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Antibodies against  d in i t rochlorobenzene,  its conjugate with homologous d e r m a l  pro te ins ,  and 
against  c a r r i e r  p ro te in  were  found in the blood s e r u m  of guinea pigs with contact  a l l e rgy  to 
dinitrochlo robenzene.  

Induction of hypersens i t iv i ty  of  delayed type by s imple  chemical  compounds is associa ted ,  mos t  
worke r s  be l ieve  [3, 9], with the abil i ty of the hapten to combine in vivo with skin pro te ins .  Some w o r k e r s  
cons ider  that the chief  s i te  for  f ixation of hapten with pro te ins  is  the ep ide rmis  [4, 5]. Most w r i t e r s  have 
obtained comple te  antigens in v i t ro  with the use  of heterologous  or  homologous s e r u m  pro te ins ,  as a rule,  
as c a r r i e r .  However ,  sens i t iza t ion  with such conjugates causes  antibody format ion  in high t i t e r s  against  
the fore ign p ro te in  also.  Only i so la ted  r epo r t s  of the use  of homologous skin pro te ins ,  again mainly  ep id e r -  
mal  p ro te ins ,  can be found in the l i t e ra tu re .  

The object  of the p r e s e n t  invest igat ion was to obtain conjugates of 2 ,4-d in i t rochlorobenzene  (DNCB) 
with the g lobular  f rac t ion  of homologous d e r m i s  and to use  them for  the sero logic  study of contact  a l l e rgy  
to this  hapten. The obtaining of such a conjugate in vivo would show indirect ly  whether  these  p ro te ins  of  the 
d e r m i s  pa r t i c ipa t e  in the fo rmat ion  of comple te  antigen following cutaneous applicat ion of hapten. 

E X P E R I M E N T A L  M E T H O D  

Pro te in  conjugates  with DNCB were  obtained in vivo and in vitro.  To i so l a t e  p ro te ins  bound with 
DNCB in vivo, the skin of guinea pigs f rom which the ha i r  had been shaved was painted with 10 ml of 10% 
DNCB solution in acetone. The an imals  were  sacr i f iced  18 h l a te r ,  and af ter  r emova l  of the ep ide rmi s  by 
careful  scraping ,  the i r  skin was used  to obtain globular  de rma l  pro te ins .  The pro te ins  were  ex t rac ted  with 
physiological  sal ine at pH 8.6 [2]. For  p r epa ra t i on  of the conjugate in vi t ro ,  the s a m e  f rac t ion  of p ro te ins  
i so la ted  f r o m  the skin of intact  guinea pigs was used  as c a r r i e r .  The p ro te in  content was de te rmined  by the 
method of Lowry  et  al. [10]. Conjugation of DNCB with pro te ins  was ca r r i ed  out as follows: 0.1 ml of 2% 
DNCB solution in acetone was added to 2 mg pro te in  in 1 ml phosphate  buffer ,  pH 8.0, and incubated for  3h  
at  r oom t e m p e r a t u r e .  The resu l t ing  conjugate was f reed  f r o m  unbound DNCB by gel f i l t ra t ion on a column 
with Sephadex G-25, coa r s e  [1], and kept in ampules  at 4 ~ 

RESULTS 

In the expe r imen t s  of s e r i e s  I, to de te rmine  whether  DNCB was in fact  bound with de rma l  pro te ins ,  
30 guinea pigs (weighing ini t ial ly 250-270 g) were  sens i t ized  with the resul t ing conjugates.  The an imals  
were  divided into th ree  groups.  The guinea pigs of group 1 were  injected in t raper i tonea l ly  with 4 mg of the 
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TABLE 1. Antibody T i t e r  in Blood of Guinea Pigs Sensitized with Conjugate against 
DNCB, Globular  Fract ion of Homologous Dermis ,  and Thei r  Conjugates, M • m* 

Conjugate for  sensi t izat ion 

P repa red  in vitro 
P r e pa r ed  in vivo 

DNCB 

13th day 21st day 

2.1 • 2.8 •  
2.1 •  3.0 • 

Te s t -  antigen 

globular  pro te ins  

13th day 21s tday  

1.7 •  1.9 • 
1.6 • 1.9 • 

conjugates of DNCB + 
globular prote ins  

13th day [ 21st day 
I 

I 
2.5 • 3.3 =~0.2 
2.7 • 3.4 •  

*Log of t i t e r s  of antibodies. 
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Fig. 1. Blood antibody t i t e r  in guinea pigs with contact  a l lergy 
to DNCB: A) antibodies against DNCB; ]3) antibodies against 
conjugate obtained in vivo; C) antibodies against conjugate ob- 
tained in vitro;  D) antibodies against c a r r i e r  protein.  Abscissa,  
day of testing; ordinate,  antibody t i t e r  (in log10 units). 

