Immunology 1997 91 58—64

TCR po™ cells are prominent in normal bovine skin and express a diverse repertoire of
antigen receptors

W.R. HEIN & L. DUDLER Basel Institute for Immunology, Basel, Switzerland

SUMMARY

More than 80% of T cells in bovine skin localized in the superficial 0-5 mm of the dermis. Only
3% occurred within the epidermis or made contact with the stratum basale while the remainder
occupied deeper dermal sites. The yé T-cell receptor (TCR) was expressed by 44% of T cells in
skin and 39% and 35% expressed, respectively, the CD4 and CD8 markers. Some cells co-expressed
CD8 and the yé TCR. A highly diverse repertoire of y6 TCR was expressed in skin due mainly
to the usage of multiple Vé segments and to extensive sequence variation at the junctions of both
TCRy and TCRé$ chains. However, a single receptor isotype was used. Transcripts encoding
several new components of the bovine y6 TCR were identified, including three new Vy segments,
the CyS region and 13 new functional Vé segments. Taken together with earlier findings, these
results emphasize that ruminant yé T cells express exceptionally diverse antigen receptors and
suggest they may have a more elaborate recognitive capacity than do their counterparts in

other species.

INTRODUCTION

Several properties of ruminant ypé T cells distinguish them
from their counterparts in other species. In calves and lambs,
y6 T cells may comprise up to 30-50% of circulating T cells in
the first few weeks after birth.!"? Circulating sheep yé T cells
are derived from a thymus-dependent pathway of differen-
tiation and are almost totally and permanently depleted by
removing the thymus about half-way through fetal gestation.>*
A majority of ruminant yé T cells specifically express a unique
accessory molecule, a member of the scavenger receptor family
termed WCI, that is encoded by a large and complex family
of genes.!'>® Finally, ruminant y5 T cells express a diverse
repertoire of T-cell receptors (TCR) encoded by at least five
different Cy segments, around 15-20 different Vy genes and
perhaps as many as 40-50 different V6 gene segments.”"®

In mice, yd T cells localizing in different types of mucosal
surfaces express a distinctive and usually restricted repertoire
of antigen receptors. The populations of yd T cells that colonize
different epithelia arise at distinct stages of fetal ontogeny and
reflect ordered rearrangement of V-genes at the TCRy and
TCRS loci.® T cells expressing different combinations of Vy-
Jy-Cy and V4-D6-J6 genes appear in the periphery of fetal
lambs at different stages during ontogeny.!® This could also
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reflect an ordered programme of gene rearrangement in the
thymus, although this possibility has not been examined
directly. A further question that then arises is whether or not
specific subsets of ruminant yé T cells with a restricted TCR
repertoire either localize or recirculate preferentially to particu-
lar types of body surfaces. As a first approach to clarifying
this question, we have assessed the frequency and TCR
diversity of 0 T cells in bovine skin, a tissue where these cells
localize prominently.!!! Our results show that in normal
bovine skin, yé T cells account for at least 44% of resident
T cells. The yé Tcells express an extremely diverse TCR
variable-region repertoire but have a restricted usage of one
receptor isotype.

MATERIALS AND METHODS

Collection of bovine skin

Pieces of skin approximately 15 x 10 cm were collected from
the hides of yearling Brown Swiss cattle after slaughter at an
abattoir. Skin was removed from a site corresponding to the
lateral surface of the neck, placed promptly on ice and
transported to the laboratory. Small pieces of skin from each
animal were embedded in OCT compound (Tissue-Tek, Miles
Inc., Elkhardt, IN), frozen on dry ice and stored at —70°.
Serial sections of 8 um thickness were cut from each sample
using a cryotome.

Enumeration of T cells in skin

Duplicate skin sections were stained with a cross-reactive
polyclonal antibody to identify CD3 (Dako Diagnostics,
Glostrup, Denmark) and monoclonal antibodies (mAb)
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specific for bovine CD4 (clone CC30 IgG1, Serotec, Dottikon,
Switzerland), CD8 (clone CC63 IgG2a, Serotec) and the yo
TCR (clone 86D IgG1'!) using routine immunoperoxidase
procedures.'! The numbers of positive cells in the epidermis
and underlying dermis were counted using an ocular graticule
in a light microscope at x 125 magnification. Four areas, each
measuring 0-9 mm wide x 1-8 mm deep, were counted for each
animal. The graticule subdivided this area into 0-18-mm grids.
The average number of T cells in different layers of the skin
was then calculated.

