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Embryonic trafficking of y6 T cells to skin is
dependent on E/P selectin ligands and CCR4
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Dendritic epidermal T cells (DETC) express an invariant Vy3/V51 T-cell
receptor, appear in fetal epidermis, and form a population of resident
epidermal T cells. Their temporal development in the thymus has been
studied extensively. However, little is known about the mechanisms
involved in the embryonic trafficking of DETC from thymus to epider-
mis. We demonstrate that DETC in adult skin, as well as the DETC
precursors in fetal thymus, express E and P selectin ligands (E- and
P-lig). Mice deficient in a1,3 fucosyltransferases IV and VII (FTIV/VII)
cannot synthesize the carbohydrate motifs that form key elements
of these selectin ligands. The numbers of DETC in the epidermis of
FTIV/VII/~ mice were dramatically reduced compared with normal
mice. However, the development of DETC precursors in fetal thymus
was identical in normal and FTIV/VII~/~ mice, suggesting that the DETC
precursors produced in FTIV/VII~'~ mice could not traffic effectively to
skin because they lack E- and P-lig. We tested this hypothesis by daily
injection of blocking antibodies against E and P selectin into pregnant
mice. Mice born from dams treated with anti-selectin antibodies, but
not those born from dams treated with isotype control, had signifi-
cantly diminished numbers of DETC. To test the role of chemokine
receptors in DETC skin homing, we examined skin from CCR4~/~ and
CCR10™~ mice, respectively. DETC were significantly reduced in
CCR4~’~ mice but were present at normal levels in CCR10~/~ mice.
Our results present evidence for the crucial role of trafficking molecules
in embryonic migration of DETC precursors to skin.
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T cells orchestrate immune and inflammatory responses, are
central to host defense against pathogens, and bear T-cell
receptors (TCR) that are heterodimers of either a and p or y and &
TCR genes. T cells with yd TCR are much less abundant than aff
TCR cells in the adult thymus, blood, and peripheral lymphoid
organs but are more abundant in epithelial layers of tissues, such as
skin, intestine, lung, and genitourinary tract (1-4). Murine dendritic
epidermal T cells (DETC) are a unique population of y8 T cells that
reside in murine epidermis. They have a dendritic morphology in
situ and express a distinctive invariant Vy3/V81 TCR that recog-
nizes a putative self-antigen expressed on the damaged, stressed, or
transformed keratinocytes (5). In the past decade, significant
advances have been made in understanding the roles of DETC in
tissue homeostasis and wound healing (6-8). Recently, DETC were
shown to contribute to the regression of cutaneous tumors through
NKG2D ligation and to regulate autoimmune skin disease (9, 10).
DETC also may be important mediators in bridging innate and
adaptive immunity of skin through communication with keratino-
cytes and Langerhans cells (11).

The thymus is a unique site that provides an inductive environ-
ment for T-lineage commitment and V(D)J recombination at the y8
and of TCR loci. Vy3/V31 T cells are the first TCR-bearing cells to
arise in the fetal thymus and selectively home to the skin between
embryonic day (ED) 16 and 18 (12, 13). It initially was postulated that
the Vy3 TCR itself may be essential for the final skin localization of
DETC precursors. However, Vy3™~ and V81~ mice had normal
complements of DETC (5, 10). More recent studies (14-16) high-
light the importance of positive selection in the precisely timed skin
migration of DETC precursors. Although some key molecules, such
as the transcription factor Krueppel-like factor 2 and the cell-surface
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molecule sphingosine-1-phosphate 1 (S1P1), have been defined in T-
cell emigration from the thymus (17), the mechanisms underlying the
seeding of DETC precursors to embryonic skin still remain
unknown. A recent study (18) showed that, after positive selection,
Vy3 TCR™ thymocytes express mRNA for some chemokine recep-
tors associated with adult T cells’ skin homing, including CCR4 and
CCR10, but this finding has not been explored further.

