
I VOL. 40, NO. 5 

NOVEMBER, 1967 

Heterogeneity of skin-sensitizing 
anti bodies 

The skin-sensitizing antibodies to bovine milk fwnd in n paticffbt with atnxicc-tcl- 
angicctasin who Wad no drtectnble serum YA-globulin wre com.parcd after fractiontr- 
tion by DEdE-crTZuZose chromatography to the skin-sensitizing antibodies to bovine 
,milk and ragweed found i% 2 patients who kad normal serum concentrations of rG-, 
yA-. and ylf-globulins. All of the skin-sensitizing antibodies to bovine milk i,n the 
wr’um of the patient with no detectable serum -p4.globulin could be accounted for in 
a chromntographic fruetion in which only ,yG-globulin was &tectcd. Thr skin-sewi- 
tizin,q antiborlios to bovi,tlc milk and mg~cwd in the 2 paticnls with ,normal swum 
concentrations of yG-, y-4-, and y&l-globulins ICCT(: uot restricted to the chromato- 
graphic fraction in zchich only yG-globulin was a&&a and differtncrs wvc ob- 
served in the clution of the skin-sensitizing antibodies in the three sern studied. 
I)i,ffercnccs in the vlution of skin-sensitizing antibodies to bovine milk and ray- 
wrd uwc also observed in the same swum. Tluxe data dcmonstrnte that skiw 
wnsititi?ag tdibodies arc a hcte).ogCnrous group of antibodies u;ith rpgaid to tlrrir 
wparation 7)~ I)EAl+cc7lulos~ c*hromatogsaphy and suqgcxt that they may 71(, ns- 
socintrd with any one of sc~~rrfll immicno,~7o~~rt7$~is. 

T he skin-sensit,izing antibodies responsible for the immediate, or wheal and 
flare, skin reaction are thought to differ from other antibodies because: (1) they 
can passively sensitize the skin of nonsensitive persons; (2) they do not passively 
sensitize the skin of the guinea pig; (3) they do not precipitate antigen or fix 
complement; and (4) they are inactivated by heating at, 56O C. for 60 minutes.’ 
Such skin-sensitizing antibodies have been found to be associated with the faster 
migrating y-globulins on electrophoresis,2, 3 and they are usuall>- eluted apart, 
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from the bulk of the yC:-globulins on DEAE-cellulose chromatography, with the’ 
exception of those skin-sensitizing antibodies found in patients with. serum 
sickness.‘-G Subsequent studies”, 7-g have suggested that skin-sensitizing antibodies 
are associated with yA-globulins, and it has been questioned whether patients 
with yA-globulin deficiency could synthesize skin-sensitizing antibodies.‘“, ” 
I,oveless,12 however, has described a patient with YA-globulin deficiency who had 
transferable skin-sensitizing antibodies, and this observation has been ronfirmetl 
by the detection of skin-sensitizing antibodies in the serum of a patient with 
ataxia-telangiectasia who had no detectable serum yA-globulin.‘” Ishizaka ant1 
associatesli-‘G have reported that certain skin-sensitizing antibodies were not 
associated with YG-, rA-, ylL, or y&l-globulin and may be associated with a 
unique immunoglobulin, YE. On the other hand, Reid and colleagues,” Perel- 
mutter and colleagues,18 and Malley and Perlman’!’ have recently described skin- 
sensitizing antibodies in serum fractions that contain yG-globulins but no dc- 
tectable yA-globulins, and Terr and Bentz 20 have reported skin-sensitizing anti- 
body activity associated with both YG- and y&l-globulins in patients with serum 
sickness. In the study reported here, the skin-sensitizing antibodies found in iI 
patient with ataxia-telangiectasia who had no detectable yA-globulins were com- 
pared with the skin-sensitizing antibodies found in ‘2 patients who had normal 
amounts of yG-, yA-, and y&I-immunoglobulins. 

METHODS AND MATERIALS 

Skin tests 

Human. Skin-sensitizing antibodies were assayed by the passive transfer test 
of Prausnitz and Kiistne? (the P-K test). The recipients were normal adult 
volunteers who were found not to be sensitive to the specific antigen both by 
history and by intradermal skin tests. Normal skin sites were sensitized by the 
intradermal injection of 0.1 ml. of serum or 0.1 ml. of a serum fraction, and 24 
to 48 hours later the injected sites were challenged by intradermal injection oi 
0.05 ml. of bovine milk protein or 0.05 ml. of ragweed antigen which contained 
100 PNIJ per milliliter.” Skin-sensitizing antibody titers were determined by 
injecting serial dilutions of each serum or serum fraction intradermally and 
then challenging the skin sites with antigen 2-l hours later: the highest dilution 
which produced a whral and flare reaction of at least 5 mm. by 20 minutes after 
challenge was taken as the end point of the titration. The passive transfer titra- 
tions for each sample were performed in at least 2 normal individuals. 

