
Human reaginic antibodies and 
immunoglobulin E 
Kimishige Ishizaka and Teruko Ishixwka, Derwer, Cola. 

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

T 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.l 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 physicochcmical properties of reaginic 
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 t,hat the struc- 
ture of heavy chains differs from the class and subclasses of the immunoglobu- 
lins, whereas light chains are common for all classes and subc1asses.2, 3 It also 
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became clear that the immunological properties of antibodies differ depending on 
the class to which the antibodies belong. 4, 5 Evidcncc has been accumulated that 
the immunological properties of antibodies, such as their capacity to induce 
anaphylactic reactions in guinea pigs and to fix complement (C’), are based on 
the partial structure of the Henry chains in the immunoglobulins.G~ 7 The charac- 
teristic immunological properties of reaginic antibodies strongly suggested to US 

the possibility that these antibodies may hax peculiar heavy-chain structures 
and therefore that they may belong to a distinct in~munoglobulin class. Studies 
in this direction lead to identification of a unique immunoglobulin, IgE (YE), 
as a carrier of reaginic act,irity.8 In this review, our investigat.ions on this ap- 
proach, together with the work of others, will be summarized following the order 
of logical argument. 

HISTORICAL BACKGROUND 

Earlier studies by Scherrerg and Stull and associateslo have shown that 
rcaginic antibodies were present in the pseudoglobulin fraction rather than the 
cuglobulin fraction when the patients’ scra 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 ,&globulin.ll Electrophoretic 
characteristics of reaginic antibodies hare been studied by various methods such 
as free-boundary elecbrophoresis,l” elcctrophorcsis convection,13 and zone-scpara- 
tion procedures.14 The results WYc divergent; however, reaginic antibodies were 
not detected in the slow-moving, y,-globulin in most cases. Maximum reaginic 
activity was found in the p- to u,-globulin region,14, I5 especially by zone electro- 
phoresis. When reaginic sera were fractionated by chromatography on a diethyl- 
aminoethyl (DEAE)-cellulose column, the first fraction, which was eluted with 
low ionic strength buffer and composed of the ma,jor portion of the YG-immuno- 
globulin, usually lacked rcaginic activity.16, I* The sedimentation coefficient of 
the antibodies was also studied. The activity was found between the 7s and 19s 
fractions.ls With the use of sucrose-density gradient ultracentrifugat.ion, Ander- 
son and VannieP found the avcragc sedimentation coefficient of reaginic anti- 
bodies to be 7.8X. All of this information strongly suggests that reaginic anti- 
bodies are different from IgG (7G) and Ig9f (y&X) with respect to their physico- 
chemical properties. 

After the third major immunoglobulin, IgA (YA) , was isolated and charac- 
terized,‘O 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 pZ to yl. 
Furthermore yA-immunoglobulin consisted of monomer (7.0X) and polymer 
forms (10.5S, 13S, 17S), which may account for the apparently divergent 
claims as to the molecular size of reagin. Since 1962, evidence accumulated to 
support the concept that the antibodies were associated with y-4. Hcremans and 
Vacrman?l as well as others?“’ “3 reported that the yA-globulin fraction of atopic 
patients’ scra had skin-sensitizing activity. Fireman, Vannier, and GoodmarP~ 
incubated patients’ scra with a sheep antiserum against A-mycloma protein and 
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found that reaginic act,ivity in the sCr>l was lost by precipitatiorl of ~a. Third, 
we have demonstrated that the yA-globulin fraction of normal serum, hut neither 
yG nor yiM, blocked passive sensitization of human skin with rcagin.2” In passive- 
cutaneous anaphylaxis (PCA) in the guinea pig, it has been established that the 
immunoglobulin to which the skin-sensitizing antibodies belong nonspecifically 
blocks passive sensitization, whereas the other serunl proteins failed to do so.‘0 
The findings on the blocking of Prausnita-Kiistncr (P-K) reactions therefore 
supported the concept that reaginic antibodies belong to yA. Finally, J7agi and 
associates”’ detcctcd yA antibody against ragn-ecd allergen in patients’ scra by 
radioimrnunoelcct~rophorcsis. This obscrvat,ion tloes not necessarily indicate a 
relationship between yd and renginic activity. However, the information pre- 
viously described in combinatzion strongly supported the concept that rcaginic 
act,irity is associated wit,h yA. Howercr, I~o~cless’~ demonstrated reaginic activity 
in a serum sample which lacked a detcctablc amount of yA. Furthermore, our 
studies on human anti-A isoagglntinins’ showed that none of the yG, and yA, 
and y&I antibodies scnsitixed human skin con with me microgram of these 
antibodies, indicating that yA antibodies are not necessarily skin sensitizing. 

GAMMA E-IMMUNOGLOBULIN AS A CARRIER OF REAGINIC ACTIVITY 

Reviewing the previous findings which snpportcd the relation between yA 
and reaginic antibody, one might notice 2 assumptions for the conclusion. First, 
the concept for purity of yA preparation VYYIS based on conventional imrnuno- 
chemical methotls which are generally more scnsitivc than chemical methods 
for detecting impurities. Howerer, one has to consider the limitation of the 
methods: Impurities cannot be detected when the antibodies against the im- 
purities are lacking. In a st,rict sense, the demonstration of a single prccipitin 
band betwern a ‘Lpurc’l yA preparation and antihnman serum merely indicates 
the presence of yA in the preparation but dots not csclude the presence of 
impurities. Second, immunologists had a general feeling that the sensitivity of 
P-K reactions in human beings might bc comparable to that of PCA reactions 
in the guinea pig in which 0.03 to 0.1 pg?J per rnillilitcr of antibody was 
required for a positive reaction.“g If this is t,he case, the only protein which :tc- 
counts for the high P-K titer of yA prc~p:~rations of rcaginic sera should be yA- 
immunoglobulin itself. However, the assumption is not correct, bccausc the P-K 
titer of som(’ reaginic sera is in the range of 1 :lO,OOO and the y14 concentration 
in the serum is on the order of 0.3 r11g.N 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 sensitil-e. If the P-K reaction is much 
more sensitive than PCA reactions in t,ha guinea pig, it is still possible that 
rcaginic antibodies in the yA fra.ction may belong to “impurities” which wcrc 
not detected by the usual immunochemical mct~hocls. 

With these considerations in mind, me have repeat,cd our own previous ex- 
periments as well as those performed by others. When reaginic sera from rag- 
weed-sensitive patients wrre fractionated b- DEAE-cellulose column chrornatog- 
raphy and gel filtration through Scphadex G-200 columns, the reaginic activity 
in the fractions did not parallel either y/G or yA concentrations.“” Although the 



reagin-rich fractions contained both yG and yA, reaginic activity in the fractions 
was not precipitated by rabbit, antisera specific for either yG or yA. The results 
were different from those rcportcd by Firema.n and associatcs.2* In order to 
confirm our findings, yA isoagglutinin was added to a rcagin-rich fraction as a 
marker, and yA in the mixture was precipitated. The results showed that yA 
isongglutinin was completc~ly precipitated by anti-yA, whereas essentially all 
reaginic activity remained in the supcrnatant fluid. 31 The physicochemical prop- 
erties of rcaginic antibodies were also different from those of yA isoagglutinin. 
When the mixture of rcagin-rich fraction with yA isoagglutinin was analyzed by 
sucrose-densit,y gradient ultracentrifugation, the sedimcntntion velocity of re- 
aginic antibody was intcrmctliatc between those of polymer and monomer forms 
of yA isoagglutinins, with a sedimentation coefficient of approximately 8S.“l As 
reported by Anderson and Vannicr,]” the distribut,ion o E the rcaginic antibody 
in gradient fractions was homogeneous. Since the polymer (10.5X) and monomer 
(‘is) forms of yA isoagglutinins were completely separated under the experi- 
mental conditions, it is unlikely that the rcaginic antibodies are composed of 
both 7s and 10% components. It. was also found that the 7A isoagglutinin had 
faster clcctrophorctic mobility than rcaginic antibodies when a mixture of these 
antibodies were analyzed by zone clectrophoresis in Sephadcx G-25 gel. These 
findings show that the reaginic antibodp is diffcrcnt from yA antibody in bot,h 
physicochemical properties and in antigenic structure. 