Confocal microscopy

Frozen skin sections were reacted with mAb specific for bovine
CD4 and CD8 as indicated above. Primary labelling was
revealed by reacting the sections with class-specific secondary
reagents conjugated to fluorescein isothiocyanate (FITC) or
Texas red (Southern Biotechnology Associates Inc.,
Birmingham, AL) to identify CD4 and CD8, respectively.
After blocking binding sites by incubating the sections with
normal mouse serum, biotinylated-mAb86D was applied to
label the yé TCR. Binding of mAb86D was detected with
streptavidin—allophyocyanin (APC) conjugate (Molecular
Probes Europe, Leiden, The Netherlands). Cover slips were
applied over Vectashield™ mounting medium (Vector
Laboratories Inc., Burlingame, CA) and the sections examined
on a confocal microscope (BioRad MRC 1024). Fluoro-
chromes were excited by krypton/argon laser all lines and
emission measured through filters of 522 band pass (bp)
(FITC), 605 bp (Texas red) and 685 bp (APC).

Isolation of skin cells

One skin sample was clipped and shaved of hair, washed with
detergent and rinsed thoroughly. Strips of epidermis and
attached dermis about 0-5mm deep were removed using a
Schink BA706 dermatome (Aesculap, Tuttlingen, Germany).
The strips were cut into small pieces, placed in Dulbecco’s
modified Eagle’s medium containing 2 mg/ml collagenase CLS
II (Cooper Biomedical Co., Malvern, PA) and 0-5 mg/ml
DNAse (Sigma Chemical Co., St. Louis, MO) and digested
with agitation for 3-5 hr at 37°. Cells in the digest supernatant
were filtered through nylon mesh (40 um pore size) to remove
large clumps and washed three times by centrifugation and
resuspension in phosphate-buffered saline (PBS). A pellet
containing about 1-5 x 107 cells was used for RNA extraction.

Complementary DN A cloning and sequencing

The methods used to prepare RNA, to amplify expressed Vy
and V4 transcripts using the anchored polymerase chain
reaction (PCR) and to clone and sequence cDNA followed
described procedures!® except that a new primer containing a
Pvull restriction site was designed to anneal to known bovine
Cy regions (5 GTCAGCCAGCTGAACTTCATGTATGTG).
The C§ priming sequence used previously in sheep is conserved
in cows (5GTAGAACTCCTTCACCAAACAAGCGA-
CGTTTGTC). Amplified Vy and V5 cDNA was digested with
Sacll-Pvull or Sacll-Hincll, respectively, and ligated into
appropriate Bluescript plasmid (Stratagene, La Jolla, CA). A
total of 16 Vy and 22 V4 cDNA clones generated from the
skin of a single yearling animal were sequenced.

RESULTS
Frequency and location of T cells

For the purpose of comparing the relative frequency of T-cell
subsets, the skin was divided into four regions and positive
cells in each were counted. The regions comprised: epidermis,
including cells making contact with the stratum basale; the
first 0-5mm of dermis; a 0-5-1:0 mm dermal layer; and a
1-0-1-8 mm dermal layer. A representative illustration showing
the structure of bovine skin and the distribution of CD3* cells
is shown in Fig. 1(a) and the numbers of different T-cell
subsets occurring in the various strata are given in Table 1.

The majority of T cells (82:6%) localized within the first
0-5 mm of the superficial papillary layer of the dermis. Only
3-1% were either within or contacting the epidermis and 14-3%
were distributed in the deeper reticular layer or dense collagen
layer of the dermis. Very few T cells (2:6%) localized deeper
than 1-0 mm from the epidermis. If the CD3 marker is taken
to label all T cells, then 39-5% of them expressed CD4, 34-6%
expressed CD8 and 44-1% expressed the yd0 TCR detected
by mAb 86D (Table 1).