Transendothelial migration of lymphocytes through postcapillary
venules and their subsequent tissue localization involve a tightly
controlled series of events that differ somewhat in distinct tissues.
Naive ap T cells enter lymph nodes from blood through interactions
with specialized endothelium that require L selectin and CCR7 (19).
Although naive T cells do not enter into peripheral tissues, their
activation by cognate antigen in lymph nodes endows newly formed
effector/memory cells with tissue-homing properties. For example,
activation of naive T cells by antigen in lymph nodes draining skin
leads to expression of ligands for E and P selectin (E-lig and P-lig),
new chemokine receptors (e.g., CCR4), and higher levels of alp2
integrin 1 (LFA-1) (20-22). This collection of cell-surface receptors
favors the extravasation of these effector/memory T cells in dermal
microvascular endothelium and defines them as skin-homing T cells.
Although E and P selectin, CCL17 (CCR4 ligand), and intercellular
adhesion molecule 1 (ICAM-1; aL 2 ligand) are expressed on dermal
microvasculature in inflamed skin, low levels of these receptors also
are expressed in unperturbed skin vessels of both mice and humans
(23), thus permitting skin homing in both resting and inflammatory
conditions.

The initial step in mature T-cell migration into skin involves
tethering and rolling of T cells on endothelium and is mediated by
E-lig and P-lig interactions with E and P selectins, respectively (24).
Appropriate glycosylation of cell-surface proteins is critical to the
generation of functional E-lig and P-lig. A critical set of enzymes
that mediate the generation of these carbohydrate ligands are the
al,3 fucosyltransferases (FTs). Both FTTV and FTVII are expressed
in skin-homing effector/memory T cells, and mice deficient in both
these enzymes cannot generate E-lig and P-lig on T cells (25).
Subsequent to their tethering and rolling on the endothelial surface,
skin-homing T cells must be activated by through chemokine re-
ceptors, and CCR4 has emerged as a critical receptor in this process.
Mice deficient in CCR4 show impairment of skin homing by mature
effector/memory T cells (26). CCR10 has also been implicated in
T-cell skin homing, particularly to the epidermis (21, 27, 28).

In the present study, we found that both DETC and their thy-
mic precursors in WT mice expressed E-lig and P-lig. FTIV/VII
double-deficient (FTIV/VII") mice had normal number of
DETC thymic precursors, but these cells did not express E-lig or
P-lig, and adult FTIV/VII”~ mice had significantly reduced
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DETC in epidermis, suggesting that these cell-surface molecules
were used by DETC to traffic to skin. We also were able to block
DETC trafficking to epidermis by treating pregnant WT dams
from ED14 to 20 with antibodies to E and P selectins. Finally, we
also found that DETC, as well as a subset of their thymic pre-
cursors, expressed CCR4. Compared with WT mice, DETC were
significantly reduced in CCR4™™ mice but were present at normal
levels in CCR10™~ mice. These results reveal that embryonic
trafficking of naive DETC precursors from fetal thymus to skin
appears to depend on pathways similar to those used by adult
effector/memory T cells; that is, E-lig, P-lig, and CCR4.

Results

DETC in Normal Skin Expressed E-Lig and P-Lig. Single-cell suspen-
sions were prepared from mouse epidermis to detect DETC. Con-
sistent with published studies on DETC (5, 7), we found that nearly
all CD3* T cells in epidermis (99.7%) were y§ TCR™ (Fig. 1). The
vast majority of CD3™ T cells (97.1%) were Vy3 TCR™ (Fig. 1). This
finding confirmed that DETC are the principal CD3" T-cell pop-
ulation in the intact epidermis. We next asked if DETC expressed
E-lig or P-lig, using E selectin/Fc or P selectin/Fc chimeric mole-
cules. As shown in Fig. 1, DETC of adult WT mice expressed both
E-lig and P-lig. This binding was calcium dependant, consistent with
selectin binding.