Yuinen &. To test for the capacity to sensitize guinea pigs, the m&hod 
described by Ovary?? was used: the animals were given 0.1 ml. of serum or 
serum fraction intradcrmally, and 6 hours later they were challenged intra- 
venously with solutions of specific antigen which also contained 2.5 mg. of 
Evans blue. 

DEAE-cellulose chromatography 

Fractionation of serum by DEAF-cellulose chromatography was performed 
by a modification of the method of Humphrey and Porter.” A column, 24 cm. in 
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length and 2 cm. in diameter, was packed with 20 Gm. of DEAE-cellulose under 
7 pounds of pressure. Ten milliliters of serum was applied, and elution was 

performed by gravity flow with a gradient from O.OOlM phosphate buffer, pH 
7.4, to 0.05M phosphate buffer, pII 7.4. Eluatcs were collected in 5 ml. volumes. 
The optical densities of the eluates were measured at 280 mp in a Beckman DU 
spcctrophot,ometer. After being pooled into appropriate fractions, each fraction 
was concentrated by negative pressure dialysis against 0.131 NaCl solution at 
4’ C. to the original serum volume. 

Gel filtration on Sephadex G-200 

Serum was fractionated on Sephadex G-200 by a modification of a method 
previously described.3 Ten milliliters of serum was applied to a column of 
Yephadex G-200 * 2.5 cm. in length and 100 cm. in diameter. Serum proteins 
were cluted by gravity flow with 1.0 per cent NaCl solution and collected in 
4 ml. volumes. Optical densities of the eluates were measured at 280 mp. After 
being pooled, the eluates were concentrated by negative pressure dialysis against 
0.1&t NaCl solution at 4O C. to the original serum volume. 

Antisera and immunochemical methods 

;lntisera. The horse antiserum used in this study had antibodies against three 
serum immunoglobulins, yG-, yA-, and yM-globulins, and has been described 
elsewhere.23 Goat anti-yM-globulin antiserum+ was made specific for YM-globulin 
by absorption with serum from a patient deficient in yM-globulin. Goat anti-l/A- 
globulin antiserumt was absorbed with serum from a patient with a deficiency 
of yA-globulin to insure specificity of the antiserum for YA-globulins. 

Imneunochemical methods. Immunoelectrophoresis was performed by the mi- 
cromethod of ScheideggeF with 0.131 borate buffer, pH 8.6. Serum y&globulin 
was quantitated with Oudin tubes using horse antiserum?:; the same method was 
used to estimate the serum concentration of yA-globulin using the goat, anti- 
yA-globulin antiserum. The limits of sensitivity of this technique under the 
conditions of this study were 25 mg. per jO0 ml. for y&globulin and 10 mg. 
per 100 ml. for yA-globulin. The purified yA-globulin used as the rcfercncc 
standard was prepared from normal serum using Sephadex G-200 followc~d by 
I)F:AE-cellulose chromatography with a gradient, from O.OOlM phosphate hnfh, 

pll 7.4, to 0.05&I phosphate buffer, pII 7.4 (equivalent to fraction 6 of Fig. 6). 
The yM-globulin concentration was cstimatcd by the method of Gell’” with the 
specific goat anti-yM-globulin antiserum. 1)ouble gscl diffusion was pcrformcd 
by the met,hod of Ouchterlony.“7 

Sera containing skin-sensitizing antibodies 

Swum A. Serum A was obtained from a patient with ataxia-telangiectasia 
who demonstrated an absence of yA-, a relatively normal amount of YG-, and 
increased yM-globulins on immunoelectrophoresis. The concentration of YG-glob- 
ulin was found to be 1,440 mg. per 100 ml. and the concentration of yM-globulin 
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was 150 mg. per 100 ml. With both single and double gel diffusion, yA-globulin 
could not be detected even when the serum was concentrated t&old. IntrathJ*- 
ma1 skin testing of the patient disclosed a positive wheal and flare skin reaction 
to bovine milk proteins. P-K tests disclosed a skin-sensitizing antibody titer of 
1:IO. Serum A did not passively sensit,ize guinea pig skin. No precipitating 
antibodies to bovine rnilk proteins could be demonstrated in patient A’s s(~runr, 
and challenge of the patient with rnilk orally did not produce spmptoms. 

