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studied by Dr. Bloom with initial testing postponed to day 12 
or later. A persisting sensitivity was seen in only one animal 
out of the 23, probably a fortuitous clonalization within outbred 
stock. (Transfers made within well-nigh isologous stocks such 

TABLE VII 
TRANSIENT NATURE OF CELL-TRANSFERRED CONTACT SENSITIVITYa 

Reactions in recipients to first contact 
(cells transferred on day 0) 

Pool 

No. l Exudate cells of 10 donors, 
divided among 3 recipients 
i.p. 

No. 2 Exudate cells of 12 donors, 
divided among 4 recipients, 
1.V. 

Various pools 
Exudate or node cells or 
splenic cells divided among 16 
recipients, i.p. 

T, -T, 

++++± 

++± 

+++± 

(4) +++++

(1) +++

(1) ++

As above, divided among 18 (4) +++++

recipients, i.v. (1) ++++

T. T,

+ 

+± 

0 

T,o 

0 

:::: T,, 

(2) ± 
(8) 0

(1) ++++

(1) +

(1) ± 
(10) 0

o. The transient nature of concactanc sensitivity, as effected by cellular transfer in randomly bred 

guine:1 pigs, is shown. Animals not brought co rest early, as by day 4 following intravenous injection 

of cells, have miniml'!l or wanting sensirivity as compared with rests made within the first few days 

on animals receiving equal portions of cells of the same pool. Numbers in parentheses indicate total 

individuals possessing the same class of reactivity. 

as Wright's Family XIII, in which homograft-type rejection of 
skin does not occur, show persisting sensitivity.) 

Despite the transient nature of cell-transferred hypersensitivity, 
the early testing leads to a curiously efficient active sensitization 
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(Fig. 5). The aftermath of early testing is shown on the upper 
schema as a "bimodal" response. No such degree of active sensi
tization is acquired by normal animals as a consequence of one 
to three successive contact tests made in parallel with tests on 

Bimodal Effect, Schematic 
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FIG. 5. Various features of sensitivity induced by cellular transfer at day 

0 are shown, contact tests having been made with 1 % picryl chloride in olive 

oil at various times (1 to 25 days) after transfer. The upper schema, in 

which variations in degree of response are indicated by vertical bars, indicates 

an initial and waning sensitivity followed by an upsurge of active sensitization 
that is induced by the joint procedure of transferring living cells and making 

contact tests. The degree of low-grade sensitivities that are encountered in 

normal animals, tested in parallel with animals that receive "competent" cells, 

is indicated in the middle schema. The lower schema indicates that, in animals 

rendered unresponsive to the hapten by prior feeding, as reported in Table 

V, and used as recipients of "competent" cells, the second response of active 

sensitization owing to contact testing is nearly obliterated. 

recipients of cells ( middle schema). Yet the active sensitization 
represented in the second burst of sensitivity seen on the upper 
schema is hardly encountered in recipients that have been rendered 
specifically unresponsive to picryl chloride ( lower schema) by 
feeding this chemical. In these "fed" animals, the first phase 
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(left-hand) was entirely normal; in three such recipients the sec
ond phase was entirely wanting ( closed circles shown at the base
line) and was positive in only one, an animal which had received 
a large volume ( over 0.4 ml.) of packed white cells ( open circle). 
(It must be remembered that such "hapten-fed" animals are ac
cepted as being actually unresponsive; experimental sensitiz.ation, 
necessary to test for completeness of the unresponsive state, is 
not permissible beforehand for this type of experiment. ) 

Regarding the prompt initial rise in sensitivity following cellu
lar transfer displayed by tests made within the first 4 days, one 
could ask whether the effect involved an anamnestic response 
of the transferred cells provided by carry-over of chemical hapten 
with which the donors had been tested. Such a concept would 
be applicable to sensitizations effected either by use of simple hap
ten or by the "combination method." Accordingly, donors were 
sensitized solely by injection of the "complete antigen," picrylated 
erythrocyte stromata, given in Freund-type adjuvant, and the 
donors were not tested with hapten; the degree of sensitization 
was determined on the other animals sensitized in parallel. This 
procedure is not efficient as a method of sensitizing, but by im
proving our methods we were able to heighten its efficiency. In
deed, transferred cells of such donors gave the same initial rise 
in sensitivity that is displayed in Fig. 5 and showed the same 
bimodal type of response: the secondary rise is not anamnestic. 
Other recipients tested only at 16 days failed to respond. 

