cytosol, with the rest being completely im-
ported. In fact, such a pathway might ex-
plain the dual targeting of fumarase in Sac-
charomyces cerevisiae (23).

Finally, our data suggest that the mito-
chondrial import machinery contains a
passive import channel formed by compo-
nents in both membranes. This import
channel accommodates unfolded polypep-
tide chains, but components of the chan-
nel interact only weakly with mature seg-
ments of translocating chains as compared
to mtHsp70.
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Modulation of Epithelial Cell Growth by
Intraepithelial yo T Cells

Richard Boismenu and Wendy L. Havran*

The role played in immune surveillance by 3 T cells residing in various epithelia has not
been clear. It is shown here that activated y3 T cells obtained from skin and intestine
express the epithelial cell mitogen keratinocyte growth factor (KGF). In contrast, intra-
epithelial af T cells, as well as all lymphoid o8 and v8 T cell populations tested, did not
produce KGF or promote the growth of cultured epithelial cells. These results suggest that
intraepithelial yd T cells function in surveillance and in repair of damaged epithelial tissues.

'Thy-l+ dendritic epidermal T cells
(DETCs) (1-3) expressing the invariant
V.3 V51 T cell receptor (TCR) (4, 5) are
found exclusively in the epidermis of the
adult mouse (6), where they exist in inti-
mate contact with keratinocytes. The ex-
pression of a monoclonal antigen recogni-
tion structure by DETCs contrasts with the
large TCR repertoire of nonepithelial o
and 3 T cells. This lack of diversity sug-
gests that DETCs have a limited ligand
recognition capacity and may have a differ-
ent role in immunological surveillance from
that of a T cells (7). We have shown that
DETGC:s recognize self-antigen presented by
cultured or stressed keratinocytes in an ap-
parently non-major histocompatibility
complex (MHC)-restricted fashion (8).
The existence of a functional link between
two cell types normally in close physical
contact led us to investigate the possibility
that this connection extends to the expres-
sion by DETC:s of growth factors acting on
keratinocytes.

Balb/MK  keratinocytes are not viable
when grown under defined serum-free con-
ditions, except when supplemented with
either exogenous KGF, acidic fibroblast
growth factor (FGF), basic FGF, epidermal
growth factor (EGF), or insulin growth fac-
tor-1 (Fig. 1A) (9, 10). Other factors alone
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or in combination could conceivably sup-
port the proliferation of Balb/MK cells (10).
We used the growth factor dependence of
the Balb/MK line to devise an experimental
system with membrane filters that allowed
diffusible factors secreted by the 7-17
DETC line (I11) to reach Balb/MK cells
while preventing direct cell contact.

In transfilter experiments, we assessed
the ability of 7-17 cells to produce a cyto-
kine that would promote the proliferation
of Balb/MK cells. The results of these ex-
periments demonstrated that 7-17 cells, as
well as three other DETC lines (12), release
a soluble factor that can sustain the clonal
growth of Balb/MK cells (Fig. 1, B and C).
Stimulation of 7-17 cells beforehand with
mitogen concanavalin A (Con A) potenti-
ated this activity (Fig. 1D). In contrast, T
cell lines bearing a3 receptors or yd recep-
tors other than V. 3 V1 did not prevent
Balb/MK cell death under identical condi-
tions (Fig. 1D).

The ability of DETCs to inducibly se-
crete a mitogenic factor that targets kerati-
nocytes represents a possible function for a
T cell population expressing a monomor-
phic TCR that exclusively recognizes
stressed or otherwise damaged keratino-
cytes. Consideration of cytokines with the
potential to mediate this effect led us to
investigate KGF as the most likely candi-
date because of its specificity toward kera-
tinocytes (13, 14).

Hybridization of a human KGF comple-
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Fig. 1. Growth-promoting effect of DETC 7-17 cells on Balb/MK keratinocytes (26). Phase-contrast
photomicrographs of Balb/MK keratinocytes grown for 12 days (A) in the absence of 7-17 cells, (B) after
5 days of co-culture to show individual colonies, and (C) after 12 days of co-culture to show confluence.
Original magnification, X 100. (D) Comparison of the keratinocyte growth-promoting activity of the DETC
7-17 line, the af CH21 line, and the ¥3 G8 line with (filled bars) and without (open bars) stimulation first
for 24 hours with Con A (2 pg/ml). Keratinocytes were counted after 12 days of co-culture. Data are

K

representative of at least five experiments.

mentary DNA (cDNA) (15) to immobi-
lized 7-17 RNA revealed a specific tran-
script of the appropriate length (Fig. 2A)
(16). The KGF mRNA expressed by 7-17
cells was cloned by a reverse transcription—
polymerase chain reaction (RT-PCR) with
mouse KGF primers (17). The nucleotide
and deduced amino acid sequences of the
585-base pair (bp) DNA fragment were
identical to those for mouse KGF (12).
Direct demonstration of KGF protein in
media from cultured 7-17 DETCs was
achieved with an antibody preparation ca-
pable of binding the NH,-terminus of KGF
(Fig. 2B). Conditioned medium from 7-17
cultures contained KGF (1 to 2 ng/ml), as

