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T cells differentiate and mature in the
thymus. Therefore, the thymus has been con-
sidered a central lymphoid organ for cellular
immunity (1, 2). It is important to elucidate
events in the thymus when studying cellular
immunity.

Thymocytes are divided into four major
populations, CD4- CD8~, CD4* CD8*, CD4*
CD8~ and CD4~ CD8* thymocytes, on the basis
of expression of the cell surface antigens CD4
and CD8 (3-5). The CD4- CD8~ thymocytes,
which are precursor cells from bone marrow
and the most immature, give rise to the CD4*
CD8* cells, which account for the majority of
thymocytes. At this stage, thymocytes are
subjected to positive and negative selcction (6
-8) and develop into the mature CD4* CD8~ or
CD4- CD8* cells. This differentiation
sequence results in the production of mature,
self-tolerant, self-major histocompatibility
complex (MHC)-restricted T cells. This
maturation process has recently been further
examined with regard to other cell surface
antigens, including CD3 (9-11), T cell antigen
receptor (TCR) af (12-15), the interleukin-2
receptor (CD25) (14, 16), phagocytic glyco-
protein-1 (pgp-1, CD44) (14) and heat-stable
antigen (HSA) (14, 17), and has been extensive-
ly reviewed elsewhere (18-20). However
details of this differentiation sequence remain

obscure.

CD4~ CD8~ TCRapB™ cells can be detected in
bone marrow, thymus, spleen, lymph nodes
and peripheral blood. These cells can be
unambiguously classified as mature T cells by
their phenotype; for example, they are CD3",
CD5*, CD25" (after stimulation), and HSA™ (5,
21-25). Because autoreactive cells are present
among the CD4~ CD8~ TCRap™ cells, it has
been suggested that they play a role in autoim-
mune disease (26). The CD4~ CD8 TCRag*
cells develop in the thymus and show a
delayed appearance in thymic organ culture
(21). Proliferation of these cells is induced
through the CD3-dependent activation path-
way in the presence of interleukin-1 (5, 21, 22).
Furthermore, a selective increase in function-
ally mature CD4~ CD8~ TCRaf™* thymocytes
occurs after injection of monoclonal anti-
bodies to CD2 (27). Recently, an increase in
these cells was observed during recovery from
thymus atrophy induced by di-n-butyltin
dichloride (28).

We previously analyzed the effects of
cyclosporin A (29), FK506 (30-35), glucocor-
ticoid (GC) treatnlent (35, 36) and irradiation
(32, 36) on rat thymus, with the usage of
specific monoclonal antibodies, the im-
munoperoxidase technique and flow cyto-
fluorometry. In this report we present the
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existence of the CD4~ CD8  TCRaphrer
thymocytes in normal adult rats, and the
possible implications of the differentiation
and maturation of this subpopulation are
discussed.

Three eperimental animals were prepared. In
brief, adult Lewis (RT-1!) rats were irradiat-
ed (600 rads/body), received dexamethasone
(0.1mg, by single administration), or received
FK506 (Img/kg of body mass) for 7 days. Rats
were killed and the thymi were removed from
three rats for flow cytofluorornetry on days 0
(before treatment), 3, 5, 7 and 14 after
irradiatin, on days 0, 3, 5, 7 and 10 after GC
treatmen, and on days 7 and 14 after FK506
treatment. The cell-surface antigens CD4,
CD8 and TCRap of rat thymocytes were on
each time analyzed by three-color flow cyto-
fluorometry. These materials and methods
were described peviously in detail (35).

Firstly, we have studied the expression of
TCReapB in rat CD4~ CD8~ thymocytes during

thymic reconstitution after irradiation or GC
treatment. Irradiation induced a marked
decrease in the percentage of CD4* CD8*
thymocytes on day 3, when a maximum
decrease in thymus mass and total thymocyte
number was observed, in parallel with a
relative increase in the percentages of CD4~
CD8~,CD4~ CD8 and CD4~ CD8* thymocytes.
A rapid thymic reconstitution was observed
thereafter and the percentage of CD4* CD8*
thymocytes increased rapidly. The mean
percentage of CD4~ CD8~ TCRB"8" cells was
decreased on days 3 and 5 but markedly
increased on days 7 and 14 after irradiation
(table 1). Similar changes were observed
during thymic reconstitution after a single
treatment with GC (data not shown). These
results indicate that some CD4~ CD8~ cells
appeared to increase their expression of
TCRaB gradually, developing into mature
CD4- CD8  TCRap"#" cells, although most
CD4~ CD8~ cells developed into mature CD4*
CD8~ or CD4~ CD8* cells via the CD4* CD8*

Table 1. Thymus mass, total thymocyte number, thymocyte populations and the CD4-8~
TCRap"e" and CD4-8~ TCRaB"™" subpopulations after irradiation.