It seems, from studies of Bloom in my laboratory with Dr. 
Leonard Hamilton, then at the Sloan-Kettering Institute (Bloom 
et al., 1964), that transferred cells must continue their synthetic 
functions in the new host in order to secure the appearance of 
contact sensitivity. Competent cells were treated with critical con
centrations of mitomycin C, which fail to kill but block synthesis 
of DNA-dependent RNA. Cells so treated gave rise to contact 
sensitivity after transfer, provided injection was made intrave
nously and recipients received their contact test at once. This 
finding apparently depends upon synthetic functions of cells tem
porarily sustained by existing stores of DNA and RNA, for if 
aliquots of mitomycin C-treated cells were given by the intraperi
toneal route and testing was practiced on the third day (T3), 
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the recipients hardly responded to contact testing. This finding, 
which deserves much further elaboration, casts strong doubt on 
the oft-voiced idea of "cell-bound" antibodies in the sense of 
cells carrying with them significant amounts of preformed "anti
substance." Rather, continuing synthesis seems required after the 
transfer of competent cells. 

Quite recently, a new look has been taken at the well-estab
lished inhibition of monocytes in tissue culture by adding allergen 
to which the cell donor is sensitive. Improvements in technique 
were introduced by George and Vaughan ( 1962), living cells 
being packed in a 2- to 3-mm. stub of capillary tubing, the tubing 
placed in fluid medium, and the cells allowed to migrate outward 
for 24 hours as a "brush." Dr. John David (David et al., 1964) 
used this technique with cells of animals sensitized by hapten-pro
tein complexes. In these highly significant studies, the complete 
sensitizing structure is found to be necessary as antigen for secur
ing inhibition of cellular migration. Just as with the mitomy
cin-C experiments of Bloom et al. ( 1964) in controlling the 
sensitiveness of the whole animal, so David ( 1965) finds that 
macrophage migration from capillary tubes proceeds normally 
even in the presence of specific allergen when puromycin is added. 
If such experiments parallel, or perhaps even serve as an in vitro 
model of delayed sensitivity, two other findings become of para
mount importance: first, the migration of macrophages is largely 
or fully controlled by the admixed population of lymphocytes 
which react to the allergen. It has been found by both Dr. David 
and Dr. Bloom-the latter having studied tuberculin hypersensi
tivity-that macrophages from normal animals are sufficient pro
vided that lymphocytes from sensitized animals are present. Sec
ondly, Dr. Bloom has purified lymphocytes from peritoneal exu
dates, and it was recently reported (Bloom and Bennett, 1966a, 
b) that incubation of tuberculin with competent lymphocytes for
24 hours releases a soluble substance which, by itself, controls
migration of macrophages. The role which could be attributed to
such a factor in eliciting reactions at cutaneous test sites, where
monocytes are not always a prominent part of the invading cellu
lar population, clearly calls for investigation. One could guess
that high local concentrations of such a factor would be necessary,
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requiring close association of epithelial cells and competent lym
phocytes at the test site. 

V. THE MANNER OF SENSITIZATION 

Our goal in these studies, fundamentally, is to know how the 
individual who meets an allergenic chemical becomes sensitized 
to it. Whatever the tissue that makes a complex with the hap
ten--or perchance with several haptens-the individual acquires 
a specific recognition of the sensitizing material, and the derma
tologist can hope to discover the particular contactant to which 
a patient is sensitive. 

