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Recognition of Self Antigens by Skin-Derived T Cells 
with Invariant y8 Antigen Receptors 

Thy-l+ dendritic epidermal T cells (dECs) express invariant yS antigen receptors and 
are found in intimate contact with keratinocytes in murine epidermis-thus raising the 
possibility that keratinocytes express a ligand for the antigen receptor of these T cells. 
Thy-l+ dECs were stimulated to produce lyrnphokines by interaction with kerati- 
nocytes in vitro. This stimulation was mediated through the dEC antigen receptor and 
did not appear to be restricted by the major histocompatibility complex. Thus, dECs 
c q  recognize self antigens and may participate in immune surveillance for cellular 
damage rather than for foreign antigens. 

I N MICE, MOST T CELLS IN THE LYM- 

phoid tissues express diverse antigen 
receptors that consist of a and p chains 

and recognize antigens bound to self major 
histoco~patibility-complex (MHC) pro- 
teins. A minority of lymphoid T cells express 
clonally diverse y8 T cell receptors (TCRs) 
(1) and recognize a wide array of antigens, 
including M H C  class I, 11, and Ib gene 
products, as well as bacterial heat shock 
proteins (2-7). In contrast to the lymphoid 
brgans, several epithelial tissues contain most- 
ly y8 T cells. The epidermis contains a unique 
population of cells, the Thy-1 + dECs (8-lo), 
% i c h  express invariant y6 TCRs composed 
of V,3/J,l-C,1 and V,1/D82/J,2-C, chains 
(1 1, 12) and have not been found elsewhere 

in the adult mouse (13). Similarly, the intra- 
epithelial T cells of the female reproductive 
tract and the tongue express y8 TCRs com- 
posed of an invariant V,4/J,l-C,l chain and 
an invariant 8 chain identical to that found in 
the dECs (14). The absence of clonal diversity 
in the TCRs of these epithelium-associated T 
cells suggests that they-might perform imrnu- 
nological functions that are distinct from 
those of T cells with clonally diverse antigen 
receptors. These nondiverse T cells might 
recognize damage-induced self antigens in a 
mechanism of trauma signal surveillance (1 1, 
15). Here, we provide evidence in support of 
this concept by demonstrating that dECs can 
specifically recognize self antigens produced 
by skin-derived keratinocytes. This informa- 
Lon and the ~hvsical interactions observed in 
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Initial studies established that dECs se- 
crete interleukin-2 (IL-2) and proliferate in 
response to activation with antibodies to the 
TCR (1 6 ) .  Thy-1 + dECs were isolated from 
normal BALBIc mouse skin and cultured in 
the presence of a variety of potential antigen 
presenting cells (~LPCS) to determine if a 
specific antigen-mediated interaction could 
be detected. Enriched keratinocvtes were 
obtained by depleting epidermal cell suspen- 
sions of Thy-l+ dECs and MHC class II+ 
~an~erhanscells  by treatment with antibody 
and complement. Lymphokine production 
was measured in supernatants obtained after 
24 hours of cultur; of the dECs with stim- 

ulator cells, and T cell proliferation was 
measured at 72 hours. The dECs were stim- 
ulated to produce lymphokines and to pro- 
liferate (17) on contact with freshly isolated 
skin keratinocytes or a cultured keratinocyte 
cell line, PAM (18) (Fig. 1A). Stimulation 
of dECs could not be detected after interac- 
tion with freshly isolated fibroblasts, spleno- 
cytes, peritoneal exudate cells (PECs), or the 
3T3 fibroblast cell line, all of BALB/c origin. 
Similar results were obtained on incubation 
of a dEC clone, 7-17, from AKR mice (19), 
with the various BALB/c stimulator cells. 
Freshly isolated keratinocytes, as well as the 
PAM cell line, stimulated secretion of IL-2 

Number of APCs (x 104) 