DETC Were Diminished Significantly in FTIV/VIIZ'~ Mice. We next
compared epidermal cell suspensions of FTIV/VII™~ mice with WT
mice. We found that DETC frequency was much lower in FTIV/
VII™~ mice than in age-matched adult WT mice (Fig. 24). In an
effort to compare DETC in WT and FTIV/VII ™~ skin, we separated
epidermal sheets and labeled them with FITC-conjugated anti-Vy3
TCR mAb. Immunofluorescence microscopy showed that these Vy3
TCR™ T cells exhibited dendritic cell-like morphology. DETC of
FTIV/VII”~ mice were dramatically decreased compared with WT
mice (Fig. 2B). As expected, the few DETC within the epidermis of
FTIV/VII~ mice did not express E-lig and P-lig (Fig. 2C). How-
ever, like those in WT mice, these DETC in FTIV/V 117~ mice
showed a memory CD44"€"CD45RB™* phenotype. They also did not
express Lselectin (CD62L) or a4p7, one of the gut-homing markers,
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Fig. 1. DETC in normal WT C57BL/6 mice express E-lig and P-lig. Epidermal
cell suspensions prepared from 8-week-old WT mice were stained with
fluorescence-conjugated anti-CD3, anti-yd TCR, and anti-Vy3 TCR, followed
with analysis by flow cytometry. The numbers in quadrants indicate the per-
centages in CD3* T cells. E- and P-lig expression was examined by incubating
skin cells with rmCD62E/Fc or rmCD62P/Fc chimera in HBSS buffer containing 2
mM calcium. HBSS buffer supplemented with 5 mM EDTA was used for the
controls. Data are representative of at least three independent experiments.
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Fig.2. DETC are significantly diminished in E-lig/P-lig double-deficient mice.
(A) Total skin cells of 8-week-old WT or FTIV/VII~~ C57BL/6 mice were stained
with fluorescence-conjugated anti-CD3 and anti-Vy3 TCR mAbs. The fre-
quency of DETC was analyzed by flow cytometry. *, P < 0.05. (B) Epidermal
sheets were peeled from dorsal halves through incubation in 20 mM EDTA
for 2-3 h. They then were labeled overnight at 4 °C with FITC-conjugated
anti-Vy3 TCR mAb in PBS containing 2% BSA. Finally, PBS-washed epidermal
sheets were mounted on glass slides, and DETC were visualized by immu-
nofluorescence microscope. a and ¢ are WT epidermis sheets; b and d are
FTIV/VII”~ epidermis sheets; a and b: low-magnification micrograph (x100);
c and d: high-magnification micrograph (x200). (C) E-lig and P-lig expression
on DETC of 8-week-old FTIV/VII”~ mice was examined using the binding
assay described in Fig. 1. Data are representative of at least three inde-
pendent experiments.

again like DETC in WT mice (Fig. 3). Therefore, E-lig/P-lig
double deficiency resulted in a remarkable decrease in the number
of DETC but did not influence the phenotype of these DETC.
These intriguing phenomena prompted us to explore further the
thymic development of DETC precursors in both WT and FTTV/
VII™~ mice.

Fetal Thymic DETC Precursors Express E-lig and P-Lig. CD3* Vy3/V51
T cells first can be detected in fetal thymus at ED14 and expand
significantly at ED15 before leaving the thymus at ED16 (12, 13).
We therefore analyzed the expression of E-lig and P-lig on ED15
thymocytes. As shown in Fig. 4, we found CD3" Vy3 TCR™" thy-
mocytes of WT mice expressed E-lig and P-lig as well. In contrast,
we did not detect the expression of E-lig or P-lig on DETC pre-
cursors in the fetal thymus of FTIV/VII~~ mice. Further, most of
E-lig/P-lig* DETC precursors in thymus of WT mice also expressed
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Fig. 3. Equivalent phenotype of DETC in WT and E-lig/P-lig double-deficient
mice. Epidermal cells prepared from 8-week-old WT or FTIV/VII™~ mice were
labeled with fluorescence-conjugated mAbs. Given that the vast majority of
CD3* cells in epidermis are Vy3 TCR* DETC, the CD3* cell population thus was
gated for DETC phenotype analysis.

CD24 and CD122 (IL-2Rp) (Fig. S1). We next asked whether the
deficiencies of E-lig and P-lig altered the development of these
cells in the thymus. To address this question, ED14, ED16, or
newborn thymuses from WT or FTIV/VII™'~ mice were harvested
for analysis. As shown in Fig. 54 and B, the percentages of DETC
precursors in the fetal thymus at different time-points were com-
parable between age-matched WT and FTIV/VII™~ mice. These
data strongly suggested that the E-lig and P-lig expressed on the
surface of thymic DETC precursors may have enabled them to gain
access to skin and ultimately to epidermis, a process that did not
occur in FTIV/VII™~ mice.

