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Thymus-Neuroendocrine Interactions in
Extrathymic T Cell Development

Jin Wang and John R. Klein*

Studies of the development of murine intestinal intraepithelial lymphocytes (IELs) have
yielded markedly different results depending on the experimental system used. In athymic
radiation chimeras, |ELs consist of all subsets found in euthymic mice; adult mice that
were athymic at birth have only IELs that are positive for T cell receptor v and CD8aa.
These differences are resolved by the finding that administration of the neuropeptide
thyrotropin-releasing hormone to adult mice thymectomized as neonates leads to the
development of all IEL T cells. Thus, a neuroendocrine signal initiated by the thymus during
fetal or neonatal life appears to be required for subsequent extrathymic maturation of gut

ap T cells.

There now is considerable evidence that
some, or possibly all, murine intestinal IELs
are T cells that have matured independent
of the thymus (I1-4), thereby constituting
the largest group of peripheral extrathymic
T cells. Yet, opinions differ sharply as to
which IELs are thymus-dependent and
which are thymus-independent (5, 6); those
differences primarily reflect the particular
experimental system used—that is, whether
mice were made athymic as adults (athymic
radiation chimeras) (2, 3) or whether they
were athymic from birth (4, 6). Under-
standing the_ basis for those differences is
essential for determining which IELs are
truly extrathymic T cells and for under-
standing which experimental system most
accurately reflects the biology of the IELs in
normal mice. In that context, several stud-
ies have recently reported that engraftment
into neonatally athymic mice with fetal
thymus or with thymus tissues contained in
diffusion chambers (6) leads to the appear-
ance of a3 T cells in the gut. Because in the
latter experiments lymphocytes could not
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enter the engrafted thymus tissue, it was
concluded that the thymus stroma directly
influences the development of af T cells
within the gut. As reported here, however,
a similar outcome can be achieved by neu-
rohormone supplementation in the absence
of thymus engraftment, which suggests that
although the thymus is involved in some
stage of that process, it is not directly re-
sponsible for the development of gut a8 T
cells.

We isolated IELs from adult athymic
radiation chimeras and from adult neona-
tally: thymectomized (NTX) mice (7) and
compared them for expression of lympho-
cyte markers by flow cytometric analyses
(8) to IELs from normal euthymic mice

4@ 0 'i@ﬂ 0

0 53 1
Surface immunoglobulin

Thy-1.2
Thy-1.1

Fig. 1. Expression of Thy-1.1 and Thy-1.2 on |[ELs
from CBA athymic radiation chimeras injected
with AKR bone marrow (7).
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(that is, mice with normal thymuses). Be-
cause most TCRa, CD8af, and CD5 IELs
express Thy-1 (9, 10) and because those
populations were of particular interest in
our study, the hematopoietic origins of [ELs
in athymic chimeras were determined with
irradiated CBA (Thy-1.2) congenic mice
injected with bone marrow from AKR
(Thy-1.1) mice. More than 90% of Thy-17*
IELs in athymic chimeras expressed the
Thy-1.1 allele, which indicates that they
were donor-derived lymphocytes and that
they were not residual host cells (Fig. 1).
IELs from athymic chimeras (Fig. 2B) ex-
pressed all subsets that existed in euthymic
mice (Fig. 2A). In those mice, IELs consist-
ed of both TCRaB*CD5* cells and
TCRy8"CD5~ cells. Virtually all CD8B*
IELs were Thy-1* cells, and both CD8aax
and CD8af IELs were present. CD5 was
expressed on some, though not all,
TCRaB* IELs; TCRy3™* IELs were primar-
ily CD5. Consistent with findings from
this (2) and other laboratories (3), T cells
were absent in peripheral immune compart-
ments outside the intestine. These findings
indicate that despite a reduction in the
proportion of some types of [ELs in athymic
chimeras (for example, CD8aB* and Thy-
1*CD8B* cells) (Fig. 2B), all IEL subsets
nonetheless developed in the absence of the
thymus.

In contrast to IELs in euthymic mice and
athymic chimeras, IELs in NTX mice consist-
ed of only TCRy3*CD8aa™ cells (Fig. 2C).
Additionally, more than half of the IELs in
NTX mice were devoid of markers of mature
lymphocytes and, even among the TCRy3™*
IELs, there was a reduction in the proportion
of TCRY3 IELs in NTX mice compared to
the number of IELs from athymic chimeras
(Fig. 2). However, the most striking differ-
ence between IELs in athymic chimeras and
those in NTX mice was the absence of
TCRaB, CD8aB, Thy-1, and CD5 cells, a
finding that was consistent in several IEL
isolates from NTX mice. Thus, IELs in mice
that are athymic at birth lack aff T cells.



Fig. 2. Phenotypic analy-
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It is known that the hypothalamus-
derived neuroendocrine hormone, thyro-
tropin-releasing hormone (TRH), and pi-
tuitary hormones that are regulated by
TRH influence the development and
function of the thymus-dependent branch
of the lymphoid system, particularly dur-
ing the fetal or neonatal period (11-15).
As yet, however, nothing is known about
the involvement of the neuroendocrine
system in the maturation of gut T cells.
Because athymic chimeras and NTX mice
differed according to the time at which
they were made athymic, we sought to
determine whether the lack of af T cells
in IELs from NTX mice was due to a
disruption of the thymus-neuroendocrine
axis as a result of thymectomy during an
early phase of ontogeny.