The possibility may be considered that reaginic antibodies arc heterogeneous 
with respect to immunogIobuIin class and that part of the antibodies is asso- 
ciated with yA-immunoglobulin. In fact a ‘ipurc” ,A fraction, which was ob- 
tained from reaginic scra by the zinc-precipitation method3”, and gave a single 
prccipit.in band with antihuman swum, contained high reaginic activity.33 When 
the yL4 fraction was further fract,ionatcd by DEAE-cellulose column chroma- 
tography, however, the reaginic actiT-ity in subfractions did not parallel ?A con- 
centration. Proteins were clutecl stepwise from the column with pI1 8.0 phos- 
phate buffers of increasing molarity, i.e., O.O2M, 0.035&I, and 0.08M. The ma.jor 
portion of yA was eluted in the second fraction, whereas most of the rcaginic 
activity was conccnt.rat.ed in the first fraction (fraction yb,) . F’urthcrmorc, 
essentially all reaginic activity in the yA preparation remained in the super- 
natant fluid after the precipitation of all -i/d by the antibody specific for the 
immunoglobulin. Those results indicated that reaginic activity in a so-called 
‘(pure” yA preparation did not bclon, e to yA-immunoglobulin itself but to the 
other protein not detectable by immunodiffusion.“” Our previous experiments 
on blocking of passive sensitization by yA preparation were also rcpcatcd. In- 
tleed, a yA preparation from normal serum blocked passive sensitization. Jlo~v- 
ever, all A-myeloma proteins tested failed to do so. It was also found that the 
activity of yA fraction to block passive sensitization did not correlate wit,h the 
concentration of the protein. JVhen a yh fraction from a ragweed-sensitive 
serum was subfractionatetl by DIME-cellulose column chromatography and 
subfractions lvere tested for the activity to block passive sensitization with 
reaginic antibody to egg albumin, the blocking activity was detected in the first 
fraction (fraction ~~4,) which contained antiragwecd-reaginic antibody.3” It 



334 Ishixaka and Ishizctk~a J. Allergy 
Thmnber, 1968 

stems that blocking activity is due to the protein carrying the rwginic activity 
rather than yA itself. We have also confirmed the findings by Yngi and asso- 
ciateP that the yA-prccipitin band formed with ragweed-sensitire scra bound 
radioactive ragweed allergen. HOWCT.CI’, the prcscncc o-f yA antibody did not 
have any correlation with the skin-sensitizing activity of the patients sera.31 
Similar resu1t.s have been reported by R&man and associatcs.“5 Furthermore, 
the antiragweed yA antibody in tho patients’ sew, was precipitated by rabbit 
anti-yA antibody leaving essentially all the skin-sensitizing activity in the super- 
natant fluids.34, 3G 

A critical difference between the previous findings and our data was that 
reaginic activity was precipitated by a sheep anti-yA serum by Fireman and 
associatcs,2” whereas our rabbit anti-yA strum did not prccipitatc reaginic 
activity. Since the difference is important for the conclusion, w-e hare repeated 
the experiments with the same sheep anti-yA smml used in their experiments. 
The antiserum was supplied by Dr. Vannicr. Indeed, the antiscrnm removed 
reaginic activity from a reaginic serum. IIowcwr, the activity of the antiserum 
did not have any connectio8n with anti-7-1 antibody. When the antibody in the 
antiserum was precipitated with Amyeloma protein and the supernatant fluid 
was tested for the ability to neutralize rcaginic activity, the supernntant fluid 
and the original antiserum were coniparablc with respect to the neutralizing 
act,ivity. The results indicated that anti-yA in the sheep antiscrum was not 
rcsponsiblc for the precipitation of reaginic activity. Tn summarizing the results 
dcscribcd, one may notice that all the previous findings arc t~spcrimentally 
reproducible. However, the data do not support the yR hypothesis. Our findings 
seem to indicate that rcaginic antibodies al-c i%XOci:LtCcl with a minor c0lllpO~lC~lt 

which contaminated “pure ” yA. preparations. 
Evidcncc was also obtained that the reaginic antibodies are not IgJ) (yD) 

immunoglobulin. When the patients’ scra were fractionated, rcaginic activity 
of the fractions ditl not correlate with the c~onc(‘Htr;ltioll of this protein. The 
precipitation of ~11 from reapin-rich fractions 1,~ antibotly specific for the pro- 
tcin did not result in any tletcctnblc tlccrc~asc in rcaginic activity.‘” Ilack oi 
correlation betn-ccn rcaginic activity- and either the y(:, yd, or yl) concentration 
in ehromatographic fractions from reaginic sera was confirmed by Pcrclmutter 
and associatcs.37’ 3s The reaginic antibody is probably not 711 bccausc the scdi- 
mentation cocffieient of the antibody is 6X and the rcagin-rich fraction does not 
contain a detectable amount of y&I. In order to confirm this, a pathological ~$1 
protein was added to the fra,ction and then precipitated wit,11 anti-y?lI.“!’ AS 

expected, reaginic act.ivity was not coprccipitatcd with y&L-anti-y&I complcx~s. 

The presence of 7X y&I-immunoglobulin ha,s been reported by Rothfeld and 
associates.4o Howxcr, the results of tht: absorption experiments showed that 
reaginic antibody is neither 7s nor 19s ynl-immnnoglohulin. 

In collaboration with Dr. W. I). Terry? the relation bctwccn rcaginic anti- 
body and yG subclasses was also studied.“” The reuginic activity in chromato- 
graphic fractions of patients’ sera did not parallel cithcr yG2 or yC3 conccntra- 
tion, and the anti-yG3 serum did not prccipitatc rcaginic activity. Furthermore, 
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Fig. 1 
Iladioimn~unoelectrophorrsis of a rcxgin-rich fraction. Both the stained slide, A, and the 
radioautograph, 13, are shown. After electrol~horcsis of a reagin-rich fraction in agarose, antl- 
body trough vas filled with anti-YE antiserum. A y1 (YE) preeipitin band combined radio- 
sctire antigen. 

our anti-yG antibody precipitated both yG2- and yG;4-myeloma proteins pre- 
viously added to a reaginic fraction. However, reaginic activity in the 
fraction did not diminish by the precipitation. From these espcriments, it 
seems that the reaginie antibodies are not associated with any of the yG2, yG3-, 
and yGi-globulins. In summarizing these cspcrimental results, WC have specn- 

lilted that rcaginic antibody belongs to a unique immunoglobulin class which 
had not bwn described. 

Tn ortler to prove the h-pothcsis that reaginic antibodies may belong to a 
distinct immunoglobulin class, WC have tried to prepare rabbit antibodies which 
watt jvith the carrier protein of reaginic activity. A rabbit was immunized with 
a reagin-rich fraction from a ragweed-sensitirc serum, and the antiserum was 
absorbed with normal yG and with A-mycloma and D-mycloma proteins.““. ” 
The supernatant fluids did not give a prccipitin band with any of the yG,- yA,- 
yN,- or yD-immunoglobulins but gaw a yl-precipitin band with a reagin-rich 
fraction in immunoelectrophoresis (Fig. 1, A). After washing the slide, radio- 
actively labeled purified ragweed antigen (antigen E of King and associatM1 
was applied to the antibody trough. The radioactive antigen specifically com- 
bined t,o the y,-precipitin band, indicating that the y,-globulin had antibody 
activity (Fig. 1, B). As the y1 band was different from yG, yh, y&I, and yI1 
bands in specificity, the protein responsible for the band was tentatively desig- 
nated YE.~~ In radioimmunodiffusion, all of the sera containing high reaginic 
aet,ivity against the purified ragweed allergen garc the radioactirc yE band, 
whereas the sera lacking the reagin did not (Fig. 2, d) .3G More recently, the YE 
antiboclics a.gainst ryc-grass allergen and horse dandruff have been dctcctcd in 
the scra of atopic patients who arc sensitive to thcsc allergens. The antibodies 
against thcsc allergens were not found in the sera from ragweed-sensitive pa- 
tients ~110 arc not sensitive to either rye grass or horse dandruff. These findings 
indicated that the combination of radioacti\-c antigens to the YE-precipitin band 
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was specific and correlated with the prcscnce of skin-sensitizing activity in t,he 
sera.. The anti-YE serum actually precipitated rcaginic antibody in the patients’ 
scra. Incubation of reaginic sera with anti-YE resulted in a formation of a trace 
amount of precipit,atc. The supernatant fluids did not give either a radioactive 
yE band in Ouchterlony plates (Fig. 2, B) or P-K reactions. R,eprcsentat,ivc 
results of the skin reactions by the supcrnatant fluid and by the original serum 
before absorption are shown in Fig. 3, -1. So far, scra from 10 ra.gwccd-sensitive 
patients and 10 serum samples from atopic patients sensitive to other allergens, 
such as grass, egg, and horse dandruff, have been tcstctl. The rcaginic activity 
in all of the sera studied was removed by the precipitation of YE. 

