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In the present study, we have analyzed the appearance and maturation of //3 T cells,
recognized with a new mAb V65, in the central and peripheral lymphoid organs of fetal,
neonatal, and adult Wistar rats. Cytofluorometrical analysis demonstrated the first V65
,/3 T cells in the thymus of 16-17-day embryonic rats, although by immunohistology, they
were identified only in 19-day rat embryos in both the cortico-medullary border and thymic
medulla. Phenotypically, //3 thymocytes from fetal and neonatal thymus expressed CD3,
CD2, and CD5, but only 60-80% were CD8 and approximately 40-50% expressed the c
chain (p55) of the IL-2R. In the periphery, the immunohistological study identified for the
first time ,/3 T cells in the splenic white pulp and the gut of 21-day fetal rats, where they
occurred within the epithelium as well as in the lamina propria. After birth, //3
lymphocytes appeared in the skin, where they were present as dendritic epidermal T cells
in increasing numbers during postnatal life. Whereas these //3 T cells formed the
predominant T-cell population in the rat skin, //3 T cells in peripheral lymphoid organs,
BALT, or the gut only represented a minor T-cell population. These results are discussed in
comparison to //3 T cells of other vertebrate species.
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INTRODUCTION

Two separate T-cell lineages, called z/ and ,/3 T
cells, have been identified based on the type of
heterodimeric antigen receptors expressed (re-
viewed by Haas et al., 1993). In all vertebrates
studied so far including humans (Lew et al., 1986;
Nakanishi et al., 1987), mice (Bluestone et al., 1987),
chickens (Bucy et al., 1988; Sowder et al., 1988), rats
(Lawetzky et al., 1990; Vaage et al., 1990; Kihnlein
et al., 1994), sheep (Hein and Mackay, 1991), cattle
(Mackay and Hein, 1989), and pigs (Hirt et al., 1990;
Saalmffller et al., 1990), the existence of both c/
and //3 T cells has been validated. In rats, / T
cells have so far only been indirectly identified as
CD3 c/ TCR- cells (Lawetzky et al., 1990; Vaage
et al., 1990). Whereas this approach is feasible for
flow cytometric analysis, it has only limited appli-
cations in immunohistological studies. Recently, a
monoclonal antibody to a constant determinant of
the rat ,/ TCR has been isolated (Kihnlein et al.,
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1994). In the present study, we have used this
reagent to analyze by immunohistology the appear-
ance and distribution of ,/ T cells in both central
and peripheral lymphoid organs of fetal, neonatal,
and adult Wistar rats. In addition, the appearance of
// T cells during fetal development of the rat
thymus was evaluated by flow cytometry.

RESULTS

Immunohistology

Thymus

The first // T cells were observed in day-19 fetal
rat thymus. As shown for a day-21 fetal thymus in

Fig. 1, they occurred mainly along the cortico-

medullary border and in the medulla. These fetal
,/ thymocytes frequently occurred in association
with blood vessel walls (Fig. 2). In addition, some
V65-positive cells appeared occasionally in the con-
nective tissue trabeculae (not shown).
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In both postnatal and adult rats, the //3 T cells
appeared scattered throughout the thymic paren-
chyma although they were more abundant in both
the cortico-medullary border and the medulla
(Fig. 3). In the cortex, as mentioned before for
fetal medullary // T cells, they were frequently
found associated with blood vessels (Fig. 4), and,
with very low frequency, also in the subcapsular
area (Fig. 5). Although the number of V65-
positive cells appeared to increase gradually
throughout the first weeks of thymus develop-
ment, ,/ T cells always represent a very small
minority of thymocytes.

Peripheral Lymphoid Organs

In the spleen, the first // T cells appeared on day
21 of fetal life closely associated with the large blood
vessels around which the periarteriolar-associated
lymphoid sheaths (PALS) will be organized after
birth (Fig. 6). Their location in the PALS became
apparent after birth (Fig. 7), already resembling the
adult condition.
As in the spleen, the first ’/ T cells occurred in

the fetal gut from embryonic day 21. In that stage,
they occupied mainly the lamina propria (Fig. 8),
but after birth, the V65-positive cells appeared also
as intraepithelial elements throughout the gut
(Fig. 9). Although during the first 2 weeks of
postnatal life, their number increased considerably
(Fig. 10), it never reached that of ct/ T lymphocytes
(not shown) in either the intestinal epithelium or the
lamina propria. A few // T cells were also found in
the T-dependent areas of Peyer’s patches (not
shown).

