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Dendritic epidermal T cells (DETCs) are Thy-l+, CD45+, 
CD3+, CD4-, CD8-, and T-cell receptor-Vy3/V01+ leuko
cytes that reside normally in adult mouse skin. We have 
demonstrated previously that keratinocytes serve as adhesion 
substrates for DETCs, and that interleukin 7 (IL-7), which is 

. produced by keratinocytes, serves as a growth factor for 
DETCs. The present study was conducted to address the 
mechanisms by which DETCs migrate into the epidermis, 
reasoning that keratinocytes may also be a source of chemo
tactic activity. Short-term DETC lines were 35S-labeled and 
tested for migration toward Pam 212 keratinocyte culture 

I supernatants using a modified Boyden chamber method; cell 
movement from upper chambers toward test samples in 
lower chambers was traced by counting radioactivity. DETC 
displayed rapid (within 60 min) and marked (> 50%) migra
tion toward keratinocyte supernatants. The majority of cells 
that had migrated into keratinocyte supernatants expressed 
the Vy3 T-cell receptor, thus verifying that the migrating 

A
PoPulation of dendritic Thy-l+/C045+/C03+/ 
C04- /C08-/T-cell receptor (TCR)-Vy3/Vol+ 
leukocytes resides normal1y in adult mouse epidermis; 
these cel1s have been designated dendritic epidermal T 
cel1s (OETC) (reviewed in [1 J). OETCs are now 

known to display several properties of immunologic relevance: 
1) proliferation in response to mitogenic stimuli, such ~s Con A, 
immobilized antl-C03, or phorbol ester and Ca lOnophore 
[2-4]; 2) secretion of relatively large amounts of interleukin 2 (IL-
2), IL-3, and y-interferon [3,4] ; 3) cytotoxicity that is directed 
against tumor targets, such as the Y AC-1 lymphoma, fibrosarco
mas, melanomas, and transformed keratinocytes [5,6];* and 4) rec
ognition via a yo TCR of one or more molecules expressed by 
transformed keratinocytes [7]. Based on these properties and the 
extremely limited diversity seen with TCR gene rearrangement, 

Manuscript received February 10, 1993; accepted for publication May 12, 
1993. 

Dr. Byoung Soo Chung'S current address is Chosun University Medical 
School, Department of Dermatology, 588 Susek-dong, Dong-ku, Kwangju 
City, Korea. 

Reprint requests to: Dr. Akira Takashima, Department of Dermatology, 
University of Texas Southwestern Medical Center, 5323 Harry Hines Blvd., 
Dallas, Texas, 75235. 

• Kaminski MJ, Cruz PD, Jr., Bergstresser PR, Takashima A: Killing of 
skin-derived tumor cells by mouse dendritic epidermal T cell s. Can Res (in 
press). 

cells were DETCs. Addition of keratinocyte supernatants to 

the upper chambers completely blocked migration, suggest
ing its chemotactic nature. By contrast, no DETC migration 
was observed toward 3T3 fibroblast supernatants. Chemo
tactic activities were 1) produced by Pam 212 cells even in the 
absence of serum; 2) greater than 12 kD in size; 3) heat and 
pH labile; 4) trypsin sensitive; and 5) precipitated by 60-
100% ammonium sulfate. Several cytokines (e.g., IL-1a and 
IL-8) failed to mediate DETC migration when added to the 
lower chambers. Likewise, the same cytokines, when added 
to the upper chambers, failed to inhibit DETC migration 
toward Pam 212 supernatants. These results support our hy
pothesis that keratinocytes facilitate the residence of DETC 
in epidermis by secreting unique chemotactic factors, by pro
viding adhesion substrates, and by elaborating specific 
growth factors. Key words: yo T cell/locomotion/homing. 
] [nllest Dennatoll0l:371-376, 1993 

OETCs have been postulated to play an important role in maintain
ing the integrity of cel1s within the epidermis [8 -1 0]. This postu
late has led to the concept that DETCs are positioned to recognize 
neighboring cel1s that are damaged, transformed, infected, or other
wise "stressed" via their yo TCR, and then to eliminate them by a 
cytotoxic mechanism. 

