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Introduction

Since mouse keratinocytes are tolerogenic antigen presenting
cells for T cell activation, the expression of second signal
molecules such as B7-1 was targeted to epidermal keratino-
cytes (KC) in vivo in transgenic mice. The expression vector
used to create transgenic mice consisted of a keratin 14 pro-
moter fused 5' to the full length open reading frame of the
cDNAencoding mouse B7-1 (between 10 and 30 copies of the
transgene per genome). Expression of B7-1 cell surface pro-
tein was assessed by in situ immunostaining of cryostat sec-
tions of tail skin with CTLA-41Ig fusion protein, revealing
high levels of cell surface expression of B7 by all epidermal
KC of transgenic mice, and a lack of such expression in
nontransgenic animals. The skin of such transgenic mice (de-
rived from three different founder mice) was grossly and
histologically normal, with normal numbers of Langerhans
cells and dendritic epidermal T cells. Immunologic challenge
of transgenic mice with epicutaneous haptens such as fluo-
rescein isothiocyanate revealed enhanced and persistent de-
layed-type hypersensitivity responses, with an altered kinetics
of resolution when compared with nontransgenic controls.
These data indicate that in normal, nontransgenic mice, toler-
ogenic antigen presentation by KCplays an important physi-
ologic role in damping T cell-mediated inflammation in the
skin by competing with professional APCfor TCRoccupancy
in antigen specific T-lymphocytes that migrate into the epi-
dermis. This also implies that altered regulation of B7-1 gene
expression by epidermal cells may account for skin "hyper-
responsiveness" encountered in some chronic dermatologic
disorders. (J. Clin. Invest. 1994.94:892-898.) Key words: B7-
1 antigen * costimulation * keratinocytes * transgenic mice -

peripheral tolerance
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1. Abbreviations used in this paper: APC, antigen-presenting cell;
DETC, dendritic epidermal T cells; EC, epidermal cells; KC, keratino-
cytes; LC, langerhans cells.

Previous in vitro studies of antigen presentation by class II
MHC-bearing keratinocytes (KC)' indicated that these cells fail
to activate hapten specific T-helper cells (1). Instead, antigen
presentation by KC is tolerogenic, resulting in T cell clonal
anergy (2, 3). Similarly, in an in vivo model of antigen presenta-
tion, naive mice that are first exposed to hapten modified, class
II MHC-bearing KC are hyporesponsive to subsequent sensiti-
zation by epicutaneous application of hapten, suggesting that,
in vivo, antigen presentation by KCis also tolerogenic, presum-
ably inducing clonal anergy in potentially hapten reactive T-
helper cells (4).

These observations may be explained by the current two
signal model for T-lymphocyte triggering. This model describes
T cell receptor occupancy by antigen-presenting cell (APG)
derived class H MHC-peptide complex as the first signal for
T cell activation (5); the second costimulatory signal for T cell
activation has been demonstrated to be APC derived and is
neither antigen specific nor MHCrestricted. A large family of
APC-derived costimulatory molecules has been described (6-
12). The B7 antigens (B7-1, B7-2, B7-3) are a group of mole-

cules that effectively deliver this second signal, prevent the
induction of clonal anergy and induce IL-2 production (10, 11,
13-15). The T cell-derived costimulatory signal receptors are
CD28 and CTLA-4 (10, 11, 16, 17, 17a,b). Based on this model
of antigen presentation, one may explain defective antigen pre-
sentation by KC to be based on their inability to provide T-
helper cells adequate costimulation because they do not express
functional second signal molecules. Compatible with this hy-
pothesis is our observation that stable expression of B7-1 by
cultured human KC reconstitutes defective accessory cell and
alloantigen presenting functions (18), two in vitro functions
usually associated with professional APCsuch as dendritic cells,
activated macrophages, or B-lymphocytes. Because KCare nat-
urally occurring tolerogenic APC, we hypothesize that epider-
mal KC may play an important role in maintaining peripheral
tolerance by counterbalancing the potent T-helper cell immuno-
stimulatory capacities of epidermal Langerhans cells (LG) (19).
To test this hypothesis, we developed a line of transgenic mice
whose epidermal KCexpress, in situ, high levels of cell surface
B7-1 antigen. In this report, we describe these mice: they have
exaggerated and persistent cutaneous delayed type hypersensi-
tivity reactions.

