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Abstract, Thymlc neuroendocnne cells were identified by 1mmunoﬂuorescence in the munne thymus throu gh the use of
monoclonal antibody A2BS5, and specific polyclonal antisera against neurophysin (NP), oxytocin (OT) and arginine vaso-
pressin {AVP), Two reactive regions were clearly identified: the subcapsular cortex and the medulla. A close correspon-
dence was observed between A2B5-reactive and NP-immunoreactive cells in the medulla, An important ep1theha1 popula-"
 tion of the subcapsular cortex, the thymic nurse cells (TNCs), were found to be A2B5-positive and to contain immunoreac-
- tive NP, .OT and AVP. The neuroendocrine nature of TNCs was further substantlated by their high' reactivity with an -
~ antiserum agamst neuron-spccnfic enolase, These observatlons demonstrate the presence in the thymus gland of an original

neuroendocrine. mncroenvnronment whlch could be of funcuonal 1mportance in the med:at:on of central mﬂuences upon T

lymphocyte dlfferentlatlon

“The thymus is the major site of T cell differentiation *
from their hematopoietic precursors [5, 15]. This complex
process of maturation requires direct cell-to-cell receptor- .-
mediated interactions, as well as paracrine information via -
cytokines and secrelqry_products of thymic epithelial cells, -
the thymic hormones [2, 13]. The thymic nurse cells (TNCs) _
- provide one ‘striking example of very close interactions
between developing T cells and thymic epithelial compo- .

nents [20, 26, 27). First isolated from mouse thymus after
enzymatic digestion, TNCs consist of outer-cortical epithe-
lial cells which enclose a large number of actively dividing
thymic lymphocytes [26, 27). TNCs have also been des-

cribed in situ on thymic sections obtained from different
species [6, 23, 29]. The expression by TNCs of major histo- -

compatibility complex (MHC) determinants [7, 27], and the
‘immunocompetence, although limited, ‘of TNC-derived
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t.hyi.nocytes' [1] su;-)p"ort‘the cdncenl 'tha't' this specialized mi-
croenvironment plays’ an 1mportant role in T cell educa—

tlon/selectlon processes... ... -
" The neurohypophyseal peptldes oxytocm (OT) and argl-
nine vasopressm (AVP) might also intervene in T cell diffe-

rentiation. We have recently described the presence in the | Cad

human. thymus of a peptlde ‘sharing’ immunological,
biological "and physwochenncal ‘properties . with the
neurohormone OT [11]. Immunoreactive (ir) AVP has also
been extracted from rat and mouse thymuses [22]. OT and
AVP are structurally similar nonapeptides which are

‘mainly synthesized in the hypothalamic supraoptic and pa-

raventricular nuclei as the N-terminus of larger precursor

proteins [18]. During their axonal transport towards the
neurohypohysis, these “precursors are enzymatically
cleaved into the active nonapeptides OT and AVP, and
their respective associated neurophysins (NP) I and 11 [3).
Intrathymic coexistence of almost equimolar concentra-
tions of ir OT and NP strongly suggested a local synthesis
of these neuropeptides which was confirmed by the detec-

‘tion of OT and AVP messenger RNAs in human thymic ex-

tracts [12]. Immunocytochemistry with the alkaline phos-
phatase-antialkaline phosphatase technique revealed that ir
NP, OT and AVP-containing cells were mainly distributed
in the subcapsular cortex and the medulla of the human

thymus [l 2]
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In this paper, we demonstrate by immunofluorescence
cylochemistry the presence of ir neurchypophyseal pep-
tides in the subcapsular cortex and the medulla of murine
thymus. Further characterization of positive “cells was

nchieved through the use of the monoclonal antibodyA2B5

which binds to a complex ganghomde expressed on the
membrane of nenronal, glial, and neuroendocrine peptide-

secreting cells 8, 9], as well as on some subsets of thymic-

hormone-producing epithelial cells [14}. Since TNCs con-

~ stitute a major cellular component of the subcapsular epi-
thelium [16, 23], we judged of high mterest to mvestlgate
also their neuroendocrme nature. :

~ Material and Methods

The thymuses used in these studies were excised from1-month-

old C57BL/Ka mice. TNCs were isolated by serial sedimentations .

