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The heterogeneity of human antipenicillin
skin-sensitizing antibodies

Statistical analysis of wheal responses elicited with benzylpenicillin,
various penicilloyl haptenes, and their related compounds

Koji Shibata, M.D., Tsuyoshr Atsumi, M.D., and
Yoshihiko Horiuchi, M.D., Sappore, Japan

Forty-siz subjects who gave positive cutaneous reactions to benzylpenicilloyl-human
serum albwmin (BPO-HSA) or benzylpenicillin (Pc G) were further skin-tested with
14 kinds of test materials: benzylpenicillin, bensylpenicilloyl-epsilon-aminocaproate
(BPO-EACA), divalent BPO-hexamethylenediamine, polyvalent BPO-human serum
albumin conjugates, polyvalent BPO-poly-L-lysine conjugates, polyvalent penicilloyl-
HSA conjugates of synthetic penicillins, polyvalent 6-aminopenicillanic acid-HSA
conjugate, polyvalent cephalothin-HSA conjugate, and polyvalent conjugates of the
acyl side-chain compounds of penicillins. Correlation coefficients among the diam-
eters of wheals elicited with these test materials varied with each test antigen. In
order to evaluate the heterogeneity of combining sites of the human skin-sensitizing
antibodies, “factor analysis” was carried out. Eight independent factors were eluci-
dated, which suggests that there are at least 8 different kinds of antibody mole-
cules with respect to their binding properties for the different penicillin compounds.

ecently, benzylpenicilloyl (BPO) haptenic groups have been generally
considered to be a major antigenie determinant responsible for human peni-
cillin hypersensitivity.’* In some clinieal studies, however, it also was demon-
strated that skin-testing with benzylpenicillin (Pe (i) is a more specific index
of immediate systemie reactions than testing with benzylpenicilloyl-polyly-
sine.”” Thiel and colleagues® further demonstrated that penicillenate, penil-
loate, penamaldoyl, or derivatives of 6-aminopenicillanic acid (6-APA) would
frequently be potent inhibitors of hemagglutination reactions mediated by
sera of subjects sensitive to benzylpenicillin. These findings indicate that Pe G
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will produce heterogencous populations of antibody molecules, which seems
to reflect the multiple metabolic pathways of Pe (1 in vivo. Similarly, Schloss-
man and Kabat? and Gelzer and Kabat'® reported that the human antidextran
antibodies consist of a heterogencous population of molecules with different
binding properties. This concept was also indicated by Kitagawa and col-
leagues' " and Kreiter and colleagues' by their studies of rabbit anti-p-
azobenzenearsonate antibodies. However, by the usual immunological methods,
such as direet skin tests and Prausnitz-Kiistner reactions, it has heen quite
difficult to evaluate the heterogencity of human skin—sensitizing antibodies.
The present study was designed to investigate the heterogeneity of com-
bining sites of human skin-sensitizing antibodies to penicillin by *‘factor
analysis’” of wheal diameters evoked with Pe (7 and its related compounds.

MATERIALS AND METHODS
Test reagents*

Benzylpenicilloyl-eaminocaproate  (BPO-EACA), benzylpenicilloyl-hexa-
methylenediamine (BPO,-ITMD), benzylpenicillovl-polylysine (BPO-PLL), and
penicillovl-TISA conjugates of synthetic penicillins were prepared by modi-
fication of Levine’s methods."” ' Clephalothin-HSA (CET-HSA) and 6-amino-
penicillanie acid—-HSA (6-APA-HSA) conjugates were prepared in the same
manner as the preparation of penicilloyl-HSA conjugates. Phenylacetylglyeyl-
HSA (PAG-IISA) and 2,6-dimethoxybenzoylglyeyl-HSA (DMBG-HSA) were
prepared as deseribed previously.™ All these skin-test reagents were analyzed
quantitatively as deseribed in the previous artiele!® and sterilized by filtration
through HA Millipore membranes.