Methods
Mice. (DBA/2J x C57BL/6)Fl mice were obtained from The Jackson
Laboratories (Bar Harbor, ME) and housed in a specific pathogen-free
animal barrier facility at the University of Rochester.
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Figure 1. Expression vector construct. K14-mB7-C construct was lin-
earized by digestion of pKmB7Cowith EcoRI and HindIII. The linear-
ized DNAwas further digested with Scal and separated from pGEM3Z
vector (flanking K14-mB7-C,,, not shown) by centrifugation over a 10-
40% sucrose gradient. The resultant DNAwas dialyzed and microin-
jected into the pronuclei of fertilized mouse eggs, which were transferred
to pseudo-pregnant females as described in Methods to create B7-1
transgenic mice.

Reverse transcription-polymerase chain reaction. RNApurification,
cDNA, and PCRamplification were carried out as described with slight
modifications (20). RNAwas isolated from cells in guanidinium isothio-
cyanate lysing buffer with subsequent CsCl step gradient purification
as described. RNA was extracted from mouse C3HIHeJ spleen cells,
and quantitated using spectrophotometry; cDNA was then prepared by
reverse transcription with Moloney murine leukemia virus reverse tran-
scriptase (GIBCO/ BRL, Gaithersburg, MD). The PCRwas performed
using Taq polymerase (Boehringer Mannheim, Indianapolis, IN) and a
5' oligonucleotide primer of B7 (corresponding to nucleotides 229-260
of published cDNA sequence) (21) paired with a 3' oligonucleotide
primer of B7 (corresponding to nucleotides 1236-1207 of the published
cDNA sequence) (21); these oligonucleotides fully encompass the open
reading frame (nucleotides 249-1166). Denaturation, annealing, and
extension reactions were carried out at 940C for 15 s, 560C for 15 s,
and 72°C for 30 s, respectively, for 30 cycles. Three isoforms of the
B7 RNAmolecule were identified: 1.0, 0.9, and 0.6 kb (data not shown).
The identity of the longest product was confirmed by restriction mapping
and sequencing to be that of the published B7 cDNA containing the
entire open reading frame. This was cloned directly into the pCRII TA
cloning vector (Invitrogen, San Diego, CA).

Expression vector construct. To target the expression of B7 to epider-
mal KC, we used a K14 promoter (gift of Dr. Elaine Fuchs, University
of Chicago), which has previously been used to target transgenes to
epidermal KC (22). The K14 cassette, which is incorporated into
pGEM3Zvector (Promega, Madison, WI), was modified to incorporate
splice donor and acceptor sites. The K14 poly A region was excised by
digesting with BamHI and Hind JI. The third and fourth exons of the
C,3 gene (23), which include a 3' untranslated region and polyadenylation
signals, were incorporated into the K14 poly A deficient cassette at the
BamHI/ Hind HI sites. The 1.0 kb mouse B7 cDNA was then cloned
into the BamHI site of the hybrid vector to yield pKmB7C, (See Fig. 1).
Using DNAmediated gene transfection, we have previously demonstrated
that this expression construct is sufficient to induce cell surface expression
of functional mouse B7-1 by cultured mouse and human KC (24).

Transgenic mice. pKmB7C, DNAwas digested with EcoRlI/HindiI
to liberate K14-mB7-C,8 (3.6 kb) from pGEM3Z, and further digested
with Scal, which digests a single site in pGEM3Z(2.7 kb) to create two
smaller fragments (1.8, 0.9 kb). The insert DNAwas separated from the
two fragments by 10-40% sucrose density gradient centrifugation as
described (25), dialyzed extensively in H2O, quantitated, and resuspended
in 1 x injection buffer at a concentration of 10 micrograms/ml. The DNA
was then microinjected into (DBA/2J x C57BLJ6)F1 fertilized eggs
which were then implanted in pseudopregnant females using standard
techniques (26).

Southern blot. Genomic DNAwas extracted from tail skin, electro-
phoresed on 2.5% agarose gel, transferred to nitrocellulose and probed

for the expression of the transgene with 32P-labeled linearized K14-
mB7-C,, using standard methodology (27).

In vitro costimulation assay. Purified T-lymphocytes were prepared
from spleen cells (nontransgenic Fl mice) as previously described, using
a nylon wool column followed by antibody and complement (28). 10 d
passaged mouse KC (derived from transgenic or nontransgenic mice),
devoid of LC, were plated into microtiter plates and allowed to adhere
for 1 wk. Immediately before the assay, the KC were irradiated with
2,000 rad (1 rad = 0.01 Gy) to prevent cell proliferation. These KC
were assayed for their ability to costimulate Concanavalin A (Sigma
Chemical Co., St. Louis, MO) (10 jig/ml final concentration) induced
T cell proliferation in T cell medium (1). 105 purified T cells were
incubated with the adherent KCin the presence or absence of Concanav-
alin A. The 96-well plates were incubated at 370C, 5%CO2 for 72 h,
and pulsed with 1 jiCi of [3H]TdR per well (1 Ci = 37GBq) (Dupont
NEN, Boston, MA) during the last 18 h of culture, harvested, and
counted using scintillation counting. Counts are represented as mean
cpm of triplicate wells. SEMwere < 10%.