Several lines of evidence suggest that DETCs are derived from 
precursors in the fetal thymus: 1) intravenous injection of fetal 
thymocytes into athymic mice populates the epidermis with typi
cal OETC [11]; 2) transplantation of fetal thymic lobes into 
athymic mice produces a similar effect [12]; and 3) both thymocytes 
from fetal mice (sixteenth day of gestation) and OETCs utilize the 
same unusual combination of rearranged TCR gene segments 
(Vy3/Vol) [12-14]. Recognizing their thymic origin and the 
obvious requirement to travel to skin, a major interest in our labora
tory has been to identify their mechanisms of adhesion and loco
motion. We first observed that OETCs isolated from adult mouse 
skin will migrate preferential1y back to the skin fol1owing intrave
nous injection, suggesting that they retain their homing proper
ties [15]. 

To achieve an epidermal location, DETCs must have the poten
tial to interact with several different adhesion ligands along their 
migratory pathway, including those expressed on endothelium, 
dermal connective tissues, basement membrane, and, ultimately, 
keratinocytes. In fact, OETCs have been shown to bind to endothe
lial cells, type I collagen, fibronectin, laminin, type IV collagen, and 
keratinocytes, satisfying at least some of these requirements 
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[16,17j.t:\: On the other hand, two critical questions remain with 
respect to the final steps in reaching the epidermis: 1) do DETCs 
have the capacity to exhibit directed movement, and 2) do keratino-
cytes produce relevant chemotactic molecules? . 

Previous experience suggests that keratinocytes are a logical 
source of molecules that are chemotactic for DETC. In fact, kerati
nocytes are known to secrete a variety of molecules that are chemo
tactic for other leukocytes, including IL-1 for conventional T cells 
and B cells, IL-8 for T cells and neutrophils, anionic neutrophil-ac
tivating peptides, which are specific for neutrophils, and lipid at
tractants such as leukotriene B4 and 12-hydroxyeicosatetraenoic 
acid (reviewed in [18]). Thus, our hypothesis was that DETCs have 
the capacity to move in response to chemotactic gradients and that 
migration into epidermis is facilitated by one or more related kerati
nocyte-derived soluble factors. 

MATERIALS AND METHODS 

Cells Epidermal cells were isolated from truncal skin in 6-8-week-old 
female CBA mice (Harlan, Indianapolis, IN) by two sequential trypsin treat
ments, as described previously [2,4]. The recovered cells, including about 1 % 
DETCs, were then enriched for DETC by centrifugation over Histopaque 
(1.083; Sigma, St. Louis, MO); cells recovered from the medium interface 
("incerface" epidermal cells) typically contained 10 - 20% DETCs, as judged 
by FACS analyses [4,19]. Cells were cultured in 24-well plates (Corning, 
Corning, NY) in complete RPMI (RPMI 1640 supplemented with 10% 
fetal bovine serum [FBS], 10 mM HEPES, 1 % nonessential amino acid mix
ture, 20 11M L-glutamine, 10 11M sodium pyruvate, 1% penicillin/strepto
mycin, 50 jig/ml gentamicin, 10 jiM 2-mercaptoethanol, and 1 jig/ml in
domethacin) containing 2 Ilg/ml Con A (Pharmacia, Piscataway, NY) and 
5 V/ml human rIL-2 (R&D Systems, Minneapolis, MN). DETCs were 
expanded by restimulation with Con A (1 Ilg/ml) on day 7 and by repeated 
feeding with IL-2 (5 U/ml) every 3-4 d. Ordinarily, cells harvested from 
2-4-week-old cultures, containing 60-80% DETC, were used for cell 
migration assays. 

Splenic T cells isolated from CBA mice using nylon wool columns were 
cultured for 24 h in complete RPMI with 5 U/ml IL-2 alone or for 3 d in 
complete RPMI with both Con A (2 Ilg/ml) and IL-2 (5 V /ml), and tested 
for migration. The BALB/c mouse keratinocyte line, Pam 212 [20], was 
maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented 
with 10% FBS, 10 Mm HEPES, 1 % nonessential amino acids, 20 pM L-glu
tamine, 10 11M sodium pyruvate, and 1 % penicillin/streptomycin (complete 
DMEM), as reported previously (21). For supernatant collection, Pam 212 
cells were cultured for 24 h at a cell density of 1-2 X 106 cells in complete 
DMEM or DMEM supplemented with all the above additives except for FBS 
(FBS-free DMEM). 