Skin-testing

A total of 2,242 subjects admitted in six hospitals in Sapporo and Otaru
districts, Hokkaido, were skin-tested with each of the following four solu-
tions: 3 x 10 M (BPO),-HSA, 3 x 10° M (PAG),.-HSA, 500 units per milli-
liter of Pe (+ (each was dissolved in physiologic saline), and physiologie
saline as a control. The intracutancous injections were performed with 0.02
ml. of cach antigen solution. The test sites were cxamined 15 minutes after
injection for wheal reactions. Reaction intensities were recorded in milli-
meters as an average diameter. Wheals of greater than 6 mm. with pseudo-
pods were considered positive. With (BPO),,-HSA, 66 subjects (2.9 per cent)
gave positive wheal responses. Three subjects were reactive only to Pe (. Of
these 69 subjeets, 46 (44 reactive to (BPO).,-HSA and 2 reactive to Pe G)
were further skin-tested with 14 kinds of antigens simultaneously at the sites
chosen at random on their hacks.

*Human serum albumin (HSA) and L-polylysine (molecular weight, 70,000) were pur-
chased from Mann Research Laboratories, New York. Benzylpenicillin (Pe G), phenoxymethyl-
penicillin (Pe V), 2,6-dimethoxyphenylpenicillin (DMP Pe), 5-methyl-3-phenyl-4-isoxazolyl-
penicillin  (MP1 Pe), and 6-aminopenicillanic acid (6-APA) were donated by the Banyu
Pharmaceutical Co., Tokyo. Cephalothin (CET) was donated by the Shionogi Pharmaceutical
Co., Osaka.
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Factor analysis's-2!

Factor analysis is a method to reveal the structure of a phenomenon,
which might be based on effeets from several factors independent of one an-
other*

RESULTS
Skin responses

The wheal diameters evoked with 14 kinds of antigens in 46 subjects are
listed in Table I. Univalent haptene (i.e.,, BPO-EACA) was found to eliecit
merely faint reactions in 3 subjects (Nos. 19, 22, and 30). Two of the 3 sub-
jects who gave positive skin tests to Pe G had histories of anaphylactoid
reactions to Pe (f. Divalent haptene [iec., (BPO),-HMD] and polyvalent (from
8 to 345) haptenes were almost equally effective in evoking cutaneous re-
actions. In contrast, most of wheal diameters elicited with penicilloyl-HSA
conjugates of synthetic penicillins and their related compounds were smaller
than those clieited with BPO haptenes. However, it is noteworthy that pat-
terns of cutaneous reactions to these antigens were quite different from sub-
jeet to subject. For example, Subject 29 showed strong positive reactions to
BPO-PLL, (PAG),.-HSA, and to phenoxymethylpenicilloyl-HSA | (PMPO),;
-HSA] conjugate, while negative results were obtained with the other anti-
gens. In Subject 33, on the other hand, all the antigens tested exeept BPO-
EACA, (DMBG),;-HSA, and Pe (G were effective elicitors of eutaneous re-
actions,

Table II shows the matrix of ecorrelation coefficients among 14 kinds of
test antigens. Pe ¢ and BPO-EACA were not correlated with other testing
agents, while the other 12 antigens were correlated with each other in var-
lous degrees. There were high correlations among (BPO).-PLL, (BPO),,-
HSA, and (BPO),.,-PLL. Correlation coefficients among other antigens were
smaller than those among these three. The findings that the ecorrelation co-
efficients varied from antigen to antigen and that there were many antigens
with low correlation coefficients seem to suggest that skin-sensitizing anti-
bodies to these antigens in a reaginie serum congist of populations of
antibody molecules heterogeneous with respeet to  their binding prop-
erties.

*1f Zy; is the result of the i-th test in the j-th case, its structure will be given by the

equation
Zy, = a,,F“ +agFy + .0+ a,Fa

where F mi (m = 1,2, ..., m) is the ia(*tor score for the m-th factor in the j-th ecase
and a,; is the detOI‘ load of ¥, to the j-th test, corresponding to the correlation coefficient
between Z;; and F,,,. If a; = 1, the test Z; is the factor F itself. Factors are defined to be
mutually independent. From the pattern of factor load, the characteristics of the faetor will
be estimated. The validity of such a structure will be criticized by result itself. This method
is used to obtain a hypothesis on a reasonable number of factors, which have to be confirmed
experimentally. The schedule of analysis followed in the article was as follows: (1) setting a
histogram; (2) transformation to normal distribution; (3) caleulation of the matrix of corre-
lation coefficients; (4) principal component analysis; (5) maximum likelihood analysis; (6)
varimax analysis; (7) oblimax analysis; (8) calculation of angles between common factors by
oblimax method; (9) calculation of factor scores with each individual.
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Table 1. Wheal diameters (millimeters) evoked with 14 kinds of antigens in 46 subjects

