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Abstract: The thymus is the central lymphoid structure where T-cell differentiation takes place, and a crucial organ for 
the maintenance of homeostasis in the immune system. Thymopoiesis includes intrathymic proliferation of T-cell precur-
sors, selection and output of both self-tolerant and competent effector T cells, as well as of natural regulatory T cells 
(nTreg). In the crosstalk between the neuroendocrine and immune systems, peptide hormones have been more and more 
implicated in immunomodulation for the last thirty years. The somatotrope growth hormone (GH)/insulin-like growth fac-
tor-1 (IGF-1) axis in particular has been repeatedly shown to play a major regulatory role upon thymus function and T-cell 
development. This review will focus on the important thymotropic properties of the somatotrope GH/IGF-1 axis, and will 
try to discriminate these properties in function of the endocrine or paracrine/autocrine pathways involved in their media-
tion. Most importantly, in light of an increasing number of recent studies, GH and IGF-1 now appear as novel therapeutic 
agents that could be used for enhancing thymopoiesis in different cases of immune deficiencies, including aging-related 
immune dysfunction. 

Keywords: Thymus, growth hormone (GH), insulin-like growth factors (IGFs), HIV, growth hormone deficiency (GHD), Cha-
gas disease. 

GENERAL INTRODUCTION 

The thymus is now considered as a crucial organ for 
maintenance of immune system homeostasis and the central 
lymphoid organ where occurs the generation of self-tolerant 
and competent naive T cells, as well as self-antigen specific 
natural Treg cells [1, 2]. However, for a long time, the thy-
mus has been regarded as an endocrine gland. In addition, 
the thymus now appears as a privileged site where the endo-
crine and immune systems intimately interact.  

A permanent crosstalk exists between the neuroendocrine 
and immune systems [3-6]. In addition to the strong modula-
tion of immunity by glucocorticoids and sexual steroids, 
other hormones have been more and more involved in im-
munomodulation. Indeed, the somatotrope GH/IGF-1 axis, 
as well as prolactin and thyroid hormones [7], were shown to 
play an important regulatory role in T-cell development [8-
10].  

GH is mainly synthesised in the anterior pituitary gland 
but can also be produced by immune cells [11, 12]. GH has 
several biological actions in the immune system including 
regulation of thymopoiesis and T-cell development [13]. 
Nevertheless, it is uneasy to distinguish whether the thymo-
tropic effects of GH are direct or mediated by IGF-1, as most  
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of GH effects are driven by induction of IGF-1 and as IGF-1 
has also been described as an endogenous factor in the 
thymic microenvironment [12]. The evolution of the research 
field has brought new insights that justify an overview up-
date as some ancient conclusions about absence of GH re-
ceptor on human differentiating T cells, or the lack of effect 
of GH administration on human thymopoiesis, have been 
recently revisited. Finally, from the data of recent studies, it 
has been proposed that GH and IGF-1 could be novel thera-
peutic agents able to enhance thymopoiesis in immunodefi-
cient individuals [14-16]. 

The Thymus 

For a long time, the thymus function remained very ob-
scure. In 1961, Jacques F.A.P. Miller demonstrated the im-
portance of the thymus in the immune system by removing 
the thymus from three day-old mice, and observing thereaf-
ter the deficiency of a lymphocyte population, the thymus-
dependent lymphocytes or T lymphocytes [17]. Today, the 
thymus is still essentially considered as the organ responsible 
for the differentiation and the maturation of T cells, as well 
as of the natural Treg cells. 

Embryology of the Thymus 

In human embryogenesis, around 7 weeks, connections 
between the two parts of thymus gland and the pharynx dis-
appear and these 2 parts migrate to inferior and ventral posi-
tion to the developing thyroid. Then, they fuse to form a sin-
gle, bilobate thymus gland. The cortex and medulla become 
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well differentiated at 12 weeks. Shortly after, the thymus is 
infiltrated by lymphocytes derived from stem cells in the 
yolk sac, omentum and liver, and the organ reachs its final 
location in the anterior superior mediastinum in front of the 
heart, behind the sternum. In the 16th week, the thymus is 
fully developed. The thymus increases in size from birth, 
where it is highly active until puberty. At that time, the thy-
mus then undergoes a very slow involution, i.e. an age-
dependent progressive decrease of the thymus mass [18, 19]. 