E/P Selectin Blockade Impairs the Migration of DETC Precursors from
Thymus to the Skin. To confirm our hypothesis further, specific
antibodies against E selectin and P selectin were used in an attempt
to block the interactions between selectins and their ligands in vivo.
The pregnant WT dams were injected with the same dose of each
blocking antibody (50 pg or 100 pg) from ED14 until birth (Fig. 64).
The results are shown in Fig. 6 B and C. The DETC frequency in
neonatal skin was markedly reduced after injection of blocking
mAbs. This reduction was dose-dependent. These data provide
further evidence that E-lig and P-lig expressed on DETC precursors
in the fetal thymus functionally mediate DETC skin localization
through binding to E selectin and P selectin, which are constitutively
expressed in the vascular endothelium of skin, respectively.

The Frequency of DETC Also Was Significantly Reduced in CCR4~'~
Mice but Not in CCR10~'~ Mice. CCR4 and CCRI10 are two rele-
vant chemokine receptors that have been investigated extensively in
T-cell skin homing (21, 26-28). To test the possible role of CCR4 or
CCR10 in DETC skin localization, CCR4~~ and CCR10™~ mice
were used in our subsequent experiments. As before, DETC fre-
quency within the epidermis of these mice was analyzed. We
observed that DETC were significantly diminished in CCR4™~
mice, whereas CCR10™~ mice showed normal levels of DETC

Jiang et al.

5

=

L)

g

5

L E i E
L R L MALE At
w0’ ot e 0 w0 w10’

o Yz

- =

< .

E o oy

oy | ME"l ‘ﬁ!

& ] B | e &

g Gl
SO AL AL TR T
T " T [ R

-
é .
E i
a .
et
0wt 10d
<
=
(=]
[
a =3 : E
BT IRLLC el matet SR I RS SR T
wt o et ot - L
CD3 *

Fig. 4. Thymic DETC precursors in normal WT C57BL/6 mice express E-lig
and P-lig. Fetal thymocyte suspensions of WT or FTIV/VII™'~ mice at ED15
were prepared. E-lig and P-lig expression was examined using the binding
assay described in Fig. 1. The numbers in quadrants indicate the percentages
in DETC precursors.

(Fig. 7A-C). We next focused on CCR4 expression in WT mice and
found that the majority of adult DETCin skin (96.0%) and a subset
of thymic DETC precursors at ED15 (4.8%) expressed CCR4
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Fig. 5. E-lig/P-lig double deficiency does not impair DETC development in
the fetal thymus. (A) Fetal or newborn thymocyte suspensions prepared at
various EDs (above plots) were labeled with fluorescence-conjugated anti-
CD3 and anti-Vy3 TCR mAbs. Results are representative of three experiments
at each time-point. The numbers in quadrants indicate the percentages of
DETC precursors of total thymocytes. (B) Summary data (mean + SD) on the
frequency of DETC precursors of CD3* thymocytes. Profiles are representa-
tive of three independent experiments.
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Fig. 6. Blocking E selectin and P selectin in vivo reduces DETC number in
neonatal skin. (A) Experimental design. From ED14 to ED20 (birth), the
pregnant WT C57BL/6 mice were injected i.p. daily with combined mAbs (100
pg or 50 ug each) against E selectin and P selectin or with isotype-matched
control mAbs. The neonatal back skins were harvested for the preparation
of single-cell suspensions by enzymatic digestion. (B) Cells then were labeled
for DETC frequency analysis by flow cytometry. (C) Summary data on the
percentages of DETC in neonatal skin after blocking E selectin and P selectin.
** P < 0.01. Results are representative of two independent experiments.

(Fig. S2). In newborn skin, the frequency of DETCin CCR4 ™~ mice
also was significantly reduced as compared with WT mice (Fig. S3).
Taking these findings together, we conclude that CCR4, but not
CCRI10, is important for DETC skin localization.

Discussion

It has been more than 20 years since two groups independently dis-
covered Thy-1* DETC within the murine epidermis (29, 30), but the
molecular mechanisms for DETC trafficking to the skin have been
unclear. Here we show that DETC within the epidermis of adult mice
express E-lig and P-lig, as judged by binding to E selectin- and P
selectin-IgG chimeric molecules in a calcium-dependant fashion.
Fetal thymic precursors of DETC, defined as ED15 cells bearing Vy3/
V&1 TCR, also express E-lig and P-lig, albeit at slightly lower levels. It
may be that cells that exit from the thymus into blood have optimally
high levels of E-lig and P-lig. The expression of E-lig and P-lig on
naive yd T cells has not been reported previously, and expression of
these ligands in aff T cells is limited mostly to effector/memory T cells
that have been activated in lymph nodes draining skin.