The correlation between yE ant,ibody and reaginic activity was studied by 
fract.ionating reaginic scra from rag~~ccd-scnsiti\-c paticnts.“G Throughout the 
experiments, distribution of yG, yA, and ;,I< antibodies was studied by radio- 
immunodiffusion, and reaginic activity was tested by I’-K rca,ctions. The globulin 
fraction of the scra was obtained by prwipitation \vit,h 50 per cent saturation of 
ammonium sulfate at pf1 7.0 and further fractionatctl by DEAE-cellulose column 
chrolnato~l~;lph!-. Proteins wcrc cluted stepwise with phosphate buffers of in- 

A 

C 

Fig. 2 
Radioimmunodiffusion analyses of reaginic sera and a yE fraction. The center wells in A and - 
B were filled with the mixture of anti-YE and radioactive antigen J!L A, Peripheral wells were 
filled with reaginic sera. R and II,, did not contain reaginic antibody against antigen E. 
B, EfYect of absorption of reaginic sera with anti-YE antibody. Peripheral wells were filled 
with the supernatants after the absorption (small letter) and the original scra diluted in 
saline (capital letter). C, Radioimmunodiffusion of yE fraction placed in the center well. 
Peripheral wells were filled with antisera specific for one of the 5 immunoglobulin classes 
(rG, yA, yM, yD, and YE) and the antibody against Fnb portion of yG (a-F.,,). After wash- 

ing, the slide was leashed and peripheral wells were filled with radioactive antigen E. 
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Absorption of reaginic activity by anti-YE antiserum. A reaginrich fraction was incu 
h anti-yE serum. Specific precipitate was removed and serial dilutions of the super-r 
e injected intracutancously to left side (abs) of the back. Right side (cant) rceeivc 
le dilutions of the unabsorbed fraction. All sites were challenged by allergen 24 hours 
The same patient’s serum was absorbed with anti-E myeloma (anti-ND). Serial dil 
the supernatant fluids were injected into left side (ab). Right side (c) received 

ltions of the unabsorbed serum. 
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Table 1. Distribution of nntibodies associated with difSerent hmunoglobulins 
ad of reaginic activity 

I I I 

Fraction 

Pl1osphnte Rclativr: 
bufer for ooncentmtion 

clution” of YA 
(X/l ) (per cent) 

I 0.005 0 4-f > 1.6 
II 0.025 32 + +++ 0.05 

III 0.035 61 5 + + 0.4 
IV 0.05 39 > 1.6 

V 0.08 10 j 1.6 

“pH of the buffer was 8.0 (J. Immunol. 97: 840, 1966). 
tRadioactivity of precipitin bands was compxrcd in radio:lutographs. 
$Protein concentrations of fractions I-V applied in radioirnmunodiffusion ww7 1 lwr cwt. 
(J. Immunol. 97 849, 1966.) 

creasing molarity, and the fractions wcrc test&l for the presence of rG, YA, and 
yE antibodies by ra.dioimmunodiffusion and for skin-sens,itizing activity. As shown 
in Table I, both reaginic activity and YE antibody against ragweed antigen 
were detected in fractions II and III; and fraction II had the highest rcaginic 
activity and the highest YE-antibody concentration. The 7G antibody was con- 
centrated in fraction I, and yA a.ntibody was dct.ected only in fraction III. The 
second fraction (fraction II), havin g the high reaginic activity and the highest 
level of yE antibody, was further fractionated by recycling gel filtration through 
Sephadex G-200 co1umns.42 The reaginic activity and YE antibody against puri- 
fied ragweed allergen were detected in the firs,t and second peaks, whereas the 
third peak, composed of yG-globulin, lacked both activities (E’ig. 4). The reagin- 
rich fraction, thus obtained (fraction II, in Pig. 4), was then analyzed by 
sucrose-density gradient ultracentrifugation. Some yG anti-A isoagglutinin was 
added as a marker. After eentrifugation, distribution of reaginic activity and 
of YE antibody were studied. The results indicated that the sedimentation vc- 
locity of reaginic antibody was higher than that of y/G isoagglutinin, and YE 
antibody was detected in the fractions having the highest reaginic activity. AS 

described previously, the sedimentation cocfficicnt of the reaginic antibody was 
approximately 8s. The electrophoretic mobility of yE antibody was also in 
agreement with that of rcaginic antibody, when a rcagin-rich fraction was 
analyzed by electrophoresis in agarose gel. After electrophoresis, segments of 

the center piece of the gel were extracted with saline and tested for the pres- 
ence of reaginic activity. Troughs were cut along with the dircct,ion of clectro- 
phoresis, 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 associatcs36 applied DIME-Scphadex column chromatog- 
raphy for the fractionation of reaginic scra. In their experiments, most of the 
7A was distinct from the reagin-containing fractions. Therefore, we have applied 
this method to study the correlatio’n between yE antibody and reaginic activity. 
In our experiments, reaginic sera were fractionated by DEAE-cellulose column 
chromatography and gel filtration, and a reagin-rich fraction, thus obtained, was 
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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-glolmlin, respectively. Rcaginic 
activity was detected in fractions II, and II?. (J. Immunol. 99 : 1187, 1967.) 

applied to a DEAE-Sephadex column which was equilibrated with O.lM Tris- 
HCl buffer at pH 8.0 (Fig. 5, A). 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 7G and yA, respectively, and the 
highest reaginic activity was observed between the 2 peaks. By radioimmuno- 
diffusion, the intensity of radioactivity of the yE-prccipitin band paralleled 
reaginic activity, whereas distribution of both 7G 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- 
scribed strongly support the concept that reaginic activity is associated with yE. 

Direct proof for yE as a carrier of reaginic activity was obtained after puri- 
fication of the protein from reaginic sera. 42 The globulin fraction was obtained 
from the sera by precipitation with ammonium sulfate and further fractionated 
successively by DEAE-cellulose column chromatography and recycling gel fil- 
tration followed by DEAE-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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Fig. 5 
DEAE-Sephadex chromatography of fraction II, (cf. Fig. 4). The starting buffer was O.lM 
Tris-HCI buffer, pH 8.0. After the first peak was obtained, proteins remaining in the column 
were elutcd with a gradient increase of molarit? Q represents the start of gradient elution. 
In A, anti-ragweed yE-antibody was detected m 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, 19G7.) 

yG antibodies. The purified rabbit antibodies were precipitated with goat anti- 
body specific for the F, portion of rabbit yG, and the specific precipitates were 
incubated with the rcagin-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 rcaginic 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 Fi g. 2, C, only yE antibody but none of yG, 
yA, yM, or yD antibody was detected in the preparation. As will be discussed, 
the radioactive band formed by anti-Fat, s i7 due to the presence of light chains in 
YE. Furthermore, both reaginic 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 (A, B, C) are shomn. The yE-precipitin band was developed by 
immunoelectrophoresis (top). After mashiq 3 slides (A, B, C) showing- the yE-precipitin 
band, each slide was treated with normal rabbit serum, A, unlabeled anti-q B, or anti-X anti- 
body, C, followed by application of radioactive anti-K-chain antibody. The radioactive antibody 
combined with the yE precipitirt hand, A, C, and the combination was specifically blocked by 
unlabeled anti-K antib,ody, B. (J. Immunol. 99: 849, INi.) 