During mouse embryogenesis, the thymus epithelium de-
rives from the single endodermal layer of the third pharyn-
geal pouch only. This process depends on interactions with 
the surrounding neural crest-derived mesenchyme and occurs 
between embryonic day (E) 10.5 and E11.5 [20, 21]. At more 
or less E12, lymphocyte progenitors colonized the immature 
thymus, which is, at this stage, mainly composed of thymic 
epithelial cells (TEC) progenitors without cortical and me-
dullary definition [22, 23]. Subsequently, TEC progenitors 
will differentiate and lead to the construction of distinct cor-
tical and medullary TEC subsets that are the major constitu-
ents of thymic stroma [23]. Maintaining TEC differentiation 
is influenced by thymocyte-derived signals [24]. This inter-
dependence of thymocyte and TEC populations has been 

called thymic crosstalk [25]. In addition to thymocytes, other 
non-hematopoietic stromal elements, such as fibroblasts and 
endothelial cells, and distinct bone marrow-derived dendritic 
cells (DC) and macrophages also contribute to the final 
thymic architecture [26]. Thymic mesenchymatous cells also 
contribute to various structures of the thymus such as cap-
sule or vasculature [27-30]. 

Thymic T-Cell Development 

Like all hematopoietic cells, T lymphocytes originate 
from bone-marrow-resident hematopoietic stem cells (HSC). 
HSC will generate all blood lineages within the marrow 
whereas T-cell development essentially takes place in the 
thymus. The thymus microenvironment is the unique organ 
that has the capacity to support T-lineage restriction and dif-
ferentiation [31]. T-cell precursors from fetal liver then bone 
marrow migrate to the thymus in small numbers through the 
blood vessels in the cortico-medullary junction. The course 
of these precursors through the thymus is schematized in the 
Fig. (1) with the principal differentiative events. At this mo-
ment, the immature thymocyte does not express surface 
molecules such as the T-cell receptor for antigen (TCR), 
which is responsible for recognizing antigens presented by 

 
Fig. (1). Stages of thymocyte differentiation: Pre-T cells entering the thymus express no CD8 and weakly CD4. They also lack CD25, but 
express CD44. They acquire CD25 while CD4 becomes undetectable. These DN cells begin to co-express CD4 and CD8 giving the unique 
thymic population of DP cells and activate the TCR rearrangement by expression of the RAG enzymes that first recombine the β locus of 
TCR genes. The non-productive rearrangement leads to cell death by apoptosis. Recombination by-products are the DJβTREC, followed by 
the VDβTREC (not shown in the diagram). A second phase of recombination concerns the a locus and begins with the excision follows. This 
phase begins by the excision of the δ locus and this excision circle is usually named sjTREC, while the last excision circles resulting from α 
locus productive rearrangement between the Vα and Jα regions are often called cjTREC (not shown in the diagram). The positive selection 
process of competent T cells starts in the cortex. At this stage some cells deviate to the lineage of natural regulatory T cells (nTreg, 
CD4+CD25+Foxp3+), a selection process that will continue throughout the late differentiation stages. At the same time, the pre-T cells leave 
the cortex and enter the thymus medulla and fully co-express CD4 and CD8. These DP cells with a complete TCR go through the positive 
and negative selection processes to mature as single positive CD4, CD8 before leaving the thymus. 
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proteins of the major histocompatibility complex (MHC), or 
the cluster differentiation (CD) markers CD4 and CD8, 
which are co-receptors of TCR [32]. Other markers such as 
CD25, CD3 and CD44 are very useful to define stages of 
intrathymic T-cell differentiation. CD3 forms with TCR a 
multimolecular complex that promotes signal transduction 
pathways necessary for TCR-driven T-cell activation. CD25 
is the α-chain of the interleukin-2 (IL-2) receptor. The pro-
teoglycan CD44 is a receptor for hyaluronic acid, and to 
lesser extent for fibronectin and collagen. In addition to be 
CD4-CD8-TCR-, the immature thymocytes recently migrated 
in the thymus are also CD25-CD44-CD3-. During their dif-
ferentiation, these precursor cells first acquire CD44 on the 
cell membrane following by CD25, becoming CD44+CD25+, 
and then sequentially lose CD44 and CD25. They represent 
3-5% of total thymocytes. Thymocyte maturation then pro-
gresses with the acquisition of both CD4 and CD8 markers, 
generating the so-called CD4+CD8+ double-positive thymo-
cytes (DP). These cells are the most common in the thymus, 
and represent 75-85% of the whole thymocyte population in 
adult. At this stage, DP cells undergo TCR gene rearrange-
ment. In differentiation of αβ T cells, the TCR β-chain-
related genes first rearrange followed by the TCR α-chain 
genes. Thymocytes that do not undergo productive TCR 
gene rearrangements die by apoptosis. By contrast, those 
expressing productive TCR will be able to interact with en-
dogenous peptides presented by MHC proteins, expressed by 
thymic microenvironmental cells. This interaction is crucial 
for normal thymocyte differentiation and determines both 
positive and negative selection. Positively selected T cells 
escape from programmed cell death and become mature 
CD4+ or CD8+ single positive (SP) cells. These single posi-
tive cells represent 12-15% of total thymocytes and will 
leave the thymus to yield the large majority of the T-cell 
repertoire in the periphery. Thymic T cells bearing a TCR 
with high affinity for the complex MHC/self-peptides are 
negatively selected and die by apoptosis [26, 32]. Some 
CD4+ cells express CD25 and the transcription factor FoxP3 
that controls the differentiation of natural CD4+CD25+ Treg 
cells. In addition to CD25 and Foxp3, natural Treg cells ex-
press CTLA-4, GITR and lymphoid homing receptors such 
as CD103, CD62L. Natural Treg cells play a crucial role in 
central tolerance and in preventing autoimmune diseases by 
down regulating any expanded peripheral lymphocyte pool. 
Studies showed that they suppress the function of effector 
CD4+CD25- T cells, cytotoxic CD8+ T cells, NK cells and B 
cells. This suppression depends both on cell-contacts and on 
immunosuppressive cytokines such as TGF-ß and IL-10. 
Therefore, they are key regulators in the control of autoim-
munity [2, 33]. Intrathymic T-cell differentiation is sup-
ported by interaction between thymocytes and various com-
ponents of the thymic microenvironment including TEC, 
macrophages, dendritic cells, fibroblasts, and extracellular 
matrix components [26, 34]. Moreover, recent studies have 
shown that the cytokine IL-7 synthesized by TEC is crucial 
for supporting thymocyte differentiation [35]. 