Cell Migration Assays Cell migration was measured using 6.S-mm 
Transwell units (Costar #3422; Cambridge, MA), in which upper chambers 
(100-111 volume) and lower chambers (600-111 volume) are separated by a 
10-jim-thick, multi-pore polycarbonate membrane, with a pore size of 
811m. Short-term cultured DETCs or splenic T cells were radiolabeled for 
16 h with 10 pCi/ml of 35S-methionine (New England Nuclear, Boston, 
MA) in methionine-free DMEM (Gibco) supplemented with 10% FBS and 
5 U /ml IL-2. Cells were washed extensively with phosphate-buffered saline 
to remove free radioactivity and suspended in complete DMEM or FBS-free 
DMEM at a cell density of 5-10 X 105 cells/m!. Cell suspensions (100-111/ 
chamber) were placed in the upper chambers, and test samples (i.e., Pam 212 
keratinocyte supernatants, 600-.u1/ chamber) were added to the lower 
chambers. After incubation at 37"C in an atmosphere of5% CO2 and 100% 
relative humidity, cells were recovered from upper and lower chambers by 
extensive pipetting and then counted for radioactivity. Cells remaining at 
the bottoms of lower chambers or on the membranes were extracted in 2% 
Triton X-l 00 and counted for radioactivity as well. Based on these counts, 
percent migration was calculated by dividing the cpm collected from lower 
chambers by total cpm recovered. 

Flow-Cytometric Analyses Anti-Thy-1.2 (Becton Dickinson, Moun
tainview. CAl, biotinylated anti-Vy3 TCR (Pharmingen, San Diego, CAl, 
FITC-conjugated anti-rat IgG (Jackson. West Grove. PAl. and FITC-strep-

t Edelbaum D. Kaminski MJ. Cruz PD Jr., Bergstresser PR, Takashima 
A: Binding of dendritic epidermal T cells to endothelial cell mono layers and 
extracellular matrix proteins (manuscript submitted). 

:j: Takashima A. Edelbaum D, Cruz PD, Jr., Bergstresser PR: Selective 
adhesion of mouse dendritic epidermal T cells to keratinocyte mono layers 
(manuscript submitted). 
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Figure 1. Migration of DETCs toward Pam 212 keratinocyte culture su
pernatants. Short-term DETC lines were 35S-labeled, suspended in medium 
containing 10% FBS (complete DMEM), and placed into the upper 
chambers. Pam 212 keratinocytes were cultured for 24 h in complete 
DMEM. and culture supernatants (Pam KC-Sup) were added to the lower 
chambers. Fresh medium (complete DMEM) was added to lower chambers 
as negative controls, and Pam 212 supernatants were added to the upper 
chambers to block chemotactic migration. Samples were incubated for 3 h at 
37 °C, and percent migration was calculated by the radioactivity recovered 
from the lower chambers divided by total recovery radioactivity. Data 
shown are the mean ± SEM of percent migration from duplicate samples. 

toavidin (Boehringer Mannheim, Indianapolis. IN) were used to identify 
DETCs. Anti-Thy-!.l (Becton Dickinson) and biotinylated anti-V /l3 
(Pharmingen) were used as irrelevant antibody controls. lmmunofluores
cence staining was performed as described previously [4], and samples were 
analyzed with a FACSCAN (Becton Dickinson). 

Other Reagents Mouse recombinant IL-la, IL-4. tumor necrosis factor
a, granulocyte/macrophage-colony stimulating factor, and human rIL-S 
were purchased from Genzyme (Cambridge. MA); mouse rIL-2 and rIL-7 
were from R&D System. Trypsin immobilized on agarose beads was pur
chased from Sigma and used at a specific activity of 10 U/m!. 