Recent studies have pointed to the importance of the carrier 
configuration and have provided excellent evidence that the 
specificity of delayed sensitivity is ordinarily directed not only 
against the haptenic structure but against some adjacent part of 
the surface of the carrier as well. These studies have been due 
in large part to Drs. Gell and Benacerraf ( 1961), and Drs. Salvin 
and Smith ( 1960). When delayed sensitivity is initiated by, say, 
picrylated protein A and tests are then made not only to this, 
but to picrylated proteins B, C, D, and so on, delayed sensitivity 
arises both to the original complex and also to carrier A tested 
alone. Whether the other picrylated proteins will cross-react 
depends upon biological kinship of the alternate carrier to that 
used in forming complex A, and so on. For inducing delayed 
sensitivity to hapten-protein complexes, several methods can be 
employed: a single intradermal injection of 1 to 3 µ,g. of conjugate 
can be made, or conjugate can be injected in Freund's "incom
plete" ad juvant ( mycobacteria omitted), or antigen can be coated 
with specific antibody before injection. Testing for delayed sensi
tivity to the hapten-proteins is carried out by one or a few intra
dermal injections, made before circulating antibody appears and 
masks delayed sensitivity; the first skin test usually serves as an 
anamnestic stimulus for synthesis of immunoglobulins. 

Very useful information has been gained by studying sensitiza
tion induced by hapten-protein complexes. Yet an accompanying 
contact sensitivity to the simple chemical itself is encountered 
only seldom. We have speculated that the clinical problem of 
contact dermatitis should be approached in other ways. Put in 
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simplest form, one can render a guinea pig sensitive to contact 
test within 5 or 6 days by making several simultaneous injections 
into the dermis or several successive daily injections of a chemical 
allergen in 0.25 to 2 µ,g. doses, for example of picryl chloride 
( 1-chloro-2, 4,6-trinitrobenzene) . When successive injections are 
made, a lighting-up becomes evident in these sites at about the 
fifth day, and coincidentally, a contact test with picryl chloride 
will be positive. The desideratum would be to substitute, for 
injections of the simple hapten, a preformed picrylated complex 
that would result in inducing sensitivity to the simple chemical. 
We realized even in 1939 that complexes of hapten coupled to 
serum proteins could not substitute for the simple hapten itself. 
In 1961, Drs. Salvin and Smith produced evidence that soluble 
proteins of the skin were more efficient as carriers of haptens 
than those of the serum in rendering animals sensitive. They 
injected dinitrophenylated skin solutes, incorporated in incomplete 
adjuvant, into the footpad of guinea pigs and found some posi
tive contact reactions to dinitrochlorobenzene. This was putative 
evidence that special proteins within the cells of the skin played 
a prominent sensitizing role. Our own experience, begun with 
Drs. Kawata and Macher, have led us to somewhat different 
conclusions. 

Let us consider first how self-coupling probably proceeds in 
the skin. Dr. Nicholas T. Macris in my laboratory studied the 
reaction of picryl chloride with a soluble protein under physiologi
cal pH and temperature (Fig. 6) . At a molar hap ten : protein 
ratio of 50: 1, reaction with BSA proceeds well and 18 haptenic 
groups become attached per protein molecule in 1 hour, 65 per 
cent of the hapten remaining free. Similar observations have been 
made with several chemical allergens (Table VIII) with which 
BGG and BSA were used as model carriers. Under these same 
conditions, light coupling-3 to 12 groups depending upon the 
hapten and the particular protein-occurs after 8 to 16 minutes. 
Yet the molar ratios used here are more than 300 times higher 
than could exist in the dermis after injection of 2.5 µ,g., if the 
hapten is distributed over a sphere 5 mm. in diameter which 
contains approximately 85 per cent water and 15 per cent tissue 
and soluble proteins. Consequently, with ordinary sensitizing in
jections of chemical allergens, in which the dose injected is not 
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frankly toxic to the tissues, we may expect that rather few haptenic 
groups will couple per molecule of carrier, that several hours will 
be required to complete coupling, and that uncoupled hapten 
in solution or dissolved in lipid membranes of cells may be carried 
elsewhere. The rate of coupling will depend upon the properties 
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FIG. 6. Coupling rates of picryl chloride (PC!) with 0.3% bovine serum 

albumin (BSA) or bovine serum globulin (BGG) at pH 7.4 and 37° C. (N. T. 