r (PAG ), | (DMBG)
Pec G HS8A4 HSA

(CET ). ‘ (BPO,-

Case BPO-EACA HSA PLL
1 Neg. Neg. 7.5 6.0 7.0 18.0
2 Neg. Neg. 9.5 Neg. 9.0 24.0
3 Neg. Neg. 7.5 Neg. 9.0 13.0
4 Neg, Neg. Neg Neg. Neg. 10.5
5 Neg. Neg. 7.0 Neg. 10.0 14.0
6 Neg. Neg. Neg. Neg. 8.5 8.5
7 Neg. Neg. 8.0 Neg. 6.0 9.0
8 Neg. Neg. Neg. Neg. Neg. Neg.
9 Neg. Neg. Neg. Neg. Neg. Neg.

10 Neg. 13.0 Neg. Neg. Neg. Neg.
11 Neg. Neg. 12.0 6.5 6.0 335
12 Neg. Neg. Neg. Neg. Neg. 10.0
13 Neg. Neg. 8.5 Neg. Neg. 13.0
14 Neg. Neg. 11.0 Neg. Neg. 12.0
15 Neg. Neg. 6.0 Neg. 6.5 Neg.
16 Neg. Neg. Neg. Neg. Neg. Neg.
17 Neg. 11.5 Neg. Neg. Neg. Neg.
18 Neg. Neg. 56.5 38.5 42.0 63.5
19 6.5 Neg. 6.5 Neg. 7.0 6.0
20 Neg. Neg. 10.0 Neg. Neg. 12.5
21 Neg. Neg. 9.0 9.0 7.0 11.5
22 8.0 Neg. 7.0 Neg. Neg. 26.0
23 Neg. Neg. 12.0 6.0 8.0 20.0
24 Neg. Neg. 7.0 Neg. Neg. 11.0
25 Neg. Neg. Neg. Neg. Neg. 6.0
26 Neg. Neg. Neg. Neg. Neg. 8.5
27 Neg. Neg. Neg. Neg. 7.0 8.0
28 Neg. Neg. 7.0 Neg. Neg. 14.5
29 Neg. Neg. 13.0 Neg. Neg. 15.5
30 9.0 Neg. 8.0 Neg. Neg. Neg.
31 Neg. Neg. 13.0 13.0 22.5 23.0
32 Neg. Neg. 17.0 10.5 11.5 24.5
33 Neg. Neg. 14.5 Neg. 10.0 15.0
34 Neg. Neg. Neg. Neg. Neg. 9.5
35 Neg. Neg. Neg. Neg. Neg. 7.0
36 Neg. Neg. Neg. Neg. Neg. 6.5
37 Neg. Neg. 10.0 7.5 8.5 12.5
38 Neg. Neg. 11.5 Neg. Neg. 20.0
39 Neg. Neg. 7.5 Neg. Neg. 11.5
40 Neg. Neg. 11.0 Neg. 8.0 14.5
41 Neg. Neg. 10.0 Neg. Neg. 12.5
42 Neg. Neg. 7.5 6.0 5.0 12.0
43 Neg. Neg. Neg. Neg. 7.0 Neg.
44 Neg. Neg. Neg. Neg. Neg. 15.5
45 Neg. Neg. 8.0 Neg. Neg. Neg.