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

CHARACTERIZ.ATION OF yE-IMMUNOGLOBULIN 
Antigenic structure 

As described before, YE was first detected by radioimmunodiffusion. Since 
the antiserum used in the immunoelectrophoresis did not contain any antibodies 
specific for heavy chain of 4 known immunoglobulins 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 
represent.s a distinct immunoglobulin class. All immunoglobulins arc composed 
of heavy and light polypcptidc chains, and the presence of K and h light poly- 

peptidc chains is a commo8n property of immunoglobulins. Therefore, WC have 
investigated tile presence of these light chains in YE by radioimmunoelectro- 
phoresis (Fig. 6) .3n Immunoelectrophoresis was set up between a resgin-rich 
fraction and an&YE antiserum. After the precipitin band developed (Fig. 6), 
the slides were washed and radioactively labeled anti-K or anti-h antibody was 
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Fig. 7 
Antigenic analysis of yE. A, A YE-globulin fraction of a reaginic serum was placed in the 
center well against the antisera specific for tho 5 immunoglobulins placed in peripheral wells. 
Only the anti-YE serum gave a prccipitin band with the fraction. The slide, 8, was mashed 
and radioactive antigen E was applied to perillheral ~vclls. Radioautograph, B, of the slide 
shows that the yE-precipitin band combined radioactive antigen. C, ,4 monospecific anti-YE 
serum was placed in the crntcr well of the plate against a reaginic serum (S), a fraction 
composed of yG- and yEglobulins (G + E) and yG-myeloma proteins of 4 subclasses. II, The 
center well was filled with the same anti-YE serum against yA-myeloma proteins of 3 sub- 
classes, yD-myeloma and yM-macroglobulin. yA F, yAn represent Fu type and Ma type by 
Terry and Robert.48 yA, represents He type by Vacrman and JIcremans.4a Both Fu and Ma 
types belong to Le type by the latter investigators. The results in C and II shorn that the 
yE-antigenic determinant is not shared by any of the other immunoglolmlins of known classes 
and subclasses. 

applied to the antibody trough. The radioactive antibody combined with the YE- 
precipitin band (Fig. 6, d) . 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-K antibody was blocked by pretreatment with 
unlabeled anti+ antibody but not by treatment with anti-/l antibody (Fig. 6, 
B and C). These findings show that yE possesses antigenic determinants in 
both K and x polypeptide chains and indicate that l/E is an immunoglobulin. 

Since YE was detected with the use of a rabbit antiserum from which anti- 
bodies specific for yA, yG, and yD globulins were precipitated with myeloma 
proteins, it is possible that the antiserum contained antibodies directed toward 
minor antigenie 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 
distinct class. Subclasses of yG were described by Grey and Kunke1*3 as well as 
by Terry and Fahey,44 and 4 subclasses, yG1, 762, yG3, and yG4, are known. 
Gamma A subclasses have been reported by Kunkel and Prendergast,45 Vaerman 



Fig. 8 
R~adioimmunodiffusion showing the antigenic identity of m~clorna protein RD with yE-glolw 
lin. A rcagin-rich fraction was placed in the cc,ntcr well anti antiwra. specific for Rich of the 
5 immunoglolmlins and tha.t specific for m~c~lonw, ND (a-ND) WPW placed in ccntcr v~+ll, A. 
Anti-YE and anti-ED showed a precipitin 1)ancl of identical spccificit~ xith the reagin-rich 
(YE) fraction. The slide was vashctl ant1 radioactive antigen E was applied to peripheral 
Wells. A radioautograph (23) of the slide sIlowed that the prwipitin l~zlrcl coml~inecl radioactive 
antigen. 

and Heremans, and Feinstcin and Franklin,4i as well as by Terry and Robert.48 
The subclasses described by the first 3 groups are exactly the same. However, 
YE-globulin is not a subclass of the known immunoglobulins because of the fol- 
lowing evidence. When a purified YE fraction from a ragweed-sensitive serum 
was analyzed by immunodiffusion, only the anti-YE serum, but none of the anti- 
yG, anti-yA, anti-y&I, or anti-yD sera., gave a precipitin band, and the yE band 
combined with radio’active ragweed antigen in radioimmunodiffusion (Fig. 7, 
A and n). The results indicate that YE-globulin lacks major antigenic detrrmi- 
nnnts present in 7, CY, p and 6 chains. It was also found by immunodiffusion 
espcrimcnts that anti-YE swum failed to give a prccipitin band with myeloma 
proteins of all yG and yA subclasses, yD-myeloma protein, and yM-macroglobulin 
(Fig. 7, C and D). It is evident that YE-globulin has antigenic determinants 
which arc not shared by any of the known immunoglobulins. From these fin& 
ings on antigcnic structure of yE, a.s mcll as the presence of antibody activity in 
YE, it was concluded that YE represents a distinct immunoglobulin class. 

This conclusion was supported by the prescncc of a E-mycloma protein. An 
atypical type I,-mycloma protein, which was called myeloma h-D, was found by 
Johsnsson and Bennich in Sweden. 49 As t,hc physiochemical properties of this 
protein mere similar to those of YE in our experiments, antisera specific for the 
myeloma protein and for YE 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-NJ) and anti-YE gave a single precipitin band 
of identical specificity with a YE fraction from a rcaginic serum, and the prc- 
cipitin band combined radioactive ragweed allergen (Fig. 8, 11 and B).5” Since 
the yE preparatio’n did not contain a detectable amount of other immunoglobu- 
lins, it is apparent that both anti-ND and ant.i-yE 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, Iz). Johansson and Bennich found 



that both anti-YE and anti-ND garc a prccipitin band of idtnt.ical spcvificit! 
with the myeloma protein. These results indicate that myelomn ND is a E-myc>- 
loma protein and that the YE-antigenic determinants are probably prcscnt in 
tht> F, portion of the YE-immunoglobulin molecules. An interesting observation 
on the YE-antigenic determinants is that the protein loses the activity to give 
a prccipitin reaction with anti-YE by lie&in, w at 56’ C. for 4 hours. This loss of 
precipitating property followin, v heat treatment was not observed for t.llc other 
immunoglobulins and indicated that the yli:-antigScnic determinants are heat 
labile.“l 

Physicochemical properties and structure of YE-immunoglobulin 

The physicocl~emical properties of 71 3 antibodies against ragweed allergen 
have been studied during p urification and are summarized in Table II. The 
properties of YE are in agreement with those of reaginic antibodies reported by 
prcrious investigators and arc different from those of the 3 other immunoglobu- 
lins. As shown in the tablc, E-myeloma protein has sirnilar properties to yE 
antibodies. In addition, Johansson and Bennich 4o hare measured the molecular 
weight and carbohydrate content of the mycloms protein. It is clear that the 
protein has slightly higher molecular weight than those of 7G and monomer 
form yA. The carbohydrate content of the myeloma protein is similar to that of 
yM. 

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 &ted from a 
DEAE-ccll~~lose column. However, YE is chromatographica,lly heterogeneous. 
When the ,/E-rich fraction from a ragweed-sensitive strum was applied to a 
DEAE-Scphadex column and eluted by incrcasc of rnolarity of Tris-HCl buffer, 
YE antibody was dekctcd in all fractions shown in F’ig. 5, B. As expected, all 
fractions had reaginic activity which parallcletl the intensity of radioactivity 
of the YE-precipitin band. Prccipitat.ion of YE with anti-YE in fractions A, B, 
and D was accompanied by loss of reaginic activity. The ehromatographic hetero- 
geneity of YE might explain heterogeneity of reaginic antibodies observed by 
other investigators.52, B3 In the rabbit, Sela and MozeP have shown that the 

Table II. Phy.sicochemicaZ prop-ties of huwmn imnz,ulzoglobulins 

yG / YM 1 YA 1 yD / yE (myelomaND) ) Reagin 

Electrophoretic 
mobility 7172 Yl Yl Yl Yl (Yl) Yl 

Sedimentation 
coefficient S,,,, 6.6 18 6.6 7.0 8.0 (8.2) ca 8.0 

DEAE cellulose 
chromatography 
(la)” 0.005 0.15 0.035 0.035 0.02 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. 
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chromatographic dist.ribution 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 atopic pa- 
tients’ sera and an E-myeloma protein is 8X. However, Girard”5 has reported 
that gel filtration of serum from a patient with penicillin hypcrsensitivity gave 
2 types of reaginic antibodies. One corresponded to y&I and another was in the 
ascending portion of yG 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 elated with yA, but a 
part of the antibody came off the column between ~31 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 grad&t ultracentrifugation. The 
sedimentation coefficient of the yE antibody in the major fraction was 88, 
whereas that in the minor component was approxirnatcly US. The 11s yE 
antibody may be a polymer form YE, although the possibility still exists that 
the antibody may be a complex of 8s yE with some other protein. In any 
event, the heterogeneity of reaginic antibody in molecular size does not neces- 

PEPSIN 
PAPAIN 

Molweight S;,,,,, Tot. Carbohydrate l/zCystine Methionine 

Myeloma Protein ND 196000 7.9 10.71 42 16 

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

Heavy chain (ND) 75500 - 14 16 6 

(Fob’), 1odOOO 6.1 10.76 16 10 
Fd’ 29500 - 19 4 4 
‘12 ‘Fc’. (Heavy-Fd’) 46000 - 11 12 4 

Fig. 9 
Scheme of E-myeloma protein. M represents methionine and CHO represents carbohydrat,e. 
(Bennich and Johansson, Nobel Symposium, 1967.) 
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sarily indicate heterogeneity of immunoglobulin class possessing rcaginic 
activity. 