RESULTS 

Pam 212 Keratinocyte Culture Supernatants Contain Che
motactic Activity for DETCs In the first experiments. we ex
amined whether DETCs have the capacity to migrate toward Pam 
212 keratinocyte culture supernatants. Short-term (2-4-week-old) 
DETC lines, which had been stimulated initially with Con A and 
expanded thereafter with IL-2, were radio labeled by 35S-methio
nine and placed into upper chambers of the Transwell units. Pam 
212 cells were cultured for 24 h in DMEM supplemented with 10% 
FBS, and these culture supernatants were added to lower chambers. 
Samples were incubated for 3 h and migration was assessed by 
counting the radioactivity in each chamber. Considerable migration 
was observed even toward unconditioned DMEM, which presum
ably reflected random migration. In three independent experi
ments, addition of Pam 212 supernatants to the lower chambers 
resulted consistently in a significant augmentation of migration (Fig 
1). This migration appeared to represent cell chemotaxis, rather 
than chemokinesis, because the number of migrating cells returned 
to baseline levels when supernatants were added to both upper and 
lower chambers (Fig 1, experiments 2 and 3). 

To rule out the possibility that keratinocytes had simply activated 
one or more chemotactic molecules already present in FBS (e.g., 
complement) rather than producing a new molecule, Pam 212 cells 
were cultured in FBS-free DMEM in the next set of experiments. 
Even under serum-free conditions, we observed specific migration 
of these short-term DETC lines toward Pam 212 supernatants (Fig 
2). This migration was again blocked by adding the same superna
tants to the upper chambers (Fig 2, Experiment 2). We concluded 
that FBS is not required for the generation of this chemotactic 
activity by Pam 212 cells, and subsequent experiments were all 
performed in the FBS-free system. 

Flow-Cytometric Analysis of Epidermal Cells That Have 
Migrated into Keratinocyte Supernatants Although the 
short-term DETC lines used for migration assays contained 60-
80% Thy-l+ and Vy3 TCR+ leukocytes (i.e., DETCs), it remained 
to be confirmed whether the migration assessed by counting radio
activity indeed represented the movement of DETCs. To address 
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Figure 2. Secretion of DETC chemotactic activities by Pam 212 keratino
cytes in the absence ofFBS. Pam 212 cells were cultured for 24 h in DMEM 
in the presence or absence of 10% FBS, and these culture supernatants (Pam 
KC-SuP) were added to the lower chambers. DETCs suspended in the 
indicated media were placed into the upper chambers. Data shown are the 
mean ± SEM of percent mi gration at 3 h from duplicate samples. . 

this question, cells that had migrated into Pam 212 supernatants 
were h arves ted from the lower chamber and then analyzed for their 
expression of Th~- l antigen an? Vy3 TCR. Not only were the 
majori ty of cel ls ongll1all y plated III the upper chambers Thy-1 + and 
Vy3 TCR+ (Table I) , even higher proportions of the cells recovered 
fro m lower chambers expressed the same markers (Table I, Fig 3). 
Based on th ese data, we ca lculated that 68% of all cells, 96% of 
Thy-l + cells, and 78% ofVy3 TCR+ cell s were recovered from the 
lower chambers (Table I), justifying our use of short-term DETC 
lines to study DETC mi gration. 

Biologic Characterization of Keratinocyte-Derived DETC 
Chemotactic Activities The next series of experiments was 
conducted to characterize the migration of DETCs. Time-course 
studies showed that specific migration (i.e., percent migration to 
Pam 212 supernata nt minus percent mi gration to fres h media) was 
seen as early as 1 h , reaching a plateau by 2 h (Fig 4) . Dose-response 
studies showed that Pam 212 supernatants contained relatively hi gh 
amounts of chemotactic activity; they were acti ve at concentrations 
as low as 12% (v I v) (Fig 5). Addition of the same supernatants to 
upper chambers inhibited migration in a dose-dependent fashion, 
again indicating the chemotactic nature of this mi gration (Fig 5) . 
To test cell specificity for this phenomenon, Pam 212 keratinocyte 
and 3T3 fibrobl as t lines were cultured in parall el, and culture super
natants were compared for their chemotactic activities. In contrast 
to Pam 212 supernatants, 3T3 supernatants mediated minimal , if 
any, specific cell mi grat ion (Fig 6). When short-term cultured 
splenic T cell lines were tested, they also exhibited significant mi
gration toward Pam 212 keratinocyte supernatants (Fig 6). We thus 
concluded that relevant chemotactic activity is produced preferen
tially by keratinocytes and that this activity is capable of attracting 
not only DETCs, but other T cells as well. 