46 Neg. Neg. Neg. Neg. Neg. Neg.
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Antigen
(BPO ) - (BPO),,- | (BPO), | (BPO),, | (6-APA), |(PMPO),~ (DMPPO ), (MPIPO ),

HS4 PLL | HMD PLL HSA4 HSA HS84 HSA
20.5 19.0 12.5 16.5 9.5 7.5 7.0 Neg.
31.5 14.0 19.0 23.0 13.5 21.5 19.0
9.5 11.0 12.0 14.5 8.0 6.5 Neg.
14.5 9.0 16.0 12.5 14.0 Neg. Neg.
85.0 17.5 11.0 Neg. 8.0 23.0 11.0 14.5

7.5 Neg. 15.5 10.0 7.5 6.0 Neg. Neg.
17.5 13.5 10.0 14.0 13.0 Neg. Neg.

7.5 Neg. Neg. 16.0 Neg 9.0 Neg. 9.0

7.5 Neg. 7.5 Neg. Neg. Neg. Neg.
Neg. Neg. Neg. Neg. Neg. Neg. Neg. Neg.
30.0 29.0 27.0 24.5 12.0 25.5 14.0 17.0
10.5 19.5 13.5 25.5 6.5 Neg. Neg.
19.5 Neg. Neg. 6.0 7.5 Neg. Neg. Neg.
16.5 Neg. Neg. 9.0 Neg Neg. Neg. Neg
6.5 6.5 10.0 10.5 Neg. Neg Neg

8.5 Neg. Neg. Neg. 5.5 Neg. Neg.
Neg. Neg. Neg. Neg. Neg. Neg. Neg. Neg.
56.0 75.0 35.5 52.5 12.5 30.0 28.0
13.0 6.5 13.0 15.5 10.5 Neg. 9.5
23.5 12.5 Neg. 15.0 Neg. 9.5 Neg Neg
28.5 20.5 34.0 27.0 Neg. 13.0 10.0 8.5
32.0 42.5 8.5 28.5 10.0 8.0 Neg.
22.5 26.0 14.0 21.0 Neg. 11.5 8.0 11.0
18.0 9.0 10.0 10.5 Neg. Neg. Neg.
14.0 Neg. 10.0 9.5 8.0 Neg. Neg.
14.5 12.0 Neg. 16.0 Neg. Neg. Neg. Neg.

8.5 Neg. 6.5 11.5 25.0 Neg. 14.0
19.5 17.0 19.5 15.5 Neg. Neg. Neg. Neg
31.0 13.5 Neg. 18.0 20.5 Neg Neg.

8.0 Neg. Neg. 9.5 9.0 Neg 7.5
31.0 32.5 13.0 26.0 20.0 13.0 9.5
22.0 21.5 21.5 25.5 24.0 10.0 17.0
36.0 29.0 16.5 32.0 43.0 20.5 25.5
10.5 Neg. 10.0 18.5 Neg. 115 Neg
12.5 Neg. Neg. 15.5 8.5 Neg. Neg
10.0 13.5 Neg. 12,5 15.5 9.0 12.5
21.5 13.5 22.5 17.0 11.5 21.0 9.0 13.5
16.5 17.5 22.0 21.5 Neg. 19.0 Neg Neg.
14.5 15.5 16.5 24.0 6.0 10.5 Neg. 6.0
23.5 32.5 27.0 31.5 8.0 26.5 7.0 13.5
19.5 13.0 22.0 16.5 Neg. 13.0 Neg. Neg.
14.5 14.0 19.0 17.0 115 11.5 6.0 9.5

7.5 Neg. Neg. 14.0 6.0 Neg. Neg. Neg
21.0 18.5 7.0 20.0 8.0 16.5 6.5 Neg.
9.0 Neg. Neg Neg. Neg. 7.0 Neg. Neg.
13.0 Neg. 10.5 7.0 Neg. Neg. Neg. Neg.
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Antigen* | 1 | 2 t 3 T 4 | 5 6

1 1.00 -0.04 0.06 ~-0.07 0.12 -0.24
2 1.00 -0.21 -0.13 -0.12 -0.27
3 1.00 0.60 0.56 0.68
4 1.00 0.71 0.53
b} 1.00 0.48
6 1.00
T
8
9

10

Ih

12

13

14

“1, BPO-EACA; 2, Pe G; 3, (PAG),HSA; 4, (DMBG),-HSA; 5, (CET),HSA;

(6-APA),-HSA; 12, (PMPO),,-IISA; 13, (DMPPO).,-HSA; 14, (MPIPO), -HSA.