Until 1995, the thymus function was thought to decline in 
adult. However, through quantification of T-cell receptor 
rearrangement excision circles (TREC), the adult thymus 
was shown to be active late in life for delivering mature na-
ïve T lymphocytes to the periphery [36-38]. During V(D)J 

rearrangement of the TCR, the recombination-activating 
(RAG) enzymes RAG1 and RAG2 recognize the recombina-
tion signal sequences (RSS) that flank the coding segments. 
TREC correspond to the circularised DNA located between 
the two RSS. Different types of TREC are generated such as 
signal-joint (sj) TREC and DJβ-TREC. These TREC are 
stable and not duplicated during mitosis and, therefore, are 
diluted out during peripheral proliferation. Thus, TREC rep-
resent a reliable technique to assess thymic output of naïve T 
cells [39-42]. For practical reasons, sjTREC are the most 
useful for the overall thymic output as they are formed in 
70% of αβ T cells, while the sj/Dβ TREC ratio reflects the 
level of intrathymic T cell proliferation. Other TREC are 
either too diverse to be easily measured, or generated in mi-
nor T-cell subsets [43]. 

The Somatotrope GH/IGF-1 Axis and Thymus Function 
in Rodents  

GH is a hormone that exerts its effects through binding to 
the GH receptor (GHR), a type 1 cytokine receptor [44], 
which is the first cloned member of this family and which 
shares a single transmembrane domain structure with other 
receptors including the prolactin receptor, and many other 
type 1 cytokine proteins [45]. The GH signal transduction is 
mediated by the activation of the Janus Kinase (JAK)/Signal 
Transducer and Activator of Transcription (STAT) pathway 
[46]. GH binding to the GHR causes receptor dimerization 
and leads to the activation of JAK2 tyrosine kinase. The ac-
tivity of JAK2 mediates many of the downstream responses 
to GH through phosphorylation/dimerization of STAT5, mi-
togen-activated protein (MAP) kinases, other kinase cas-
cades and molecules involved in metabolism like insulin 
receptor substrate 1 (IRS-1) [47, 48]. Factors like suppressor 
of cytokine signaling (SOCS) and the protein tyrosine phos-
phatase SHP-1 appear to play a role in the down regulation 
of signalling by GH and cytokines [49]. 

The somatotroph cells located in anterior pituitary gland 
secretes GH under the influence of growth hormone releas-
ing hormone (GHRH) and ghrelin, whereas somatostatin 
inhibits GH secretion [50-53]. Ghrelin is an endogenous 
ligand for the GH secretagogue receptor (GHS-R). It is 
mainly secreted from the stomach but also by other organs 
such as the brain, pituitary, placenta, ovaries, testes, kidneys, 
small intestine, pancreas and lungs, and fasting stimulates 
ghrelin secretion [52, 53]. GH is also produced in many ex-
trapituitary sites, including cells of the immune system [11, 
54]. Indeed, studies have demonstrated the presence of Gh 
mRNA and corresponding protein in rat thymocytes [55, 56], 
and GHRH stimulates Gh expression by these cells [57]. 
However, studies in dwarf mice have evidenced that GH 
expression by pre-T and mature T cells do not fully depend 
on Pit-1, which is the main transcription factor for Gh ex-
pression in the pituitary [58, 59]. Therefore, the regulation of 
GH secretion may not be the same in lymphocytes and in the 
endocrine system.  