Biochemical Properties of Pam 212 Keratinocyte-Derived 
DETC Chemotactic Activities Pam 212 supernatants were 
subjected to a series of pretreatment protocols to examine several 
biochemical properties of the chemotac tic activity (Fig 7). Specific 
activity waspreserved after dialysis of supernatants for 3 d, using a 
12-Kd cutoff membrane, suggesting that the relevant factor(s) has a 

Table I. Migration ofThy-1+, Vy3 TCR+ Cells Toward 
Pam 212 Keratinocyte Culture Supernatants 

Total Cells Thy-1 + Cells V y3+ Cells 

Added in upper 6.0 X 10· 3.8 X 10' 3.8 X 10· 
chamber cells/well (63.0%)' (62.6%) 

Recovered in 4.1 X 10· 3.6 X 10· 2.9 X to· 
lower chamber (88.8%) (72.0%) 

Percent Migration 68.0% 95.8% 78.1 % 

• Number in parenth eses represent the percent positive cells. 
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Figure 3. Expression of Thy-1 and V)'3 TCR by migrating DETCs. A 
DETC line was suspended in FBS-free DMEM and placed into upper 
chambers and Pam 212 supernatants were added to the lower chambers. 
Cells were harvested from the lower chambers after 2-h incubation and 
s t~ine.d for Thy-1 (solid lille) or V)'3 TCR (brokell lille) . Control staining 
With Irrelevant MoAb IS shown by dolted lilies. 

relatively .large molecular size. Boiling as well as pretreatment with 
str~n.g aCid or base resulted in significantly reduced chemotactic 
actIVity, suggestIng that the factor(s) is h eat and pH labil e. Trypsin 
pretreatment abolIshed .the bIOl~glc act~vlty completely, indicating 
that the ~actor(s) contall1s trypsll1-Se nsltlve peptides. The chemo
tactIc ac: tIvlty was precipitated with 60 -100% ammonium sul fate , 
suggestII1g that the factor(s) is a macromolecule. T aken together, 
these features II1dlcate that the relevan t factor(s) in the Pam 212 
supernatant is polypeptides, rather than lipid metabolites or another 
small molecule. 
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Figure 4. Kinetics of DETC chemotaxis. DETC suspended in FBS-free 
DMEM ~ere placed into upper chambers, and Pam 212 cul ture supernatants 
prepared Il1 FBS-free DMEM (e) or unconditioned FBS-frec DMEM (0) 
were added to lower chambers. Data shown arc the mean ± SEM of percent 
migration after 1- 5 h from duplicate samples. 
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Figure 5. Dose response ofDETC migration toward Pam 212 keratinocyte 
culture supernatants. DETCs suspended in fresh FBS-free DMEM were 
placed into upper chambers, and Pam 212 supernatants (Pam-Sup) (0-100% 
in FBS··free DMEM) were added to lower chambers. Graded doses of Pam 
212 supernatants (0-90% v/v) were also added to upper chambers to block 
chemotactic migration. Data shown are the mean ± SEM of percent migra
tion at 2 h from duplicate samples. 

Recombinant Cytokines Do Not Mediate or Block DETC 
Chemotaxis Because Pam 212 keratinocytes and mouse epider
mal cells produce a wide range of cytokines (reviewed in [22,23]), 
we asked w hether DETC chemotaxis is mediated by one that was 
obvious. As noted in Fig 8A, the addition of mouse rIL-la, IL-2, 
IL-4, IL-7, tumor necrosis factor-a, granulocyte/macrophage
colony stimulating factor, or human rIL-8 to the lower chambers 
failed to mediate specific migration of DETC. We then tried to 
reverse the chemotactic gradient by adding the same panel of cyto
kines to t he upper chambers. None of the cytokines tested, how
ever, was able to inhibit DETC migration toward Pam 212 super
natants (Fig 8B). Although IL-l and IL-8 have been shown to attract 
T cells [24 - 26], we also failed to detect significant activity for 
DETC in our system even at different doses (0.13 or 1.25 ng/ml 
IL-la; or 0.2, 2, or 20 ng/ml IL-8) or after different incubation 
periods (1, 3, or 5 h; data not shown). 