FACTOR ANALYSIS

FEight factors were obtained by analysis of the matrix of correlation co-
efficients.®* In this ease, the sum of lambda/N of component output accounted
for 92.2 per cent. The primary irritaney of the antigens and the difference of
individual reactivity to the antigen are discounted as ‘‘error’ in this pro-
cedure. Thus most of the sizes of wheal diameters clicited with cach antigen
were explained by these 8 factors.

Factor loadings of 14 kinds of antigens on 8 orthogonal axes were caleu-
lated by the varimax method (Tabhle IllI) and those on 8 oblique axes by the
oblimax method. Kach factor was represented by cach axis. A strong similarity

ras seen in hoth patterns. Furthermore, in the oblimax solution the angles
among these 8 factors projected into the space were nearly 90 degrees, with
the exception of the two between Faetors 3 and 5 and between Faetors 5 and
7 (Table IV). Therefore, it scems plausible that these 8 factors will be approxi-
mately independent of each other and that the reactivities of each antigen
will he represented by the veetors on the axes.

As seen in Table 111, when the magnitude of the factor loadings is com-
pared, it is clear that Factor 1 and Factor 2 arc characterized specifically by

*The numher of independent factors was determined according to the following two
points: (1) per cent of total original communality was nearly 100, (2) residual variance
covalence matrix was set by means of the equation

X=Vi1(C-¢&) =Xy (L,j=1,2 ...14%)
from standardized correlation matrix (C), estimated correlation matrix (&), and error var-
ianece matrix (V). Tt was followed hy chi square test given by the following equation

L

x: = n -
6

]
(j2p+5)—Tk Mg XXy XX gy

1
where the degree of freedom computed by the formula: T kyz - (p + k) % was 7.
Here, n is the sample size of mean diameter, p is the number of antigens, and k is the
number of factors. The observed chi square was 10.92. As the value of chi square with thig
degree of freedom is (0.05) = 14.07, the observed value is not significant. Therefore, the
maximum number of independent factors must be 8.

6,
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7 | 8 | 9 ! 10 | 11 | 12 | 13 I 14
S0.1t “0.18 -0.21 -0.06 0.00 0.01 -0.11 0.09
~0.47 ~0.19 -0.22 ~0.30 ~0.03 —0.17 ~0.13 -0.08

0.71 0.65 0.46 0.48 0.09 0.45 0.52 0.49
0.48 0.54 0.48 0.43 0.34 0.32 0.63 0.55
0.43 0.51 0.55 .40 0.5% 0.45 0.68 0.67
0.8:4 0.80 0.60 0.70 0.38 0.54 0.64 0.41
1.00 0.75 0.53 .66 0.26 0.56 0.61 0.44
1.00 0.62 0.69 0.31 0.63 0.66 0.48

1.00 0.55 0.3 0.44 0.52 0.43

1.00 0.16 0.49 0.49 0.40

1.00 0.41 0.57 0.43

1.00 0.52 0.67

1.00 0.72

1.00

{BPO),-PLL; 7, (BPO), [I8A; 8 (BPO),,PLL; 9, (BPO), HMD; 10, (BPO),,PLL; 11,

bl

the reactions elicited with BPO-EACA and Pe (i, respectively. In Factor 3,
the factor loads of the side chain groups, i.c., (DMBG),;-HSA, (CET),-HSA,
and (PAG);«-HSA, are higher than those of other antigens. Accordingly, the
reactions elicited with these antigens would be characterized by this factor.
In the same way, Factor + would he characterized by (BPO)-PLL, (BPO),,-
IISA, and (BPO),;-PLL. Factors 5, 6, 7, and 8 would be characterized by
(BPO),-IHTMD, (BPO),,;-PLL, (6-APA),,-HSA (the nuclear portion of the
penieilloyl molecule), and methylphenylisoxazolyvlpenieilloyl,,-HSA [ (MPI-
PO).-HSA], respectively.

With cach of 46 subjects the factor scores of these 8 factors were caleu-
lated. The factor scores represent the weights of these 8 factors influencing
the wheal diameters in cach subject. When the scores of these 8 factors were
compared in cach subject, the factors having high scores above 1.0 varied
significantly from subject to subject exeept Factors 1 and 2,

These results scem to show that the wheal reactions elicited with each
test antigen are dependent upon the combination of two or more factors, the
pattern of which varies from subjeet to subject.

