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Abstract Both during phylogeny and ontogeny the thy-
mus appears as a nodal point between the two major sys-
tems of cell-to-cell signaling, the neuroendocrine and
immune systems. This review presents the experimental
observations which support a dual role in T cell selection
played by the thymic repertoire of neuroendocrine poly-
peptide precursors. Through the mode of cryptocrine in-
tercellular signaling thymic neuroendocrine-related pre-
cursors synthesized in thymic epithelial cells have been
shown to influence the early steps in T cell differentia-
tion. In addition, thymic neuroendocrine-related poly-
peptides are a source of self-antigens which are present-
ed by the major histocompatibility system of the thymic
epithelium. Preliminary data also suggest that the intra-
thymic T cell education to neuroendocrine self-antigens
is not strictly superimposible to the antigen presentation
by dedicated presenting cells. Insulin-like growth factor-
II (IGF-II) was identified as one dominant member of the
insulin family expressed by thymic epithelial and nurse
cells. The intrathymic presentation of IGF-II or IGF-II
derived self-antigens is under current investigation. If
further confirmed, the central tolerogenic properties of
IGF-II could be considered in the elaboration of a strate-
gy for an efficient and safe prevention of insulin-depen-
dent diabetes.

Key words Thymus - Cryptocrine signaling - Neuroen-
docrine self-antigens - Molecular evolution - Develop-
mental biology - T cell tolerance

Abbreviations /DDM Insulin-dependent diabetes -
IGF Insulin-like growth factor -

IGFBP IGF-binding protein -

TCR T cell antigen receptor -

MHC Major histocompatibility complex -

OT Oxytocin - TEC Thymic epithelial cell -

TNC Thymic nurse cell - VP Vasopressin

V. Geenen (X)) - B, Goxe - H. Martens - E. Vandersmissen
Y. Vanneste - I. Achour - O. Kecha - P.J. Lefebvre
Department of Medicine-Endocrinology,

Institute of Pathology CHU B-23, University of Li¢ge,
B-4000 Ligge-Sart Tilman, Belgium

© Springer-Verlag 1995

Introduction

Although the thymus has long been considered as a
gland, there is still difficuity in applying the model of

. endocrine cell-to-cell signaling to the intrathymic pro-

cess of T cell differentiation. This may be due to the im-
portance of the thymus as a central organ of the immune
system, so that its immune properties have overshad-
owed its endocrine role. These two functions are, howev-
er, intimately interlinked, and neuroendocrine-immune
interactions in T cell education have important physio-
logical and pathological implications.

Thymic development of T lymphocytes

The thymus shapes the T cell repertoire in two distinct
ways. The most specific role of the thymus is the induc-
tion of central immunological self-tolerance which fol-
lows the negative selection of self-reactive T cells. The
existence of such “forbidden” self-reactive T cell clones
has never been demonstrated, but theoretically they
could emerge during the random recombination of the
gene segments coding for the chains of the T cell antigen
receptor (TCR) {31]. The clonal deletion or developmen-
tal arrest of self-reactive T cells is thought to follow the
high-affinity binding of TCRs that recognize self-anti-
gens presented by thymic major histocompatibility com-
plex (MHC) derived proteins. The generic terms self-an-
tigen or self-peptide are used in this review to designate
the short eight to ten amino acid sequences derived from
endogenous proteins that are effectively presented to T
cells by MHC-related molecules in the thymic stroma.
Another role of the thymus concerns the developmental
program and the positive selection of the peripheral T
cell repertoire. This dual physiological function of the
thymus remains a paradox in contemporary immunology
[2, 5]. The objective of the present review is to show
how neuroendocrine-related polypeptide precursors syn-
thesized in the thymic stroma may explain, at least par-
tially, the paradox of thymic physiology.
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The neurohypophysial hormone family

The neurohypophysial hormones constitute a family of
nonapeptides that have been highly conserved through-
out evolution {1]. They can be divided in two lineages
corresponding to the oxytocin (OT)-like and vasopressin
(VP)-like peptides. Both of the lineages may have fol-
lowed the duplication of one ancestral gene. These pep-
tides all consist of nine amino acids with cysteine resi-
dues in positions 1 and 6 forming a disulfide bridge. In
mammalian vertebrates OT-like peptides are implicated
in the control of reproduction whereas VP-like peptides
regulate water homeostasis as well as some cardio-vas-
cular functions. All known neurohypophysial hormones
are synthesized as larger precursors which all possess a
10-kDa neurophysin-like domain in their structure. Both
at the peptide and genetic levels, members of this family
have recently been demonstrated in molluscs and insects
(for a complete review, see [19]).