_ aler enzymalic digestion as previously described [16]. The thymic

fragments and the pellets of TNCs were embedded in a eryoprotec: .

tant (Tissue-Tek; Miles Laboralones), and frozen at -70 °C. Five
micron sections were cut witha cryostat at —20 °C, dried for. 10 min -

: under ventilated cold air,andfixed for 1 min in cold acetone. Forty
L ‘thymuses at-least were needed to constitute one pellet of TNCs,'ﬁ

. nnd six different pellets were examined i in this study
_therefore, it detects 0T—assoc1ated as well as AVP-associatéd NPs

I'Ilculo -stimulating hormone, Iutemlzmg hormone thymopoletm
'i'thymopentln and Lhymulln S

5 Polyclonal -antisera agamst oT and AVP were provnded by
: UCB B10products (Belgium). Since anti-AVP cross-reacts partially
“wlth OT, il was preincubated overnight with 5 x 10 M OT, as indi-
cuted before [12]. These antisera do not cross-react w1th othcr
(nown neuropeptides or piluitary polypeptldes

{ll_nry.‘ e
_4enolnse (NSE) = was purchased from Dakopatts (Be]glum) Cross-
ubunits (muscle). ;

:s;Secﬂons were mcubatcd for 30 min at room tcmperature w1th
- antl-NSE (1:200), for 3 h with crude A2B5 hybridoma supernatant,
~BhthNP (1:200). Antibodies were visualized with fluorescein iso-

ntl-robbig lg (for others) and, in double immunofluorescence

“conjuguied goat anti-rabbit Ig (Nordic Laboratories). -

- both it 5. 10-¢ M.

-~ The antiserum against purified bovme NP was raised in our
“laboratory, and tecognizes the central constant region of NPs; -

.' [21]. Cross-réactivity is less than 0. 5% w1th prolactin, growth hor- :
“mone and adrenocortwotropm less than 0.01% Wlth OT, AVP, fol- :

" A2B5 mouse hybridoma was obtained from Amencan Type _

‘:CullurcCo]lecuon(ATCC HB 29), and wasreculturcd mourlabo- R . L. L
example of an extremely intimate association between a

“The antlserum against bovme y/y enolase ~ o ‘neuron- specnﬁc : . :
.. TNC-engulfed thymocytes. -In
“greatly accredits the concept that the neuroendocrine sys-

renctlvity is absent ‘with o subunits (g]lal), and very weak w1th B n Pl 1 . I :
- tem may exert an influénce upon T cell differentiation. The~

_.und for 18 h at 4 °C with anti-OT (1:1,000), anti-AVP (1:1,000), and
hlocyanate (FITC)-conjugated goat anti-mouse Ig (for A2BS5) or
: tudies, ‘with tetramethylrhodamine isothiocyanate (TRITC)

Control experiments included incubations with normal rabbltr.-

cer ':ror mouse serum as first- -step antibodies, as well as preincubations
- of antisera with lhelrrhomologous antigens (synthellc OTand AVP, ’
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Results and Discussion

The distribution of A2B5 and NP imn‘iunbréactiviti_es' in

" the murine thymus is presented in figure 1. Two reactive

ZONes were cleér_ly identified: the subcapsular cortex (fig. -
la, b), and the medulla {fig. lc, d). A similar distribution

" was found for ir OT and AVP (data not shown). Double

immunofluorescence studies revealed a close correspon--
dence between medullary A2B5-positive and ir NP-contai-
ning cells (fig. I¢, d). A2B5-negative cells which were labell-
ed by anti-NP were extremely rare. This distribution was
identical with that previously reported for A2B5, as wellas
for thymopoietin and thymosin-a; {[14]. The localization of
ir OT and ir AVP- conlaining cells was also the same in the -
human thymus [12]. '
-The colocalization of A2B5 and ncuropeptldes in the

