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Development of fetal thymocytes in organ culture: effect of
corticosteroids
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ABSTRACT Corticosteroids affect the development of fetal foregut-derived organs in which epithelial-
mesenchymal interactions are associated with the developmental process. The thymus is one such
organ and is profoundly sensitive to corticosteroids when mature. In this study corticosterone ICS)
effects on fetal thymocyte development were investigated using a fetal thymus organ culture system
which allows the growth, differentiation, and function of developing thymocytes to be monitored in
vitro. CS inhibited, but did not block growth of fetal thymocytes, although the appearance of mature
thymocytes was inhibited, similar to previously reported effects of interleukin 2 (lL2).CS enhanced the
proportion of Mac1+, la+ and FcR+ cells and maintained high levels of IL2receptor (ll2R) positive
immature cells. Functional cytotoxic cells were detected in CS-treated organ cultures which expressed
a Thy '-, CD8-phenotype, atypical for thymus derived killer cells. While this cytotoxicity may be
stimulated by CS, it could simply be due to a relative depletion of the main pool of thymocytes. These
cytotoxic cells may have a role in directing apoptotic mechanisms occurring during thymocyte
development.
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The thymus is the primary site where immunocompetent T
lymphocytes differentiate from their precursor cells. During the
course of development the genes encoding the T cell receptor are
rearranged and expressed forthe first time so that the T cells which
leave the thymus can recognise antigenic peptides in the context of
self major histocompatibility (MHC) antigens with the appropriate
affinity (Fowlkes and Pardoll, 1989; Schwarz, 1989; von Boehmer
et al., 1989). In the adult thymus, T cells at various stages of
development are present. During the developmental process. cell
division and differentiation appear to be accompanied by cell death
(Scollay and Shortman. 1984). The majority of the cells destined to
die within the thymus (CD4+ CD8+) belong to the same population
of cortical thymocytes which are sensitive to corticosteroids
(Weissman. 1973) and represent approximately85%ofthymocytes.
Thymocytes are thought to die by a process termed apoptosis,
which is characterized by early changes in the nuclear membrane,
followed by rapid degradation of DNA (Sell ins and Cohen, 1987). A
similar endogenous suicide mechanism is activated by
glucocorticoids and by cytotoxic T lymphocytes in target cells
(Ucker, 1987).

During fetal thymocyte development there is a sequential ap-
pearance of cells at different stages of maturity, beginning with
colonisation of the thymus anlage by cells from the fetal liver at
about day 11 of mouse embryonic development, which can be
followed by cell surface differentiation molecules (Fowlkes and

Pardoll. 1989; Jenkinson and Owen, 1990). The fetal thymus organ
culture system allows the ontogeny of thymocytes to be studied in
vitro and is more amenable to experimental manipulation than the
thymus in intact animals (Crosier et al., 1989; Jenkinson and Owen,
1990), In previous work we have shown that Thy1 + cytotoxic cells

can be detected in fetal thymus organ cultures (FrOC) when the
Iymphokine IL 2 is present at an age equivalent to day 17 of
gestation (Skinner et al,. 1987b; Skinner and Marbrook 1988). The
presence of cytotoxic cells is accompanied by inhibition of fetal
thymocyte growth and differentiation. Here we investigate the effect
of corticosterone (CS) on the growth. expression of cell surface
differentiation markers and effector function ofthymocytes in FrOC.

Fetal thymic lobes were taken from day 14 embryos and placed
in organ culture for 10 days with orwithout CS (10 6M-109M).ln control
cultures the number of viable cells per lobe increased for a period
of 4-6 days (2.9x105 on day 6 of culture). after which time growth
ceased and some thymocytes died (Fig. 1A),ln FrOC treated with CS
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DAYS IN ORGAN CULTURE

(10-6M or lO-7M) a decrease in the apparent cell growth rate was

observed. Although the cell numbers increased during the first 6
days of culture, the thymic lobes yielded lO-fold fewer cells when 10-
6 M CS was present (3x10' cells per lobe, Fig. 1A). In FTOCfrom day
16 embryos, viable cells increased during the first 2 days of organ
culture (Fig. 18) whereas with CS (10.6M), viable cells decreased
during this time. The effect of 10- 7 M CS was similar, although not
so marked, with a parallel change in the number of viable cells per
lobe overthe 2-4 day period. CS did not appear to increase dead cell
numbers (not shown) but decreased eventual thymocyte numbers.