Despite their high conservation during evolution the
physiological role of the neurophysins remains obscure.
In the so-called higher vertebrates, the neurophysins bind
and transport the active nonapeptides OT and VP along
axons of the hypothalamo-neurohypophysial neurons [3,
10, 28]. However, the expression of neurohypophysial
genes in various species devoid of a neurohypophysial
system strongly suggests another physiological role of
neurophysins which remains to be deciphered.

OT as a cryptocrine signal in intrathymic
T cell development

As early as 1910 Ott and Scott showed that thymic ex-
tracts can induce milk ejection when injected into the
goat. It was only in the 1950’s that the biochemical prin-
ciple of milk ejection was identified as OT by du Vign-
eaud’s group. Thymic epithelial and nurse cells
(TEC/TNC) from various species synthesize neurohypo-
physial-related precursors, with a marked dominance of
OT and its associated neurophysin [4, 21-23, 33, 37, 40,
41]. Using a 3 RACE polymerase chain reaction proto-
col, the two neurohypophysial OT and VP genes were
demonstrated to be transcribed in human and murine thy-
muses [27]. Since OT is the dominant peptide of the
family expressed by TEC/TNC, the discrepancy in the
data between the thymic cDNA and peptide levels sup-
ports the existence of posttranscriptional modifications.
After several years of thorough research we arrived to
the conclusion that the model of neurosecretion cannot
explain the processing and the fate of neuropeptides syn-
thesized in thymic epithelium [23]. The intrathymic OT
gene expression and OT synthesis are not correlated with
secretion of the nonapeptide or its neurophysin in the su-
pernatant of primary cultures of TEC/TNC. A recent ul-
trastructural study has further demonstrated that ir-OT
and neurophysin are expressed by TEC only (and not by
immature T cells). Thymic ir-OT is not located in secre-

tory granules but is diffuse in the cytosol, clear vacuoles,
and the juxtamembranar space of murine TEC [49]. Such
ultrastructural features were also recently reported for
OT and VP synthesized by murine spleen eosinophil-like
cells [32]. The model of cryptocrine cell-to-cell signal-
ing has been advanced by Funder [18] to describe the
transmembrane exchanges of chemical informations be-
tween large nursing cells and immature elements which
migrate and differentiate at their contact. On the basis of
the above findings we hypothesised that thymic OT me-
diates a cryptocrine-type signaling between TEC and
pre-T cells.

As an important argument supporting an effective
cryptocrine signaling in vivo in the thymus, neurohypo-
physial receptors are expressed in the rat thymus, by rat
thymocytes (pre-T cells) [13, 16], by a murine pre-T cell
line (RL12-NP), and by murine cytotoxic T cells [34,
47]. A molecular maturation of the neurohypophysial re-
ception system expressed by T cells seems to occur in
parallel with T cell differentiation since pre-T cells ex-
press neurohypophysial V,-type receptors whereas cyto-
toxic T cells express neurohypophysial receptors of the
OT-type [34]. These receptors are functional since they
transduce neurohypophysial signals according to the
rules established in other cellular systems. The interac-
tion between neurohypophysial signals and their pre-T
cell receptors is followed by the phosphorylation of focal
adhesion kinases [43]. This event could play an impor-
tant role in promoting the T cell interactions with the
thymic microenvironment which are important for their
developmental program (unpublished data). Thus the
bulk of available data strongly suggest that thymic OT
mediates a functional cryptocrine signaling which could
serve as an accessory pathway in the positive selection of
T cells. In medical pathology the neoplastic transforma-
tion of TEC (as seen in thymic carcinoma and in some
thymomas) is sometimes associated with a clinical syn-
drome of water intoxication [42]. This syndrome may be
due in fact to an overexpression of thymic ir-OT, leading
to a release in the peripheral bloodstream and to a subse-
quent interaction with neurohypophysial V, receptors ex-
pressed by the kidney tubular cells.