In 1974, it was shown that GH is able to bind to thymo-
cytes [60]. GH receptor (GHR) expression in murine thymo-
cytes is particulary detected in the DN immature subset [61]. 
These data indicate that direct effects of GH on thymocytes 
might precede events related to the further selection of the T-
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cell repertoire. Additionally, in situ hybridization studies in 
the rat thymus revealed an epithelial labelling for Ghr 
mRNA [62]. These findings suggest that GH exerts local 
paracrine/autocrine actions that may be direct or mediated by 
circulating IGF-1 or by other factors. Therefore, although the 
functions of GH and IGF-1 do not overlap entirely, many 
GH effects on multiple organs including the thymus and the 
peripheral immune system could also be mediated through 
IGF-1 induction. IGF-1 is part of the IGF system, which also 
includes IGF-2, insulin, six characterized binding proteins 
(IGFBP-1 through -6) and cell surface receptors that mediate 
the actions of the ligands (IGF type 1 receptor, insulin recep-
tor, and the IGF type 2 mannose-6-phosphate receptor) [63-
65]. The IGF type 1 receptor (IGF-1R) is a tyrosine kinase 
receptor, related to the insulin receptor [66]. The two major 
pathways activated by the IGF-1R are the MAPK and phos-
phatidylinositol 3-kinases (PI3-K) pathways [66]. An end-
point of the MAPK pathway is modification of transcription 
factor activity, such as activation of an ETS-like transcrip-
tion factor. Serum response factor (SRF) and activator pro-
tein 1 (AP-1) contribute to mitogenic signalling by many 
factors. Phosphorylation of IRS-1 is also involved in IGF-1 
signalling, similar to insulin signalling [67]. 

IGF-1 and -2 are growth-promoting factors regulating 
cellular survival, proliferation and differentiation [68]. Large 
amounts of IGF-1 and IGF-2 are present in blood of fetal 
rodents whereas, in adult rodents, their concentrations are 
low [69]. In mouse, in combination with GH, IGF accounts 
for 83% of postnatal body growth [70]. The cellular re-
sponses to both IGF-1 and IGF-2 are mediated by the IGF-
1R, and IGF biodisponibility is regulated by the IGF binding 
proteins [71]. IGF-1 is mainly produced in the liver and par-
ticipates in the regulation of GH secretion by the pituitary 
[68, 72]. Several studies have shown that murine TEC also 
express IGF-1 and IGF-1R. In mice, IGF-2 is the dominant 
thymic member of the family expressed in the thymus during 
fetal life, while IGF-1 predominates in postnatal [73, and 
personal observations]. IGF-1R has also been identified on 
rodent thymocytes [74]. In murine fetal thymic organ cul-
tures, inhibition of IGF-1 by a specific antibody resulted in 
significant changes in total thymocyte number and subset 
composition [73]. IGF-1 has also been proposed as a positive 
thymic regulator based on early observations that age-related 
thymic involution parallels the decrease in plasma IGF-1 
concentrations [75]. At the level of the whole organ, in vivo 
observations revealed that recombinant GH and IGF-1 accel-
erates the recovery of T cells after treatment with cy-
closporin A, which causes thymic atrophy, and that IGF-1 is 
able to induce repopulation of the atrophic thymus [76]. GH 
is supposed to initiate or to enhance a functional intrathymic 
circuitry including IGF-1 and its receptor. Administration of 
IGF-1 enhances the recovery of DP T cells in thymus after 
dexamethasone treatment in rats [77]. Therefore, IGF-1 is 
able to directly increase thymic cellularity. Implantation of 
GH3 cells in aged rats and recombinant IGF-1 supplementa-
tion in mice with impaired immune status leads to the recov-
ery of thymic atrophy [77, 78]. These data may also suggest 
that IGF-1 is produced by a variety of thymic cells in a 
paracrine/autocrine fashion independently of GH regulation. 
It has also been shown that administration of rhIGF-1 in 
mice for one to two weeks results in an increase of thymic 

mass by doubling T-lymphocyte population [79]. This is 
further evidence showing that treatment with rhIGF-1 in-
creases thymocyte number. Furthermore, in restoration of the 
thymus, GH is less effective than IGF-1 but the best results 
are obtained by combination therapy [80]. Recently, it has 
been evidenced that, in intact thymus, IGF-1 increases pe-
ripheral naive and recent thymic emigrant (RTE) whereas, in 
IGF-1-treated thymectomized mice, no changes were ob-
served in the peripheral T-cell population, suggesting that 
IGF-1 increases thymic function and thymic output through a 
sequential increase in thymocyte subset proliferation [81]. A 
recent study has also demonstrated the importance of 
IGFBP-4 in thymic development since Igfbp4 transgenic 
mice show a significantly reduced thymus [82]. 