Gamma E-immunoglobulin is a very minor component of serum proteins. 
Johansson, Bennich and Wide,“G 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 
W~S found in the sera of patients with allergic asthma.“7 Among the 16 cases 
studied by them, t.he highest level was 4 pg per milliliter, and the average eon- 

centration was 1.6 pg per milliliter. Increase of YE concentration in atopic in- 
dividuals is an interesting observation in view of the fact that reaginic anti- 
bodies belong to this protein. 

In any event, there is too little yE 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 akyla- 
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, calculated 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 7, IL, and a: 
chains. The rnyeloma protein was subjected to papain or pepsin digestion. The 
papain digestion produced 2 fragments which correspond to F, and Fab frag- 
rnents frorn 70. The F,;, fragment contained h-chain determinants, indicating 
the presence of X chains, whereas the F, fragment did not. The YE-antigenie 
determinant(s) were present in F, but not in &lnb 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 F, fragment of the E-mycloma protein 
represents a portion of heavy (E) chains. Although the isolated 6 chain did not 
have the yE-antigenic determinant, the prcscnce 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 filtra,tion, approxi- 
mately 52 per cent of the material was recovered as a 6S fragment. The frag- 
ment contained h cha,ins and corresponded to (Fab’) 2. Both F, and ( Fab’) 2 con- 
tained 11 per cent carbohydrate, whereas X 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 (Fnb’)a fragment. 
From these findings Bennich and Johansson”8 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 molecules arc characteristics of this immunoglobulin. As will be discussed 
later, this structure might be related to peculiar biological properties of yE 
antibodies. 
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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 
characterist.ic antigenic structure of yE suggested the possibility that quantita- 
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 class was devised.5g The principle 
of the method is shown in Table III. An excess amount of radioactively labeled 
purified ragweed allergen (antigen E) was incubated with the patients’ sera. 
Aliquots of the mixture were incubated 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 mere formed in 0.5 per cent agarose, and the agarosc 
containing the immune precipitate was washed to remove free antigen. Radio- 

Table 111. Principle of quantitative measurements of antibodies 

Patient’s serum + large excess of Ilsl-allergen 
Formation of allergen*-antibody complexes 

precipitation with 

Anti-yG Anti-yA 
I 

anti-YE+ Anti-L 

.4g"-&yG) *g*-A&A) 

Anti-y&X 

Ag*-*$yM) Ag"-k&E) Ag’&lg) 
+ + + 

YG Y-4 “f;lf G 
I 

u’r: 

wash precipitate 
Radioactivity mnasurerncxnt,s 

+l II agarose. 
“Rsdioactivo. 

Table IV. Allerywbindiny activity of adibodies in patients’ seTa* 

Allc~,qen-binding nctiz;ity 

Serum yG pi yE / IGt ( IGcal$ P-Etiter 
EK 0.40 0 0.23 0.62 0.63 1600 
B 0.26 0 0.38 0.66 0.64 3200 

;;$ 0.16 0.14 0.082 0.016 0.14 0.097 0.33 0.25 0.38 0.27 800 600 
cv 0.61 0.23 0 0.033 0.099 0.10 0.79 0.34 0.74 0.33 800 

000 
P 1.8 0 0.07 1.9 1.9 400 
I 1.9 0 0 1.9 1.9 0 

“Xumerals in the table indicate pg of antigen E bound by immunoglobulins in 1 ml. of 
SWUIll. 

tMeasurcd by precipitation of all immunoglobulins with antilight-chain antibodies. 
tilllergen-binding activities of yG, yA, and yE antibodies mere added. 
SUntreated patients, all other patients were treated. 
(J. Immunol. 98: 497, lQG7.) 
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activity in the precipitates represents the amount of antigen combined to the 
antibody associated with each immunoglobulin class. The dose of antigen spc- 
cifically bound to rG, yA, 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 correlation with those of either yG or y&A antibodies and that the sum of the 
ant,igen bound by yG, yA, and YE antibodies in the serum specimens is in agrec- 
ment with that of total antibody, which ~-\-as 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 $-antibody concen- 
tration as measured by antigen-bindin g activity (Table IV). In order to esti- 
mate the concentration of YE antibody in patients’ scra, the ant.igcn-binding 
va.lue of YE antibody in the sera was compared lvith that of rabbit antibody 
against the same antigen. The antigen-binding value: of the rabbit antibody was 
measured by precipitating antigen-rabbit antibody complcxcs 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 intcrpolatcd to tho relationship. By this 
method, one can estimate the concentration of rabbit antibody which has the 
same aruigen-binding value as YE antibody in the patients’ sera (Table V) . As 
the antigen-binding activity 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 

Fig. 10 
Relation between antibody concentration and allergen-binding activity of rabbit antibody 
(0, A represent two different measurements). The allergen-binding values of yE antibodies in 
serum EK, F,, 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 concentration in the patients’ sera. The recent studies 
which will be described later indicated that both human YE and rabbit yG anti- 
bodies are diralent. 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 calculated doses in 6 different sera arc very 
close to one another and in the range of 2 x lO-‘j pgN (Table V). If one 
assumes that the avidity of TIE antibody is comparable to that of the rabbit yG 
antibody used in the experiments, the minimum dose of yE antibody required 
for giving positive P-K reactions would bc on the order of 10mF to lo-’ pgN, 
which is about l/1,000 of the minimum dose of guinea pig y1 and rabbit yG 
antibodies for the induction of PCA reactions in the guinea pig. In an early 
stage of this investigation we speculat.ed that P-K reactions in human beings by 
rraginic antibodies are much more sensitive thaa the PCA reactions in the 
guinea pig. The findings described above definitely proved this hypothesis. The 
results also showed a conlplete correlation between 713 antibody concentration 
and resginic activity and supported the concept that at least -the major part of 
the skin-sensitizing antibody in the patients’ scra is YE-immunoglobulin. 

The YE antibodies give PCA reactions in the monkey. It has been reported 
by Layton and his coworkers 1 3~ that human reaginic scra induced PCA reactions. 
Their findings strongly suggested that the reaginic antibodies are responsible 
for the reactions. Hoxcver, the problem remained as to whcthtr the reaginic 
antibodies and/or some other antibodies in the reagin-rich fraction were in- 
yolvcd in the reactions. Thus, wc studied this problem by fractionating reaginic 
sera.“l The antigen-binding activity of the yG, yA, and YE antibodies in the 
fractions w&s measured, and the ability of the same fractions to sensitize monkey 
skin was tested. The results showed that the fractions containing yE antibody 
gayc PCA reactions, whereas the fractions containing yG or yA antibodies but 
no 713 antibody failed to sensitize monkey skin (Table VI). The yE antibody, 
of which the antigen-binding value was comparable to that of lo+ to lo-” pgN 
of rabbit yG antibody, was sufficient to give a positive reaction, but 1,000 times 
as much YG tmtibody or 20 times as much yA antibody was incapable of giving 

Table V. Estirna~tio~~ of the mininzum sensitizing dose of yE untibody in 
Pmusnitz-Kkher reactions 

Rabbit antibody 
Allergen-binding value Rabbitantibody corresponding to 

Serum specimen of YE antibody concentration” minimum P-K dose 

EK 
iw& sN/ml. X10-6 @N 

0:14 0.097 

0.065 2.0 

FC F 0.026 0.038 Z 
A 0.10 0.028 1.8 
TV 0.099 0.027 2.2 
I' 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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E:nhbit 
nntihodyt 

COlWSpOlKL 

PC2 1 .Illc~r,qr wbintlivq nctir,it!/. itt q to 
-__ - miilh~um 

Rerum Fraction Dilution &n&ion YG 1 YL4 yB PC‘4 dew 

xl o-3 /q x10-5 pgN 
IX I Undiluted 30 0 0 

gn + 4 

II? 