DISCUSSION 

The reported experiments have demonstrated that Pam 212 kerati
nocytes secrete one or more factors that cause directed DETC mi
gration. In sum, these migratory responses were: 1) specific for Pam 
212 supernatants (3T3 fibroblast culture supernatants failed to at
tract DETC); 2) chemotactic rather than chemokinetic in nature 
(addition of Pam 212 supernatants to the upper chambers prevented 
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EC DMEM DMEM 
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Figure 6. Specificity of DETC migration. A short-term DETC line (Ee) 
was prepared by culturing CRA mouse epidermal cells for 14 d in the pres
ence of 2 Ilg/ml Con A and 5 U/ml IL-2. Short-term splenic T-cell lines 
(STe) were prepared by culturing CBA mouse splenic T cells for 24 h with 
IL-2 alone (non-stimulated) or for 3 d with both Con A and IL-2 (stimu
lated). These lines were 35S-labeled and tested for migration toward the 
FBS-free DMEM that had been conditioned by Pam 212 cells (Pam-Sup) or 
3T3 fibroblasts (3T3-Sup) . Data shown are the mean ± SEM of percent 
migration after 2 h from duplicate samples. 
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Figure 7. Biochemical properties of Pam 212 keratinocyte-derived chemo
tactic activities. Pam 212 keratinocyte supernatants (Pam-Sup) in FBS-free 
DMEM were subjected to several different prerreatments: dialysis (3 d) at 
4· C using membranes with a 12-kD cutoff point, incubation (10 min) at 
different temperatures, incubation (20 min) at acidic or basic pH followed by 
neutralization, incubation (20 min) with immobilized trypsin at 37·C, or 
ammonium sulfate precipitation followed by extensive dialysis and lyophili
zation. Chemotactic activities were tested using a 35S-labeled DETC line. 
Data shown are the mean ± SEM of percent migration from duplicate sam
ples. SAS, saturated ammonium sulfate. 

migration); 3) time dependent (half maximal migration was ob
served within 60 min); 4) dose dependent (half maximal activity 
was attained even at an eightfold dilution of supernatants); and 5) 
mediated by a heat- and pH-labile, trypsin-sensitive molecule hav
ing a MW higher than 12 Kd . 

With respect to the source of chemotactic activity, a growing 
literature now documents the capacity of keratinocytes to secrete 
several different molecules that are chemotactic for cells of leuko
cyte lineage (reviewed in [18,22,23]). From this list, relevant candi
date molecules include IL-1, IL-8 , anionic neutrophil-activating 
peptides, and monocyte chemotaxis and activating factor (reviewed 
above) . In fact, each of these four cytokines possesses some of the 
features characteristic of the DETC chemotactic activity found in 
Pam 212 supernatants. On the other hand, our experiments have 
suggested that neither IL-1 nor IL-8 is responsible . rIL-1a or rIL-8, 
when added to the lower chambers, failed to attract DETC and, 
when added to the upper chambers, failed to prevent migration. 
Although compelling, these negative results are not yet definitive, 
because these molecules may synergize with others and because all 
concentrations have not been tested. Further studies, not in the 
scope of this communication, will be required, and blocking experi
ments using antibodies against known chemoattractants and bio
chemical purification of chemotactic molecules are currently being 
conducted. 

With respect to DETCs, the target of chemotactic activity, a 
major interest in our laboratory has been to elucidate mechanisms by 
which they (or their thymic precursors) home to the epidermis 
where they then take up residence. We and others have observed, 
using cell-adhesion assays, that DETCs are capable of binding to 
endothelial cell monolayers as well as to several different extracel
lular matrix proteins present in dermal connective tissue and at the 
basement membrane l16, 17]. t This work has led to the assumption 
that DETCs migrate from the blood vessels to the denno-epidermal 
junction by interacting in sequence with these adhesion substrates. 
Our present study provides an additional clue in this physiologic 
migration; DETC movement from dermis into epidermis may be 
facilitated by factors secreted by keratinocytes. Once the epidermis 
is reached, it should be noted that keratinocytes presumably provide 
high-affinity adhesion substrates, because DETCs display in vitro a 
capacity to bind selectively to keratinocyte monolayers.:l: Very re-
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Figure 8. Failure of recombinant cytokines to mediate or to inhi~it DETC 
migration. In one set of expenments (A), several different cytokmes were 
added to lower chambers to test their abilities to mediate DETC chemotaxis. 
In another set (B), the same cytokincs werc added to upper chambers to 
block chemotactic migration toward Pam 212 culture supernatants. Data 
shown are the mean ± SEM of percent migration at 2 h from duplicate 
samples. Pam-Sup, Pam 212 supernatants; TNFa, tumor necrosis factor-a; 
GM-CSF, granulocyte/macrophage-colony stimulating factor. 