Time after Thymus  Total number

CD4 and CD8 expression (%)*

irradiation mass of thymocytes CDé;}?‘O . CD?O;,S ; .
(days) (mg) (x109  CDi§~  CDagr  CDag-  CDage  LCRaf™06)™" TCRaf™ (%)
0 7042 107416 42422 24414 72405 42408  12.645.4 5.9+4.4
3 880410 0.04£0.01 30.9412 11.041.8 332413 250412 45415 %.4+20
5 133417 0.5240.03 37403 88.9+0.4 2.9+05 45405  4.1+0.9 10.140.3
7 160,741 1.78+0.63 11402 85.642.0 8.9+0.4 44+15  28.6%10 5.343.1
14 286.7417 4824012  35+1.3 76.242.8 16.041.4 43504  27.0+1.1 32.144.9

Values are means + S.D. (n=3)
*Values represent a percentage of total thymocytes.
**Values represent a percentage of CD4-8" cells.

Table 2. Thymus mass, total thymocyte number, thymocyte populations and the CD4-8~
TCRape* subpopulation after FK506 treatment.

Time after Thymus Total number CD4 and CDS8 expression (%)*
FK506 treatment  mass  of thymocytes CD4-8~ TCRap"™ (%) **
(days) (mg) (X10%) CD4-8~ CD4r8t CD4*8~ CD4-8*
0 421.5+10  9.75+2.5 4.242.2 82.4+1.4 7.2£0.5 4.2£0.8 12.6+5.4
7 310.3+34  7.78%2.2 2.7£0.2 93.5£0.8 1.4%0.3 1.9£0.2 0.25+0.08
14 320.0£43  9.25+£0.8  2.2+0.2 95.8%0.1 0.6%0.03 1.4%0.07 1.1£0.11

Values are means + S.D. (n=3)
*Values represent a percentage of total thymocytes.
**Values represent a percentage of CD478~ cells.
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stage.

Secondary, we examined the effect of FK506
on CD4- CD8 TCRap™#* cells. Continuous
treatment with FK506 for 7 days induced a
marked decrease not only in CD4+* CD8-
TCRaB™ and CD4~ CD8* TCRag2r cells
but also in CD4~ CD8~ TCRaB"#t cells (table
2). Similarly, Takahama et al. (37) showed
that cyclosporin A induced maturation arrest
of CD4- CD8~ TCRapB"#" cells. FK506 is a
macrolide immunosuppressive agent that is
isolated from the soil fungus Streptomyces
tukubaensis. The immuno-suppressive action
of FK506 appears to result from interference
with the TCR signal transduction pathway;
specially, from inhibition of the Ca**- and
calmodulin-dependent phosphoprotein phos-
phatase calcineurin (38, 39), a key signaling
enzyme in T cell activation (40). It has been
previously shown that FK506 markedly
reduces the size of the thymic medulla, espe-
cially the MHC class II-positive area (31-33,
41). MHC class II-positive thymic stromal
cells, particularly the epithelial cells, are
important for T cell maturation, differentia-
tion, acquistiuon of MHC restriction (42). Our
demonstration that FK506 decreased the
percentage of mature thymocytes (CD4+ CD8~
TCRap"#* and CD4- CD8* TCR B! cells) is
therefore consistent with these previous
observations. The CD4~ CD8~ TCRaB"" cells
are thought to escape the clonal deletion (43),
which may be induced through the intercel-
lular communications between thymocytes
and MHC class II-positive intrathymic mar-
row-derived macrophages and dendritic cells
(42). However, in our experiments, FK506
markedly decreased the percentage of CD4~
CD8~ TCRap™#* cells. Furthermore, other
researches have demonstrated that splenic
CD4~ CD8~ TCRaB* cells from normal mice
show MHC class II- restricted autoreactivity
in vitro (23, 24). We therefore suggest that
MHC class II-positive thymic epithelial cells,
which are impaired by FK506 treatment, may
be important for maturation and differentia-
tion not only of CD4* CD8~ TCRaB"#" and
CD4~ CD8* TCRapg"# cells but also of CD4~
CD8~ TCRap™#" cells. It has been previously
shown that FK506 also reduces the OX6*,
PKK-1* (a-cytokeratin), AB-1040* (type IV
collagen) and AB-1220* (laminin) areas in the

thymic cortex (31). The maturation and differ-
entiation of CD4~ CD8~ TCRaB"#" cells may
thus be dependent on one or more of these
cortical thymic cell types. Furthermore,
Tiefenthaler et al. (27) recently showed that
CD2 stimulation resulted in an increase in
CD4~ CD8~ TCRaB#" thymocytes in rats. In
mice, however, maturation of the CD4~ CD8~
TCRap™e" cells appeared to occur without
detectable CD2 (44). These conflict observa-
tions may be attributable to the fact that the
natural ligands of CD2 molecule in mice and
rats are CD48 and CD58, respectively (45-47).
CD58* thymic epithelial cells may thus also be
affected by FK506.

Cell surface antigens; the interleukin-2 rece-
ptor (CD25), phagocytic glycoprotein-1 (pgp
-1, CD44), heat-stable antigen (HSA) and
others can further subdivide thymocyte popu-
lation (14, 16, 17, 18-20). It will thus be of
interest to analyze their cell surface antigens
on the CD4~ CD8~ TCReaB"" cells in normal
rat thymus or after irradiation, GC treatment
or FK506 treatment. Furthermore, approxi-
mately 509 of CD4~ CD8~ TCRaB"&" cells
express TCRs containing V48 (21, 22). It will
also be of interest to determine the V3 expres-
sion.
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