
reaginic antibody

Proteins injected with reaginic antibody (ugN ) | Wheal (mm.) | Erythema (mm.)
vG Gy 2.0 8.5 30x32
vG, 9.5 35x42
Gy 10.5 30x43
vGy 10.0 30x49
vA Fu 2.0 9.5 30x41
Ma 9.5 34x37
He 10.0 31x45
~+D 1.6 9.5 31x34
vM 2.0 9.5 34x36
vE +vG* 0.06 0 0
0.03 5.0 20x22
0.015 6.0 21x25
vyE +7vG 2.8 9.0 30x32
(heated)
Saline 0 9.5 306x42

*yE-globulin comprises 25 per cent or less of total protein.
(J. Immunol. 99: 855, 1967.)
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in Table VIII, myeloma proteins of the other 4 classes and subelasses failed to
block the passive sensitization. Blocking of passive sensitization by E-myeloma
protein was also reported.® The fact that only yE blocked passive sensitization
indicates that the protein has affinity for human skin tissues to which reaginic
antibodies combine upon sensitization. As light chains of immunoglobulin are
common for all immunoglobulins, one can expeet. that the structures responsible
for the passive sensitization probably exist in the heavy chains of the molecules.

One of the characteristic properties of human reaginie antibodies is that the
sensitizing activity of antibodies is lost hy heating at 56° C. for 2 to 4 hours.
In faect, skin-sensitizing activity of yE antibody was lost by heating. The heat
inactivation of the yE antibodies may be explained by the loss of affinity of yE
molecules for tissue sites, because the blocking activity of nonantibody yE was
lost by heating at 56° C. for 4 hours (Table VIII).”* On the other hand, evidence
was obtained that antibody-combining sites in yE antibodies remained after heat-
ing. When the antigen-binding activity of y@&, yA, and yE antibodies was
measured before and after heating at 56° C. for 4 hours, more than 50 per eent
of the allergen-binding activity of yG and vA antibodies remained after heating,
whereas yE antibody was not detected after heat treatment (Table IX). ITow-
ever, the apparent loss of antigen-binding activity of yE antibodies is due to the
nonprecipitability of yE. As deseribed before, the yE-antigenie determinants are
heat labile, and heated yE is not precipitated by anti-yE. When antigen-antibody
complexes in the same mixture were precipitated by antilight chain antibody,
the antigen-binding value of the heated yE-antibody preparation was more than
50 per cent of the value of the native preparation. As the original preparation
did not contain a significant amount of either yG or yA antibody and the
antigen-binding value of total antibody, determined by precipitation with anti-
light chain, was comparable to that of yE antibody in the preparation, almost all
antibody in the preparation should be yE-immunoglobulin. Thus, it scems that
vE antibody was responsible for the antigen binding of the heated preparation.

Table IX. Effect of heat on antigen-binding activity of vG, vA, and vE antibodies

Antibody for Activity remaining
Fraction Heat precipitation AgE combined (per cent )
ug x 10-2
vG - anti-yG 2.0
+ 1.5 75
~yA - anti-yA 1.5
+ 1.2 78
vB - anti-yE 6.0
+ 0.5 8
- anti-F,, 6.7
4.4 66
- anti-yG 0
- anti-yA 0

(J. Tmmunol. 99: 610, 1967.)
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In fact, the heated yE preparation showed blocking antibody activity. Tt is
apparent that heat inactivation of reaginic antibody is not due to the loss of
antibody-combining sites but to degradation of eertain structures in the yE mole-
cules involved in the fixation to skin tissues.™