Antibodies andflow cytometry. Primary epidermal cell (EC) suspen-
sions were made as previously described (29), except that mouse skins
were incubated with a 1:10 dilution of the enzyme dispase (Collaborative
Research, Boston, MA) (for 30 min at 370C), which was substituted for
0.5% trypsin. 106 cells were incubated in 10% normal goat serum for
10 min at room temperature to saturate any potential Fc receptor binding.
The cells were then washed in FACSwash buffer (0.1% bovine serum
albumin/0.01% sodium azide) and then incubated with uncoupled pri-
mary antibodies for 20-60 min at 4°C. The primary antibodies were as
follows: CTLA-4/Ig (a gift from Dr. Peter Linsley, Bristol-Myers
Squibb, Seattle, WA), control Ig, M5/114 (anti-class II MHC,hybridoma
cells from ATCC, Rockville, MD), 30-H12 (anti-Thy 1.2, hybridoma
cells from ATCC), 53-67.2 (anti-CD8, hybridoma from ATCC) and
GK-1.5 (anti-CD4, hybridoma cells from ATCC). Staining was detected
using second step reagents: fluorescein conjugated F(ab)2' fragments of
goat anti-human IgG (1:320 dilution) (to detect staining with CTLA-4/
Ig or control Ig) (Cappel, Organon Teknika, Durham, NC) or fluorescein
conjugated F(ab)2' fragments of goal anti-rat IgG (1:40 dilution) (Cap-
pel). One color flow cytometric analysis was performed on an EPICS
flow cytometer (Coulter Immunology, Hialeah, FL). Logarithmically
amplified fluorescence data were collected on 104 viable cells as deter-
mined by forward light scatter intensity. These data were analyzed using
the software program Cytologos (Coulter Immunology, Hialeah, FL).

Immunnohistochemistry. Biopsy specimens were obtained from distal
tail, embedded in OCTmedium (Miles Laboratories, Elkhart, IN), snap
frozen, and 5-pm-thick cryostat sections were cut onto glass slides. They
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Figure 2. Identification of
a B7-1 transgenic founder
mouse. Genomic DNA
was extracted from tail
skin from 3 different ani-
mals, digested with
BamHI, electrophoresed,
transferred to nitrocellu-
lose, and probed for the
expression of the B7
transgene using 3P la-
beled, linearized K14-
mB7-C,3 construct. Copy
control number indicates
that transgenic founder
(number 26) has between
10-30 copies of the
transgene per genome.
Using the above described
methods, two other
transgenic mouse lines
were also identified (data
not shown).
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Figure 3. In situ expression of B7-1 in the skin of transgenic and nontransgenic mice. Cryostat sections of tail skin (Line 26) were stained for B7-
1 expression by indirect immunofluorescence as described in Methods. (A) Transgenic mouse, with bright staining with CTLA-4/1g, indicating a
high level of cell surface expression of B7-1 on Virtually all epidermal KC. Similar staining patterns were noted in two other transgenic mouse
founders (data not shown). (B) Non-transgenic mouse, with no detectable B7 expression observed (x25).

were fixed for 5 min at 40C in acetone, and then washed. The specimens
were then stained with uncoupled 10 Ag/mL CTLA4/Ig or control Ig.
Staining was detected using fluorescein coupled F(ab)2' fragments of goat
anti-human Ig. The specimens were examined using a Jena Lumar epifluo-
rescence microscope (Zeiss, Federal Republic of Germany); photomicro-
graphs were also obtained using the same microscope.

Contact hypersensitivity assay. Contact sensitization to FITC was as-
sayed as previously described (30). Ear swelling was measured using thick-
ness gauge calipers (Swiss Precision Instruments, Carlstadt, NJ) at the time
points indicated after challenge on the pinna of the ear. Treatment groups
included sensitized and naive mice (n = 4 in each group), with both
transgenic and nontransgenic mice being studied. Data is reported as the
mean change in ear thickness, AT = [(Thickness after challenge) - (Base-
line Thickness)], plus/minus the standard error of the mean.