In the skin of Wistar rats, // T cells became
detectable only after birth (Fig. 11). These cells,
which were always located in the epidermis, grad-
ually increased in number and staining intensity
until the adult condition was reached (Fig. 12), in
which frequently they formed cell clusters (Fig. 13).
The skin was the only organ studied in which the
number of // T cells exceeded that of c/ T
lymphocytes (not shown).
An immunohistological survey of // T cells in

mesenteric and cervical lymph nodes from postnatal
rats showed that in both cases, only a few // T
lymphocytes were scattered randomly in the T-
dependent areas, mainly in the so-called deep cortex
(Fig. 14). From the second week of postnatal life,
their number increased considerably.

In the lung of Wistar rats, a few / T cells
occurred in the bronchus-associated lymphoid tissue

(BALT), but not in the pulmonary parenchyma
(Fig. 15). In contrast to / T cells that are found
throughout the BALT (not shown), // T lympho-
cytes occurred mainly in the periphery of lymphoid
aggregates from day 15 of postnatal life (Fig. 15).

FACS Analysis

By immunofluorescence and flow cytometry, the
first // cells were detected in the thymus of
16-17-day embryonic rats. At this time point, they
represented 1.3% of total thymocytes (Fig. 16a).
During the following days, no significant differences
in frequency were observed (Figs. 16b, 16c), al-
though the absolute number of V65 cells increased
along with the total cellularity of the thymus.

All // thymocytes also expressed CD3 (Figs. 16a,
16b, 16c) CD2 (Fig. 16d), and CD5 (Fig. 16e), but
only 60-80% of them were CD8 (OX8 cells)
(Fig. 16f). The remaining // thymocytes (about
25%) were double-negative (CD4-CD8-) cells
(Figs. 16f, 16g). In all stages studied, 40-50% of ,/
thymocytes expressed the c chain of the IL-2
receptor (Fig. 16h).

DISCUSSION

The current study is the first direct description of
,/ T cell development in rats. As assessed by
immunohistology, the first // T cells appeared
during ontogeny in the thymus, and by flow cyto-
metry, they can be detected as early as day 16 in this
organ. The delayed appearance of // cells in the
periphery (day 21 in fetal spleen and gut, and
postnatally in skin, and even later in BALT) confirms
and extends earlier results on CD3 TCR (/- cells
(Lawetzky et al., 1990). This finding does not nec-
essarily mean that all rat / T cells are thymus-
derived. Thus, phenotypic analysis of fetal day 21
(and adult, not shown) thymocytes revealed a uni-
form expression of CD2 and CD5, and expression of
CD8 on the majority of the cells. This phenotype
corresponds to that of rat ,/ T cells isolated from
peripheral lymphoid organs, but is distinct from that
of intestinal epithelial // T cells that may represent
a distinct lineage (Kihnlein et al., 1994). The pre-
dominance of CD4-8 ,/ thymocytes in rats
confirms earlier data by Gottlieb et al. (1991).
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form a clustered network presumably after under-
going substantial proliferation in situ. Payer et al.
(1991) emphasize that this proliferation is needed to
explain the establishment of the mature population
of dendritic epidermal 7/3 T cells in postnatal skin
from a small number of precursors from fetal thy-
mus (Payer et al., 1991). With regard to rat DETC
development, those results need, however, further
validation because an adequate morphometrical
study has not been realized and we did not observe
mitotic figures in the epidermal V65 cells of rat
skin.