The first evidence showing that GH is involved in thymic 
regulation was the involution of the rat thymus observed 
following hypophysectomy [8]. Then, other studies have 
confirmed this observation and converging data now firmly 
indicate that IGF-1 is involved in the effects of GH in the 
thymus. GH/IGF-1 could act on numerous thymic functions. 
Different studies on rodents have shown that the somatotrope 
axis act on thymocyte number [83, 84], on TEC growth [85, 
86] and on the production by TEC of the chemokines 
CXCL12 and CCL25 [87, 88]. 

Effects on Thymocyte Number 

Besides the effect of GH/IGF-1 on thymocytes, several 
studies evidenced that GH can modulate proliferation of 
lymphoid precursors in the bone marrow, therefore increas-
ing the number of potential pre-T cells that will differentiate 
into the thymus. GH has also been shown to influence hema-
topoiesis. In vitro, GH directly enhances erythropoiesis [89] 
and a decrease in splenic hematopoietic progenitor cells is 
observed in GH-deficient dwarf mice [90]. In addition, GH 
has been shown to indirectly stimulate granulopoiesis in vi-
tro through the release of secondary mediators such as IGF-1 
[91]. In vivo, GH exerts significant direct hematopoietic 
growth-promoting effects and partially counteracts the mye-
losuppressive effects of azydothymidine [92]. A direct effect 
of GH on thymocytes is postulated since these cells ex-
pressed both GHR and IGF-1R [61, 74]. The exact mecha-
nism is not yet known, but it has been shown that GH en-
hances T-cell proliferation in rodents. The implantation in 
aged rats of pituitary GH3 cells secreting GH increases the 
size of their thymus and increases thymocyte numbers [79]. 
In GH- and prolactin-deficient dwarf DW/J mice, GH ad-
ministration increases thymic cell number and T-cell prolif-
eration [93]. Furthermore, multiple studies in snell dwarf 
mice have suggested that GH production by the pituitary 
gland also occurs during the stress response and that GH 
and/or IGF-1 might act as antagonists to glucocorticoids 
[94]. 

Effects on Thymic Epithelium 

TEC are essential to support T-cell differentiation and se-
lection. A recent study has demonstrated that, in mice, IGF-1 
administration leads to an increase of cTEC and mTEC 
numbers and also to an increase in thymocyte number and 
proliferation [83]. In addition, IGF-1 stimulates the produc-
tion of CXCL12 and CCL25 by TEC, which are chemokines 
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with an essential role in thymocyte development by regulat-
ing directional migration and thymic homing of developing 
thymocytes [83]. Expanded number of TEC results in in-
creased levels of extracellular matrix elements such as 
laminin that are important for thymocyte adherence. Under 
isogenic and xenogenic conditions, GH plays a role in the 
recirculation of T lymphocytes. Indeed, recombinant human 
GH promotes human T-cell transplantation in SCID mice 
and the murine thymus is colonized by human T cells. This 
process is thought to be mediated by adhesion molecules and 
by the extracellular matrix [95]. Furthermore, addition of GH 
or IGF-1 in murine TEC cultures increases production of 
fibronectin and laminin but also enhances expression of their 
receptors, VLA-5 and VLA-6, which leads to an increase of 
thymocyte adhesion to cultured TEC [96, 97]. Finally, a 
study has also demonstrated by in vivo and in vitro (fetal 
thymic organ cultures) manipulations that IGF-1 stimulates 
the entrance of T-cell precursors into the thymus [98]. 

Effects on Cytokines 

In addition, other findings strongly suggest that GH also 
influences cytokine production by the thymic microenviron-
ment. Increased cytokine production such as IL-1α, IL-1β 
and IL-6 due to exogenous GH was first demonstrated in 
bovine thymic stromal cells [99]. IL-6 production by thymo-
cytes is also upregulated by in vivo injection of GH in ageing 
animals [100]. In addition, in vivo injection of GH in ageing 
animals significantly increases thymulin levels [100]. These 
enhancing effects of GH on thymulin secretion were directly 
obtained by treating murine or human primary TEC cultures 
[87]. These data point to a direct effect of GH upon TEC, 
improving thymulin production. 

Altogether, these data argue for an important role of the 
GH/IGF-1 axis in regulating normal thymus function and T-
cell development even if they are not essential for normal 
thymus and T cell function [101]. 

The Somatotrope GH/IGF-1 Axis and Thymus Function 
in Humans 

Besides strong evidence that the somatotrope GH/IGF-1 
axis affects thymus physiology in animals, several studies 
led to the same conclusions in humans. Indeed, several stud-
ies have shown that GH exerts thymotropic properties in 
humans, which are either direct or mediated by IGF-1 [102]. 
In humans, GH is produced by extra-pituitary sites, including 
TEC, thymocytes, and peripheral lymphocytes [11, 54, 103]. 
Initially, via immunocytochemistry and in situ hybridization 
experiments, intrathymic production of GH has been re-
vealed in cTEC, in septal cells but not in thymocytes [56]. 
Nonetheless, several other studies have demonstrated that 
immunoreactive and biologically GH is produced by isolated 
human thymocytes [85]. More recently, by RT-PCR and 
immunoradiometric assays, GH was shown to be produced 
and secreted by isolated human thymocytes, as well as by 
human TEC primary cultures [104]. Like in rodents, the 
regulation of GH secretion in lymphocytes differs from the 
one in the pituitary. Indeed, exogenous IGF-1 did not affect 
GH secretion by human lymphocytes, while exogenous hGH 
was demonstrated to up-regulate hGH secretion in vitro 
[105]. The biological effects of GH are mediated by recep-