DISCUSSION

Forty-six subjeets reactive to BPO or to Pe (G were skin-tested simul-
tancously with 14 kinds of antigens. By factor analysis of the wheal diam-
cters evoked with each antigen, 8 independent factors were elucidated. Sinece
primary irritancies of the antigens and the differences of individual reac-
tivities to the antigens were discounted as ‘‘error’” in the procedure of the
analysis, it scems plausible that these 8 factors will be charaeterized by 8
populations of skin-sensitizing antibodies with different binding properties.

Factor 2 is characterized by an antibody specificity complementary to Pe
(. Of interest is the fact that 2 of the 3 subjeets who gave positive eutaneous
reactions to Pe G had a history of immediate systemic reactions. Siegel and
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Table lll. Factor matric by the vartmaz method

Test materials | F1 | Fe | F3 | F4 | F5 | F6 | F7 | F8
BPO-EACA 0.99  -0.03 003 -0.09 -0.07  -0.01 0.00 0.05
Pc G -0.04 097  -0.03 018  -0.06  -0.07 0.00  -0.02
(PAG) - HSA 0.14  -005 052 074 010 -0.08  -0.16 0.18
(DMBG),-HSA -0.02  -0.03  0.62 036  0.14 0.10 0.12 0.23
(CET).,HSA -0.08 -0.04 0.81 0.18 0.17 0.10 0.32 0.30
(BPO),-PLL -0.16  -0.10 017 082  0.16 0.22 0.22 0.16
(BPO),,-HSA -0.08 -0.32 0.16 0.80 0.10 0.14 0.09 0.24
(BPO),;,,-PLL -0.11 -0.02 0.23 0.70 0.24 0.26 0.12 0.27
(BPO),-HMD -0.12 -0.10 0.27 0.35 0.82 0.14 0.16 0.19
(BPO);-PLL 0.00 -0.14 0.16 0.52 0.20 0.71 0.00 0.21
(6-APA),,-HSA 0.01 0.00 0.22 0.10 0.10 0.00 0.93 0.23
(PMPO),;-HSA 0.03 -0.06 0.11 0.42 0.13 0.14 0.22 0.58
(DMPPO),,HSA  -0.08 -0.02 038 042 0.3 0.12 0.34 0.50
(MPIPO),,-HSA 0.08 -0.01 0.41 0.18 0.10 0.07 0.14 0.83

Table IV. Angles between common factors (degree) by the oblimax method

| F1 | Fe | Fs3 | F4 | F5 | F¥6 | F7v | Fs
F1 0.0 87.5 71.2 -845  -76.3 80.3 762 -89.2
F2 0.0 77.0 -78.5 85.2 87.4  -712 87.3
F3 0.0 85.4 52.2  -85.3 732 -88.3
F4 0.0 82.3 82.4 855  -88.3
F5 0.0 89.1 62.2  -87.3
Fé6 0.0 72.0 -77.1
F7 0.0  -86.5
¥8 0.0

Levine® reported that 4 of 5 sera from immediate systemic reactors gave posi-
tive passive transfer reactions to Pe G but did not react to any of the poly-
valent conjugates containing BPO, BPE, and penicillamine haptenic groups.

Factor 1 is characterized by the reaction evoked with BPO-EACA. The
univalent haptene elicited merely a faint reaction in 3 subjects. Therefore,
the meaning of the cutaneous reaction evoked with a univalent haptene re-
mains to be studied.