Another characteristic of reaginic antibodies is inactivation by reduection and
alkylation.®® " In agreement with the previous obscrvations, skin-sensitizing
activity of yE antibodies greatly diminished by reduection in 0.1M mercapto-
ethanol for one hour followed by alkylation with jodoacetamide, although 0.01M
mercaptoethanol did not change the skin-sensitizing activity. Further studics
on the effect of reduction-alkylation on antiragweed yE antibodies indicated that
antigen-binding aectivity of the antibodies diminished to about one third by the
reduetion in 0.1M mereaptoethanol followed by alkylation. No cffeet was detected
on the yE-antigenic determinant. The reduced-alkylated yE maintained affinity
for skin tissues to which reaginic antibody combines. However, the affinity of
the treated molecules was less than that of native yE. Approximately 5 times
more reduced-alkylated material than untreated sample was required for block-
ing passive sensitization with reaginie antibodies against heterologous allergen.
It was also found that sensitization with the redueced-alkylated vE antibody did
not persist for a long time. The minimum dose of the treated antibody required
for giving a positive P-K reaction increases when the sensitization period was
changed from 2 hours to 48 hours. It is apparent that reduction and alkylation
affects 2 different portions of yE antibody molecule, i.e., antibody-combining
sites and tissue fixation site.

As already discussed, the affinity of yE-molecules for target eells is aseribed
to certain structures in e chains. In PCA recactions in guinea pigs, evidence has
been presented that struetures in rabbit yG molecules essential for the fixation
to the tissues are present in F, portion of the molecules.® ® If F, portion of yE
molecules is responsible for the affinity to human tissucs, one might speculate
that disulfide linkages in the F. portion of the molecule may be cssential for
maintaining the structure, because reduction and alkylation of yE diminished
the affinity. It is interesting that the F. portion of the ¢ chain contains 5 to 6
intraheavy-chain disulfide bonds, and a single inter-e-chain bond is present in
Fq (Fig. 9). In rabbit y&, Hong and Nisonoff®® have shown that reduetion in
0.01M mereaptoethanol was sufficient to reduce an inter-y—chain disulfide bond
in almost all molecules. If suseeptibility of the inter-e-chain bond to the reducing
reagent is comparable to that of the inter-y—chain bond, reduction in 0.01M
mercaptoethanol, which does not affcet the sensitizing activity of yE antibody,
may be sufficient for the reduction of inter-e-chain bond. Although the impor-
tance of the inter-e—chain bond cannot be exeluded, it is possible that some of
the intrachain disulfide bonds are susceptible to reduction in 0.1M mercap-
toethanol, and clevage of these bonds may be responsible for decrease in tissue
affinity of vyI& molecules.®

*After submitting this review, Stanworth and assoclates reported that Fe fragment of an
E-myeloma protein blocked passive sensitization. Their findings support the idea that cleavage
of intra-e-chain disulfide bond(s) rather than interchain bond is responsible for the decrease
of tissue affinity.
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Mechanisms of reaginic hypersensitivity reactions

Although reaginie hypersensitivity reaetions in human beings are different
from anaphylactic reactions in the guinea pig with respect to the quantity of
antigen and antibody involved, hoth reactions are induced by the antibodies of
a certain immunoglobulin class, and passive sensitization of the skin by the
antibodies is blocked by mnonantibody immunoglobulin of the same class. In
anaphylactic reactions in the guinea pig, it is well known that injections of non-
antibody rabbit yG into guinea pig skin followed by anti-rabbit y( gives reversed
PCA reactions. As normal individuals have yE, one can expeet that the protein
is present on target cells to which reagin comhines upon sensitization and there-
fore that an intracutaneous injection of the antibody specifie for yE into normal
individuals would give a reversed type allergic reaction. In fact, normal individ-
uals gave erythema-wheal reactions upon injeetion of anti-yE. The minimum dose
of the antibody for giving the reaction was on the order of 10-° ugN°. None of
the antibodies specifie for other immunoglobulins, i.e., anti-y(, anti-yA, anti-yM,
and anti-yD, gave reactions even with 10°* peN. Anti-light-chain antibodies pre-
pared from anti-yG antisera gave a positive reaction with 0.01 pgN. Sinee anti-y
chains failed to give the reaction, it seems that anti-light chain reacts with yE on
the target cells and induces the reaction. The requirement of 1,000-fold more of
anti-light chain than anti-yld is probably due to the combination of anti-light
chain with immunoglobuling of other classes present in the skin tissues. An
interesting fact is that the dose of anti-yE for the reversed reaction is compa-
rable to that of yE antibodies required for a positive P-K (direct) reaction.®