cently, we h~ve observed that keratinocytes are also capable of se
creting phYSIOlogically relevant amounts of IL-7 and that rIL-7 as 
well as keratinocyte-conditioned media sustain the survival and 
promote the growth of DETC in culture.§ Thus , keratinocytes 
appear to play sev~ral key roles i.n each step of DETC moveme~t, 
residence, and survival by producmg gradients of chemotactic activ
ity, by providing adhesion substrates, and by secreting growth 
facto rs. 

With respect to cell specificity, we observed that chemotactic 
activity was not detectable in 3T3 fibroblast culture super~a~ants. 
We interpret these results to suggest that the relevant actiVity IS 
present at higher conc~ntrations in epi?ermis compared with tl~e 
dermis, thereby producmg a chemotactic gradient to promote epI
dermal-directed movement. However, two questions remain to be 
addressed to validate the physiologic relevance of this possibility. 
First, we do not know as yet whether normal mouse keratinocytes 
also produce relevant chemotactic activ ities. Mouse keratinocytes 
did grow, although relatively slowly, using DMEM supplemented 
with 20% FBS,~: and DETC did migrate toward culture superna
tants from these normal keratinocytes (data not shown). However, 
we could not block this migration by adding the supernatants to the 
upper chambers, suggesting that FB~ at ~ligh concen~rations had 
produced higher rat~s of. ran~om migration, preventmg ~s from 
detecting chemotactic 111IgratlOn. Second, Pam 212 keratmocyte 
supernatants attracted not only DETC, but also splenic T cells, 
which do not ordinarily reside in the epidermis. On the other hand, 
it is likely that the residence ofleukocytes within epidermis depends 

§ Matsue H, Bergstresser PR, Takashima A: Keratinocyte-derived IL-7 
serves as a growth factor for dendritic epidermal T cells (manuscript sub
mitted). 
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on adhesion molecules as well as chemotactic factors. With respect 
to cell ad hesion, DETCs have demonstrated markedly greater affin
ities for keratinocyte substrates compared with splenic T cells.:): 
Therefore, it is our assumption that adhesion molecules, rather than 
chemotactic factors, are responsible for the long-term residence of 
DETC within the epidermis. 

From a broader perspective, interaction with cells in epithelial 
tissues must also be responsible for the preferential and specific 
localization of yb T cells in other organs, such as the gut and repro
ductive tract. These ybT cells are quite diverse, each having features 
unique to their tissue of residence. They differ with respect to 1) 
TCR gene usage (e.g., Vy3/Vb1 in epidermis, Vy2/Vb6 in lung, 
and Vys/Vt54,s,6, and 7 in intestine) [9]; 2) ontogeny (e.g., DETCs 
are derived from precursors that appear in day 16 fetal thymus, 
w hereas intestinal yo T -cel l development occurs after birth) [12]; 3) 
thymic dependency for their development (e.g., DETCs develop in 
a thymic-dependent mechanism, whereas intestinal yoT cells are of 
extrathymic origin) [27]; and 4) homing specificity (e.g., yb T cells 
isolated from skin preferentially migrate to the skin and thymus, but 
not to other epithelial tissues) [15]. In light of these differences, the 
important remaining question concerns the mechanisms that gov
ern their selective homing. With the assays developed in our labo
ratoty to examine yb T -cell homing (adhesion to epithelial cell 
monolayers, migration toward epithelial cell culture supernatants, 
and survival and growth in the presence of epithelial cell-derived 
factors), it should be possib le to address these questions of leuko
cyte/tissue specificity. Ultimately, such analyses should allow us to 
better understand the roles of yb T cells in these organs, as well as 
those of DETCs in the protective immunity that occurs where 
interface with the environment occurs. 
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