Macris). 

of the allergenic chemical, exemplified by the reaction constants 
of the compounds shown in Table VIII. Here, the labile sub
stituents are those listed in position 1 of the benzene ring. They 
split off, with alkaline hydrolysis, at widely differing rates. The 
speed of coupling to glycylglycine under a given highly favorable, 
nonphysiological condition demonstrates rate differences more 
clearly-picryl suffonate couples completely in 2 minutes, picryl 
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chloride in 12 minutes, and dinitrofluorobenzene in 30 minutes. 
We have not attempted to study DNCB, that excellent allergen 
which exhibits only 0.4 per cent of the reaction rate of DNFB. 
Within tissues, coupling naturally will be much slower owing 
to pH, dilution, and availability of lysine groups. 

TABLE VIII 
COUPLING UNDER PHYSIOLOGICAL CONDITIONS 

DNFB, 140 n:g./g. PC!, 185 mg./g. 

Molar Time 
Carrier ratio (min.) 

BGG 120:1 16 

60 

BSA 50:1 8 

60 

DNCB: DNP-1-Chloro 
DNFB: DNP-1-Fluoro 
PC!: TNP-1-Chloro 
PSO,H: TNP-1-Sulfonic 

Groups Molar Time 

added ratio (min.) 

3.2 
8.3 

8.3 
14.0 

120:1 8 

50: 1 8 

Reaction constants 

3.25 at 15° (Na-Eth) 
686. at 15° (Na-Eth) 
Very great (Na-Meth) 
Very great (NaOH) 

Groups 

added 

4.9 

11.9 

(pH 7.4, 37°C.)• 

PSO3H, 260 mg./g. 

Molar Time Groups 

ratio (min. ) added 

120:1 8 8.0 

Conjugation 

with g]ycy]g]ycine 

30 min., pH 8.0, 25°, 100: I 
12 min., pH 8.0, 25°, lCO: I 
2 min., pH 8.0, 25°, 100: 1 

a The number of haptenic gwups added per mole of bovine gamma globulin (BGG) or bovine 
serum albumin (BSA) at pH 7.4, 37°C., is shown for three allergenic chemicals, 2,4-dinitrofluoro
benzene (DNFB, or "'DNP-1-Fluoro'"), picryl chloride (PC!, e.g., 1-chloro-2,4,6-trinitrobenzene or 
"TNP-1-chloro"), and picryl sulfonic acid (PSO,H, or "1NP-!-Sulfonic"). These couplings are 
compared· with the time for full reaction with glycylglycine at a molar excess of !CO: 1 at pH 8.0 and 
with the respective reaction constants for cleavage of the subscituent at position 1 with sodium 

ethylate (Na-Eth) or sodium methylate (Na-Meth) or sodium hy<lroxide. 

In contrast to the conditions suggested as being applicable to 
in vivo coupling, most laboratory attempts to induce delayed sensi
tivity with conjugates have been carried out with highly coupled 
proteins. We attempted to duplicate the result of intradermal 
injection of picryl chloride by picrylating various materials, but 
not highly. Skin proteins were prepared by-Dr. H. Kawata from 
full-thickness skin and from epithelial scrapings. In the superficial 
layers of the skin, besides serum proteins in low concentration, 
there were at least 5 soluble skin antigens and, in addition, special 
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materials that appeared not to be antigenic. Residual tissue, after 
full extraction of soluble material, was sonicated and coupled 
as· insoluble particulates. The "ghosts" of guinea pig erythrocytes 
were coupled also; some stromata lots were laked by very mild 
methods. Techniques were used to ensure the absence of any 
uncoupled hapten in these preparations. 

