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Abstract 

Allergic and irritant contact dermatitis (ACD and ICD) are common inflammatory 
skin conditions that result after exposure of the cutaneous surface to certain 
environmental agents (contact sensitizers or haptens). Lack of clear understanding 
of immunopathogenesis of ACD so far has remained the major hindrance in 
achieving cure or prevention of these disorders. Effort towards prevention of ACD 
include identification of environmental agents that induce contact hypersensitivity 
(CH) response as well as individuals that are susceptible for such a response. 
Although it is known that certain universal contact sensitizing agents are 
chemically reactive low molecular weight compounds that can derivatize proteins 
upon contact and become immunogenic, it is not known why some contact 
sensitizers do not induce CH in all the individuals. Also, currently available means 
for the identification of contact allergens can not descriminate between allergens 
and irritants. In vitro assays designed to identify contact sensitizers so far have met 
with limited success. These assays have relied on the proliferative responses of T 
cells which is a predominant characteristic of a CH response besides inflammation. 
However, T cell proliferation has remained an inconsistent indicator for 
distinguishing haptens from irritants. Based on the distinct sensitizing properties of 
haptens as compared to irritants we propose to develop an in vitro assay that may 
help identify potential contact sensitizers and irritants as well as individuals 
susceptible to developing ACD or ICD. We have so far successfully demonstrated 
the possibility of generating hapten-specific sensitized T cells in vitro cultures in 
which autologous naive T cells that are exposed to hapten derivatized cultured 
PBMC for 5 days. In order to generate sensitized T cells that closely resemble those 
found in vivo we now plan to compare effector functions of T cells primed in vivo 
and in vitro. These comparisons will include phenotype of the T cells proliferating 
in a hapten-specific manner, their cytokine profile and hapten-specific cytotoxicity. 
Attempts will be made to compare and contrast T cell responses to various haptens 
and irritants. Thus this project can help (a) refine an in vitro assay for future 
application in clinical laboratory for screening various potential haptens and 
irritants as well as susceptible individuals and (b) provide better understanding of 
cellular events that lead to allergic Vs. irritant contact dermatitis. 
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The purpose of this project is to develop and implement an in vitro assay system 
that would allow identification and distinction of haptens that cause contact 
hypersensitivity as against irritants. Furthermore, such an assay could provide a 
useful tool to study mechanisms underlying a contact hypersensitivity response as 
well as screen individuals for any exposure to potentially irritating or allergenic 
agents. 

Significant Findings 

(1) It is possible to replace APC-driven stimulus used to detect sensitized T cell 
population with one mediated by monoclonal anti-CD3 antibody. 

Antigen-primed T cells can be distinguished from nai:ve T cells in vitro by their 
differential proliferative response when stimulated with monocloncal anti-CD3 
antibodies. 

(2) Five days after epicutaneous application of a hapten (DNFB), DLN of mice 
contain anti-CD3 responsive T cell population that proliferates vigorously and 
secretes significantly higher levels of IFN-y, whereas such a T cell population is 
not detected in the DLN of mice exposed epicutaneously to an irritant (Croton 
oil). 

(3) However, within 24 hr of epicutaneous application of a conventional dose of an 
irritant (croton oil) DLN of mice also contain anti-CD3 responsive T cells that 
proliferate in a manner similar to hapten-sensitized T cells harvested 5 days after 
hapten exposure. However, such a T cell population is not detectable in the DLN 
of mice exposed to a conventional dose of hapten (DNFB) within 24 hr. 

(4) Croton oil exhibits stronger irritant property, as measured by ear swelling 
response within 24 hr, as compared to DNFB. 

(5) Unlike the conventional dose (0.8%), lowest/optimum dose (0.0004%) of 
Croton oil that causes irritant effect fails to induce anti-CD3-responsive T cells 
in DLN of mice within 24 hr. 

(6) Similar to conventional dose (0.5%), optimum sensitizing dose (0.004%) of 
DNFB induces anti-CD3-responsive T cells that secrete significant levels of 
IFNy in DLN of mice, 5 days after the initial exposure. 

Conclusions: Haptens can be distinguished from irritants because only 
exposure to the former generates anti-CD3 responsive T cells in draining lymph 
nodes 5 days after exposure. 
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(7) When naive T cells are incubated with cultured Langerhans cells (without any 
hapten) for 5 days, activated T cells are generated that respond by vigorous 
proliferation to anti-CD3 mediated stimulus and also secrete IFNy. 

(8) Hapten-derivatized APC when cultured with naive T cells secrete significantly 
higher levels of IL-12 as compared to similarly cultured irritant-treated APCs. 