For all regions of the skin, the sum of cells detected by
staining for T-subset markers exceeded the number detected
with CD3 (range 103-4% to 130-1%, see Table 1). This was
especially noticeable in the epidermis and superficial dermis
and suggested that some T cells co-expressed subset markers.
This possibility was assessed by staining skin sections using
three-colour fluorescence to identify each marker and examin-
ing them by confocal microscopy. In each animal (n=6), some

Table 1. Frequency of T cells in different regions of bovine skin

CD3* CD4* CD8* TCRyé* Sum of subsets Sum of subsets as % of CD3*
Epidermis 6-3+2-8 31% 1-0+09 42+16 3:0+1-3 82 130-1%
Dermis
0-0-5 mm 166-0+-27-4 82:6% 67-2423-7 53-24+15-8 78-5+89 198-9 119-8%
0-5-1-0 mm 23-5+162 11-7% 8-8+74 9-8+8-2 57434 24-3 103-4%
1-0-1-8 mm 52+38 2:6% 2:5+25 2:3+31 1-:3+1-7 61 117-3%
Total 201-0 (100:0%) 100-0% 79-5 (39-5%) 69-5(34:6%) 885 (44-1%) 2375 118:1%

Data indicate the number of T cells positive for each marker in skin sections derived from six animals (mean + SD). Areas of skin measuring

0-9 mm x 1-8 mm were scored in quadruplicate for each animal.
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Figure 1. (a) Immunoperoxidase-stained section of bovine skin show-
ing the distribution of CD3* cells. Most T cells localized in the
superficial dermis although some can be seen contacting the stratum
basale of the epidermis. Scale bar=0-5mm. (b) and (c) Confocal
micrographs of skin sections stained by three-colour immunofluores-
cence to detect CD4* (green), CD8* (red) and TCRyé* (blue) T cells.
(b) shows a region of superficial dermis and the dotted line indicates
the base of the stratum basale of the epidermis. (c) shows a field
about 0-25 mm within the dermis. Some cells had a purple-pink colour
indicating co-expression of CD8 and the y0TCR (large open arrows)
while rare cells were yellow suggesting co-expression of CD4 and CD8
(small solid arrow). Note the irregular morphology of many skin
T cells. Scale bars=10 um.

y6 T cells co-expressed CD8 (Fig. 1b,c) although no attempt
was made to enumerate them. Also, rare cells seemed to
co-express CD4 and CD8 (Fig. 1b).

Vy-Jy gene expression

Only three different Vy gene segments were represented among
the 16 Vy cDNA clones sequenced (Fig. 2a). Although none
of these Vy genes have been detected before in cattle, they had
all been cloned previously from sheep lymphocytes. The con-
vention of naming new bovine V-genes according to their
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identity to known sheep homologues'? was therefore followed.
At a nucleotide level, the Vy3.1 and Vy3.2 segments had 94%
identity to each other and 90% and 93% identity, respectively,
to sheep Vy3. The third Vy segment found among bovine skin
cDNA clones has 88% nucleotide identity to the recently
identified sheep Vy7 gene (unpublished data) and this sequence
is therefore named bovine Vy7. The bovine Vy3 and Vy7
families share only 60% nucleotide identity. The segments
Vy3.1, Vy3.2 and Vy7 were expressed in eight, two and six
cDNA clones, respectively.

In 15 out of 16 cDNA clones, the Vy segments were
functionally rearranged to one of two alleles of a new bovine
Jy segment, Jy5. In 11 clones, the sequence included a stretch
identical to sheep Jy5 while in four clones there had been a
coding change resulting in a single amino acid substitution
(Fig. 2b). The consensus cDNA sequence of bovine Jy5 sug-
gests that the gene segment is about three codons longer at
the 5’ end than is sheep Jy5. The remaining TCRy cDNA
clone contained another new Jy segment that was about 75%
identical to bovine Jyl.1 and Jyl1.2.!> However, the apparent
deletion of two nucleotides within the coding sequence pro-
duced a frameshift so that this transcript may have arisen
from a bovine Jy pseudogene.