The results of our current studies are shown in Table IX. 
Various picrylated materials were injected, either intradermally 

TABLE IX 
CONTACT SENSITIVITY INDUCED BY PICRYLATED PROTEINS" 

Footpad, 
incomplete Each 

I.D. adjuvanc injec-
Picrylated ++!++++ ++!++++ tion 
conjugate Nos. (%) (%) (µg) 

I. TNP-serum proteins 3-5X 46 19 (2) 30-250

lX 27b 15 (0) 75

TNP-skin solutes 4-5X 18 35 (5) 30-75

lX 30 40 (10) 30-75

II. TNP-serum proteins 3-5X 42 64 (28) 10-250

(with alumina)
TNP-skin solutes 4-5X 22 76 (63) 30-75

(with alumina) lX 33 (0) 75 

III. TNP-skin residue 4X 18 61 (50) 75-125

lX 12 50 (8) 375

lX 7 58 ( 42) 75 

TNP-skin residue 4X 12 92 (75) 75

(wirh alumina) lX 3 All (all) 75

TNP-rbc-Stromata 
(Low coupling 
heated or not) 3-5X 15 26 (13) 125-750

(Higher coupling) 2X 8 49 (37) 25-100

3-5X 25 90 (64) 150-750

a Contactant sensitivity ro picryl chloride induced by injecting picrylared materials (rrinitro• 

phenylared, or TNP) inrradermally in the dorsum (I.D.) or, incorporated in incomplete adjuvant 

(Jacking mycobacreria), into rhe footpads of guinea pigs. Injections were completed in 4 ro 7 days; 

the number of injections and arr:ount of material are listed. The reaction to a .first test with 1 per cent 

picryl chloride in olive oil is givrn, usually following testirg on the ninth day (T,), although tests 

between T5 and Tzi; are included. Figures given in parentheses indicate the percentage of reactors 

in the + + + / + + + + category; the other values list the percentage of reactors rared + + or 

grearer (indubitable sensitization). Boldface figures show highly significant values. 

b Six of these received TNP-serum + alumina in incomplete adjuvant. 
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on the back of the animal or, incorporated in "incomplete" 
Freund's adjuvant as used by Dr. Salvin, into the footpad. Each 
injection of 30 to 100 µg. of conjugate represented 0.6 to 1.5 p,g. 
of picryl residues. The results of contact testing with 1 per cent 
picryl chloride in olive oil are shown in the third column, the first 
figure being the percentage of animals responding indubitably ( a 
rating of "two-plus" or greater), and the figure within parentheses 
indicating the percentage of animals that exhibited reactions of 
+++ or ++++ intensity, equivalent to the reactivity found 
in animals sensitized with the simple chemical. 

When soluble skin proteins were compared with serum proteins 
as carriers of picryl residues, intradermal injections led to 
typical contact sensitivity in no more than 2 to 4 per cent of 
the animals, although the skin solutes were unquestionably more 
successful in inciting weak reactions. Animals sensitized by the 
special footpad method that Dr. Salvin (Salvin and Smith, 1961) 
had practiced are shown in the fourth column. Picrylated serum 
proteins were highly inefficient and picrylated skin proteins were 
again superior, but satisfactory in only 10 per cent of the animals. 
We may conclude that sensitization following intradermal injec
tion of hapten ordinarily does not depend upon coupling with 
soluble constituents. 

Yet it might be argued that such proteins, if not free to diffuse, 
could represent effective sensitizing structures. Therefore, these 
same products were adsorbed to alumina before injection. The 
result was indeed significantly improved, since 28 per cent of 
animals treated with insolubilized picrylated serum proteins and 
63 per cent with alumina-fixed picrylated skin solutes were satis
factorily positive. Here, the marked superiority of coupled soluble 
skin proteins fixed in situ ( at least temporarily) indicates a sig
nificantly superior structure for inducing sensitiz2tion from that 
represented by the proteins of serum. When such insolubilized 
conjugated skin solutes were injected into the footp2d, however, 
only lowgrade sensitivity appeared. 