The effects of CS on the expression of CD4 and COB cell surface
markers was compared with the effects of IL-2.With IL-2 the growth
of CD4- CDB- (double negative. ON) cells was inhibited, as was the
generation of CD4+ C08+ (double positive, DP) cells (Fig. 2). In
contrast, with CS the number of ON cells was similar to controls
after 6 days FTOC. The major effect of CS was a decrease in the
number of cells expressing both CD4 and CDS. although single
positive (SP) CD4+ and CD8+ cells were also decreased (Fig. 3).
When the expression of a number of other cell surface markers was
examined, it was clear that CS treatment enhanced the proportion
of cells at 6 days FTOCwhich expressed Mac1 (from 0% to 14%).
la (from 8% to 2B%) and FcR (from 4% to 36%). It also caused a
higher proportion of cells expressing the IL2R to be maintained
(Table 1). After exposure to IL2, the proportion of cells expressing
Mac1, la, FcR or IL2R was not markedly different to controls.

When IL2 is added to FTOC. Thy1 + CDB- cells with cytotoxic
activity are detected (Skinner and Marbrook, 1988). To determine
if treatment with CS also revealed a cytotoxic population of cells. the
cytotoxic activity of fetal thymocytes was analyzed after exposure of
FTOC to CS. Cytotoxic activity against P815 target cells was present
in the CS-treated lobes (Fig. 4A), but was less potent than that
obtained with IL2 treatment. Lysis ofthe natural killer(NK) sensitive
targets YAC-1 was detected in IL2 but not in CS-treated lobes (Fig.
48). The lytic activity ofthe cytotoxic cells from CS-treated FTOCwas
not decreased after incubation with anti-Thy1 or antiCD8 antibody
plus complement, indicating a Thy1- C08- phenotype (Table 2).

In summary. CS inhibited but did not totally block the growth of
fetal thymocytes. Mature SP cells were still detectable. There was
also an increase in the numbers of cells bearing macrophage
markers. and cells with cytotoxic activity were detectable.

Not only do corticosteroids exert several effects on T cells but
they are also potent stimuli for mesenchymal/epithelial interac-
tions and differentiation within maturing foregut derived organs

Fig. 1. The effect of CS on the growth of cells in fetal
thymic organ cultures. C57BU10J thymic lobes from
fetal mice at 14 (A) or 16 (B) days of gestation were

cultured alone (f'j)or with CSat 1O-6MI8}, 10-7M(8) 10-
8M (0) or 10-9M (:J)and the number of viable cells was
estimated at the times indicated. Each point repre-
sents the mean of 5 lobes with SO not exceeding 15%.

6 8 10

(Slavkin et al..1984). In the rat and other species, there is a marked
increase in fetal corticosteroid output in the days immediately
preceding birth (Smith et al.. 1982). It is thus appropriate to de-
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Fig. 2. Effect of IL2 on fetal thymocyte populations. Two color flow
cytometric analysis (FCA) were performed to examine co-ordinate expres-
sion of CD4 and COB after IL2 (100 units per ml) treatment (B,D) compared
to controls (A,CI. FCA were performed on fetal thymic lobes at day 14 of
gestation and after 3 or 6 days' organ culture of these lobes. Data were

obtained from the pooled cells of at least 5 thymic lobes. Shown are staining
results for C04-C08- (J), CD4+CDB+ (8), C04-CD8+ (0) and C04+CD8-
reJ populations_ In A and B the results are expressed as % cells staining,
taking into account that CD4-C08- cells do not stain In C and 0 the number

of cells per thymic lobe belonging to each of the four populations is shown.



Eifect of corticosteroid.\' Oil fetal thymocyte.\' 575

TABLE 1
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100 PHENOTYPE OF CELLS FROM FTOC AFTER EXPOSURE TO CS
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Fig. 3. Effect ofCS on fetal thymocyte populations. Two color FCA were
used to examine the co-ordinate expression of C04 and COB after CS (1

()

8M) treatment (B,D) compared to controls (A,C). FCA were performed on

fetal lobes at 14 days of gestation and after 3 or 6 days in organ culture and

data were obtained from the pooled celfs of at least 5 thymic lobes Shown
are staining results of the four populations C04-COB- (J), C04+COB+ (.i,

CD4-CDB+ (0) and CD4+CDB- (.J. In A and B results are expressed as %
of cells staining in each population, whereas in C and 0 results are
expressed as the number of cells per lobe in each population

termine the effects of CS on the developing thymus since this is a
foregut derived structure with well differentiated functions for both
the epithelium and the mesenchymal derived lymphoid cells. The
effect of CS on the adult thymus is well documented with the
depletion of cortical thymocytes (Weissman, 1973), of distinct
subpopulations of medullary thymocytes (Chen et al., 1982; van
Vliet et al., 1986) and changes in MHC antigen expression and
morphologyofthe cortical reticular epithelial stroma (van Vliet et al.,
1986).