Adult NTX mice, 8 to 10 weeks of age,
were administered exogenous TRH (16),
and their IELs were studied phenotypical-
ly 1 and 3 weeks after treatment. TRH
was chosen because of its well-document-
ed effects on T cell development and
because of its ability to induce the release

Fig. 3. Phenotypic analy- A

of other immunologically relevant neu-
roendocrine hormones (11-15). The IELs
from adult NTX mice that had been treat-
ed with TRH for 1 week began to express
subsets that were present in athymic chi-
meras and euthymic mice (Fig. 3A), but
that were routinely absent in NTX mice.
By 3 weeks after TRH treatment, there
was an increase in NTX mice in the pro-
portion of IELs expressing TCRaf,
CD8apB, Thy-1, and CD5 (Fig. 3) com-
pared to the number of IELs in age-
matched untreated NTX mice (Figs. 2C).
Those findings were consistent for several
TRH-treated mice as well (Table 1).
Moreover, the total number of recovered
IELs also had increased significantly in
TRH-treated mice: (7.6 = 3.2) X 10°
IELs per untreated mouse versus (20.1 *
3.3) X 10¢ IELs per TRH-treated mouse.
Because the effect of TRH treatment was
primarily directed at intestinal T cells, as
seen by the lack of splenic lymphocytes
expressing CD4, CD8, TCRaB, or
TCRvy8 (Table 1), and because TRH is

not directly mitogenic for murine lym-
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phocytes in vitro (17), the presence of
TCRaP T cells in the gut epithelium of
TRH-treated mice was not a result of the
expansion of small numbers of thymus-
derived T cells. Rather, the absence of
TCRaB*CD8aB™ IELs in NTX mice ap-
pears to be directly related to a neuroen-
docrine deficiency in those mice.

These findings suggest that a neuroen-
docrine factor is important for the local
development of gut af T cells and that a
thymus-mediated signal is needed early in
ontogeny. This explains why IELs from
adult athymic chimeras bear all subsets
found in euthymic mice, whereas IELs
from NTX mice lack af T cells. Al-
though the mode of action of TRH on the
development of gut a8 T cells is not yet
evident, the effect of TRH may be to
induce the release of immunologically rel-
evant pituitary hormones such as thyroid-
stimulating hormone (TSH). In fact, gut
T cell development also occurred effi-
ciently in TSH-treated NTX mice (18).
Moreover, other studies have documented
neuroendocrine involvement in the mat-
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Table 1. Effect of TRH treatment on IEL development in NTX mice. The percentage of total lymphocytes
represents the mean value = SEM of staining of IELs from four to six mice per group, isolated, stained,

and analyzed individually (7). ND, not determined.

Percentage of total lymphocytes

Marker IELs Spleen
Untreated TRH-treated Untreated TRH-treated

mice mice mice mice
Thy-1 40+15 39.6 + 8.7* 3.1+24 50+07
CDh4 0803 2114 25+0.3 26+ 0.6
CD5 1.0x1.1 24,6 + 8.2* ND ND
cD8 51.3+27 716 £ 6.6 12+1.0 1.6+0.5
CD8aa 476 + 52 43.0+ 4.4 ND ND
CD8ap 0908 37.3 £ 5.14* ND ND
TCRy3 175 £ 43 322 + 2.5 <1 <1
TCRaB 1.5+07 29.6 + 3.9* <1 <1

*Statistically significant difference (P < 0.001) compared to untreated NTX mice according to Student’s t test for

unpaired observations.

uration of the T cell lineage, and vice
versa (11-13, 14). Mice that are athymic
at birth have deficiencies in hypothalam-
ic or pituitary hormone production,
which can be partially or completely re-
stored by thymus implantation (I1). In
contrast, animals thymectomized as adults
have minimal hormone impairment (11).
Neuroendocrine hormones also have been
shown to influence the maturation of the
thymus epithelium (14). Given existing
evidence for the role of the gut epitheli-
um in antigen presentation and develop-
ment (19), it is possible that the effect of
neuroendocrine hormones is to render the
gut epithelium suitable for the maturation
of af T cells. Both positive and negative
selection now have been shown to occur
during the extrathymic development of
of”* IELs in athymic chimeras (3), and
major histocompatibility complex-re-
stricted IEL T cells have been reported
(10, 20). In contrast, there is growing
evidence that at least some y3 T cells are
not selected on self tissue antigens (21) or
that they recognize antigens in a manner
different from that of af T cells (22),
which implies distinct requirements for
of and ¥8 T cells during maturation.
Finally, it should be noted that gut T
cell development did not occur in hor-
mone-treated, congenitally athymic nude
mice. Considering the extensive hypotha-
lamic, pituitary, and thyroid defects that
exist in nude mice (23), this is not nec-
essarily surprising. Moreover, the lack of a
response in nude mice may reflect the
total absence of a thymus-derived signal,
given that nude mice are athymic during
fetal life, whereas NTX mice are not, thus
further implying that the process needed
to activate a neuroendocrine response oc-
curs during the fetal stage. That possibil-
ity is compatible with reports that en-
graftment of thymus tissues into nude
mice leads to normal IEL development
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(6), presumably by activating the entire
thymus-neuroendocrine loop. Taken to-
gether, the findings reported here suggest
a complex physiological network needed
for extrathymic T cell maturation.
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