Flg. 1. Keratinocytes stimulate Thy-l+ dECs to secrete IL-2. The dECs were either freshly isolated 
Thy-l+ dECs from BALBlc mice (A) or a Thy-l+ AKR-derived dEC clone, 7-17 (B). The dECs 
(1 x lo5) were added to triplicate wells containing irradiated skin keratinocytes (m), fibroblasts (0 ) ,  
peritoneal exudate cells (0), splenocytes (A), 3T3ca31 cells (A), or PAM keratinocyte cells ( a ) ,  all of 
BALBlc origin. The response to immobilized monoclonal antibody 500A2 to CD3 is shown as a square 
on each vertical axis. Supernatants were collected after 24 hours, and IL-2 activity was measured as 
relative uptake of 3-(4,5-a-methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) by the IL-2- 
dependent cell line CTLL-20 (25) in a 24-hour assay. Units were calculated by comparison to a standard 
provided by the National Cancer Institute Biological Response Modifiers Program. Epidermal sheets 
were dissociated by urpsin digestion, as described (26). Epidermal cells were stained with fluorescein 
isothiocyanate-conjugated antibodies to Thy-1, and dECs were-isolated by fluorescence-activated cell 
sorting. Keratinocytes were obtained by treating epidermal cells with antibodies to Thy-1 and 
complement to remove dECs and antibodies to class 11 MHC molecules and complement to remove 
Langerhans cells. Spleen cells were depleted of T cells with antibodies to Thy-1 and complement. 
Stimulator cells were added to microtiter wells and cultured overnight. Plates were irradiated (16 Gy) 
and culture medium was removed before adding T cells. Data are representative of greater than six 
separate experiments. Stimulation of the 7-17 dEC clone by PAM, but not by 3T3 cells, has been 
demonstrated in greater than 35 separate experiments. Results are the mean of triplicate cultures with 
SEM values being < 10% of the means. 

Flg. 2. Vy3+ T cells recog- 
nize keraunocytes. (A) Fif- 
teen 'T cell clones, hybrid- 
omas, and tumor cell lines 
were analyzed for the ability 
to respond to the PAM ke- 
ratinocyte cell line by secre- 
tion of IL-2. Representative 
cell lines are shown. The 
7-17, IM82.7, and IC6.Fl1 
cells express V,3 and V,1 
chains. The DN12.1 112-1) 

Medium 
O CD3 

PAW 

7.3 CBVL Jurkat 
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and DN7.1 cell lines'expr;ss V,4 associated with the dEC V61 chain. The DN7.3 (7.3) cell line 
expresses Vy2 and V,5 chains and is representative of the six cell lines tested expressing y8 TCRs other 
than V,3 and V,1. The C6VL tumor line is representative of the four ap TCRf cell lines tested. (B) 
Wild-type human Jurkat tumor cells and Jurkat cells transfected with Vy3 and V61 (9.1 J) were analyzed 
for reactivity with PAM keratinocytes. Experiments were performed as in Fig. 1. Each cell line was 
tested in at least six separate experiments. Results shown represent the mean of triplicate cultures with 
SEM values being 110% of the means. Antibodies to mouse CD3 (MAb 500A2) or antibodies to 
human CD3 (MAb Leu 4) plus phorbol myristate acetate (PMA) (10 nglml) were included to 
demonstrate that all T cells tested could secrete IL-2 when stimulated. The results of control incubations 
of cells with culture medium are also shown. 

by the 7-17 cells (Fig. 1B). Thus, dECs can 
respond to skin keratinocytes but not to the 
other cells tested. 

Several approaches were taken to deter- 
mine whether the stimulation of dECs by 
keratinocytes was due to a specific interac- 
tion with the TCR. First, a panel of T cell 
clones, tumors, and hybridomas with 
known TCR gene usage was examined for 
reactivity with the keratinocyte line PAM 
(Fig. 2A). All cells that expressed TCRs 
with V,3 and V,1 chains responded to 
PAM cells by secreting lymphokines. Data 
are shown for the dEC clone 7-17, dEC 
hybridoma IC6.Fl1, and the fetal V,3-ex- 
pressing hybridoma IM82.7. Ten T cell lines 
that expressed other V, and V, or a and P 
chains did not secrete detectable amounts of 
IL-2 after exposure to PAM cells, but could 
produce IL-2 after stimulation with anti- 
bodies to the CD3 complex. DN12.1 and 
DN7.1 cells express TCRs composed of V,4 
chains paired with a 6 chain that is identical 
to that found in the dEC receptor (20); 
these cells did not secrete IL-2 in response to 
keratinocytes. Thus, the presence of the 
V,3/V81 TCR is required for productive 
interaction with the skin keratinocytes. 