Atleast three glycosylated cell-surface proteins on leukocytes have
been reported to function as E-lig: hematopoietic cell E-lig/L-lig
(HCELL, a CD44 glycoform expressed on hematopoietic progeni-
tors) and CD43 and P selectin glycoprotein ligand 1 (PSGL-1)
expressed on T lymphocytes. Only PSGL-1 has been identified as a
leukocyte P-lig (25). The binding motif for E selectin is an a2,3-
sialylated, «1,3-fucosylated glycan, the prototype of which is sialyl
Lewis™. There are at least five distinct a1,3 fucosyltransferase loci in
the human and murine genomes, but only two are expressed in
leukocytes or their progenitors. These two are FTVII and FTIV, and
both play a key role in the fucosylation of E-lig (24). Mice deficient in
either of these al,3 fucosyltransferases have some residual E-lig
activity, but mice deficient in both FTTV and FTVII show completely
absent E-lig and P-lig activity. T cells develop normally in these mice,
but secondary lymphoid organs are atrophic, and skin-specific
immunity is greatly impaired (31).
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Fig. 7. DETC are diminished in CCR4™~ but not in CCR10™~ mice. (A)
Epidermal cells were prepared from 8-week-old WT, CCR4™'~, or CCR107/~
C57BL/6 mice. Cells then were washed thoroughly and labeled with
fluorescence-conjugated anti-CD3 and anti-Vy3 TCR mAbs for DETC analysis
by flow cytometry. (B) Summary data on the percentages of DETC in CD3* T
cells. **, P < 0.01. (C) DETC on epidermal sheets were visualized by labeling
with FITC-conjugated anti-CD3 or anti-Vy3 TCR mAb (x100). One of three
independent experiments with similar results is shown.

We examined the skin of FTIV/VII”~ mice for DETC and
found a very significant decrease in the number of DETC in their
epidermis. Interestingly, the few DETC that were in epidermis had
Vy3/V81 invariant TCR and were negative for E-lig and P-lig,
suggesting that other pathways could compensate partially for this
deficiency. Indeed, the normal expression of CCR4 and oLf2 on
T cells from FTIV/VII™~ mice is likely to have facilitated this
impaired recruitment to the epidermis. The fate of the Vy3/Vé1
cells generated in the thymus of these mice is unknown, because we
did not investigate their migration to other tissues. However, the
observations described earlier led us to hypothesize that DETC
precursors in ED16 thymus used E-lig and P-lig to migrate to skin
and to initiate the process by which they would extravasate in
dermal vessels and migrate to epidermis.

Skin immune responses are impaired in mice deficient in both E
and P selectin but are intact in either E selectin™~ or P selectin ™~
mice, suggesting that ligands for both selectins mediate homing of
adult T cells to skin (32). Therefore, we elected to use both
E selectin- and P selectin-blocking antibodies together to test the
hypothesis that DETC precursors used E-lig and P-lig to localize in
skin. We injected pregnant mice daily with different amounts of
blocking monoclonal antibodies to E and P selectin from ED14
until birth. The data show clearly that pups born from dams treated
with E and P selectin antibodies had many fewer DETC in epi-
dermis than pups born from dams injected with isotype control
antibodies. Antibody treatment did not influence the generation of
ED16 thymic Vy3/V81 DETC precursors. Taken together, these
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data support the hypothesis that embryonic trafficking of DETC
from thymus to skin utilizes E-lig and P-lig.