Serum H. Serum I3 was obtained from a patient who suffered from rccurrcrrt 
rhinitis and conjunctivitis, which was rnost prominent during t,he ragwcccl pol- 
len season, and frorn urticaria and rhinitis, whirh appeared to be rclatctl to thcb 
ingestion of cow’s milk. Jrnrnunoelectrophoresis revcalctl apparently normal con- 
centrations of #-, -yA-, and yiPI-globulins ; the y(l-globulin concentration was 
1,200 rng. per 100 ml. and the yA-globulin concentration was 1‘20 mg. per 100 
ml. Intradermal skin testing with borinc milk proteins provoked a. giant wlr(‘al 
and flare with generalized urticaria. Positive whcal and flare skin tests wcrc also 
elicited with ragweed pollen, several grass and tree pollens, rnolds, and house 
dust. The skin-sensitizing antibod>- titer against bovine milk proteins was 1 :SO 
and against ragweed, 1 :l,OOO. Serum B did not passircl,v sensitizt guinea pig 
skin. Xo precipitating antibodies t,o bovine rnilk proteins coultl be tlemonstratctl 
in the serum. Reduction of milk ingestion providctl considerahlc rclirf of 
symptoms. 

Srrunr G. Serum C was obtained from a patient with recurrent rhinitis ant1 
conjunctivitis whose symptoms were most prominent during the ragweed pollen 
season. Trnn~unoelectrophoresis revealed normal concentrations of y(L, yA-, and 
YM-globulins; the level of +globulin was 1,050 mg. per 100 ml., and that, of 
YA-globulin was 95 mg. per 100 ml. .I’ositive wheal and flare skin trsts wcw 
elicited by ragweed and grass l~llrns and housr tlust. The skin-sensitizing an6 
body titer aga.inst ragwectl pollen was 1 :l,OOO. 

RESULTS 

The elution pattern for serum A obtained b\- 1)EAEcellulose chromatog- 
raphy is illustrated in Fig. 1. Skin-sensitizing antibodies t,o bovine rnilk in 
serum A were detected only in fraction I. Fraction I contained only y($-globulin: 
YA-globulin was not detected with single or doublt agar gel diffusion with specific 
antibody, when fraction I was concentrated tenfold to a y(:-globulin concentnr- 
tion of 1.5 Gm. per 100 ml., or when the original serum was concentrated tcn- 
fold to a yG-globulin concentration of 15 Grn. per 100 ml. Since the limit of 
sonsitirity for the detection of yA-globulin usin g Outlin tubes was 10 rng. per 
100 ml., concentrating the fluids tenfold increased the srnsit,ivity for rb-globn- 
liri in the original serum to 1 nig. per 100 ml. or s(~rurri. ITrider those contli- 
tions, TA-globulin could not, 1)~ dctcctctl in an>- of the 1 ~l~~A~l~-c~cll~rlosc~ chhro- 
niatogralrli~ fractions of scruni A. l’assivcl tl’illlSl’~ll’ teds using a solution Of 
fraction I with approsiniatcl~ the same ~onec~ntrvtion of YG-globulin, 1,500 
mg. per cent, as was present, in the original serum arc shown in Fig. 2; the 
size of the wheal and flare with fraction I was the same as that obtained with 
the whole serum, suggesting that most, if not all, of the> skin-sensitizing anti- 
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Fig. 1 
Separation of serum A by DEAE-cellulose chromatography into fractions I through V, 
each of which was concentrated to 10 ml., the volume of serum aliquot placed on the 
column. The bar graph beneath the elution pattern indicates the titer of skin-sensitizing 
antibody (S.S.A.) which is expressed as the reciprocal of the highest dilution of the 
serum fraction, which produced a definitely positive P-K test and the amount of yG-glob 
ulin detected in fractions I to V. When fraction I was concentrated to a yG-globulin 
concentration of 1,500 mg. per 100 ml., the reciprocal of the highest dilution of fraction I 
which produced a definitely positive P-K test is indicated by the dotted bar graph. 

Fig. 2 
Passive transfer tests. Skin sites which had been passively sensitized with serum A, iso- 
lated fraction I that contained 1,500 mg. yG-globulin per 100 ml., 0.85 per cent NaCl, anI1 
a skin site which was not sensitized (control) were photographed 20 minutes after chal- 
lenge with bovine milk protein. The size of the wheal and flare at the site passively 
sensitized with fraction I was the same as the size of the reaction at the site passively 
sensitized with serum A. 



bodies to bovine milk proteins in strum A coul~l be accounted for in fKXc*tic~ll I. 