OT as the self-antigen of the neurohypophysial
hormone family

In the thymus cryptocrine signaling is intimately associ-
ated with presentation of the self-molecular structure to
developing T cells. This action was long thought to be
mediated by interdigitating thymic cells only, but there is
increasing evidence that TEC/TNC are actively involved
in the thymic induction of immunological self-tolerance
[9]. Since OT and its neurophysin are coexpressed by
TEC/TNC, we hypothesized a processing of the thymic
neurohypophysial-related precursor that could be related
to the one involved in antigen presentation. Following
the appropriate methodology, human thymic stromal cell
membranes were purified and solubilized in a nonionic



detergent. The solution was passed on an immunoaffinity
column prepared with a monoclonal antibody directed to
the monomorphic part of human MHC class I molecules
{monoclonal antibody B9.12) [39]. The choice of this
class I specific monoclonal antibody was justified by the
fact that MHC class I proteins usually present antigenic
sequences derived from endogenous proteins. To avoid
MHC-antigen complex dissociation, the column was
eluted with diethylamine in basic pH conditions. After
analysis using sodium dodecyl sulfate—polyacrylamide
gel electrophoresis, instead of the expected 45-kDa frac-
tions (MW of MHC class I heavy chains), immunoblot
analyses revealed a 55-kDa fraction which could be la-
beled by monoclonal antibody B9.12 as well as by an an-
tiserum against the central highly conserved region of
neurophysins {26]. Since antineurophysin antiserum and
monoclonal antibody B9.12 exhibit no cross-reactivity,
the most plausible explanation for these data is that the
thymic 55-kDa precursor is a chimeric or a hybrid pro-
tein bearing both a neurophysin-like (10-kDa) and a
MHC class I heavy chain-related (45-kDa) domain [26,
27]. The MHC class I domain is most probably implicat-
ed in the membrane translocation of this chimeric/hybrid
protein while its neurophysin domain could bind OT for
presentation to pre-T cells. The precise biochemical
mechanisms leading to the synthesis of this hybrid neu-
rohypophysia/MHC class I protein remain of course to
be further deciphered. Since the three exons of neurohy-
pophysial genes are transcribed in the thymus, the origin
of this protein should reside at a posttranscriptional level
(such as a trans-splicing-like event), or even at a post-
translational level (as the ATP-dependent covalent bind-
ing to ubiquitin of proteins targeted to proteolysis).

For another experimental argument for the role of thy-
mic OT as the self-antigen of the neurohypophysial fami-
ly we investigated the effects of the immune recognition
of neurohypophysial antigens on the cytokine profile se-
creted by human TEC in primary cultures. Only antibod-
ies directed to OT (but neither anti-VP antibodies nor
different preparations of Igs) were able to stimulate the
TEC production of interleukin 6 and leukemia-inhibitory
factor as measured by specific EASIAs (Medgenix Diag-
nostics, Fleurus, Belgium; Martens et al., manuscript
submitted).

The thymic repertoire of neuroendocrine self-antigens

Based upon these observations, a model (Fig. 1) has been
advanced proposing that neuroendocrine-related thymic
peptides (“X”’) engage into two distinct types of interac-
tions with pre-T cells depending on their intervention as
signals or as self-antigens of their respective family. This
model can be easily applied to various neuroendocrine
hormone families. A kind of economical principle ap-
pears in the organization of the thymic peptide reper-
toire. TEC are not the site of expression of all members
of one given family, but a representative member is dom-
inantly expressed by TEC/TNC (Table 1). From our
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Thymic antigen-presenting cell {TEC, TNC or IDC)

@I pro -"X"{f "X* = neuroendocrine-related

growth factor
"X" receptor
Cryptocrine signalling Self education

Physiology Physiology

Accessory signal in T-cell Central T-cell tolerance of

differentiation/activation "X "-related endocrine functions
Pharmacology Pharmacology

Immunomodulation by Blockade of "X"- specific autoimmunity

"X" agonists/antagonists

Fig. 1 Neuroendocrine-related polypeptide precursors (“X") syn-
thesized in TEC/TNC exert two types of physiological actions in T
cell differentiation. Through cryptocrine signaling they interact
with neuroendocrine-type receptors (“X” receptor) expressed by
target pre-T cells and may constitute accessory sigrals in the pro-
cess of T cell development. In relationship with the thymic MHC
system, the highly conserved sequences of neuroendocrine fami-
lies are presented as self-antigens (self-“X”) to pre-T cells and
could induce the negative selection of T cells bearing a randomly
rearranged TCR directed against their respective families. An effi-
cient pharmacological manipulation of both types of interactions
may be expected in the near future

Table 1 The organization of the thymic repertoire of neuroendo-
crine self-peptide precursors

Neuroendocrine Physiological Neuroendocrine
families functions self-antigens
Neurohypophysial

family

VP Water metabolism oT

OoT Reproduction

Insulin family

Insulin Glucose metabolism IGF-II
IGF-1 Growth

1GF-II Fetal development

Tachykinins

SP Pain, sensory innervation NKA 17
NKA Growth, development

NKB ?