Undiluted 1:112 0 0.45 0 0 0 0.15 

1:16 + 0.15 0.12 0.25 7 

Tr YG Undiluted 200 0 0 
Y* Undiluted - 0 4 0 

EK I:80 + 0.25 0 0.14 4 
FC I:40 + 0 .a “ 0.1 0.17 .i 

W I:20 + 1.5 0.09 0.22 P 1:lO + 9 0 0.35 ii 

*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-tjinding 
activity in the samples injected was listed. 

tThe dose of rabbit antibody which is comparable to ~13 antibody in the minimum IQ4 
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 absorbed by anti-YE, but the 
absorption of rG and yh in the active fractions did not reduce the skin-sensitiz- 
ing activity. It was also found that the presence of cxccss yG antibody with YE 
antibody in the sensitizing sample neither enhanced nor inhibited the PCA re- 
action. These findings show that YE antibodies in atopic patients’ scra are re- 
sponsible for PCA reactions in the monkey. 

Arbesman and associates”2 have rcportcd that isola,ted monkey ileum, pas- 
sively sensitized in vitro with human reaginic scra, contracted upon csposurc to 
allergen. In collaboration with Dr. Arbcsman, we have studied the possibility 
that YE antibodies may passively sensitize monkey ileum. The results showed 
that a YE-rich fraction of atopic patients’ scra actually sensitized ileum, and the 
sensitizing activity of the fraction was removed by anti-yESF3 However, the 
findings obtained by Wither and associates@ suggest the possibility that the 
antibodies associated with other immunoglobulins as well may sensitize the 
ileum. Further studies are necessary t.o elucidate whether immuno~globulins 
other than YE may aJso be involved in the reaction. 

The reaginic antibodies were considered to be univalent because the sera 
from atopic individuals do not give a precipitin react,ion with allergen despite 
high skin-sensitizing activity. However, the problem has to be reevaluated bc- 
cause the actual concentration of rcaginic antibodies in patients’ sera is very 
low on a weight basis. From the measurement of the antigen-binding value of 
YE antibodies, the concentration of YE antibody seems to be comparable to 0.4 
FgN per milliliter of rabbit antibody even when the P-K titer is 1 :lO,OOO. It is 
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Anti- .‘lnmmhy c0nccntrnfi01a* -___ 
rccc/wced Anti-lg 0.05 1 0.095 / 0.0115 ) 0.006 / 0.003 / 0.0015 1 0 

YG None 3 3 1 0 0 
Anti-yG 3 3 3 3 2 

Y 0 
0 

Anti-yA 3 2 1 0 0 0 0 
Anti-YE 3 3 1 0 0 0 0 

YE None 3 2 1 0 0 0 0 
Anti-yG lid 2 1 0 0 0 0 
Anti-yb nil 2 1 0 0 0 0 
Anti-yE lid 3 3 3 2 1 0 

“Antibody concentration of yG and yE antibodies was estimated by antigen-binding 
activity and represented by the concentration of rabbit antihotly having the comparable 
mltigen-t,indingl~lil~~ activity. 

possible that the lack of the prccipit,in reaction may be due to low concentra- 
tion rat.her than univalent nature of the antibody. In fact, our recent studies 
have shown that yE antibodies are capable of agglutinating red cells coated lvith 
antigen. As described previously, the preparations of YE aatibodies were obtained 
by fractionating rcaginic sera followed by absorption of immunoglobulins other 
than yE with rabbit antibodies specific for each immunoglobulin class. In radio- 
immunodiffusion with I131-labeled antigen E, 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 
erythrocytcs 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 yE anti- 
bodies were completely inhibited if the antibody preparation were incubated with 
one microgram per milliliter of antigen E bcforc the addition of the antigen- 
coated cells, indicating that the reactions were specific 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 bc- 
cause both anti-yG and anti-yA failed to enhance the hemagglutination. As ex- 
pectcd, the agglutination of the same antigen-coated cells by yG antibody prep- 
aration was enhanced by anti-yG but not by either anti-yA or anti-YE. The 
results showed that y/E 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 Jollansson”s 
indicated that YE is composed of 2 heavy and 2 light chains. If the antibody- 
combining sites of YE antibody arc located in the Fab 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 rcaginic antibodies lack C-fixing activities and 
arc 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 necessary. For example, it was found 
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that a rcagin-rich fraction having a P-K titer of 1 :3,200 did not give a positive 
PCA reaction in the guinea pig. The antigen-bindin g value of the YE antibod) 
in the fraction was comparable to that of 0.12 ,~gnT per milliliter of rabbit YG 
antibody. The results indicate the srnsit,izing activit,y of YE antibodies is less 
than that of rabbit yQ antibody, if active at all, and suggest the unlikelihood of 
the involvement of YE antibody in the guinea, pig PCA reactions induced by 
rcaginic sera. However, one cannot exclude the possibility that the sensitizing 
activity of YE antibody might be comparable to that of human yG antibody 
because 1 pgN per milliliter of human ~(1: ant,ibotly is necessary for PCA re- 
actions in the guinea pig. 

MOLECULAR BASIC OF REAGINIC HYPERSENSITIVITY REACTIONS BY yE 

ANTIBODIES 

Structural basis of sensitizing activity 

In anaphylactic reactions in the guinea pig, it has been shown that guinea 
pig yl- 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 nonantibody immunoglobulins for combinat,ion with 
certain guinea pig tissues with which sensitizing antibodies combine upon scn- 
sitization.26 Similar findings were obt,ained in P-K reactions in human beings. 
Nonantibody YE blocked passive scnsitizatiomn 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 VIII. Blocking efect of inamu?toglol~ulins on passive sensitktion with 
reagilzic antibody 

Proteins injected with rcaginicantibody (pgiV) 1 Wheal (mm.) 1 Erythema (mm.) 

YG YGI 2.0 8.5 30x32 
yGz 9.5 35x42 
YG, 10.5 30x43 
YG, 10.0 30x49 

YA FU 2.0 9.5 30x41 
Ma 9.5 34x37 
HC 10.0 31x45 

YD 1.6 9.5 31x34 

YM 2.0 9.5 34x36 

yE + yG* 0.06 0 0 
0.03 5.0 20x22 
0.015 6.0 21x25 

yE+yG 2.8 9.0 30x32 
(heated) 

Saline 0 9.5 36x42 

*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 subcla,sses failed to 
block the passive sensitization. Blocking of passive sensitization by E-myeloma 
protein was also reported. 65 The fact that only YE blocked passive sensitization 
indicates that the protein has affinity for human skin tissues to which reaginic 
antibodies combine upon sensitiza,tion. As light chains of immunoglobulin are 
common for all immunoglobulins, one can expect that the structures responsible 
for the passive sensitization probably exist. in the heavy chains of the molecules. 

One of the characteristic properties of human rcaginic antibodies is that the 
sensitizing activity of antibodies is lost by heating at 56’ C. for 2 to 4 hours. 
In fact, skin-sensitizing activity of YE antibody was lost by heating. The heat 
inactirat.ion of the YE a,ntibodies 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) .51 On the other hand, evidence 
was obtained that antibody-combining sites in yE antibodies remained after heat- 
ing. When the antigen-binding activity of yG, yA, and YE antibodies was 
measured before and after heating at 56’ C. for 4 hours, more than 50 per cent 
of the allergen-binding activity of yG and 79 a,ntibodies remained after heating, 
whereas yE antibody was not detected after heat treatment (Table IX). IIow- 
ever, the apparent, loss of antigen-binding activity of YE antibodies is due to the 
nonprecipitability of YE. As described before, the YE-antigenic determinants are 
heat labile, and heated y/E is not precipitated by anti-YE. When antigen-antibody 
complexes in the same mixture were precipitat,ed 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 conta,in 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-immnnoglobulin. Thus, it seems that 
YE antibody was responsible for the antigen binding of the heated preparation. 