The effect of corticosteroids on the fetal thymus has not been
so rigorouslystudied. Usingthe FTOC system, typical small cortical
thymocytes were eliminated after exposure to hydrocortisone and
a relative enrichment of Thy1- la+ cells was found (Mandel and
Scollay, 1981; Barr et al" 1984). However, FTOC were equivalent
to at least 17 days of gestation before corticosteroid was added. In
this study the effects of CS on fetal thymocyte development from
day 14 of gestation is compared to the effects of IL2, a T cell growth
factor previously shown to inhibit fetal thymocyte development
(Skinner et al., 1987b). Additionof IL2to 14 day FTOeinhibitedthe
normal growth of DNthymocytes as well as the differentiation of ON

Results are % of cells expressing a particular cell surface antigen as
measured by monoclonal antibody staining and flow cytometry. Cells are
from control fetal thymic cultures, or ones exposed to 1O-6M CS or 100
units per mllL2
.One representative experiment of two. ."One representative experi-
ment of three.

to DP cells, and the progression to SP cells (Fig. 2). In contrast, CS
did not totaliy inhibit the growth of DN celis (Fig. 3) and thus cannot
simply be considered a thymolytic agent within the developing fetal
thymus. In addition the differentiation pattern was changed, with a
marked decrease in OP cells and a relative enrichment for cells
expressing Macl, la, and FcR (Table 1). CS has presumably
depleted the main lymphoid cell group, allowing for an enrichment
of early T cells and non-lymphoid cells. IL2 also caused a decrease
in OP cells, but without enriching for Mac1+, la+ or FcR+ cells,
suggesting this may be a unique effect of corticosteroids.

Fig. 4, Comparison of
cytototoxic activity in fetal
thymic lobes cultured with CS
cr1L2. Thymic/obes from 14day
fetal mice were cultured with CS
at 1~M(.), /L2at 1OOu/ml18ior
without treatment (0) for 6
days. The cells were harvested
and assayed for cytotoxic activ-
ity in a 4hr 51Cr release assay
usmg P8151AI or YAC-l (61 lar-
get cells. The SO of triplicate
determinations did not exceed
3% specific lysis.

201101 512,5:11.25:1
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TABLE2

PHENOTYPIC ANALYSIS OF CYTOTOXIC CELLS FROM CS

TREATED FETAL THYMIC LOBES

Antibody and lor complement %Specific Lysis SD

-C'
Anti Thy1
Anti Thy1 +C'
anti-COB
anti CD8+C'

16
13.7
13.0
199
18.9

2.7
2.7
3.9
59
4.7

Cells from thymic lobes cultured with lO-6M CS were incubated with C',
antibody or antibody plus C' and then assayed for cytolytic activity on !>lCr-

labeled P815 target cells at a killer-ta-target ratio of 4:1. The results from
triplicate assays are shown with SD.

Exposure of thymic organ cultures to CSallowed the detection of
Thyl- CD8- cytotoxic cells (Fig. 4. Table 2). The question arises as
to whether this is due to depletion of other cells which might inhibit
or dilute out cytotoxiccells or is due to a direct effect of CS on cells
with cytotoxic potential. A similar conundrum exists with the Thyl +
CDB- cytotoxic cells present in thymic lobes treated with IL2
(Skinner and Marbrook, 1988). IL2, however, is known to induce or
enhance cytotoxic activity in lymphoid populations (Grimm et al.,
1982: Skinner et al., 1987a). No such effect has previously been
reported for CS. Cytotoxic cells or their inactive precursors are
present in the thymus (Ballas and Rasmussen, 1987: Michon et al.,
1988) particlarly in scid mice where the thymus is hypocellular and
contains only immature T cells, (Garni-Wagner et at.. 1990). The
earlyT cell precursors present in scidmice have a similar phenotype
to CS-induced killers but they mediate NK activity. No NK activity
could be detected after CS treatment (Fig. 4). Alternatively, these
cytotoxic cells may belong to the macrophage lineage, particularly
as Macl + cells are enriched in FTOCafter exposure to CS(Table 1).