We also examined the effect of antibodies 
to the TCR complex on keratinocyte recog- 
nition (Fig. 3). Nonstimulatory Fab frag- 
ments of antibodies that recognize the V,3 
TCR [monoclonal antibody (MAb) 5361 or 
the C D ~ E  chain (MAb 500A2) effectively 
blocked the interaction between dEC clone 
7-17 and the keratinocyte line PAM. Anti- 
bodies to other T cell surface structures, 
including Thy-1 and Ly-6C, did not inhibit 
lymphokine secretion (1 7). Finally, we ex- 
amined the reactivity of a cell line derived 
from the human T cell leukemia Jurkat, 
which had been transfected with rearranged 

Antibody (nglml) 

Fig. 3. Antibodies to the TCR complex block 
dEC stimulation by keratinocytes. The 7-17 dEC 
cell clone was cultured with the PAM keratinocyte 
cell line plus medium (O), Fab fragments of MAb 
500A2 to CD3 (A), or Fab fragments of MAb 
536 to V,3 ( 0 ) .  IL-2 was measured as in Fig. 1. 
Results shown are the means of triplicate cultures 
with SEMs of 510% of the means. Similar results 
were obtained in four separate experiments. Other 
antibodies tested had no effect on IL-2 release 
(24). 
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Fig. 4. Freshly isolated dECs respond similarly to 
keratinocytes isolated from mice of different 
MHC haplotypes. Fresh dECs and keratinocytes 
were isolated and assayed as in Fig. 1. Kerati- 
nocytes were enriched from AKR (solid bars), 
BALB/c (open bars), and C57B116 (striped bars) 
skin. Results shown are the means of triplicate 
cultures with SEMs of <lo% of the means. 
Results are representative of four separate exper- 
iments with all three mouse strains. Experiments 
with freshly isolated AKR and C57B116 cells were 
performed greater than twelve times. 

V,3 and V,l  genes from a dEC clone (21) 
(Fig. 2B). The VY3/V,1 TCR transfectant, 
but not the parental (YP TCRf Jurkat, re- 
sponded to keratinocytes by secretion of 
IL-2. Thus, expression of the dEC TCR is 
sufficient to confer reactivity to kerati- 
nocytes. 

Our results thus indicate that the TCR of 
dECs can recognize antigens expressed by 
skin-derived keratinocytes. However, there 
is no evidence that dECs are activated in situ 
in normal skin; perhaps the antigen is in- 
duced bv stress that is associated with disso- 
ciation of the tissue or by in vitro tissue 
culture. Antigens derived from endogenous 
heat shock proteins are potential targets for 
recognition. Most mammalian cells in tissue 
culture can express increased levels of heat 
shock proteins (22, 23). Although the anti- 
gen recognized by the Thy-l" dECs re- 
mains to be identified, our data demonstrate 
that yS TCRt cells present in the skin of 
mice recognize keratinocytes and may func- 
tion in a form of self surveillence, providing 
protection against cell damage. 

The ability of the BAL,B/c-derived PAM 
cells (H-2*) to stimulate both BALB/c dECs 
(H-2*) and the AKR-derived 7-17 dEC 

clone (H-2k) suggests that the recognition 
of keratinocyte antigen by dECs may not be 
MHC-restricted. This suggestion is also 
supported by the fact that freshly isolated 
dECs from three strains of mice with dis- 
tinct MHC haplotypes recognized and re- 
sponded equally well to allogeneic and syn- 
geneic keratinocytes (Fig. 4). To determine 
if the MHC participates in the recognition 
of antigen by dECs, we tested antibodies to 
MHC proteins for their ability to block the 
interaction of PAM cells with 7-17 cells 
(24). Antibodies reactive with classical 
MHC molecules as well as products of the 
Qa region had no effect on the stimulation 
observed. Together, these results indicate 
that antigen recognition by dECs is not 
restricted by classical MHC molecules, but 
they do not rule out a role for MHC gene 
products or other molecules in antigen pre- 
sentation to dECs. 

The skin routinely encounters a variety of 
insults as a result of constant exposure to the 
environment and must support a number of 
mechanisms for protection. In the adult, 
dECs and T cells expressing nondiverse yi3 
TCRs that are resident in other epithelial 
tissues may provide a form of immune sur- 
veillance in which self-reactive T cells pro- 
vide a first line of defense against infection 
or malignancy by the recognition of, and 
response to, damaged or infected neighbor- 
ing cells. Such a form of surveillance for 
conserved epitopes of stress-related proteins 
on damaged cells would allow resident in- 
variant yS T cells to respond to a variety of 
deleterious agents without the need for di- 
verse TCRs that have specificity for foreign 
antigens. This type of immune recognition 
may have arisen as one of the earliest forms 
of protection against damage and disease. 
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