Table IX. Effect of heut on antigen-bindi?rg a,ctivity of yG, ~‘1, ad yE antibodies 

Antibody fov 
Fraction ITeat 

Activity remaining 
precipitation AgE combined (per cent) 

YG anti-yG 
pg x 10-Z 

2.0 
+ 1.5 75 

YA anti-yA 1.5 
+ 1.2 78 

YE anti-YE 6.0 
t 0.5 8 

anti-E,, 6.7 
t 4.4 66 

anti-yG 0 
anti-yh 0 

(?J. Immunol. 99: 610, 1967.) 
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In fact, the heated yE preparation showed blocking antibody activity. It is 
apparent that heat inactivation of reaginic antibody is not due to the loss of 
antibody-combining sites but to degradation of certain struct,urcs in the YE molc- 
cules involved in the fixatio’n to skin tissucx5’ 

Another characteristic of reaginic antibotlitls is inactivation by reduction and 
alkylation. “I F7 In agreement with the previous observations, skin-sensitizing 
activity of yE antibodies greatly diminished 1~~ reduction in O.lJl mercapto- 
ethanol for one hour followed by alkylation with iodoacctamidc, although 0.011X 
mercaptoet.hanol did not change the skin-sensitizing activity. Further studies 

on the effect of reduction-alkyla,tion on antira,gweetl YE antibodies indicated that 
antigen-binding activity of the antibodies diminished to about one third by the 
reduction in O.lM mcrcapbocthanol followed by alkylation. No effect n-as detected 
on the YE-ant,igenic determinant. The reduced-slkylatcd YE maintained affinity 
for skin tissues to which reaginic antibody combines. Howev-rr, the affinity of 
the treat.ed molecules was less than that of nat.ive yE. Approsimut,eIp 5 times 
more reduced-alkylated material than untreated sample was required for block- 
ing passive sensitization with reaginic antibodies against heterologous allcrgcn. 
It was also found that sensitization with the rcdnced-alkylated YE antibody did 
not persist for a long time. The minimum dose of the treated antihotly required 
for giving a positive P-K reaction incrcascs when tho sensitization period was 
changed from 2 hours to 48 hours. It is apparent that rcdnction and alkylation 
affects 2 clifferent portions of YE antibod>- molecule, i.e., antibody-combining 
sites and tissue fixation site. 

As already discussed, the affinit,y of yEmolecules for target cells is ascribed 
to certain structures in E chains. In PCA reactions in guinea pigs, evidence has 
been present.ed that structures in rabbit y/c: molecules essential for the fixat,ion 
to the tissues are present in F, portion of the molecules.s~ o If F, portion of yE 
molecules is responsible for the affiniQ to human tissues, one might speculate 
that disulfide linkages in the F, portion of the molecule may be essential for 
maintaining the structure, because reduction and alkylation of yE diminished 
the affinity. It is interesting that the F, portion of the E chain contains ci to 6 
intraheavy-chain disulfide bonds, and a single inter-E-chain bond is present in 
Fd (F’ig. 9). In rabbit rG, Hong and Nsonoff G8 have shown that reduction in 
O.OlM mcrcaptoethanol was sufficient to reduce an inter-y--chain disulfitle bond 
in almost all molecules. If susceptibility of the inter-enchain bond to the reducing 
reagent is comparable to that of the inter-~-chain bond, reduction in O.OlM 
mercaptoethanol, which does not affect the sensitizing activity of YE antibody, 
may be sufficient for the reduction of inter-~-chain bond. Although the impor- 
tance of the inter-s-chain bond cannot be escludcd, it is possible that some of 
the intrachain disulfide bonds are susecptiblc to reduction in O.lM nwrcap- 
toethanol, and clcvage of these bonds may be rcsponsiblc for decrease in tissue 
affinity of YE molecules.* 

‘After submitting this review, Stanworth and associates reported ilmt Fc frngmcnt of au 
E-myeloma protein blocked passive sensitization. Their findings support the idea that cleavage 
of intra-e-chain disulfidc bond(s) rather than interchain bond is rcsponsiblc for the docrcasc 
of tissue affinity. 
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Mechanisms of reaginic hypersensitivity reactions 

Although reaginic hypersensitivity reactions in human beings are different 
from anaphylactic reactions in the guinea pig with respect to the quantity of 
antigen and antibody involved, both reactions are induced by the antibodies of 
a certain immunoglobulin class, and passive sensitization of the skin by the 
antibodies is blocked by nonantibody immanoglobulin of the same class. In 
nnaphylactic reactions in the guinea pig, it is well known that injections of non- 
antibody rabbit yG into guinea pig skin followccl by anti-rabbit yG gives reversed 
PCB reactions. As normal individuals have YE, one can expect that the protein 
is present on target cells to which reagin combines upon sensitization and thcre- 
fore that an intracut.aneous injection of the antibody specific for YE into normal 
individuals would girt a revcrs~cd type allergic reaction. In fact, normal individ- 
uals gave erythema-wheal reactions upon injection of anti-yE. The minimum dose 
of the antibody for giving the reaction was on the order of lo-” pgN”. T\‘one of 
the antibodies specific for other immunoglobulins, i.e., anti-yG:, anti-yA, anti-y&L 
and anti-yD, gave reactions c~cn \vith lo-? k~gN. Anti-light-chain antibodies prc- 
pared from anti-yG antisera gave a positive reaction with 0.01 PgN. Since an&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 l,OOO-fold more of 
anti-light chain than anti-YE is probably due to the combination of anti-light 
chain with immunoglobulins of other classes present in the skin tissues. An 
interesting fact is that, the close of anti-YE for the reversed reaction is compa- 
rable to that of yE antibodies required for a positive P-K (direct) rcaction.5” 

The sensitivity of human skin to anti-YE differs depending upon individuals. 
An atopic patient who has an extremely high YE concentration in his serum gave 
a positive reaction with 10.” pgN of anti-YE, whereas 2 agammaglobulinemic pa- 
tients did not react to 1O-3 jkti UN of anti-YE. In all of t,hcse cases, the sensitivity 
to histamine was at a normal level. It was found that the activity of ant,i-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 direct proof that 
normal individuals possess YE on target cells. 

It was also found that inbracutaneous injection of anti-YE to normal monkeys 
increased 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 lo-” ,ugN. Again, none 
of the antibodies specific for other immunoglobulin gave the reaction with 0.04 
,ugN. These findings indicate that the monkey has a protein which cross-reacts 
with human yE and that the protein is present on the cells to which human 
reaginic antibodies a,re 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 
‘ ‘ YE”-immunoglobulin of the monkey.“O 

The reversed type allergic reactions by anti-YE enabled us to study target 
cells. Pretreatment of monkey skin sites with compound M/80 prevented the skin 
reaction by anti-YE without changing the sensitivity to histamine. On the other 
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Fig. 11 
Histamine release by ragweed allergen (AgE) and by anti-YE from leukocytes passixxly 
sensitized with a reaginie serum. Normal IeukocFtes from the donor released 50 per cent of 
total histamine by 0.08 pgN per milliliter of antl-yE (A- - -A) but not by ragweed allergen 
( l - - -0). After sensitization, 0.004 PgN per milliliter of anti-YE (A---A) or 0.018 ,ug 

per milliliter of the allergen (a---e) released 50 per cent histamine. 

hand, pretreatment with anti-YE prevented the react,ion to 48/80. If one accepts 
that the compound specifica,lly attacks mast c.ells, 6o the results indicate that mast 
cells are involved in the reversed type allergic reactions. 

Lichtenstein and Osler70 have obscrvcd histamine release from isolated 
leukocytes of atopic patients upon exposure to allergen to which the donors are 
sensitive. Their resu1t.s suggest t,hat rcaginic antibodies are involved in the reac- 
tion. Levy and OshY1 succeeded in passively sensitizing leukocytes with the pa- 
tients’ sera for histamine release. If reaginic antibodies arc actually involved in 
the histamine release, yE should he present on leukocytes, and therefore one can 
expect reversed type histamine release from leukoqytcs by the exposure t.o anti- 
YE. In fact, anti-YE released histamine from leukocytes of atopic patients. 
Similar to the skin react.ion, neither ant.i-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 leukocytes to anti-YE for histamine 
release increased by incubation of leukocytes with a TIE-rich serum containing 
ant,iragwced reaginie antibody. As demonstrated by Levy and Osler,‘l the 
same cells released histamine by esposurc to ragweed antigen (Fig. 11). It is 
evident that YE-immunoglobulin is fixed to leukocytes, 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 re.actions by YE a&body-antigen c.omplex” 

Dilution of .4 nti,qm (pg per mil7ilitcr) 

complex 36 ( 10 1 2 I 0.5 1 0.1 / 0.025 / 0 

Undilutedt 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 10.5 7.0 0 
(20) (22) (& (33) (27) 

8x 0 0 0 
($i) $4 i&i) 

0 

*Numerals in this table represent average diameters of wheal in millimeters, and those in 
parentheses represent average diameters of crythemn in millimeters. 

tThe antigen-binding value of the antibody preparation was 0.09 pg per milliliter. 

strongly support the hypothesis that YE antibodies are responsible for histamine 
release from lcukocytcs by a&.rgen. 