‘subcapsular coriex incited us to investigate the neuroendo-

crine feature of specialized lymphoepithelial complexes de-
rived from that zone, the TNCs [16, 23, 27]. Double immu-

. nofluarescence studies revealed that the epithelial bompo- S
-nent of TNCs - but not the engulfed thymocytes — strongly. R
: _;'reacted with A2B5 and anti-NP (fig. 2a, b), anti- OT (fig. 2¢c,

d), ‘or anti-AVP._(fig. 2e). The majority of isolated TNCs
were so double labelled by A2BS and. antmeuropepudcs
but, actual]y, we do not know if some TNCs contain both

‘OT and AVP. The neuroendocrlne nature of the TNCs'was =
" further confirmed by their high react1v1ty with anti-NSEse- - - .
rum (fig. 20. In control experiments; no mgmﬁcant immu- . ., "
- nostaining of TNCs (or thymic secuons) could be observed' ;
- -with normal rabbit or'mouse serum as ﬁrst—step antlbody,'

(fig. 3a), or after premcubatlon of the spec:ﬁc annbody wnth _:

S ltS respective antigen (fig. 3b).":

"While the precise nature - eplthcllal or dendrmc of the L

' 'neuroendocrme medullary ‘cells remains to be defined, the =

conjunction of three - different neuroendocrine markcrsl'

(A2B5, neuropcptldes and NSE) demonslrates that TNCs .~ ~ :
“constitute a part of the diffuse neurdendocrine system. In
-this view, the TNCs represent an original, if not unique;

neuroendocrine element and immune developing cells, the '
itself, - 'this observation -

involvement of TNCs in this process was initially suggested
by the finding that TNCs expressed high levels of MHC
class I and class I antigens which are known to intervene in
self-recognition and selection of T cell repertoire [26, 27). .
The differentiative capac1ty of the MHC-positive TNC mi-
croenvironment was recently examined by the expression .-

-of T cell differentiation markers on TNC thymocytes and

their sensitivity to cortisone (which is related to the state of
maturation [5]). The majority of TNC thymocytes were cor-

‘tisone-sensitive and expressed an immature phenotype, but
-a minority of them were cortisone-resistant and expressed a’
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mature phenotype {7]. Other characteristics of TNC-asso-
ciated thymocytes are their high mitotic rate [27], and the
presence of interleukin-2-secreting among them [25].

Our findings now support that OT and AVP might con-
stitute differentiative signals in the TNC microenviron-
ment. Interestingly, a secretory activity of TNCs was early
suggested by the observation of regular membrane invagi-
nations [27], but the presence of typical secretory granules
has not yet been reported. Previously, AVP was shown to be
mitogenic for thymocytes [28] and bone marrow cells [17),
while both AVP and OT can replace interleukin-2 require-
ment for gamma interferon production by mouse spleno-
cyles [19]. More recently, AVP was reported to modulate
CRF-induced adrenocorticotropin production by human
leukocytes as AVP does at the adenohypophyseal level [24].
In paralle] with our investigations, a rational model of a
neuroendocrine thymo-lymphoid axis could be proposed.
The thymus is directly connected with central nervous
structures through autonomic innervation [4, 10]. Like other
neurosecretory cells, thymic neuroendocrine cells could
translate nevral autonomic inputs into neuropeptide secre-
tions. Thymic neuropeptides could then exert a local para-

crine influence upon T cell differentiation/proliferation,” :
.16 'Houben-Defresne, M.-P.; Varlet, A.; Gofﬁnet G.; Boniver, 1.

but could also modulate lymphocyte productions of lym-
phokines (such as gamma interferon) or hormones (such as
adrenocorticotropin or B-endorphin) [24]. Indeed, the exact
configuration and significance of this axis remains to be
. further examined, but we believe that its action would be to
mediate central influences upon the immune system.
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