tors located in target cells membranes. The binding of GH 
causes dimerization of its receptor with activation of JAK2 
and STAT5 proteins, which is comparable to GH signalling 
in mice [106]. GHR is expressed by human thymocytes, and 
this expression is mainly present in immature CD34+CD2+ 

CD3-CD4-CD8- triple negative precursors, which display 
various capacities for differentiation [62]. This finding is in 
agreement with GHR expression by immature murine thymic 
cell subsets. However, GHR can also be seen in a minor per-
centage of mature thymocytes, thus suggesting that GH may 
act throughout the whole differentiation process [107]. Fig. 
(2) presents a summarized view of the GHR expression 
along the differentiating T cells. Together, these data support 
a paracrine/autocrine mode of action for GH in the human 
thymus although the effects of GH might be partially medi-
ated by IGF-1. 

Unlike in rodents, IGF-1 and IGF-2 plasma concentra-
tions are high in adult humans [69, 108]. Little information is 
available about the variation of their thymic expression dur-
ing ontogeny, IGF-1 is weakly expressed in TEC after birth 
[109]. Therefore, the involvement of IGF-1 in the human 
thymus might differ from the observations in the mouse 
model. Contrary to IGF-2, IGF-1 plasma concentrations are 
controlled by GH status [69]. However, some amounts of 
IGF-1 are also regulated by GH-independent pathways, as 
evidenced by the presence of significant plasma IGF-1 levels 
in GHR-deficient humans [110]. In addition to being mainly 
secreted by the liver and other tissues, there are ample evi-
dence for a local production of IGF-1 in the thymus where 
this growth factor could act in an autocrine/paracrine way. 
Receptor activation following binding of IGF-1 and IGF-2 
elicits a repertoire of cellular responses including prolifera-
tion, and protection of cells from programmed cell death or 
apoptosis. The two best-characterized pathways associated 
with IGF-1R activation are the MAPK and PI3-K pathways 
[111]. The expression of IGF-1 and IGF-1R by thymic T 
cells has been suggested, since anti-IGF-1R antibodies can 
block IGF-1 effects on these cells [87, 101]. Later, it has 
been shown that, in the human thymus, DN thymocytes have 
the highest level of IGF-1R expression, followed by DP 
cells, whereas the SP thymocytes express the lowest number 
of IGF-1R [104]. As for GHR, IGF-1R presence according 
to differentiation steps of T cells is represented in Fig. (2). 
Moreover, the presence of IGF-1R in human TEC has been 
characterized and IGF-1 stimulates expression of laminin, 
fibronectin, VLA-5 and VLA-6 by these cells, thus demon-
strating the functionality of IGF-1R in human TEC [112]. 
Like in rodents, several studies have shown that GH/IGF-1 
axis exerts its effects on numerous thymic functions such as 
the proliferation of thymocytes, TEC growth, and TEC pro-
duction of chemokines like CXCL12 and CCL25. 

Effects on Thymocyte Number 

In humans, GH and IGF-1 have also been shown to exert 
an impact on hematopoiesis. Administration of IGF-1 in pa-
tients suffering from Laron syndrome (with GHR deficiency) 
results in a strong stimulatory effect on erythropoiesis [113]. 
Accordingly, erythropoiesis, which is impaired in adult GH-
deficiency, is stimulated once the patients undergo GH 
treatment [114]. Therefore, an effect on pre-T cell number 
has to be considered, in addition to the potential direct action 
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on thymus function. Long-term GH treatment of immunode-
ficient HIV-infected patients leads to increase in thymic 
mass, in frequency of circulating TREC within PBMC, and 
in the number of CD4+ T cells [15]. These findings are con-
sistent with animal studies showing that GH is able to stimu-
late thymopoiesis. Furthermore, these increases of TREC 
frequency and T-cell gain are correlated to an increase of 
plasma IGF-1 [15], arguing for a crucial role of IGF-1 in 
GH-mediated stimulation of thymic T-cell production. Inves-
tigation of thymopoiesis in adult GH deficiency (AGHD) has 
demonstrated that, after GH withdrawal, intrathymic T-cell 
proliferation and thymic T-cell output decreased whereas 
resumption of GH treatment led to an increase of thymopoie-
sis to a level close to the one before withdrawal of GH 
treatment [16]. Again, in this study, the close correlation 
between plasma IGF-1 concentrations and the frequency of 
sjTREC in PBMC suggests that the thymotropic properties 
of GH could be mediated by IGF-1 [16]. It should be also 
noted that the effects of the somatotrope GH/IGF-1 axis on 
thymocytes might be relayed by other soluble factors like 
cytokines. Among them, IL-7 is a cytokine essential for 
V(D)J recombination at the TCR locus, and this cytokine 
modulates chromatin accessibility for RAG-mediated cleav-
age. IL-7 is the only known interleukin that promotes T-cell 
differentiation and so appears to be a candidate in mediating 
GH/IGF-1 actions upon the thymus [115, 116]. 