The fully insoluble residue of extracted skin was then pic
rylated. After only four daily injections, high sensitivity was seen 
in 50 per cent of the animals in contact testing on days 7 or 
9. A single intradermal injection was not sufficient, but by the
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footpad route 42 per cent became highly positive by a single 
injection. Evidently we were closer to the proper carrier structure. 

We injected these insoluble conjugates also with alumina 
cream, in part to study the superiority seen with alumina and 
soluble proteins. Here again, sensitivity was established more reg
ularly, 75 per cent responding well to test T5 when one injection 
per day was employed for 4 days, and even a single injection 
sensitized well the 3 animals so used, tested on the fifth day. 
The reason why alumina increases the percentage of high reactors 
is not known. 

With use of another insoluble carrier, picrylated ghosts of 
guinea pig erythrocytes, low coupled products failed to sensitize 
significantly. In contrast, highly conjugated stromata given in a 
sufficient number of injections will lead to contact sensitivity pro
viding the injections are made over the time of 2 weeks. Neverthe
less we reject stromata as representing a sensitizing conjugate 
that can initiate sensitization such as is secured with the simple 
hapten, in view of the artificially high coupling and the need 
to inject over a long period of time. 

Our attention is, consequently, centered at the moment on the 
insoluble constituents of skin, but even soluble constituents can 
appro·ach these, in a degree, as carrier structure. It is interesting 
to note that, with use of insoluble skin residue as carrier, all-or
none responses have resulted-animals are either highly sensitive 
or are plainly not sensitive. These results do not stand alone, 
for dinittophenylated conjugates, so far as we have carried out 
the wor¼., have given entirely consistent data with contact tests 
jnade with dinitrofluorobenzene. The role that is played by the 
site in which simple hapten is injected is currently under study 
by my colleague Dr. E. Macher. One interesting finding suggests 
that the allergenic chemical can be used competitively, inducing 
sensitivity on the one hand and unresponsiveness on the other 
hand. The balance between these two effects may well determine 
the degree of sensitivity attained. 

That the process of sensitization is complex is illustrated in 
Table X, which shows the reactions of selected individuals. These 
were sensitized in part with skin particulates, in part with skin 
solutes, and it happens that alumina was present in each of these 
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particular injection mixtures. At contact test T5 ( column 2), 
six were determined to be high reactors and three were found 
to be low reactors. As soon as the result of the contact test was 
known, intradermal injection tests were made with several pic
rylated soluble proteins. The first contact-positive animal listed 
was found to react to all the picrylated carriers-proteins of 

TABLE X 

DELAYED SENSITIVITIES INDUCED BY TNP-SKIN MATERIALS" 

Num-

ber of Intradermal tests, 75 µg. 

injec- Ab 

tions Contact T, To T, T, found 

Material (daily) PCIO.O. PGPS PBSA PChSA (day) 

TNP-skin residue 

+ alumina 4 (+++ ±) +++++ +++ +++ 9 

(+++) 0 0 0 -,c7 

(+) +++ +++ ++ 8(?) 

TNP-skin residue 

+ alumina 1 ++++ 8 

++++ 8 

+++++ 8 

TNP-skin solutes 

+ alumina 4 (+++±) +++± + ± «s 

+str ++++± ++ ++ 6 

(+w) +++± ± ± 

0 Typ�s of delaye:I sensitivities induced by rrinitrophenyJared (r,icrylaced) skin parriculaces and 

soluble proteins. Complexes and sensitization as in Table IX. Conract testing with 1 % picryl chloride 

in olive oil (0.0.). Inttadermal testing with picrylated total ptoteins of guinea pig serum (PGPS) or 

bovine serum albumin (PBSA) or chicken serum albumin (PChSA). Antibody sough! by merhod 

of PCA 17 hours after injection cf serum in inrradermal sites on recipients. 

guinea pig serum, bovine serum albumin, or chicken serum albu
min. The third animal, which reacted only feebly to contact, 
nevertheless possessed the same delayed-type reactivity" to all three 
hapten-carrier complexes. The second animal, although well sensi
tive to contact, failed to recognize any of the three complexes 
as being related to its sensitivity. Such differences appear to be 
independent of the presence of PCA antibody ( right-hand col
umn), and the reaction to intradermal injection of conjugates, 
whenever positive, was judged to be solely of delayed type. 