The other six factors seem to be characterized by heterogeneous popula-
tions of skin-sensitizing antibodies which are cross-reactive with each other.
The absorption test has been generally employed to deteet cross-reacting skin-
sensitizing antibodies coexisting in a reaginic serum. However, when a number
of heterogeneous populations of skin-sensitizing antibodies coexist in a reaginic
serum and the constitutional pattern of the antibodies varies from subject to
subject, it would be difficult to evaluate the heterogeneity quantitatively. In
this case, the intensity of a wheal-and-flare reaction evoked with an antigen
would be interpreted as the sum of antigen-antibody reactions between the
antigen and its homologous antibody and between the antigen and the cross-
reacting antibodies. Accordingly, if wheal diameters evoked with an antigen
in sufficient numbers of subjects are treated by factor analysis and if several
kinds of independent factors arc elucidated as a result, the factors seem to be
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characterized by skin-sensitizing antibodies with different combining sites.
For example, if a reaginie serum contains two antibody populations and one
is complementary to the entire BPO molecule and the other is ecomplementary
to 6-APA (the nuclear portion of the BPO molecule), the polyvalent BPO
haptene would reaet more intensely with the former than the latter. And if
the constitutional ratio of the two antibody populations varies from subject
to subject, two independent factors which represent cach antibody specificity
must be elueidated by factor analysis of the wheals.

In fact, an antibody specificity complementary to (6-APA).,-HSA, which
corresponds to the nuclear portion of the BPO molecule, was elucidated as
Factor 7. In a study of antibody specificities of individual sera from penicillin
allergy, Thiel and colleagues® demonstrated by their hemagglutination inhibi-
tion experiments that among a variety of specific inhibition patterns there
was an antibody specificity for which 6-APA or its polymer was the best in-
hibitor.

Factor 3 has a large factor load on the aeyl side-chain groups of the peni-
cillin molecule. It is characterized by an antibody complementary to (PAG)s-
HSA, (DMBG);-HSA, and (CET),-HSA. This fact seems to be consistent
with the demonstration, as desceribed in another?t of our articles, that eephalo-
thin (CET) had a strong cross-reactivity with rabbit anti-BPO antibody,
which would be attributed mainly to the stercochemical similarity (i.e., aro-
maticity) of the side-chain portion of Pe (G and CET. Another® of our articles
demonstrated that the rabbit anti-BPO antibody produced in a single rabbit
could bhe separated on a specific immunoadsorbent by elution with suitable
haptenes into some fractions complementary to the acyl side-chain portion,
to the nuelear portion and to the entire BPO molecule containing carrier pro-
teing. From this experiment it seems reasonable to speculate that human anti-
BPO skin-sensitizing antibody would also consist of some antibody popula-
tions having different combining sites adapted to different parts of the BPO
molecule,

Factor 8 has a large factor load on penicilloyl conjugates of synthetic
penicillins, especially of MPIPe. This seems to demonstrate that Factor 8
would correspond to the antibodies specifie for penicilloyl haptenes of syn-
thetic penicillins, in view of prevalent usage of many synthetie penicillins.
The authors had reported!® that some of the specific rabbit antibodies to peni-
cilloyl-protein conjugates of synthetic penicilling were highly cross-reactive
with penicilloyl conjugates of other penieillins.

From the value of factor loads, it seems plausible that Factors 4, 5, and 6
will correspond to the antibody adapted to BPO haptenes. The difference
among these three factors consists in the difference of numbers of the BPO
groups contained per mole conjugate. Of interest is that Factors 5 and 6 are
distinguished from Factor 4. Factor 4 corresponds to the antibody specificity
adapted to the polyvalent haptene containing 8 to 114 BPO groups per mole
conjugate. Faetor 5 corresponds to the divalent haptene of (BPO),-HMD and
Factor 6 to the polyvalent haptene in which 345 out of 550 «NH, groups of
PLL are coupled with BPO groups. Levine** has demonstrated that PCA
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mediated by antibodies of comparatively high binding affinity can be elicited
more effectively by the divalent haptene than by polyvalent haptenes, where-
as PCA mediated hy antibodies of comparatively low binding affinity requires
polyvalent haptenes for effective elicitation. Levine®® further demonstrated
that the abilities of BPO econjugates to evoke wheal-and-flare reaetions in
BPO-sensitive subjects were dependent upon the numbers of BPO groups
contained per mole conjugate. The rcason why the antigenic reactivities of
BPO haptenes are different with the numbers of BPO groups contained per
mole conjugate remains to bhe studied.

The results of factor analysis seem to suggest that at least 8 kinds of anti-
body specificities are involved in humans showing skin test reactions to peni-
¢illin antigens.
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