In our previous studies on soluble antigen-antibody complexes, it has been 
shown that preformed antigen-antibody complexes induce an increased pcr- 
mcability of guinea pig skin capillaries. The skin reactivity of the complexes 
depends on the nature of antibody involved. Only the antibodies having sen- 
sitizing activity for guinea pigs formed skin-reactive complexes, indica,ting that 
the formation of skin-reactive complcxcs in vi\-o is responsible for PCA reactions 
in guinea pigs.72 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 simi1arit.y bctwecn PCA reactions in the guinea pig 
and P-K react.ions in human beings suggest4 the possibility that soluble com- 
plexes composed of YE antibody may give crythcma-wheal reactions in normal 
human skin. This possibility was therefore studied in the following experi- 
mcnts.73 The yE-rich fraction containing yE antibody but no yG, yA, or yiI,I anti- 
body against ragweed allergen was obtained from atopic patients’ scra, 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 
crythema-wheal reactions, whereas those of either rG or yA antibody with the 
same antigen failed to do so. The intensity of the skin reaction was different 
depending on the antigen-antibody rat.io 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- 



358 Ishixaka and Ishizakia J. Allergy 
lkccmher. 1968 

centration of antigen than that present in the mixture was required for a posi- 
tire reaction, and inhibition of the skin reaction by excess antigen was not ob- 
served. Since the above findings strongly su ggcsted that the skin reactions by 
antigen-YE ant,ibody mixtures arc due to preformed complexes, experiments were 
undertaken to prove that yE antibodies actually formed complexes with antigen 
in vitro. Purified ragweed antigen (antigen E ) was labeled with l? and added 
to a YE-antibody preparation. The antigen-antibody ratio in the mixtures was in 
extreme antigen excess (800 times excess as compared with the antigen-binding 
value of yE antibody) in one mixture a,nd in moderate antigen cxccss (5~ excess) 
in the other. The latter mixture gave a positirc crythema-wheal reaction at a 
dilution of 1 : 128, whereas the mixture containing a great excess antigen did not 
show the reaction even at a dilution of 1. : 8. Both of the mixtures were then 
analyzed by sucrose-density gradient ultraccntrifugation. As controls, the yE 
a.ntibody preparation or radioactive antigen E was applied to separate tubes 
and analyzed. After centrifugation, distribution of radioactivity in the gradient 
fractions was studied. Free antigen gayc a single peak of 3.3S, and the sedimen- 
tation coefficient of yE antibody was SS. The mixt,ure of YE antibody with a 
great excess of antigen gave 2 radioacbirc peaks. A slower sedimcnting peak cor- 
responded to free antigen (3.3S), and the sedimentation coefficient of the faster 
component was 9.755 which was higher than that of YE antibody alone. The 
mixture with a moderate excess antigen showed 3 peaks, i.e., 3.3S, 9.7S, and 
13.1s. In order to confirm that the 9.7s and 13.1s components represent antigcn- 
antibody complexes, the gradient fractions wcrc analyzed by radioimmuno- 
diffusion. The fractions were mixed with nonantibody yE and placed in periph- 
eral wells of Ouchterlony plates. The center w-cl1 was filled with anti-YE. The 
YE-precipitin band was formed by the nonantibody yE. Radioautographs of the 
plates showed that the YE-precipitin ba.nd formed \vit,h the 9.7s and 13.1X frac- 
tions had radioactivity, whereas the band formed with the 3.3s fraction plus 
carrier protein did not. Fixation of the radioactirc antigen by anti-YE indicates 
that the ant.igcn in these peaks was in the form of complex with yE antibody 
and therefore that both 9.7X and 13.1s fractions represent antigen-YE antibody 
complexes. As the antigen-antibody mixture containing 1,3.1X complex had high 
skin reactivity while the activity of the antigen excess mixture containing only 
9.7s complex was very low, it seems that 13.1X complex has the activity whereas 
9.7X complex does not. 

Since YE antibody is probably divalent, one can expect that the major part 
of complexes formed in great antigen excess arc 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 9.7X complex represents an Ag,Ab complex. 
As YE antibody is 8X, the complex should not contain more than one YE-antibody 
molecule, whereas the 13.1s complex is probably composed of two antibody mole- 
cules. It seems that two or more YE-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-reactive complex is comparable to the previous observations on rabbit yG 
antibody complexes having skin reactivity in the guinea pig. In the case 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 structural 
changes in the F, portion of the antibody molecules might be involved in the 
induction of the biological activity.72 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 Ishizaka74 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 structures in F, portion of the mole- 
cules a,re 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 intraction between the YE-antibody molecules 
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 (BP0 ) haptens in penicillin hypersensitivity, Levine 
and Fellner?j 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 YE 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 y/E 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 aut,oantibody against YE. It has been 
shown that aggregated human yG is immunogenic in human beings, and anti- 
bodies specific for aggregated 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 a.re formed, the antibody will induce or enhance allergic reactions. 
It should be noticed that only lo-” PgN 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 intrinsic type of allergic disorders. 

SUMMARY 

Reaginic activity in sera of atopic patients is associated with YE-immuno- 
globulin rather than the other 4 immunoglobulins, i.e., yG, yA, y&l, 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 ot.her 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, densit,y gradient ultra- 
centrifugation, and zone elcctrophorcsis ; (3) the YE fraction of the patients’ 
sera, in which only yE antibody but neither the yG, yA, y&I, nor yD antibodies 
was detected, possessed high rcaginic activity, and the activity in the preparation 
was removed by anti-YE. 

The protein has K and h light chains of immunoglobulins, possesses charac- 
teristic antigenie determinants which are not shared by the other immuno- 
globulins of known classes and subclasses, and lacks the major antigcnic dtter- 
minants in the ot.her classes. The antigenic structure of YE as well as association 
of antibody activit,y with the protein indicate that YE represents a distinct im- 
munoglobulin class. I’hysicochemically, yE-immunoglobulin is a yl glycoprotein 
with a sedimentation coefficient of 8s and a molecular weight of 200,000. Struc- 
tural studies of an E-myelorna protein showed that the protein is cornposcd of 2 
heavy (6) and 2 light polypeptidc chains. The heavy (E) chains of the protein 
have a peculiar structure, a.nd YE-antigcnic determinants are present in F, por- 
tion of the heavy chains. The concentration 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 arc rc>sponsible for P-K reactions in human beings, PCA 
reactions in the monkey by reaginic sera, and probably for antigen-induced 
histamine rc>lease frorn leukocytes of atopic individuals. The minimum dose of 
yE antibody required for giving positive P-K react.ions in human beings was 
estimated to be 10mc to 1O-5 PgN. The YE-antibody agglutinated red cells coated 
with antigen, indicating that the antibody is multivalent (probably divalent). 
Nonantibody YE ancl an E-myeloma protein blocked passive sensitization of 
human skin wit.11 reagin, indicating that t,he protein has affinity for the tissue 
constituents to which rcagin combines upon sensitization. Structnrcs of the pro- 
tein responsible for t,hc affinity were heat labile, whcrcas antibody-combining 
sites in the yE antibodies remained after heating at 56O C. Reduction of the 
antibody in O.lM mcrcaptocthanol follow-cd by alkylation partially degraded 
both antibody-combining sites and the tissue fixation site in the molecules. It 
was also found that antibodies specific for YE induced erytherna-wheal reactions 
in normal human beings and rnonkcys 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 imrnune mechanisms of reaginic hypersensitivity reac- 
tions by YE 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 sugg&ed 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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