Although endothelial selectins mediate the initial tethering and
rolling of lymphocytes under flow, p2 integrins on lymphocytes
must be activated before lymphocytes undergo firm adhesion and
transendothelial migration. This process typically is achieved by
engagement of chemokine receptors expressed on leukocytes. For
example, naive T cells use L selectin to roll on the surface of
endothelial venules in lymph node. The secondary lymphoid tissue
chemokine (SLC; CCL21) is displayed on the surface of venules in
this microenvironment, and the engagement of CCR7 on the naive
T cell triggers a G protein-coupled activation of alLp2, which then
binds to constitutively expressed ICAM-1 (33). This cascade of
events is required for extravasation of naive T cells into lymph
node, a process that occurs constantly throughout life. The specific
combination of ligands and receptors also is critical, because
although neutrophils express L selectin (and can roll on lymph
node venules), they do not express CCR7 and thus are not acti-
vated in this setting (34). Therefore, lymph nodes allow only a
select population of lymphocytes to enter from blood.

Extravasation of memory T cells in human skin is thought to
involve cutaneous lymphocyte antigen (CLA), which is identified
by an antibody directed against its sialyl-Lex-like motif. Both
PSGL-1 and CD43 can function as CLA in human T cells (25).
Skin-homing memory T cells use CLA to tether and roll on E
selectin that is constitutively expressed on dermal microvascu-
lature. The activation of aLLp2 on these cells and their subsequent
binding to ICAM-1 also are mediated by chemokine receptors.
The most convincing evidence for a skin-selective chemokine
receptor implicates CCR4 in this process. CCR4 is uniformly
expressed on skin-homing memory effector T cells in mouse and
human, and at least one of its ligands (CCL17) has been identified
as being expressed constitutively on dermal microvasculature (23).
However, CCR10 also has been implicated as important for skin T-
cell homing, as have CCR8 and CCR6 (28). Although mice defi-
cient in CCR6 and CCRS8 were not available to us, we did examine
the epidermis of both CCR4~~ and CCR10™"~ mice. Compared
with WT mice, the total CD3* y§ TCR™ T-cell population within
the epidermis of CCR4™"~ or CCR10™~ mice was indistinguish-
able. However, we found that CCR4™~ mice had an obvious
deficiency in Vy3/V81 DETC, whereas CCR10™'~ mice showed
normal numbers of Vy3/V81 DETC. This finding was somewhat
surprising, because the ligand for CCR10, CCL27/CTACK, is
produced by epithelial tissues, including epidermis, and was a
logical candidate for the chemokine that might attract T cells to
epidermis (21). However, we cannot rule out the possibility that
CCR107~ DETC precursors trafficked efficiently to skin but did
not proliferate effectively in situ. Although CCR4 appears to be
required for DETC skin localization, it is present only on a fraction
of ED15 DETC precursors. At this point, it is not clear whether
more DETC precursors will develop CCR4 at later ED or whether
expression is up-regulated once these cells leave the thymus.
Alternatively, it may be that only the fraction of the ED15 DETC
precursors that express CCR4 actually traffic to, or survive in, skin.

A recent report (18) suggested that Vy3/V51 DETC precursors in
thymus are positively selected, perhaps by intrathymic encounter with
their cognate ligand. These investigators demonstrated that ED16
Vy3/V81 up-regulated CD122, the p chain of the IL-15 and IL-2
receptors. IL-15 appears to be essential for the survival and expansion
of DETC in epidermis (35). This same study demonstrated that, at
the level of mRNA transcripts, these cells also strongly up-regulated
CCR10 and down-regulated CCR6. CCR4 expression did not appear
to be affected. S1P1 expression also was increased. These inves-
tigators concluded that, upon positive selection, the thymic micro-
environment prepared DETC precursors for exit from the thymus
(increased S1P1, decreased CCR6), migration to the epidermis
(increased CCR10), and survival in situ (CD122). Selectin ligands
were not studied. In our study, we demonstrated skin-homing DETC
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precursors not only are E-lig/P-lig"CD24*CD122" but also are
CCR4*. Our results support the idea that skin-homing receptors
develop in the embryonic thymic microenvironment but are con-
sistent with E-lig, P-lig, and CCR4 being the critical molecules that
confer the potential for skin homing.