The sensitivity of human skin to anti-yE differs depending upon individuals.
An atopie patient who has an extremely high yE eoncentration in his serum gave
a positive reaction with 10 ugN of anti-yI, whereas 2 agammaglobulinemie pa-
tients did not react to 10-3 pgN of anti-yE. In all of these cases, the sensitivity
to histamine was at a normal level. It was found that the aectivity of anti-yE
serum was removed by precipitation of anti-yE antibody with yE. The induction
of reversed type allergic reactions by anti-yE antibody is a direet proof that
normal individuals possess yIE on target cells.

It was also found that intracutancous injection of anti-yE to normal monkeys
inereased permeability of their skin capillaries. With Evans blue injected intra-
venously, skin sites receiving anti-yE showed a bluing reaction. The amount of
rabbit anti-yE required for the positive reaction was 10 ugN. Again, none
of the antibodies specifie for other immunoglobulin gave the reaction with 0.04
#gN. These findings indieate that the monkey has a protein which eross-reacts
with human yE and that the protein is present on the eells to which human
reaginic antibodies are fixed upon passive sensitization. The monkey protein was
detected in normal monkey serum. Although the protein has not been isolated,
distribution of the protein in chromatographic fractions in normal monkey serum
as well as its size was similar to human yE and suggested that the protein is
‘‘yI”ammunoglobulin of the monkey.®°

The reversed type allergie reactions by anti-yE enabled us to study target
cells. Pretreatment of monkey skin sites with compound 48/80 prevented the skin
reaction by anti-yE without changing the sensitivity to histamine. On the other
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Histamine release by ragweed allergen (AgE) and by anti-yE from leukoeytes passively
sensitized with a reaginic serum. Normal leukoeytes from the donor released 50 per cent of
total histamine by 0.08 ugN per milliliter of anti-yE (A---A) but not by ragweed allergen
(@~ - -@). After sensitization, 0.004 pugN per milliliter of anti-yE (A A) or 0.018 ug
per milliliter of the allergen (@——@) released 50 per cent histamine.

hand, pretreatment with anti-yE prevented the reaction to 48/80. If one accepts
that the ecompound specifically attacks mast cells,® the results indicate that mast
cells are involved in the reversed type allergiec reactions.

Lichtenstein and Osler™ have observed histamine release from isolated
leukoeytes of atopic patients upon exposure to allergen to which the donors are
sensitive. Their results suggest that reaginic antibodies are involved in the reac-
tion. Levy and Osler™ succeeded in passively sensitizing leukoeytes with the pa-
tients’ sera for histamine release. If reaginic antibodics are actually involved in
the histamine release, yE should be present on leukoeytes, and therefore one can
expect reversed type histamine release from leukoeytes by the exposure to anti-
yE. In faet, anti-yE released histamine from lcukocytes of atopic patients.
Similar to the skin reaction, neither anti-yG, anti-yA, anti-yM, nor anti-yD
released histamine from the cells, whereas antilight-chain antibodies did. It was
also found that the sensitivity of normal leukoeytes to anti-yli for histamine
release increased by incubation of leukocytes with a yE-rich serum containing
antiragweed reaginic antibody. As demonstrated by Levy and Osler,” the
same eells released histamine by exposurc to ragweed antigen (Fig. 11). It is
evident that yE-immunoglobulin is fixed to leukoeytes, and the reaction of the
cell-fixed yE with anti-yE is responsible for histamine release. These findings
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Table X. Skin reactions by vE antibody-antigen complex®

Dilution of Antigen (ug per milliliter)

complex s2 | 10 | 2 | 05 | o1 | o005 | o0

Undiluted } 5.5 7.0 8.0 9.0 11.0 8.0 0
(22) (24) (27) (29) (35) (30)

2x 0 5.5 7.0 8.0 10.5 7.0 0
(20) (22) (28) (33) (27)

8x 0 0 0 6.5 9.0 5.0 0
(22) (30) (20

*Numerals in this table represent average diameters of wheal in millimeters, and those in
parentheses represent average diameters of erythema in millimeters,
tThe antigen-binding value of the antibody preparation was 0.09 ug per milliliter.

strongly support the hypothesis that yIi antibodics are responsible for histamine
release from leukocytes by allergen.