The fractionation of sc'r~m B on L)HAE-cellulose is shown in Fig. 3. Skin- 
sensitizing antibodies in serum B to bovine milk proteins were detcctctl not onI>- 
in fraction I, but also in fractions II and III; skin-sensitizing antibotlics for 
ragweed were detected in fractions II, III, IT, ant1 \‘, but were not detected in 
fraction 1. Fraction 1 from serum B containetl onl- r(;-globulin. (iamma A- 
globulin was detected in fract,ions 11, II I, IV, ant1 V, with the highest yA-globu- 
lin concentration found in fract,ion 111. 

The fractionation of serum (Y by I)EATS-cellulose chromatography is shown in 
Fig. 1. It will be noted that the skin-sensitizing antibodies for ragweed wcw 
found iu all five fractions. A comparison of Figs. 3 and 1 will indicate the 
differences fo~uld in the elution of serum B and serum C skin-sensitizing anti- 
bodies to ragweed from l)EAE-cellulose. Fraction I from serum C containetl 
0111~~ +globulin. (+arnma A-globulin was detected in fractions II, III, IV, and 
T’, with the greatest ?,A-globulin concentration being present in fraction IV. 

An aliquot of serum (’ was also passed through a column of Sephadex (L.200. 
The protein fraction indicated by the shaded area in Fig-. 5 was found to contain 
the greatest yA-globulin concentration, as well as the highest titer of skin scn- 
sit.izing antibodies to ragweed as intlicatcd by the P-K test; y&f-globulin conltl 

cO.OOlM PO, pH%4+GRADlENT TO 0.05M PO4 pH 7.4--+ 

Fig. 3 
Separation of serum 13 by I)BAE-cellulose chromatography into fractions I through V, each 
of which was concentrated to 10 ml., the volume of serum aliquot placed on the column. 
The bar graph beneath the elution pattern indicates the titers of skin-sensitizing antibody 
(S.S.A.) to milk and ragweed and the amount of yG- and yA-globulins detected in frac- 
tion I to V. 
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Fig. 4 
Heparation of serum C by DEAE-cellulose chromatography into fractions I through V, 
each of which was concentrated to 10 ml., the volume of serum aliquot placed on the 
column. The bar graph beneath the elution pattern indicates the titers of skin-sensitizing 
antibody (S.S.A.) to ragweed and the amount of yG- and yA-globulins detected in frac- 
t,ions I through V. 
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Fig. 5 
Fractionation of serum C by Rephadex G-ZOO gel filtration. The presence of rG-, yA-, and 
yM-globulin is indicated by the bar graph. The shaded area which contained the highest 
titer of skin-sensitizing antibody to ragweed was pooled, concentrated, and then fraction- 
atetl on columns of DEAE-cellulose (see Fig. 6). 
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Fig. 6 
Reparation by DEAE-cellulose chromatography of the serum protein fraction which was 
obtained by fractionation of serum (’ on columns of Sephatlex G-200 (see Fig. 5). Frac- 
tions 1 through 6 were conceutrated to 10 ml., the volume of serum aliquot placed on the 
column. The bar graph beneath the elution pattern indicates the titer of skin-sensitizing 
antibody (R.&A.) and the amount of yG- and yA-globulins in frxctions 1 through 6. 

not be detected in this fraction. The proteins within the shaded area were com- 
bined with comparable Sephadex G-200 fractions from a total of 48 ml. of 
serum C; the pooled fraction was then concentrated to a volume of 10 ml. ancl 
fra,ctiona.ted on DEAE-cellulose (Fig. 6). Gamma A-globulins were detected in 
fractions 2 through 6; the greatest yA-globulin concentrations were found in 
fractions 3 and 4. Gamma G-globulins were detected in fractions 1 through 5 
with the greatest concentration being present in fraction 1. Skin-sensitizing 
antibodies for ragweed were detected in all six fractions, including fraction 1. 
in which only yG-globulin was detected, and fraction 6, in which only yA-globu- 
lin was detected. The greatest amount, of skin-sensitizing antibodies to ragweed, 
however, was detected in fraction 3 and was not coincident, with either the maxi- 
mal yG- or YA-globulin concentrat,ions. 