Taken together, our data strongly suggest that, during embryonic
development, the seeding of epidermis with Vy3/V61 DETC derived
from the thymus depends on interactions between E-lig and P-lig on
these cells and E and P selectin expressed on dermal micro-
vasculature. In addition, it appears that CCR4, but not CCR10, is
required for this process. Human skin contains large numbers of
effector/memory T cells that express E-lig and P-lig and CCRA4.
However, these cells are antigen experienced and have acquired
E-lig and P-lig and CCR4 expression after their activation by antigen
in lymph nodes that drain the skin interface with the environment. As
such, they are exclusively CD45RO™ (36). Equivalent studies in the
mouse are ongoing, but preliminary data suggest that the vast
majority of ap T cells recruited to skin are positive for both E-lig and
P-ligand CCR4. Moreover, these cells can be demonstrated to reside
in dermis for long periods of time and perhaps indefinitely. Neonatal
mouse skin, however, is virtually devoid of off T cells, and the vast
majority of T cells in neonatal mouse skin are Vy3/V61 DETC. Our
study demonstrates that the mechanisms employed to recruit T cells
to skin are similar, if not identical, in fetal and adult life.

Materials and Methods

Mice. All mice, including C57BL/6, FTIV/VII =/~ C57BL/6, CCR4~~ C57BL/6, and
CCR10™~ C57BL/6 mice, were bred and housed at the animal facility of
Harvard Institute of Medicine. All experiments were performed under the
protocols approved by Harvard Medical School animal care and use com-
mittee. Eight-week-old mice were used for experiments.

Chimeras and Antibodies. rmE-Selectin/Fc chimera and rmP-Selectin/Fc chi-
mera were purchased from R&D Systems. The mCCL22/Fc chimera was a
generous gift from Daniel J. Campbell, Benaroya Research Institute. APC
anti-hFc-IgG was purchased from Jackson ImmunoResearch. All other anti-
bodies and isotype controls were obtained from BD PharMingen.

Preparation of Skin/Epidermal Cells. Hair-removed ears were split into dorsal
and ventral halves, cut into small pieces, and then incubated at 37 °Cin HBSS
supplemented with 1 mg/mL collagenase A and 40 pg/mL DNase | for 2 h. To
stop digestion, 10 mM EDTA in HBSS was added. Skin-cell suspensions were
collected after filtrating through a 70-um nylon cell strainer. For neonatal
mice, back skins were harvested for skin-cell preparation. To prepare epi-
dermal cells, the dermal sides were floated down and incubated in 20 mM
EDTA for 2-3 h. Epidermal sheets then were peeled gently from the dermis and
were digested for 30 min before filtration.

Preparation and Analysis of Epidermis Sheets. The epidermal sheets were
prepared as described above and incubated overnight at 4 °C with FITC-
conjugated anti-CD3 or anti-Vy3 TCR mAb at 1:50 ratio in PBS containing 2%
BSA. The stained sheets were rinsed in PBS and mounted on glass slides with
anti-fade mounting medium for fluorescence microscope (Nikon Eclipse
E600, U-IIl Film Camera System).

Thymus Analysis and Blocking Antibody Treatment. Plug day was set as EDO.
From ED14 to ED20 (birth), pregnant mice were injected i.p. with combined
mAbs (100 pg or 50 pg each) against E selectin and P selectin or with isotype-
matched control mAbs. The thymuses from ED14, ED15, ED16, and newborn
mice were removed to prepare single-cell suspensions.

Flow Cytometric Analysis. Expression of surface markers was examined by
staining cells with 0.5 pg/mL Ab in PBS containing 2% FCS and 0.2% NaNj3 for
30 min at 4 °C. To detect E-lig and P-lig expression, nonspecific binding to Fc
receptors was blocked by anti-mouse CD16/CD32. Cells then were incubated
with 5 mg/mL of rmCD62E/Fc chimera or rmCD62P/Fc chimera in HBSS supple-
mented with 2 mM calcium, 5% FCS, and 1 mM Hepes buffer at 4 °C for 30 min.
After washes, cells were incubated with APC anti-hFc-IgG and other cell-surface
markers at 4 °C for an additional 30 min. HBSS buffer supplemented with 5 mM
EDTA instead of calcium was used for the controls. Data were analyzed on a
FACSCanto flow cytometer (BD Biosciences) using FACSDiva software.

PNAS | April 20,2010 | vol. 107 | no.16 | 7447

IMMUNOLOGY



L T

/

1\

BN AS  PNAS D)

Statistical Analysis. The differences in the means between groups were
compared using a one-tailed Student’s t test. P < 0.05 was considered stat-
istically significant.
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