Vo — Jo gene expression

The 22 cDNA clones generated from the skin of a single
animal contained 20 different V6 DNA sequences that were
classified into 14 V§ segments. Sequences that differed by three
or fewer nucleotides were considered to represent the same V¢
segment. The V4 segments had from approximately 80% to
97% DNA sequence identity with each other and all belonged
to the large ruminant V41 family. None of the V4 segments
in the skin-derived clones was identical to any of the 12 known
bovine sequences.!? The 14 new V§ segments were therefore
numbered consecutively from Vé1.13 (Fig. 3a). No individual
Vo segment predominated among the 22 clones. Three seg-
ments were represented in three independent clones (V41.15,
V51.20,V61.23), two of them occurred independently twice
(V41.13, V41.17) while the remaining nine V4 segments were
expressed in a single cDNA clone. The V-segment in one clone
(V51.26) contained a stop codon and this may therefore
represent a bovine V4 pseudogene.
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Figure 2. Nucleotide sequences of (a) the bovine Vy3.1,.Vy3.2 and Vy7 regions and (b) two allelic variants of the Jy5 region
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Figure 3. Nucleotide sequences of (a) the bovine V51-13-V§1-26 regions and (b) the J62 region and a probable allelic variant of
J63.12 A stop codon (TGA) at residue 29 of the V51-26 segment is underlined.

Three Jé segments were identified in the 22 clones. Bovine
J61 and J63'2 occurred in 13 and eight clones, respectively.
Two closely related J63 sequences were found and these
probably represent alleles. The final clone contained a new Jé
segment almost identical to sheep J62'° and it is therefore
called bovine J62 (Fig. 3b).

Junctional diversity of TCR yé chains

Fifteen TCRy and all TCRd clones contained functionally
rearranged junctions. The junctions between the predicted
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boundaries of Vy and Jy segments were short, never exceeding
three amino acids (Fig. 4a). By contrast, the junctional regions
of TCR6 clones were more variable and ranged from two to
21 amino acids, probably reflecting the absence or participation
of either single or multiple Dé elements in joint formation
(Fig. 4b). Nucleotides appeared to have been removed from
the ends of the rearranged gene segments in some clones and
this was reflected in the protein sequences. However, because
genomic sequences are not yet known, it is not possible to
determine the precise contribution made by endonuclease
removal and N-region addition of nucleotides during junction
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Figure 4. Amino acid sequences of (a) Vy-Jy junctions and (b)
V3-D4-J5 junctions expressed by lymphocytes isolated from bovine
skin. The terminal amino acids of each V-region and the beginning of
the J-regions were predicted from consensus alignment of sequences.
The nucleotide sequences of bovine Jé1 and J63 have been reported
previously.!> The cDNA sequences of two Jy5 alleles, J62 and a
probable allelic variant of Jé3 are described in this paper (see Figs 2
and 3).

formation. Two TCRy clones contained identical cDNA junc-
tional sequences, suggesting that the clones may have orig-
inated from the same RNA template. All other clones
contained highly variable junctional sequences (Fig. 4a,b).

Constant region gene usage

The Cy primer used during PCR annealed about 200 nucleot-
ides downstream of the Jy—Cy splice junction and a truncated
Cy sequence was therefore included in each TCRy clone. The
Cy region in all clones was identical but in 14 of them the
sequence was shortened to 55 nucleotides (Fig. 5). At DNA
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level, the Cy sequence had 71-76% identity to the three known
bovine Cy regions but 96% identity to sheep Cy5.” This is
therefore the first identification of bovine Cy5. The difference
between the lengths of cloned CyS regions probably reflects
an allelic polymorphism. For instance, a single nucleotide
change at the region where the 14 short clones ended
(CAGTTG to CAGCTG) introduces a Pvull restriction site
which would have resulted in cleavage at this point during
cloning. All TCRé clones contained a short Cé segment
identical to the known bovine Cé sequence.’

DISCUSSION

The number of TCRyS* cells detected in these experiments
provides a minimal estimate of their frequency because mAb
86D does not recognize all forms of the bovine ydTCR.!!
Because no existing antibody is specific for the bovine afTCR
and the CD8 molecule was co-expressed on some yé T cells,
the relative numbers of the two T-cell lineages in normal
bovine skin cannot be deduced accurately although they seem
to be about equally represented. Assuming that each T cell
was counted only once in serial sections [the thickness of
sections (8 um) equates with the average diameter of a lympho-
cyte], the animals examined contained around 3-1x 10°
T cells/cm? of skin surface area. The body surface area of
cattle ranges from around 1 m? in a young calf up to 6 m? for
a full-grown mature animal.!*> Depending on their age and
size, cattle would therefore contain 3 x 10°-2 x 10'° T cells in
their skin. More than 85% of these localize in a superficial
zone comprising the epidermis and, more particularly, the
underlying 0-5 mm of dermis.