Conjugate of DNCB with globular prote ins  obtained in vi t ro,  with simultaneous in t ramuscu la r  injection of  
0.2 ml Freund ' s  adjuvant. On the fifth day the animals were revaecinated  by in t racard iac  injection of 1.5 
mg of conjugate. The revaccinat ion had to be given in fractional  doses, because signs of anaphylactie shock 
were  observed.  The guinea pigs of group 2 were sensi t ized by the same scheme,  but using conjugate ob- 
tained in vivo. The animals of group 3 acted as the control .  

The level  of a l le rgy was tes ted percutaneously  with 0.2% DNCB solution in acetone on the fifth day 
af te r  revaccination,  the react ion being read af te r  18 h. Antibody format ion against DNCB, dermal  proteins,  
and the i r  conjugates was de termined  by the pass ive  hemagglutination tes t  (PHT). 

The resul ts  of the skin tes t s  showed significant development of hypersens i t iv i ty  of delayed type against 
DNCB in guinea pigs sensi t ized with conjugates compared with intact animals.  

The resu l t s  of the PHT are  given in Table 1. Results  of the study of s e r a  of intact animals are  not 
shown in this table, because  humoral  antibodies against the tes ted antigens were  not found in any of them. 
As Table 1 shows, antibodies against DNCB were  d iscovered  in all exper imenta l  animals.  This means that 
i ts conjugates with globular dermal  prote ins  could be obtained both in vivo and in vitro.  Antibodies against 
the c a r r i e r  prote ins  themselves  also were found. Conjugates obtained in vivo and in vi tro evidently were  
only slightly different  antigenically, for  in animals sensi t ized with them no significant di f ferences  in anti-  
body format ion could be found. 
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In the experiments of ser ies  II, the conjugates as well as DNCB and globular proteins of the intact 
dermis were used to detect antibodies in the presence of contact allergy to this hapten. Contact allergy 
was produced in 36 guinea pigs by five daily cutaneous applications of 3 drops of a 2% solution of DNCB in 
acetone. On the 16th, 23rd, and 30th days from the beginning of sensitization blood was taken for deter-  
mination of antibodies against DNCB, cutaneous proteins, and their conjugates in the PHT. 

Antibodies against DNCB were detected with the use of tanninized erythrocytes sensitized both to 
hapten alone and to its conjugates (Fig. 1). At all t imes of sensitization, antibody formation against the 
conjugates was significantly higher than against pure DNCB. Antibodies against globular proteins of the 
intact dermis,  i.e., to the ca r r i e r  protein, were also found, but the t i ter  of antibodies against them was 
always significantly lower than the t i ter  of antibodies against the conjugate. 

The results thus indicate that DNCB, when applied to the skin, forms conjugates not only with proteins 
of the epidermis, as the investigations of Eisen and Tabachnik [6] showed, but also with proteins of the der-  
mis. The present  results  agree with those obtained by Frey and Geleick [7], who succeeded in producing 
contact allergy to DNCB by subcutaneous injection of the hapten, i.e., avoiding the epidermis, and also with 
the findings of Macher and Sennlaub [11], who obtained contact allergy in animals by injection of DNCB into 
lymph glands. 

When the present  investigation was completed, the writers  learned of the work of Watana~ e and Ofuji 
[12], who also detected antibodies against conjugates of DNCB with homologous skin proteins. 

The results of these investigations suggest the formation of humoral antibodies during contact allergy 
to DNCB, but in low ti ters,  in agreement with the observations of Johnson [8]. Formation of antibodies is 
observed not only against the hapten, but even more intensively against the hapten-prote in  complex, and 
also against the c a r r i e r  protein. 

The use of conjugates thus greatly improves the chance of serologic detection of contact allergy to 
chemical compounds, a matter  of special importance during the study of weak chemical allergens. 
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