For the in vivo blocking study of the ear swelling response in
transgenic mice, groups (four animals in each group) of naive transgenic
mice were challenged on the pinna of the ear with a single epicutaneous
application of 20 j1 of 0.5% FITC. Before this challenge, one group of
animals was treated with a single intradermal injection of CTLA-4/1g
20 .tg in a 20 kdI volume (blockade group); another group of transgenic
mice received 20 itl of phosphate buffered saline (control group). A
third group of mice (nontransgenics) served as a negative control for the
ear swelling response in naive mice, and received a single epicutaneous
application of 0.5% FITC without any prior injections. Ear swelling
was then measured at the indicated time intervals.

Statistical analysis. The ear swelling data were analyzed for statisti-

cal significance using the one tailed, paired student's t test (software
program Statview SE + graphics, Abacus Concepts, Berkeley, CA.) P
values < 0.05 were considered significant.

Results

Transgenic mice were identified using Southern blotting of
genomic DNA(BamHI digest) extracted from tail skin. As de-
picted in Fig. 2, genomic DNAfrom three different mice indi-
cated that mouse number 26 was transgenic, and the correspond-
ing littermates (numbers 29, 14) were nontransgenic. Compari-
son of the intensity of the band resulting from the presence of
the transgene to that of the copy number control indicated that
there were between 10-30 tandem copies of the transgene per
genome in mouse number 26, the founder of the transgenic
mouse line that we established. We also identified two other
transgenic founder mice by southern blotting (data not shown).
To confirm that our founder mice indeed expressed B7-1 cell
surface protein, we studied frozen sections of mouse skin by
immunofluorescence microscopy for CTLA-4/Ig binding. As
indicated in Fig. 3 A, there was bright cell surface staining of
all layers of epidermal KC by CTLA-4/Ig in all transgenic
mouse lines, indicating strong B7 expression. This pattern was
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Figure 4. Flow cytometry of EC suspensions from transgenic and non-

transgenic mice. Single cell suspensions of EC were prepared from
transgenic (top panel) and nontransgenic mice (bottom panel) and
stained for B7 expression as described in Methods. As depicted, the
majority of EC from transgenic mice were B7', whereas all EC from
nontransgenic mice were B7-, similar to the pattern of staining noted
in cryostat skin sections.

highly reproducible in skin sections taken from tail as well as

other sites (ear, trunk) in this mouse and remained stable in
subsequent transgenic offspring. This pattern of staining was

not observed with control Ig in either transgenic or non-

transgenic mice (data not shown). There was no CTLA-4/Ig
binding in tail sections taken from nontransgenic mice (Fig. 3
B). To further confirm the cell surface expression of B7-1 by
mouse KC, we studied single cell suspensions of epidermal cells
from transgenic mice and compared them with nontransgenic
littermates. Our initial studies of epidermal cells from transgenic
mice suggested that B7-1 antigen expression was sensitive to
proteolytic cleavage by 0.5% trypsin used to prepare single
cell suspensions of epidermal cells, thus ablating CTLA-4/1g
binding activity (data not shown). Therefore, we used another
enzyme, dispase, to prepare single cell suspensions of epidermal
cells for flow cytometry (see methods). As indicated in Fig. 4,
there was a significant level of CTLA-4/Ig binding in epidermal
cells from transgenic mice, but a lack of such reactivity in
epidermal cells from nontransgenic mice. Wealso studied epi-
dermal cell suspensions for the presence of epidermotropic bone
marrow derived cells. There was no difference in the frequency
of Ia' cells (LG) or Thy 1+ cells (DETC) in the epidermis of

3
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Figure 5. In vitro costimulation of T cell proliferative responses by KC
from B7 transgenic mice and blocking with anti-B7 reagents. Highly puri-
fied T-cells (105/well) from nonnal F1 mice were co-cultured with 7,500
plastic adherent KC. Only those T cells co-cultured with KC from trans-
genic mice proliferated significantly in response to Concanavalin A (10
jig/ml). T cells co-cultured with KC alone did not proliferate (data not
shown) (A). CTLA4/Ig (1.0 or 10 tig/ml final concentration), when added
to the co-cultures of transgenic KC (6,000/well) and purified T cells,
blocked the costimulation of concanavalin A induced T cell proliferation;
Control Ig did not block the proliferation (data not shown) (B).

transgenic mice when compared with nontransgenic littermates
(data not shown). This indicates a normal frequency of LC and
y/6 bearing DETCin transgenic mice compatible what has been
reported for other strains of normal mice (31). Similarly, all
three transgenic mouse lines (heterozygotes) were normal in
their activities, growth and development. The histology of their
skin was normal (data not shown).