In contrast to findings in mice where up to 50% of
intraepithelial lymphocytes are /3 T cells (Guy-

Grand and Vassalli, 1993), and chicken, where they
represent the major intraepithelial lymphocyte (IEL)
population (Bucy et al., 1988; G6mez del Moral,
1994), /3 lymphocytes are not the predominant
T-cell subpopulation in the gut epithelium of rats.
As recently shown by flow cytometry (Kihnlein et
al., 1994), we found that they rather represent a
minor cell population (5-10%), similar to the situa-
tion in humans (Spencer et al., 1989). Because this
comes close to the frequency of 7/3 T cells in other
peripheral lymphoid tissues (Kihnlein et al., 1994),
it is not surprising that the profound preponderance
of 7/3 T cells observed in mouse gut epithelium as

compared to the lamina propria was not evident in
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FIGURE 16. Expression of various T-cell markers on rat 78 T-cells: (a) CD3 (16-day fetal rat); (b) CD3 (21F); (c) CD3 (adult); (d) CD2
(21F); (e) CD5 (21F); (f) CD8 (21F); (g) CD4 (21F); and (h) CD25 (21F).
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the rat. A similar location of 7/5 and ct/ T cells was
also observed in the rat spleen, where they occupy
the periarteriolar-associated lymphoid sheaths. In
contrast, in the spleen of both humans (Bucy et al.,
1989) and chickens (Bucy et al., 1988), 7/i T
lymphocytes predominate in the red pulp and 0/3 T
cells occupy mainly the PALS. It is unknown if these
differences in distribution reflect distinct functional
capacities of 7/3 T cells.

In summary, our immunohistochemical results
demonstrate remarkable differences in the distribu-
tion of 3,/i T lymphocytes in the periphery of rats as

compared to other species so far investigated. The
relevance of the species-specific distribution of at
least some 7/i T cells subsets will only be under-
stood once the functional role of these cells has been
clarified.

MATERIALS AND METHODS

Animals

Wistar rats were bred in our own facilities. Male and
female rats were mated overnight and females were
examined the next morning. The detection of a vag-
inal plug was designated as day 0 of gestation.

Antibodies

The generation and characterization of mAb V65 to a
constant determinant of the rat 3’/3 TCR has been
described in detail (Kihnlein et al., 1994).

diaminobenzidine (Sigma, St. Louis, MO) in PBS
with 0.1% H202 for 10 min. The sections were
counterstained with methylene blue.

Thymic-Cell Suspensions

Thymuses were dissected from fetal and neonatal
rats using a stereoscopic microscope. Thymocyte
suspensions were prepared in cold PBS 4% FCS by
passing either thymic fragments through a stainless
steel screen or by passing fetal thymic lobes through
hypodermic needles of decreasing size. In both
cases, cell viability was ->98%. Six to 10 fetal
thymuses from a pregnant rat were pooled for each
analysis.

Immunofluorescence and Flow Cytometry

For two-color staining, 3 x 105 cells were succes-

sively incubated for 20 min in 50-gl unconjugated
mAb V65 at a saturating concentration, normal
rabbit serum (1:100 PBS) to avoid nonspecific bind-
ing, phycoerythrin- (PE-) conjugated rabbit F(ab’)2
anti-mouse IgG (RAM-PE) (Southern Biotechnology,
Birmingham, AL), normal mouse serum (1:100 PBS),
and the following FITC-conjugated mAbs: OX8
(CD8); OX38 (CD4); OX34 (CD2); OX19 (CD5);
G4-18 (CD3); and OX39 (CD25) (Pharmingen,
Oxon, UK). All staining steps were performed at
0-4C in PBS-2% FCS. After washing twice and
treatment with propidium iodide to label dead cells,
samples were analyzed on a FACScan Flow Cyto-
meter (Becton Dickinson, Mountain View, CA).
Background fluorescence was determined using an
irrelevant antibody.

Immunohistochemical Techniques

Lymphoid organs, including thymus, spleen, me-
senteric, and cervical lymph nodes, gut, Peyer’s
patches, lung, and skin, were removed from embry-
onic, neonatal, and adult Wistar rats and frozen in

liquid nitrogen. Five-micrometer cryosections of
these organs were fixed for 10 min in acetone and
then incubated for 1 h with mAb V65. Endogenous
peroxidase was blocked with 1% H202 in methanol
for 15 min. After washing in PBS, the histological
sections were incubated with a 1:40 solution of
peroxidase-conjugated rabbit anti-mouse Ig in PBS
(Dakopatts, Glostrup, Denmark) supplemented with
1:100 normal rat serum in PBS. After washing, the
peroxidase reaction was developed with 0.05% 3,3’
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