This pattern of localization differs to the situation in mice
where most T cells in skin express the Y6 TCR and occur
within the epidermis.® This population of T cells had earlier
been dubbed dendritic epidermal cells (DEC) because of their
characteristic morphology.!*!> When examined by confocal
microscopy, the morphology of many T cells in bovine skin
was also distinctive from that typically seen in lymph nodes
and spleen. Skin-resident T cells were usually irregular in shape
and frequently had a flattened outline with wavy cytoplasmic
projections. However, this type of morphology was not limited
to pé T cells. It also occurred in CD4* and CD8* cells and
probably reflects deformation of the plasma membrane as T
lymphocytes insinuate themselves between the cellular and
extracellular matrices of the skin. All T cells are rather rare in
normal human skin and the few yé T cells present tend to
localize in the dermis rather than epidermis.'*’

The contrast between the TCR repertoire of yé T cells in
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Figure 5. Nucleotide and translated amino acid sequences of the first 67 codons of the bovine Cy5 segment numbered from the
presumed Jy—Cy splice site. The nucleotide position corresponding to the cloning site in 14 out of 16 clones is indicated (*) and
the region covering a probable allelic variation in bovine Cy sequences is underlined (see text for details). The Cy primer used for

anchored PCR annealed immediately downstream of codon 67.
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bovine skin and the repertoire of corresponding cells in mice
and humans is probably the most striking result to emerge
from the present work. The repertoire of murine DEC is
nearly monoclonal — they express TCR made up of two
variable region genes, Vy3 and V41, and the junctions in each
chain are predominantly canonical.!® The repertoire of y&
T cells in human skin is more diverse, but only slightly so.!®
The situation in cattle is very different. Although only three
Vy genes were used, an extensive pool of V& genes was
expressed and the junctions in each chain were so variable
that the idiotypic repertoire in this population of cells must
be extremely large. However, we cannot exclude the possibility
that the minor subset of yé T cells in bovine epidermis may
have a more restricted repertoire and that these cells were
poorly represented in the samples we prepared.

The repertoire in bovine skin was restricted at the level of
receptor isotype, since only one of the four identified bovine
Cy segments was expressed. This may indicate that the different
Cy segments of ruminants, which have distinctive and unusual
structures,’ are specialized for different effector functions at
distinctive sites, in a way not unlike the immunoglobulin heavy
chains. However, whether or not this is the case and just how
it might be manifest remains unknown since no effector role
has yet been ascribed to any TCR constant region.

The ruminant Vé1 family has unusual properties. The 22
cDNA clones examined in the present work contained 20
different DNA sequences that we classified into 14 V1 family
members and none of these were identical to 12 published
bovine V4l sequences. Sometimes the differences between
sequences were small, from one to three nucleotides. We have
made similar observations in our analysis of sheep Vé
sequences.'® Taken at face value, the isolation of so many
distinctive V-segments from this number of clones implies that
the V41 gene pool is unusually large. However, other factors
may contribute to V41 sequence diversity. Polyallelism would
account for some sequence variation within an individual
animal and may explain the non-overlapping nature of the
repertoire in a breed of cattle different from the one we have
examined.!? Small sequence differences may also be generated
during PCR. However, the frequency of nucleotide misincor-
poration under the conditions we used is around 1 in 900
bases?® so this would not account for much of the sequence
diversity.

Most of the variability in the bovine Vd1 sequences was
clustered to two regions between codons 29 and 32, and
codons 52 and 56, respectively. This suggests that the V-regions
have been selected at sites corresponding quite closely to
antibody complementary determining regions (CDR), a feature
noted earlier in sheep VJ segments isolated from blood lym-
phocytes.!® It remains an open question as to whether, how,
and over what time frame selection may have been exerted
but there are two broad possibilities, which are not mutually
exclusive. The variability at these sites could reflect the accumu-
lation of a large number of different germ-line sequences over
an evolutionary time scale or it might result from somatic
mutation of V41 genes. By analogy with other antigen receptor
V-genes, in cither case the clustering of variability is likely to
reflect a selective process that is intrinsic to the mechanism of
antigen recognition.?* This type of molecular evidence argues
that ruminant yé T cells have a better developed capacity to
recognize diverse ligands than do similar cells in other species.

© 1997 Blackwell Science Ltd, Immunology, 91, 58—-64

A more detailed study of ruminant yé T cells may therefore
lead to unexpected insights into the functional evolution of
T-cell recognition.
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