To demonstrate that KC from transgenic mice expressed
functional B7-1, we studied the ability of such KC to costimu-
late T cell proliferation (100,000/well) in response to polyclonal
T cell activators such as Concanavalin A (10 ug/ml). As de-
picted in Fig. 5 A, cultured KC (7,500/well) from transgenic
mice costimulated significant mitogen induced T cell prolifera-
tion, whereas equal numbers of KCfrom nontransgenic controls
failed to induce any response. The costimulation provided by
such transgenic KC was dependent on B7-1 expression, as

CTLA-4/Ig blocked, in a dose dependent fashion (1 or 10 ug/
mL), the ability of transgenic KC (6,000/well) to support T cell

Epidermal Keratinocyte B7 Transgenic Mice 895
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SENSITIZED MICE proliferation (Fig. 5 B). Control Ig did not block the transgenic
A 25 -o TG KC costimulation response (data not shown).

-0-- NTG-s Using the sensitizer 0.5% FITC (30), we studied contact

C 2 hypersensitivity in transgenic mice (two different transgenic
Ln 20- mouse lines) and nontransgenic littermates. At 24 h, the peak

of the typical ear swelling response, there was no significant
difference when comparing transgenic to nontransgenic lit-

9- x /_termates (See Fig. 6, A and B). However, at later time points
W

a
/, !s|in the transgenic mice, but not the nontransgenic mice, there

LU z- °10 k/ > was a continued crescendo in the ear swelling that persisted for

a 4 IJ/ is 144 h. This difference between transgenic and nontransgenic
Z hi/ mice at the 84-h time point was statistically significant (P
0 51/)' \+ i < 0.05). This same pattern of exaggerated and persistent ear

swelling was noted in a second line of B7-1 transgenic mice
0 ,., . ...,. (24 h ear swelling of sensitized mice: Transgenic AT = 16±3;

0 25 50 75 100 125 150 non-transgenic AT = 11+2; 144 h ear swelling of sensitized

TIME (HOURS) mice: Transgenic AT = 14±4; nontransgenic AT = 2±1).
Interestingly, there was also a difference in the kinetics of

the ear swelling response of naive control animals, with the
transgenic mice again demonstrating a crescendo in ear swelling
up to 144 h. The progressive in vivo ear swelling response in

25VE MICE transgenic mice was dependent on B7-1 expression, as a single
B 25 -fr-- TG-n subcutaneous injection of 20 ,g of CTLA-4/Ig before the epicu-

* NTG-n taneous application of hapten prevented this phenomenon in
" o20 CTLA-4/Ig treated, but not sham treated mice (See Fig. 6 C).
Z Westudied the histology of the sustained ear swelling re-

sponse in transgenic and nontransgenic naive controls in our
c o 15 contact hypersensitivity assay. Biopsy specimens taken from

the pinna of the ear of transgenic mice 21 d after the application
10 of FITC were dramatically different than specimens taken from

SM x/ ' nontransgenic controls. In specimens from transgenic mice,
< there was epithelial hyperplasia, vasodilation of dermal capillar-
Z 5 ies as well as an inflammatory cell infiltrate comprised of mono-

nuclear cells, neutrophils and melanophages (Fig. 7 A). All

0 2 of these changes were absent in biopsy specimens taken from
25 50 75 100 125 150 nontransgenic controls, in which the inflammation had resolved

TIME (HOURS) completely, resulting in histologically normal skin (Fig. 7 B).

Discussion
BLOCKING STUDY There is great interest in understanding the outcome of interactions

C 1-- NTg between T-helper cells and APC. Numerous studies have demon-
-*-o Tg+PBS strated that the characteristics of the APC determine the outcome

- 1Tg+CTLA-4/g of this interaction: T cell activation or tolerance induction (clonalS/l anergy) (5). Whereas professional APC express abundant class II
s./ MHCas well as costimulatory molecules, nonlymphoid cells such

as KCmay be induced to express class II MHCbut do not express
critical costimulatory molecules (1-3). Numerous in vitro models

Z a g 4 of antigen presentation have confirmed the importance of multiple
i1 APC-derived second signal molecules (B7-1, B7-2, B7-3 and possi-