If cytotoxiccells, unmasked by CS treatment, are present in the
normal fetal thymus, do they have a role in T cell development? It
is thought that bone marrow-derived cells. belonging not tothe Tcell
lineage but to the macrophage lineage, are involved in the "nega-
tive" selection process in the thymus which ensures that developing
auto reactive T cells are eliminated (Schwarz, 1989: van Ewijk.
1991). Directed cell death may be a feature of intrathymic "posi-
tive" selection (McDonald and Lees, 1990) and molecular mecha-
nisms for the clonal deletion of autoreactive cells have been
proposed (Smith et al., 1989) including the Fas antigen that me-
diates apoptosis (Watanabe-Fukunaga et al., 1992). It remains to
be seen which cells within the thymus possess the ligand forthe Fas
antigen. The possibiJitythatthe cytotoxiccells detected inthis study
direct apoptosis within the thymus and are involved in the ability of
the thymus to eliminate autoreactive clones is intriguing and merits
further investigation.

Experimental Procedures

Mice
Male and female C57BLjl0J mice were obtained from breeding colonies

maintained in the Cancer Laboratories, School of Medicine. University of
Auckland. Embryos were obtained from timed matings with the day after an
18hr exposure of females to males being designated day O.

---

Lymphokine
Human recombinant IL2 was kindly supplied by Immunex Corporation.

Seattle. Units of IL2 activity were determined in an IL2-dependent T cell
growth assay where one unit of activity was defined as the amount required
to stimulate 50% of the maximal growth response.

Fetal thymus organ cultures
Intact fetal thymic lobes were cultured as described previously (Skinner

et al.. 1987b). Briefly 10-15 lobes were placed on Millipore filters (0.45,ltm)
supported by lcm squares of gelatin sponge (Gelfoam, Upjohn, Kalamazoo
USA). and placed in a dish of culture medium (Iscoves modified Dulbecco's
medium supplemented with 10% fetal calf serum. FCS and glutamine
0.2mgjml). Cultures were incubated in a humidified incubator at 3TC
containing 10% C02 in air. After culture, thymocytes were released. layered
over FCS and washed twice in culture medium. Viable cells were assessed
by using trypan blue exclusion.

Cell staining and flow cytometry
To detect expression of CD4 and CD8 antigens. directly conjugated

GK1.5-phycoerythrin and fluoresceinated 53-6.7 antibodies were used
(Becton Dickinson, Mountain View. CA). Other unconJugated monoclonal
antibodies were as previously described (Skinner et al.. 1989) and were
used in conjunction with a second goat anti-mouse fluoresceinated IgG or
IgM (Becton Dickinson). Cells were incubated at 4°C in culture medium
containing 0.01% sodium azide and monoclonal antibody for 20 min
followed by two washes. Flow cytometry was performed on a fluorescence-
activated cell sorter (FACS 440, Becton Dickinson). A minimum of 10.000
cells were analyzed for each sample. Dead cells were excluded from analysis
by electronic gating of cells staining with propidium iodide.

Antibody plus complement treatment
Cells were harvested from organ cultures and incubated with the mouse

anti-CD8 antibody 53-6.7 (Ledbetter and Herzenberg, 1979) or anti-Thyl,
T2431.7. (Dennert et al., 1980) at 37°C for 30 min at an appropriate
concentration (Skinner and Marbrook. 1988). Guinea pig complement (C')
absorbed with adult thymocytes was added at a final concentration of 1:30:
the cells were incubated for a further 30 min at 3rC and then washed twice.

Cytotoxicity assay
Cytotoxicity was measured by a standard 51Cr-release assay with minor

modifications as previously described (Skinner et al., 1987b). Target cells
were mastocytoma P815 (H2di and the mouse NK sensitive target cell YAC-
1. Percent specific lysis was determined by the formula:

experimental cpm- spontaneous cpm
% specific Iysis= - x 100

maximum uptake cpm-spontaneous cpm

Standard deviations of triplicate determinations were generally less than
3% of the specific lysis.
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