200 MERRILL W. CHASE 

When picrylated soluble skin proteins were used to sensitize 
(Table X), all animals gave typical delayed reactions to picrylated 
serum proteins, and they showed varying degrees of recognition 
of equally picrylated but antigenically more foreign carriers. These 
responses were quite independent of the variable capacity of these 
same animals to react upon contact with the simple hapten. If 
contact reactivity is to be studied, obviously not all answers will 
be found by sensitizing with picrylated foreign proteins. 

Delayed sensitivity has many facets. Studies are necessarily di
rected to individual phases with the expectation that the puzzle 
will eventually be fitted together. At the beginning I remarked 
that hypersensitivity to simple chemicals remains an engrossing 
problem. The presentation has been remiss, perhaps, in its empha
sis on the guinea pig as a tool and in omitting several important 
phases of study and theories. For the reasons given, sensitization 
effected with conjugates where the carriers are far removed from 
guinea pig, have not been stressed, nor have studies with delayed 
sensitivity to foreign proteins, nor the engaging studies made 
by Drs. Uhr and Pappenheimer ( 1958) on desensitization, nor 
the use of synthetic polypeptides as carriers. We may to_uch on 
two items. Drs. Karush and Eisen ( 1962) have propounded a 
bold theory which in essence states that delayed sensitivity may 
be a manifestation of antibody that possesses extraordinarily high 
affinity for the antigen, an antibody not discernible in serum be
cause it would be synthesized in quantity, i.e., sufficient for reac
tion at the test site, only after the making of a skin test. Immuno
competent cells would be able to synthesize it as well as splenic 
and nodal tissue. It would bind at the test site during the develop
ing reaction and be the cause of it. Further synthesis would then 
be curtailed abruptly and it would be lost to view. For such a 
hypothetical antibody to be the mediator of delayed sensitivity, 
it must necessarily be synthesized effectively before other types 
of immunoglobulins arise and ( as regards sensitization with sim
ple chemicals) only when the skin route is chosen, or mycobac
terial adjuvant is employed. Further, one animal should synthesize 
a spectrum of highly avid antibodies in order to account for the 
differences among individuals seen in Table X with regard to 
contact sensitivity and sensitivities to homologous conjugates and 
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to heterologous conjugates. ( An explanation for such differences 
as these must be sought, of course, whatever the mechanism 
of delayed-type sensitivities may prove to be.) 

Such complexities in the expressions of delayed sensitivity as 
are shown in Table X should pertain also to factors of the type 
met by Dr. Bloom when specifically competent lymphocytes were 
incubated with tuberculin for some hours. The question might 
be phrased, what competencies do we look for? The clinical im
plications of delayed sensitivity suggest that competency to secure 
contact sensitivity with simple chemicals must not be overlooked. 

The second topic that has not been discussed is the relative 
probability that, in man, something analogous to Dr. Lawrence's 
"transfer factor" would play a role in contact dermatitis. The 
subject of transfer factor, studied thus far only in microbial hyper
sensitivities of man ( reviewed in Lawrence, 1959; Lawrence et

al., 1963), has not been explored in regard to human contact 
dermatitis because of the difficulties experienced thus far in ob
taining such a type of transfer. Persons with experience in transfer 
of microbial hypersensitivity should make the attempt to transfer 
sensitivity to chemical allergens in man. In 1963, I suggested 
that far-sighted dermatologists should commence banking cells 
of sensitive human beings so that extracts from large volumes 
of cells could be tested for a transfer factor. The area requires 
exploration, using both living cells and extracts. 

Scientific pursuit cannot be undertaken without a vision. We 
recall, in words attributed to DeMott, that the scientific pursuit 
is one "where inquiry is undertaken with full expectation of rapid 
obsolescence in the results." It can only be hoped that current 
results will help to frame the next set of questions. 
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