Effects on Thymic Epithelium 

An increase in thymic tissue was observed in HIV-
infected adults after GH therapy [14]. These data are consis-
tent with previous studies documenting the ability of GH to 
stimulate thymopoiesis in animals and establishes that GH 
also has significant effects on the human immune system. 
Although the effect on thymic epithelium was not directly 
investigated, it confirms that GH/IGF-1 axis induces thymo-
tropic properties as shown by thymic hyperplasia detected in 
acromegaly patients [117]. 

PHARMACOLOGICAL IMPLICATIONS 

Implications in Immunosenescence 

Immune defences decline with age as evidenced by the 
increase of infections in elderly. After puberty and with ad-
vancing age, the thymic space becomes progressively filled 
with adipocytes coupled with a dramatic loss of thymocytes 
leading to a reduction in output of naïve T cells. This process 
is called thymic adipose involution [56]. The age-related 
decline in immune functions (immunosenescence, which 
includes the skewing of CD4/CD8 ratio toward CD8) is par-
tially responsible for the increased prevalence and severity of 
infectious diseases, and the low efficiency of vaccination in 
elderly persons [118, 119]. There has been considerable in-

 

Fig. (2). GHR and IGF-1R expression: The proliferation and differentiation effect can be differently marked depending on the stage of cell 
differentiation in the thymus. The size bars reflects the abundance of GH and IGF-1 receptors found on T cell subsets. The pre-T cells during 
DN stages present the highest level of both GHR and IGF-1R. The proliferation stage where the TCR rearrangement occurs ends with the 
generation of numerous DP cells with a complete TCR. These cells bear little or no GHR, while IGF-1R were clearly found on rodent cells, 
but were decreased on human DP cells. Differentiiaon ends with the SP cells with GHR reappearing, mostly on the CD4 subset, and IGF-1R 
found at a lower level on both CD4 and CD8. 
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terest in using hormone replacement therapy to regenerate 
the involuted thymus during aging. The possibility that the 
GH/IGF-1 axis improves thymic functions, including thymo-
cyte proliferation and migration, particularly places these 
molecules as potential therapeutic agents. Indeed, implanta-
tion of GH-producing cells in old rats reverses thymus atro-
phy [78], and further studies have demonstrated that GH 
treatment increased thymic cellularity in aged animals. Con-
sistent results were also obtained with IGF-1 administration. 
In old animals, enhancement of thymopoiesis was also 
achieved with IGF-1 [77]. Although GH and IGF-1 increase 
thymopoiesis in old animals, it is important to note that T-
cell production is not restored to the level present in young 
animals suggesting that there may be limits on the extent to 
which GH and IGF-1 can improve thymopoiesis in old ro-
dents [98]. Interestingly, treatment of SCID mice with a GH 
secretagogue (GHS) results in increased thymic cellularity 
and differentiation, as well as in promoting thymic engraft-
ment in bone marrow transplant [120]. Furthermore, ghrelin, 
a potent GH secretagogue, can also promote T-cell output 
from an aging thymus [121]. Also in primary immunodefi-
ciencies, manipulation of the somatotrope GH/IGF-1 axis 
offers promising results. As noted above, GH treatment of 
AGHD was shown to improve thymus function [16]. Con-
trary to AGHD however, the GH deficient child presents an 
intact immune function. So, in case of deficiency, GH could 
be replaced by other factors allowing a normal function of 
the immune system [122]. For example, ghrelin can exert 
GH-like properties at different levels of the immune function 
[123].  