In our previous studies on soluble antigen-antibody complexes, it has been
shown that preformed antigen-antibodv complexes induee an increased per-
meability of guinea pig skin capillaries, The skin reaetivity of the complexes
depends on the nature of antibody involved. Only the antibodies having sen-
sitizing activity for guinea pigs formed skin-reactive complexes, indicating that
the formation of skin-reactive complexes in vivo is responsible for PCA reactions
in guinea pigs.”? The results also showed that the skin reactivity of the com-
plexes differs depending on the antigen-antibody ratio in the complexes and
indicated a requirement of at least 2 antibody molecules for the formation of a
skin-reactive complex. The similarity between PCA reactions in the guinea pig
and P-K reactions in human beings suggested the possibility that soluble com-
plexes composed of yE antibody may give erythema-wheal reactions in normal
human skin. This possibility was therefore studied in the following experi-
ments.”® The yE-rich fraction containing yIi antibody but no yQ, yA, or yM anti-
body against ragweed allergen was obtained from atopic patients’ sera, and the
antigen-binding activity of the yE antibody in the preparation was measured.
The preparation was incubated with varying concentrations of purified ragweed
allergen for 15 minutes at 37° C. and the mixtures were injected into normal
human skin. The mixture of yE antibody with the ragweed allergen provoked
erythema-wheal reactions, whereas those of cither yG or yA antibody with the
same antigen failed to do so. The intensity of the skin reaction was different
depending on the antigen-antibody ratio in the mixture. The maximal reaction
was obtained when a slight excess of antigen was added, and the activity of the
mixture became lower by the addition of a greater excess of antigen (Table X).
At the optimal antigen-antibody ratio, the amount of antibody in the minimal
skin-reactive dose of the complex was approximately 30 to 50 times more than
the minimal dose of the same preparation required for a positive P-K reaction
at the sensitization period of 24 hours. However, the dose of the yE antibody in
the mixture was on the same order of magnitude as that required for giving a
positive reaction when the skin sites were challenged within 5 minutes. When
the antibody and antigen were injected separately, however, a much higher con-
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centration of antigen than that present in the mixture was required for a posi-
tive reaction, and inhibition of the skin reaction by excess antigen was not ob-
served. Since the above findings strongly suggested that the skin reactions by
antigen-yE antibody mixtures are due to preformed complexes, experiments were
undertaken to prove that yE antibodies actually formed complexes with antigen
in vitro. Purified ragweed antigen (antigen I) was labeled with I'®! and added
to a yE-antibody preparation. The antigen-antibody ratio in the mixtures was in
extreme antigen excess (800 times cxcess as compared with the antigen-binding
value of yE antibody) in one mixture and in moderate antigen excess (5x exeess)
in the other. The latter mixture gave a positive crythema-wheal reaction at a
dilution of 1 : 128, whercas the mixture containing a great excess antigen did not
show the reaction cven at a dilution of 1 :8. Both of the mixtures were then
analyzed by sucrosc-density gradient ultracentrifugation. As controls, the yE
antibody preparation or radioactive antigen I¥ was applied to separate tubes
and analyzed. After centrifugation, distribution of radioactivity in the gradient
fractions was studied. Free antigen gave a single peak of 3.3S, and the sedimen-
tation coefficient of yE antibody was 8S. The mixture of yE antibody with a
great excess of antigen gave 2 radioactive peaks. A slower sedimenting peak cor-
responded to free antigen (3.38), and the sedimentation coefficient of the faster
component was 9.7S, which was higher than that of vyl antibody alone. The
mixture with a moderate excess antigen showed 3 peaks, ie., 3.3S, 9.7S, and
13.1S. In order to confirm that the 9.7S and 13.1S components represent antigen-
antibody eomplexes, the gradient fractions were analyzed by radicimmuno-
diffusion. The fraetions were mixed with nonantibody yE and placed in periph-
eral wells of Ouchterlony plates. The center well was filled with anti-yX. The
vE-preeipitin band was formed by the nonantibody yE. Radioautographs of the
plates showed that the yE-precipitin band formed with the 9.7S and 13.1S frae-
tions had radioactivity, whereas the band formed with the 8.3S fraction plus
carrier protein did not. Fixation of the radioactive antigen by anti-yE indicates
that the antigen in these peaks was in the form of complex with yIi antibody
and therefore that both 9.7S and 13.1S fractions represent antigen-yE antibody
complexes. As the antigen-antibody mixture containing 13.1S ecomplex had high
skin reactivity while the aetivity of the antigen cxcess mixture eontaining only
9.7S complex was very low, it seems that 13.1S complex has the activity whereas
9.7S complex does not.