Conclusions: The critical difference between haptens and irritants - with 
regard to distinguishing their differing effects on T cells - rests within APCs. The 
data strongly suggest that the amount of IL-12 generated by APC in response to 
haptens, especially in the presence of hapten-specific T cells, is vastly greater than 
that generated by APCs in response to irritants. 
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Usefulness of findings 

Our results have demonstrated that T cells in lymph nodes draining skin sites 
painted in vivo with haptens or irritants can be stimulated to proliferate in vitro by 
anti-CD3 antibodies. However, when the T cells are tested at 5 days after 
epicutaneous application, only cells from hapten-painted donors proliferate and 
secrete IFN-g in response to anti-CD3. , whether hapten-sensitized or activated by an 
irritant, exhibit similar proliferative properties in response to anti-CD3 stimulus 

and can secrete IFNy. These data are consistent with the hypothesis that, under the 
conditions of these experiments, only primed "memory" hapten-specific T cells are 
detectable at 5 days after hapten sensitization. Unfortunately, no similar distinction 
between hapten and irritant was detected when Langerhans cells, treated with 
hapten or irritant, were used to stimulate unprimed (na'ive) T cells in vitro. Upon 
repeated testing, experiments attempting to use in vitro sensitization of T cells as an 
assay to distinguish hapten from irritant, proved to be inconsistent. We therefore 
turned our attention to the effects of irritants and haptens on antigen presenting 
cells. Our results are encouraging in this direction since we detected a significant 
difference in the ability of APCs to produce IL-12 (a key cytokine known to be 
involved in the induction of CH) when exposed to a hapten as opposed to an 
irritant. This result was further amplified if the treated APCs were then cultured 
with nai:ve T cells. We believe that these results indicate that strategies to 
distinguish haptens from irritants in vitro should be directed at their differing 
effects on APCS, rather than examining the eventual consequence on T cells. 
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Scientific Report 

1. Detection of T cells primed in vivo using modified protocol : 

As described in our previous progress report, we modified our original protocol for 
an in vitro assay. In this assay APC-driven stimulus was utilized to determine 
proliferative response of T cells that were exposed to hapten either in vitro or in 
vivo. However, such an approach caused higher background proliferation limiting 
detecton of proliferation of hapten-sensitized T cells in some cases. Thus 
inconsistency in the autoreactivity of human T cells led us to work with our 
original murine system which formed the basis of the in vitro sensitization assay 
using human PBMC (1). In our modified protocol we replaced APC-driven 
stimulus with the one mediated by monoclonal anti-CD3 antibody. Applying this 
modification it was possible to distinguish T cells exposed in vivo to a hapten 
(DNFB) vs an irritant ( croton oil). According to the original in vivo sensitizing 
protocol, Balb / c mice were sensitized by epicutaneous application of DNFB (0.5% in 
acetone) or croton oil (0.8% in acetone). Five days later, T cells were isolated from 
DLN of mice. These cells were then cultured in serum-free RPMI1640 
(supplemented with 1:500 dilution of ITS+ mixture and 1 % BSA) along with anti-
CD3 antibody (2Cll, 1:500) in a 96-well plate (4xl05 /well) in a final volume of 200 µI. 
Cultures were incubated at 37°C, with 5% C021 for 48 hr and pulsed for final 6 hr 
with 3H-thymidine. As evident from the proliferation profile (Figure 1), these 
results demonstrate that five days after the initial exposure to a hapten DLN of mice 
contained T cells that respond to anti-CD3 stimulus by vigorous proliferation 
whereas, such a T cell population was not found in DLN of croton oil exposed mice. 

2. Comparison of irritant effect induced by croton oil vs DNFB: 

Irritant effect of croton oil was compared with that of DNFB on the basis of ear 
swelling response induced by various concentrations of these two chemicals. Balb / c 
mice were exposed to various concentrations of either croton oil or DNFB by 
epicutaneous application to ear pinnae. Ear thickness was measured with an 
engineer's micrometer (Mitutoyo, Japan) prior to exposure (0 hr) and at various 
time intervals within 24 hr. Change in ear thickness at these time points compared 
to O hr was recorded as ear swelling response. It was noted that ear swelling 
response caused as an irritant effect was transient and undetectable beyond 24 hr 
after the initial exposure to either of the above chemicals. Figure 2a shows 
comparison of ear swelling responses at different time intervals after the initial 
exposure to croton oil. Based on significant response detected, 12 hr interval was 
determined to be the optimum time to assess an irritant effect. 

As we have shown in our earlier report (2), optimum sensitizing dose for DNFB 
was determined to be 0.004% (1.5 µg). That is this dose of DNFB was the lowest 
tested dose capable of inducing sensitized T cells and therefore CH in mice. To 
determine optimum irritant dose various concentrations of croton oil and DNFB 
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were tested for their irritant effect. Optimum (lowest) dose of croton oil that 
induced significant ear swelling response was 0.0004% (Figure 2b) whereas 
concentrations of DNFB below 0.2% (dose generally used for ear challenge in CH 
assay) failed to induce significant irritant effect (Figure 2c). 