Parathormones

PTH Calcium metabolism PTH-rP 30
PTH-rP Fetal development

Calcitonins

CT Calcium metabolism CGRP U
CGRP Trophic factor,

fetal development

studies, a difference also appears between neuroendo-
crine autoantigens expressed by the peripheral tissues
tackled by an autoimmune response and their homolo-
gous self-antigens expressed in thymic epithelium. This
difference is important to take into account since autoan-
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Table 2 The insulin peptide family

B domain A domain
IGF-1II
Human RPSETLCGGELVDTLQFVCGDRGFYF GIVEECCFRSCDLALLETYCA
Cow
Rat S
Mouse G G S
IGF-1
Human GPETLCGAELVDALQFVCGDRGFYFNKPT GIVDECCFRSCDLRRLEMYCA
Cow
Rat P
Mouse P
Insulin
Lymnaza PHRRGVCGSALADLVDFACSSSNQPAMYV NIVCECCMKPCTLSELRQYCP
Bombyx QAVHTTCGRHLARTLADLCWEAGVD GIVDECCLRPCSVAVLLSYC
Hagfish RTTGHLCGKDLVNALTIACGVRGFFYDPTLM GIVEQCCHKRCSIYNLQNYCN
Guinea pig FVSRHLCGSNLVETLTSVCQDDGFFYIPKD GIVDQCCTGTCTRHQLQSYCN
Rat FVNQHLCGSHLVEALYLVCGERGFFYTPLT GIVDQCCTSICSLYQLENYCN
Human FVNQHLCGSHLVEALYLVCGERGFFYTPLT GIVEQCCTSICSLYQLENYCN
Leydig I-L. PAQEAPEKIL.CGHHFVRALVRLCGGPRWSPEDG NPARHCCLSGCTRQDLLTLCPH
Relaxin
Porcine NDFIKACGRELVRLWVEICGVWS TLSEKCCEVGCIRKDIARLC

tigens are known to activate autoreactive immune cells
whereas, at least theoretically, self-antigens should de-
lete or anergize autoreactive cells. In the neurohypophy-
sial family there is now good evidence that OT is the
neurohypophysial self-antigen. Thus a strong immuno-
logical tolerance protects the OT lineage, more than the
VP one, from an eventual autoimmune aggression. In-
deed some cases of idiopathic diabetes insipidus have
been shown to result from an autoimmune hypothalami-
tis oriented toward VP-producing neurons [29, 44]. Giv-
en the importance of the OT lineage in the control of the
reproductive process at several levels (parturition, mater-
nal behavior, lactation, and paracrine regulation of go-
nadal functions), a stronger tolerance of this lineage ap-
pears to be crucial for the preservation of the species.
Therefore in the neurohypophysial family OT behave as
the self-antigen while VP is strongly suspected to be the
target autoantigen of autoimmune process. This conclu-
sion is also supported by the frequence and the titers of
antibodies induced by active immunization against neu-
rohypophysial peptides (VP>OT>VT). An infiltration of
the hypothalamo-neurohypophysial tract by inflammato-
ry mononuclear cells has been observed repeatedly, both
after active immunization against VP [15] and in sponta-
neous autoimmune diabetes insipidus [29]. Altogether,
these data strongly support the idea that hypothalamic
magnocellular neurons express on their surface antigenic
markers specific of their neurosecretory activity.