& _KGF

Fig. 2. Detection of mouse KGF expressed by
DETC 7-17 cells. (A) Northem blot analysis of KGF
mRNA expression (76). Total 7-17 RNA is indicat-
ed at the top of each lane in micrograms. (B)
Immunoblot analysis of secreted KGF (27).
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determined by an enzyme-linked immu-
nosorbent assay (ELISA) (12). We then
used RT-PCR analysis to detect expression
of KGF in various activated primary lym-
phoid T cell populations and T cell lines.
We consistently failed to detect KGF ex-
pression by lymphoid aB or yd T lympho-
cytes, as shown for representative T cell
lines with known TCR genes (Fig. 3A) and
for primary T cell populations (Fig. 3B).
Freshly isolated, as well as V,3* sorted
DETC:s (12), did not produce KGF, suggest-
ing that KGF expression is silenced in situ
under normal conditions (Fig. 4A). In con-

trast, KGF expression was detected in cul-
tured DETCs (Fig. 4A). Freshly isolated
DETGC:s that are cultured for more than 24
hours slowly reach an activated state, as
judged by interleukin-2 (IL-2) release (18).
This in vitro situation is believed to reflect
recognition of contaminating keratinocytes.
Likewise, our initial observation that treat-
ment with Con A augmented the mitogenic
effects of 7-17 cells on keratinocytes led us
to surmise that an increase in KGF expres-
sion follows DETC activation. The activa-
tion signal provided by mitogenic lectins is
generally thought to be transduced by TCR
aggregation (19). We tested whether KGF
expression can be induced in primary
DETC:s as a result of signaling through the
V,3 V41 TCR transduction cascade. Cross-
linking of DETC TCRs with immobilized
antibody to V.3 led to a relatively strong
KGF response, whereas the combination of
phorbol ester and ionomycin had a weaker
ability to do so (Fig. 4A). The relative
magnitude of DETC activation achieved
with these specific treatments has been es-
tablished (20) and correlates positively with
KGF expression levels.

The antibody used in Fig. 2B did not
neutralize the proliferation of keratinocytes
cultured in the presence of KGF. Therefore,
we sought an alternative approach to mea-
sure the relative contribution to Balb/MK
survival of KGF derived from 7-17 cells. A
peptide derived from a unique portion of
the KGF receptor (KGFR) shown to specif-
ically neutralize KGF was used (21). In our
transfilter assay, this peptide abrogated the
ability of 7-17 DETCs to stimulate the
growth of Balb/MK cells (Fig. 4B). Heparin,
also known to interfere with KGF function
(22), had similar effects on the mitogenic
activity of 7-17 DETCs (Fig. 4B). Results
from the in vitro blocking assay provide
evidence that KGF is the major keratino-
cyte mitogen released by DETCs. Taken
together, the data presented support the

Thymus Spleen Controls

CD3 CD3* of

-KGF

Fig. 3. KGF is not expressed by thymus or spleen T cells (28). (A) RT-PCR of representative cell lines G8
(V,2V,11TCR), 18.8.8 (V.4 V46 TCR), 3D3 (V, 1.1 V46 TCR), HAND (af TCR), and 7-17 (V.3 V51 TCR)
cultured 48 hours in the presence or absence of Con A (2 p.g/ml) (only the mitogen-stimulated cultures are
shown). KGF expression was not detected in any ap or y8 TCR* cell lines tested with the exception of
three DETC lines, including 7-17 (12). The RT-PCR of B-actin mRNA with the described primers (29) was
performed as a control for the quantity and integrity of the RNA. (B) RT-PCR of isolated T cells cultured
48 hours in the presence (+) or absence (—) of Con A (2 pg/ml). M, a 1-kb DNA ladder. The positive
control PCR used 7-17 cDNA and the negative control PCR used non-reverse transcribed RNA from
7-17 cells.
SCIENCE
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Fig. 4. (A) Evidence for

the induction of KGF 48 hours
gene  expression in o @

DETCs. Epidermal cells 83 +9
@ x 109 obtained as LLEQ"’

described (8) were im-
mediately processed for
RT-PCR or cultured for
48 hours, as indicated,
before RNA isolation and
RT-PCR (76). Phorbol
ester and ionomycin (P
+ I) were used at 10 ng/

M
|

B
2
= 100+ P72
o
=
5 759
E
]
N keF s
. E
s 254
=
747 KGF EGF

ml and 1 pM, respectively; antibody 536 to V,3 (6) was immobilized on plastic at a concentration of 1
mg/ml. RT-PCR of B-actin mRNA is shown as a control for the quantity and integrity of RNA. M, a 1-kb
DNA ladder. (B) Inhibition of DE TC-mediated proliferation of Balb MK cells by KGFR peptide (striped bars)
and heparin (open bars) (30). The actual counts for Balb/MKs (black bars) co-cultured with 7-17 cells,
recombinant KGF, recombinant EGF, or media were 4.6 X 105 cells, 4.4 X 105 cells, 1.02 X 108 cells,
and 4 X 10* cells, respectively. Data are representative of at least three experiments.

Y8 IEL of IEL

Fig. 5. KGF is inducibly expressed by -3 |ELs but
not af IELs (37). M, a 1-kb DNA ladder. Anti-y3,
antibody to pan v3§; anti-a8, antibody to pan af.

view that KGF expression is a functional
feature of DETC activation.

Reports indicate that KGF is a growth
factor for several epithelia in vitro and in
vivo (23, 24). Like skin, the intestinal tract
consists of rapidly renewing epithelial cells
that form a barrier between the internal and
external environments. Intestinal epithelial
T cells (IELs) with yd TCRs restricted in vy
and d segment use constitute a lymphocyte
population of unknown function (25). We
therefore investigated KGF expression by
IELs. Activated, but not quiescent yd IELs,
expressed KGF (Fig. 5). In contrast, IELs
with aff TCRs did not express KGF under
similar conditions (Fig. 5). These results
suggest that KGF expression is a conserved
feature of activated intraepithelial y3 T cell
populations.

The restricted nature of the antigen
receptor expressed by y8 T cells residing
in epithelia made it seem likely that the
function of these cells was distinct from
other T cells. The ability of these y& T
cells to recognize and nurse injured epi-
thelial cells may provide a local self-regu-
lating mechanism to maintain the integ-
rity of the epithelia.
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