3. Comparison of in vitro characteristics of T cells exposed to a hapten vs an irritant : 

Proliferative response to anti-CD3 antibody of T cells from DLN of mice exposed to 
conventional doses of DNFB (0.5%) vs croton oil (0.8%) was assessed within 24 hr of 
exposure. This response was found to be contradictory to that described above at the 
5 days interval. As shown in Figure 3, significantly higher proliferation was 
detected in T cells isolated from croton oil exposed mice as compared to those 
harvested from DNFB exposed mice. That is, within 24 hr DLN of animals exposed 
to croton oil contained T cells that responded to an anti-CD3 stimulus by vigorous 
proliferation whereas, such a population was missing in DLN of DNFB-exposed 
animals. 

This result led us to test proliferative responses of T cells after exposure of mice to 
an optimum irritant dose of croton oil or an optimum sensitizing dose (which does 
not exhibit irritant effect) of DNFB. Within 24 hr of exposure neither chemical 
induced an anti-CD3-responsive population in DLN of mice. Even so, such a 
population of proliferative T cells was still detectable when lymph nodes were 
removed at 5 days after exposure to OSD of DNFB (Figure 4). These results 
demonstrated that DNFB sensitized T cells known to be present in mice exposed to 
OSD of hapten, 5 days after the initial exposure, are anti-CD3-responsive. 
Furthermore, when IFNy secretion was assessed by ELISA in culture supematants 
collected from these proliferation assays, signficantly increased levels were detected 
only when T cells were isolated 5 days after exposure to either OSD or CSD of DNFB 
compared to croton oil (Figure 5). 

These observations suggest that activated T cells with lowered threshold for 
activation (proliferative response and the ability to secrete IFNy) are induced by 
irritants as well as haptens: However, such cells are maintained for at least five days 
only in DLN of mice exposed to a hapten - not an irritant. In other words, our 
results are consistent with the known transient nature of an irritant effect (in this 
case on T cells) as compared to the long lasting effect of haptens on specific T cells, 
such as are found in the contact hypersensitivity response. 

Thus hapten sensitized T cells and T cells activated by an irritant both exhibit 
similar proliferative properties in response to anti-CD3 stimulus and can secrete 
IFNy. Therefore proliferative profile in combination with IFNy secreting ability 
does not allow distinction between inflammatory or hapten-specific immune 
response immediately after the exposure to a chemical but is rather applicable at a 
later time interval. Application of modified protocol to our original in vitro T cell 
sensitization protocol using cultured Langerhans cells failed to distinguish hapten-
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sensitized T cells from non-specifically activated T cells in the primary cultures 
(Figure 6). 

4. Ability of antigen presenting cells to produce IL-12 after exposure to DNFB vs 
croton oil : 

Due to overlap in characteristics, detectable in vitro, of T cells exposed to DNFB and 
croton oil we shifted our focus from effector cells to antigen presenting cells. We 
have reported before that the ability of APCs to secrete IL-12 does play a role in 
determining whether and what type of effector cells are generated (3). Also, recently 
in a project funded independently, to determine genetic markers that would allow 
identification of contact sensitizing potential of various chemicals, we have detected 
various genes up- or down-regulated in APCs that can or cannot induce CH 
responses when injected into na'ive mice. For this project, differential display 
analysis was applied to compare the genetic profile of two murine macrophage 
hybridomas (mf #59 and #63) (4). It was noted that many of the differentially 
regulated genes are known to be involved in the regulation of a cytokine IL-12. This 
observation along with the reported critical role of IL-12 in the induction of CH 
response (5) led us to test the ability of APCs to secrete IL-12 after exposure to DNFB 
vs croton oil. 

Murine m<j> #59 (constitutively capable of inducing CH) was used as an APC. These 
cells were derivatized with DNFB as described before (1) or treated with sub-toxic 
concentrations of croton oil in a similar manner. These treated APCs (105 /well) 
were then co-cultured in a 96 well plate with syngeneic naive T cells (0.5 x 105 /well), 
in a serum-free RPMI1640 medium in a total volume of 200 µI. Culture 
supernatants were collected at 48 and 120 hr time intervals and tested by ELISA for 
the levels of IL-12. Figure 7 shows the IL-12 levels detected in these cultures. 
Significant difference was detected between the DNFB vs croton oil treated APC 
containing cultures, at a time interval of 120 hr. 

These results suggest that haptens and irritants differ in their ability to influence 
APC which, in tum, dictates the properties of effector cells that eventually are 
responsible for triggering the immune response. Further investigation and 
comparison at the level of signal transduction within APCs in response to a hapten 
vs an irritant will reveal more details of the underlying mechanisms that may 
result into differences in immune response. Thus, we feel strongly that analysis of 
differentially expressed genes in APCs expose to haptens and irritants will reveal 
differences that can readily be exploited in vitro to distinguish these two important 
classes of compounds that cause allergic contact and irritant dermatitis. 
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Figure 1 : Proliferative response 48 hr after anti-CD3-mediated stimulation of T cells isolated f 
rom DLN of mice treated five days previously with DNFB (0.5%) or Croton oil (0.8%). 
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