Implications for HIV Infection 

The targeting of the thymus by HIV has been extensively 
studied. Complex interactions involving inflammatory infil-
trates surrounding lymphodepleted thymic epithelium [124], 
disrupted early T cell development [40] and increased 
thymic production of nTreg [125] are currently documented. 
Treatment of HIV infection treatment dramatically improved 
with highly active antiretroviral therapy (HAART). How-
ever, this therapy causes adverse events, which include 
metabolic changes termed lipodystrophy. Several mecha-
nisms are underlying lipodystrophy and HIV itself may have 
a role in its aetiology [126]. Lipodistrophy, which occurs in 
83% of HIV-infected patients with HAART, is associated 
with alterations in GH dynamics similar to what is observed 
in severe AGHD [127]. The idea that GH supplementation of 
these patients with lipodystrophy might improve the thymus-
driven reconstitution of CD4 compartment was therefore 
tested. Indeed, early studies on GH therapy in HIV patients 
had limited results. For example, Nguyen et al. have reported 
that administration of rhGH or rhIGF-1 to patients did not 
lead to a significant increase in CD4+ T cell numbers [128]. 
Later, through the use of increasingly widespread of the 
antiretroviral therapy, the observation of lipodystrophy and 
its associated GHD leads to discriminate between patients 
with HAART who are deficient in GH or not. The striking 
result was that CD4 count, thymus volume, plasmatic IL-7 
and RTE were all significantly lower in a group of HIV-
infected children with GHD versus GHD negative group 
[129]. Thereafter, it was shown that thymopoiesis as well as 
the numbers of CD4+ RTE cells were increased in middle-

aged AIDS patients treated with GH and antiretroviral ther-
apy [15, 130]. The conclusion is that, coupled to antiretrovi-
ral therapy and especially when a GHD is evidenced, GH 
could be effective to enhance the restoration of a full im-
mune response. 

Implications for Chagas Disease 

The effects of GH therapy are currently investigated in 
another infectious disease, Chagas disease, which is a debili-
tating inflammatory disease caused by the protozoan parasite 
Trypanosoma cruzi. In mice infected by T. cruzy, a thymus 
atrophy, including DP cell depletion [131], and a decrease in 
GH production are observed. Indeed, the thymus is a target 
for numerous infectious diseases including T. cruzi [132] and 
T. cruzi also affects the hypothalamo-pituitary axis in mice 
[133]. Demonstration that GH3 cells, a model of GH-
secreting cells, infected by T. cruzi have downregulated their 
Pit-1 expression, and consequently their GH expression, has 
recently been brought provided [134]. Lately, it was shown 
that treatment of infected mice with GH leads to a reduction 
in the number of blood trypomastigotes, as well as the car-
diac tissue parasitism and inflammatory infiltrate suggesting 
that GH therapy enhances the immune response [135]. In 
human, decreased CD4 lymphocytes in Chagas patients was 
described ten years ago [136]. Thymic function appears to be 
affected in several ways by T. cruzi, including the expression 
of chemokines, extracellular matrix molecules and receptors 
[137] and disturbing the pre-T cells trafficking, but also the 
shaping of peripheral T cell repertoire that reveals changes 
both in infected mice and human [138-140]. As for HAART-
treated HIV infection, conjonction of thymotropism of 
pathogen, GH/IGF-1 axis disturbance and correlated effects 
on T immune system suggest that GH can be considered as 
an immunomodulating substance for boosting the T-cell sys-
tem and controlling parasite replication, and a combination 
of GH with anti-infectious drugs could be a new therapeutic 
strategy to reduce the harmful effects of Chagas disease. 
However, it should be noted that GH increases CXCL12 
expression and pre-T cell migration [88], one of the 
chemokine augmented after T. cruzi infection with proposed 
negative consequences. Therefore, cautions must be taken 
before to concluding that GH treatment would always incre-
ment the benefit-cost ratio. 

Conclusions and Perspectives 

Accumulating data have evidenced that the hormones of 
the somatotrope axis, GH and IGF-1, are particularly in-
volved in the interaction between the two systems by en-
hancing thymus functions especially when they have been 
compromised by disease, therapy or aging as many studies 
have shown. It has been repeatedly shown that GH, IGF-1 
and their cognate receptors are expressed by immune cells, 
and that their thymotropic properties most probably involve 
also autocrine/paracrine mechanisms. Therefore, further in-
vestigations of the mechanisms involved in thymotropic ef-
fects of the GH/IGF-1 axis may shed light on the treatment 
and prevention of immunological disorders. From the obser-
vations resumed in this review, we can already conclude that, 
when a perturbation in GH/IGF-1 axis is clearly evidenced in 
immunodeficient individuals and when thymic function is, at 
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least partially, involved in the compromised immunity, the 
pharmacological use of GH deserves to be considered. 
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ABBREVIATIONS 
AGHD = Adult growth hormone deficiency 
CD = Cluster differentiation 
DN = Double-negative thymocytes 
DP = Double-positive thymocytes 
GH = Growth hormone 
GHD = Growth hormone deficiency 
HAART = Highly active antiretroviral therapy 
MHC = Major histocompatibility complex 
RAG = Recombination-activating enzymes 
RSS = Recombination signal sequences 
SP = Single positive T cells 
SjTREC = Signal-joint TREC 
TEC = Thymic epithelial cells 
TCR = T-cell receptor for antigen 
TREC = T-cell receptor rearrangement excision 
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