Sinee yE antibody is probably divalent, one can expect that the major part
of complexes formed in great antigen excess are probably composed of 2 antigen
and one antibody molecules (Ag.Ab complex), the molecular weight of which is
270,000. It appears likely that the 9.7S complex represents an Ag.Ab complex.
As vE antibody is 88, the complex should not contain more than one yE-antibody
molecule, whereas the 13.1S complex is probably composed of two antibody mole-
cules. Tt seems that two or more vE-antibody molecules are required for the
formation of a skin reactive complex.

The requirement of two or more yE-antibody molecules for the formation of
skin-rcactive complex is comparable to the previous observations on rabbit yG
antibody complexes having skin reactivity in the guinea pig. In the ease of the
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yG-antibody complexes, it was suggested that an interaction between antibody

molecules brought into apposition by antigen and possible consequent struetural
changes in the F, portion of the antibody molecules might be involved in the
induction of the biologieal aetivity.”? This hypothesis was supported by the fact
that nonspecifically aggregated yG and aggregated F. fragments have the ability
to induce increased permeability of skin capillaries. Recent studies by Henney
and Ishizaka™ showed that a new antigenic determinant is revealed in the F,
portion of the yG molecule upon formation of antigen-antibody complexes and
by nonspecific aggregation, indicating that struetures in I, portion of the mole-
cules are actually changed by the formation of antigen-antibody complexes. The
requirement of 2 yE-antibody molecules for the formation of skin-reactive com-
plexes suggests that induction of skin-reactive properties by the formation of
these complexes may also involve intraection between the yE-antibody moleeules
and/or structural change in the molecules.

If reaginic hypersensitivity reactions are actually due to the formation of
skin-reactive complexes in vivo, one may speculate that at least 2 yE-antibody
molecules in the form of doublet on a cell surface is necessary to sensitize target
cells, and the reaction is induced by bridging the yE-antibody molecules by anti-
gen. With benzylpenicilloyl (BPO) haptens in penicillin hypersensitivity, Levine
and Fellner™ have found that BPO-polymer conjugates of widely different
molecular sizes are equally effective when compared at equimolar concentrations.
From the data they suggested that wheal and erythema reactions were initiated
by simple bridging of 2 or small numbers of tissue-fixed skin-sensitizing antibody
molecules by multivalent haptens.