DISCUSSION 

The data in this study demonstrate that skin-sensitizing antibodies arc 
phpsicochemically a heterogeneous group of antibodies with respect to theil 
behavior following DNAE-cellulose chromatography. The skin-sensitizing ant,i- 
bodies in the three sera studied behaved somewhat differently when fractionated 
by DEAE-cellulose chromatography. All of the skin-sensitizing antibody activity 
in serum A to bovine milk proteins could be accounted for in fraction I, which 
contained only yG-globulin and no detectable -yA- or yM-globulins. In serum 
B, skin-sensitizing antibody activity to bovine milk proteins was detected not 
only in fraction I, which contained only yG-globulin, but also in fractions II 
and III, which contained both YG- and yA-globulins. The skin-sensitizing anti- 
bodies for ragweed in serum B, however, were not detected in fraction I, but 
were present in fractions II through V, which contained both yG- and yA-globu- 
lins. The ragweed skin-sensitizing antibodies in serum C were detected in all 
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five chromatograpy fractions. Therefore, not only were differences in the &&on 
of skin-sensitizing antibodies observed from one serum to another, but differences 
in the fractionation of skin-sensitizing antibodies directed against two different 
antigens were observed in a single serum, serum B. Heterogeneity of two dif- 
ferent skin-sensitizing antibodies in the same patient has recently been described 
by Reid and colleagues.17 

The skin-sensitizing antibodies in serum A for bovine milk proteins wcrc 
restricted to the chromatographic fraction containing only yG-globulin; in this 
respect, the antibodies resembled the skin-sensitizing antibodies against horse 
serum described by Terr and Bentz. 2u The skin-sensitizing antibodies in serum B 
for bovine milk proteins were present in fractions I, II, and III; in this regartl 
it resembled the skin-sensitizing antibodies to bovine serum albumin desc,ribcd 
by Reid and collcagucs17 and the skin-sensitizing antibodies to horse serum re- 
port,ed by Humphrey and Porter. 4 The skin-sensitizing antibodies in serum c’ 
for ragweed, when fractionated by Sephadex G-200 followed by DEAE-cellulose 
chromatography, did not closely parallel either YG- or yA-globulin concentration 
or combinations of either of the two proteins; in recent reports by Ishizaka and 
Ishizaka’* and Perelmutter and associates, I8 it has also been reported that skin- 
sensitizing ant,ibodies did not parallel either yA- or yG-globulin concentration 
after fractionat,ion by Sephadex G-200 followed by DEAE-cellulose chromatog- 
raphy. Although the maximum ragweed skin-sensitizing antibody activity 
in serum C was found in fraction 3 (Fig. 6), small amounts of ragweed skin- 
sensitizing antibodies were detected in fraction 1, in which only yG-globulin was 
found, and in fraction 6, in which only yA-globulin was detected. It should be 
point,ed out that there was considerable loss of reaginic activity following DEAE- 
chromatogaphy, as has been previously reported.” Up to 80 per cent of rraginic 
activity was lost in the separation procedure, and the question of whether 
heterogeneity of skin-sensitizing antibody in the fractions reflects heterogeneity 
in the original serum must be considered. 

It is possible, of course, t,hat skin-sensitizing antibodies may be a.ssociat,ccl 
with a, serum component other than yG- or yA-globulin which was not detected 
by the methods used in this study. Ishizaka and associates’” have recently re- 
ported that certain skin-sensitizing antibodies were not precipitated with anti- 
yG-, yA-, y&I-, or yD-globulin antibodies and proposed that these skin-sensitizing 
antibodies were associated with a serum protein other than these four immuno- 
globulins. However, Ishizaka reported that this serum protein and the associat,etl 
antiragweed antibodies were eluted in a reagin-rich fraction from DEAE-cellu- 
lose columns with O.OlM to 0.05M phosphate buffer; the reagins in this serum 
fraction were removed with an antiserum directed against YE-globulin but, con- 
tained no antibodies against yG-, yA-, or y&l-globulins. Since fraction I in the 
present report was eluted with O.OOlM phosphate buffer, the serum component 
described by Ishizaka should have been excluded from fraction I, but the pos- 
sibilit,y exists that this fraction contains YE-globulin. The skin-sensitizing anti- 
bodies detected in fraction I would appear to be associated with YG-globulins. 
Whether the skin-sensitizing antibodies found in fractions II to V were asso- 
ciated with either yG- or yh-globulins or with an undetected immunoglobulin 
was not resolved in this study. It would appear that skin-sensitizing antibmlirs 
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in man demonstrate considerable physicochcmical heterogeneity with r~sp~l 

to their behavior following l)EAE-cellulose chromatography, amI that skin- 
sensitizing antibodies in man may bc rrpresrntetl by mow than one ma,jo~~ group 
of immunoglobulins. 
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