In the insulin family many authors have shown that
insulin is an autoantigen involved in the diabetogenic au-
toimmune process. Thymic epithelium is the site of a
marked expression of IGF-II [25], although IGF-II is not
secreted by primary cultures of human or rat TEC. A
marked hyperplasia of the thymus has been observed in
transgenic mice for the Igf2 gene [48]. Following the
alignment of amino-acid sequences of insulin-related

members (Table 2) one may observe that the sequences
of residues 7-15 in B domains and residues 1-10 in A
domains are highly conserved throughout evolution of
the insulin family. Therefore those sequences might be
considered as self-antigens of insulin-related polypep-
tides. Interestingly, these sequences closely correspond
to the target antigen of cytotoxic T cells oriented against
insulin [45]. Such a correspondence between highly con-
served sequences and dominant antigens has also been
noticed recently by others [36]. We have identified and
further characterized ir-IGF-II in the cytosol and mem-
brane preparations from human thymuses (Achour et al.,
submitted). This result is surprising because pro-IGFs
possess no transmembrane domain. We are currently in-
vestigating the mechanisms involved in the intrathymic
presentation of IGF-II. A molecular defect in thymic T
cell education to IGF-II or to IGF-II-derived self-pep-
tides could play a role in the physiopathology of insulin-
dependent diabetes (IDDM). IGF-II is very homologous
but not identical to insulin, and this biochemical differ-
ence could elicit completely opposite immune responses.
Indeed, while insulin has been shown to activate autore-
active cytotoxic T cells [45], IGF-II could program their
tolerant state. These differences in the biochemical iden-
tity and immunological responses elicited by insulin-re-
lated antigens could be fundamental for the design of an
efficient and secure prevention of autoimmune IDDM.

A new physiological role for neurophysin
and other binding proteins?

For a long time the binding of neurohypophysial nona-
peptides to their associated neurophysins for their axonal
transport has been a useful model for understanding the
interactions between small peptides and larger proteins



[1, 3, 10, 28]. Interestingly, the residue tyrosine in posi-
tion 2 of OT and VP had been shown to play an impor-
tant role in this binding [28]. Interestingly, the residue
tyrosine in the same position has been shown to play a
crucial role in the binding of antigens to some MHC
class I alleles [35]. According to our data, even if MHC
class I pathways are implicated in the process, the thy-
mic neurophysin domain seems to be the final step in the
presentation of OT by TEC/TNC to immature T cells. A
very close functional analogy thus exists for neurophys-
ins between, on one hand, the binding and transport of
OT along the neurohypophysial axons until the nerve
endings of the posterior pituitary and, on the other, the
binding and presentation of the self-antigen OT to imma-
ture T cells at the TEC membrane. Other authors also
have observed a dissociation between thymic T cell edu-
cation to self and T cell recognition of antigens [46]. The
major implication of this new physiological role of neu-
rophysin in T cell education is that the central T cell tol-
erance to the neurohypophysial self-antigen OT is not
tightly restricted by MHC class I alleles. Another selec-
tive advantage resides in the potential presentation to
pre-T cells of the structure characteristic of neurohypo-
physial-related peptides. Because of the ring structure a
classic presentation by MHC class I alleles is indeed ex-
cluded [38]. The absence of a tight MHC allelic restric-
tion of central T cell tolerance to neuroendocrine self-an-
tigens has important implications for the prevention of
autoimmune endocrine diseases. At last, the role of neu-
rophysin in the presentation of the neurohypophysial
self-antigen is more appropriate with their high conser-
vation throughout evolution.

In the insulin-related peptide system, the role of bind-
ing and transport proteins is assumed by IGF-binding
proteins (IGFBPs). In contrary to neurophysins, IGFBPs
are not part of IGF precursors but are encoded by sepa-
rate genes. Interestingly, some IGFBPs are anchored to
cell membranes, but the hypothesis of a relationship with
MHC has never been explored. The putative presentation
of IGF-1I by a membrane-anchored IGFBP could explain
why it is detected in membranes but not in the superna-
tants of TEC cultures. This hypothesis is currently being
investigated in our department.

Developmental and evolutionary aspects

Both in ontogeny and phylogeny a continuum of interac-
tions appears between the neurohypophysial family and
the Ig/MHC/TCR superfamily. At the cellular level in the
thymus TNCs have been shown to constitute a crucial
microenvironment in which such interactions take place
[22]. This continuum of neuroendocrine-immune interac-
tions culminates at the biochemical level with the identi-
fication in thymic membranes of a hybrid neurohypophy-
sia/MHC class I-related 55-kDa protein. Although the
posttranscriptional mechanisms leading to this protein
remain to be further explored, the existence of this hy-
brid protein argues strongly for a common ancestral ori-
gin of two families implicated in cell-to-cell signaling
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and molecular recognition. It is also noteworthy that the
diversification of both families occurred at about the
same time as the emergence of early vertebrates. With
regard to the Ig superfamily, its extreme diversification is
catalyzed by the recombinases (RAG 1 and 2) recently
identified [7]. Since the existence of neurohypophysial
precursors has been established in molluscs and insects,
it is tempting to speculate that some biochemical proper-
ties of this family [14] may have used as structural
guides during further evolution of the Ig/MHC/TCR su-
perfamily.