Investigations on the mechanisms of reaginic hypersensitivity reactions sug-
gest 2 possibilities for inducing the reactions without participation of allergen.
If structural changes in yEE molecules which may be induced by interaction of
the molecules are actually responsible for the hypersensitivity, one might
speculate about the possibility that nonspecific aggregation or slight denatura-
tion of vI& may induce the same symptoms without allergen. In connection with
this view, biologic activities of nonspecifically aggregated yE have to be studied.
Another possibility is the formation of autoantibody against yE. It has been
shown that aggregated human yG is immunogenie in human beings, and anti-
bodies specific for aggrcgated yG react with antigen-yG antibody complexes.
Repeated exposure of atopic patients having yE antibodies to specific allergen
may result in the formation of autoantibody against denatured yE. Once such
autoantibodies are formed, the antibody will induce or enhance allergie reactions.
It should be notieed that only 10-° ugN of heterologous anti-yE was sufficient to
induce erythema-wheal reactions in normal individuals. Although direct evidence
is lacking, it may be worthwhile to consider these possibilities for future studies
on so-called intrinsie type of allergic disorders.

SUMMARY

Reaginie activity in sera of atopic patients is associated with yE-immuno-
globulin rather than the other 4 immunoglobulins, i.e., yG, yA, yM, and yD. This
conclusion is based on the facts that (1) reaginic activity in the patients’ sera
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was precipitated by anti-yE but not by the antibodies specific for heavy chains
of the other 4 immunoglobulins; (2) the distributions of reaginic activity and of
yE antibody paralleled each other when the patients’ sera were fractionated by
anion-exchange column chromatography, gel filtration, density gradient ultra-
centrifugation, and zone electrophoresis; (3) the yE fraction of the patients’
sera, in which only yE antibody but neither the yG, yA, yM, nor yD antibodies
was detected, possessed high reaginie activity, and the activity in the preparation
was removed by anti-yE.

The protein has « and X light chains of immunoglobulins, possesses charac-
teristic antigenic determinants which are not shared by the other immuno-
globulins of known classes and subelasses, and lacks the major antigenic deter-
minants in the other classes. The antigenie structure of yE as well as association
of antibody activity with the protein indicate that yI represents a distinet im-
munoglobulin elass. Physicochemically, yE-immunoglobulin is a y, glyeoprotein
with a sedimentation coefficient of 88 and a molecular weight of 200,000. Struc-
tural studies of an E-myeloma protein showed that the protein is composed of 2
heavy (e) and 2 light polypeptide chains. The heavy (e¢) chains of the protein
have a peculiar structure, and yE-antigenie determinants are present in F. por-
tion of the heavy chains. The coneentration of the protein in normal serum is
0.1 to 0.7 pg per milliliter, and the level is elevated in atopic patients.

The yE antibodies are responsible for P-K reactions in human beings, PCA
reactions in the monkey by reaginic sera, and probably for antigen-induced
histamine release from leukocytes of atopic individuals. The minimum dose of
yE antibody required for giving positive P-K reactions in human beings was
estimated to be 10-¢ to 10° ugN. The yE-antibody agglutinated red cells coated
with antigen, indicating that the antibody is multivalent (probably divalent).
Nonantibody yE and an I-myeloma protein blocked passive scusitization of
human skin with reagin, indicating that the protein has affinity for the tissue
constituents to which reagin combines upon sensitization. Structures of the pro-
tein responsible for the affinity were heat labile, whercas antibody-combining
sites in the yI§ antibodies remained after heating at 56° C. Reduction of the
antibody in 0.1M mereaptocthanol followed by alkylation partially degraded
both antibody-combining sites and the tissuc fixation site in the molecules. It
was also found that antibodies specific for yI induced erythema-wheal reactions
in normal human beings and monkeys and released histamine from leukocytes
of atopic individuals. Induction of the reversed type reactions by the anti-yE
antibody indicated that yE-immunoglobulin is present on target cells to which
reaginic antibodies combine upon sensitization,

With respect to the immune mechanisms of reaginic hypersensitivity reac-
tions by vE antibodies, it was found that soluble antigen-yE antibody complexes
preformed in vitro gave erythema-wheal reactions in normal individuals. Analy-
sis of the antigen-antibody complexes strongly suggested the requirement of 2
or more yE-antibody molecules for the formation of a skin-reactive complex.
This finding indicated that bridging of 2 cell-fixed yE molecules initiates the
hypersensitivity reactions.
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