Z 5- / < < * b Tbly other members of the immunoglobulin supergene family) (6-

Z / 15). Likewise, there are at least two T-cell receptors for this costimu-
T/ V _X latory activity (CD28, CTLA-4 and possibly other heretofore un-

o0 1- > characterized molecules) (17ab). The redundancy of this system
0 25 50 75 100 125 150

TIME (HOURS)

Figure 6. Time course of the ear swelling response to epicutaneous
hapten application in sensitized and naive mice and blocking with anti- we treated a group of transgenic mice with a single subcutaneous injec-
B7 reagents. Transgenic or nontransgenic animals were challenged on tion of CTLA-4/Ig (20 jig in a 20 yl volume); another group of
the pinna of the ear 6 d after painting abdominal skin with 0.5% FITC transgenic mice received 20 yL of PBS before being challenged with
(sensitized) (A) or without previous painting (naive) (B). In both the an epicutaneous application of 20 pAI of 0.5% FITC; a group of non-
sensitized and naive groups, the transgenic mice developed a persistent transgenic mice served as a negative control, and received only a 0.5%
ear swelling response. To block the progressive ear swelling response, FITC challenge (C).
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Figure 7. Histologic study of the per-
sistent delayed type hypersensitivity
reaction in the skin of transgenic
mice. 21 d after the application of
0.5% FITC to the pinna of the ear of
naive control transgenic or non-
transgenic mice, biopsy specimens
were taken for histologic examina-
tion. (A) Ear skin from a transgenic
mouse, with persistent inflammation.
(B) Ear skin from a non-transgenic
mouse, in which the inflammatory re-
sponse has completely subsided (He-
matoxylin and Eosin, x40).

indicates its importance in immune function, but also renders the
interpretation of in vivo studies difficult. For example, disruption of
the B7-CD28 activation pathway in transgenic CD28-knockout mice
resulted in a partial immunodeficiency state (32), suggesting that
CD28 is not required for all T cell responses in vivo and that
alternative costimulatory pathways exist and may be important.

Our transgenic mice are the first example of the aberrant ex-
pression of this costimulatory ligand by naturally occurring tolero-
genic APC (i.e., KC). Since stable expression of B7-1 antigen in
vitro by DNAmediated gene transfection renders KC as well as
other B7- cell lines to become competent APC (18, 33, 34), we
reasoned that targeting B7-1 to the epidermal KC of transgenic
mice would induce such KC to become competent APC. The
absence of tolerogenic APC may result in a loss of peripheral
tolerance, and possibly skin disease. Wehave not observed any
spontaneous dermatologic abnormalities in these heterozygous

mice (observations of three different transgenic mouse lines up to
9 mo of age, data not shown). However, our studies of cutaneous
delayed type hypersensitivity indicate that B7-1 transgenic mice
differ in their responses to allergens, despite a normal skin architec-
ture and normal numbers of LC and DETC. The nature of contact
hypersensitivity differs qualitatively and quantitatively when com-
pared to nontransgenic mice in that the amplitude and kinetics of
later phases of the contact hypersensitivity reaction are signifi-
candy dissimilar. It is interesting that the most profound alterations
in contact hypersensitivity were observed in the resolution phase
of the inflammatory response. It is known that during contact
hypersensitivity reactions, class II MHCantigen expression is in-
duced on the cell surface of KC, presumably because of interferon-
y released by activated T-lymphocytes that have migrated to the
skin (35).

Based on our previous studies of Ia' KC, we hypothesized
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that KC play an important role in the resolution of delayed type
hypersensitivity reactions in the skin based on their ability to in-
duce T-helper cell clonal anergy. That is, antigen presentation by
Ia' KCacts to downregulate responsiveness and to resolve cutane-
ous delayed type hypersensitivity. Our comparative studies of con-
tact hypersensitivity in transgenic and non-transgenic mice are
compatible with our hypothesis that the KC-induced clonal anergy
mechanism plays an important physiologic role in situ by pre-
venting exaggerated DTHreactions in the skin by competing with
professional APCfor TCRoccupancy in antigen specific, epider-
motropic T cells. Such anergic T-lymphocytes would be unable
to elaborate lymphokines such as IL-2 and interferon-y, which
would then amplify a cutaneous DTHreaction.

It will be interesting to determine whether these transgenic
mice will be resistant to tolerance induction to delayed type
hypersensitivity mediated by the disruption of LC function by
irradiating the skin with ultraviolet light (290-320 nm wave-
length). In this scenario, antigen presentation by B7' KC in
transgenic mice may prevent the induction of tolerance to hap-
tens because KC may substitute for LC as competent APC.
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