The immune system has evolved primarily to protect
the integrity of self against aggression from nonself-in-
fectious invaders. Given the common peptide nature of
most allo-, auto-, and self-antigens, the immune system
must be educated to recognize and to tolerate the molec-
ular structure of self. Although peripheral tolerogenic
pathways are being increasingly established [20], the
thymus is recognized as playing the central role in allow-
ing T cells to recognize self-antigens. Since differentia-
tion of the whole T cell repertoire involves recombina-
tion at random of gene segments coding for the antigen
receptor (TCR) chains, the emergence of self-reactive T
cells may naturally follow this highly hazardous biologi-
cal phenomenom. The thymus thus exerts a radical “anti-
hazard” constraint by purging the immune system of
self-reactive T cells which otherwise could represent a
serious threat for survival. In the same global perspec-
tive, pathological autoimmunity can be considered as the
tribute paid by mammalian species for the higher com-
plexity and efficiency of their immune defenses.

If a defect exists in the molecular mechanisms ruling
intrathymic presentation of neuroendocrine self-antigens,
self-reactive or intolerant T cells would migrate continu-
ously from the thymus and could play a major role in au-
toimmune diseases. As early as in 1962 Burnet and Mac-
kay [12] hypothesized that the thymus plays a homeo-
static role by deleting forbidden self-reactive lymphocyte
clones. The therapeutic benefit of thymectomy in a vari-
ety of autoimmune diseases (such as IDDM or myasthe-
nia gravis) can be explained by the removal of the defec-
tive thymic self-censorship. Since insulin per se is not
expressed in TEC/TNC, the presence of anti-insulin au-
toantibodies and autoreactive T cells in normal individu-
als is not surprising. It is well known, however, that the
pathogenetic power of anti-insulin immune effectors is
low, although they constitute good markers and perhaps
predictors of the autoimmune process tackling islet
cells [6]. At this point one can reasonably ask: In the
case of a defect in thymic IGF-II presentation, what
could be the pathogenetic role of IGF-II-reactive T cells
in the development of IDDM?

Pharmacological implications

The existence of cryptocrine signaling between thymic
OT and functional neurohypophysial receptors expressed
by T cells led us to investigate the possibility of a phar-
macological manipulation of T cell activity by OT recep-
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tor antagonists. Using the methodology of human whole
blood cell cultures, we have shown that novel OT hexa-
peptide antagonists (developed by Merck Sharp &
Dohme Research Laboratories) inhibit the production of
interleukin-1f3 and interleukin-6 elicited by T cell activa-
tion with anti-CD3 [24]. The design of specific OT im-
mune receptor antagonists could offer a therapeutic ben-
efit in certain circumstances, such as the postpartum pe-
riod, during which an enhancement of nonspecific im-
mune reactivity is determined by the immunostimulatory
lactation-inducing hormones prolactin and OT.

The treatment of autoimmune disorders remains high-
ly nonspecific, although significant progress has been ac-
complished in recent years. We are now waiting for the
design of innovative therapeutic procedures based on the
mechanisms of self-tolerance and on the ways to rein-
duce immunological tolerance once it has been broken.
The experimental feasibility of this tolerogenic approach
has been known since 1953 [8]. If the prevention of auto-
immune diabetes insipidus is not a primary goal, given
the low occurrence of the disease and its easy treatment,
the situation is radically different with regard to the cure
and prevention of IDDM. Preliminary approaches using
insulin as a prophylactic agent have provided some
promising results in children at high risk for IDDM.
However, one may logically question both the duration
and the practical aspects of such a preventive approach.
The identification of thymic IGF-II as a potential source
of self-antigens for the whole insulin family should al-
low more definitive and safer tolerogenic strategies for
IDDM prevention (such as vaccination procedures based
on the negative selective effect of self-antigens). From
our studies and those of others, it is also increasingly ap-
parent that the tolerogenic properties of TEC are impor-
tant and rather underestimated. Undoubtedly in the near
future these physiological properties should be more ex-
ploited both in transplantation and in the prevention of
autoimmune diseases.
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