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Abstract
Aims: We address the question of the expression and the
role of the growth hormone/insulin-like growth factor (GH/
IGF) axis in the thymus. Methods: Using RT-qPCR, the expression profile of various components of the somatotrope GH/
IGF axis was measured in different thymic cell types and during thymus embryogenesis in Balb/c mice. The effect of GH
on T cell differentiation was explored via thymic organotypic culture. Results: Transcription of Gh, Igf1, Igf2 and their related receptors predominantly occurred in thymic epithelial
cells (TEC), while a low level of Gh and Igf1r transcription was
also evidenced in thymic T cells (thymocytes). Gh, Ghr, Ins2,
Igf1, Igf2, and Igfr1 displayed distinct expression profiles depending on the developmental stage. The protein concentrations of IGF-1 and IGF-2 were in accordance with the profile of their gene expression. In fetal thymus organ cultures
(FTOC) derived from Balb/c mice, treatment with exogenous
GH resulted in a significant increase of double negative
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CD4–CD8– T cells and CD4+ T cells, together with a decrease
in double positive CD4+CD8+ T cells. These changes were
inhibited by concomitant treatment with GH and the GH receptor (GHR) antagonist pegvisomant. However, GH treatment also induced a significant decrease in FTOC Gh, Ghr and
Igf1 expression. Conclusion: These data show that the thymotropic properties of the somatotrope GH/IGF-1 axis involve an interaction between exogenous GH and GHR expressed by TEC. Since thymic IGF-1 is not increased by GH
treatment, the effects of GH upon T cell differentiation could
implicate a different local growth factor or cytokine.
Copyright © 2012 S. Karger AG, Basel

Introduction

Growth hormone (GH) is a peptide hormone that is
mostly synthesized in the anterior pituitary by somatotrope cells. GH exerts its effects through the GH receptor
(GHR), which is itself a monomeric transmembrane mol-
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ecule of the class I cytokine receptor family. GH binding
causes receptor dimerization and leads to a structural
modification that creates sites for kinase binding, which
in turn activates JAK2 and STAT5 proteins [1]. Although
the anterior pituitary is the main source of circulating
GH, other GH-expressing sites have been identified, like
the mammary glands [2], leukocytes and thymic epithelial cells (TEC) [3]. If this contribution to circulating GH
is thought to be minor, GH could nevertheless play a role
therein according to an autocrine/paracrine way or by
stimulating local synthesis of IGF-1.
An 80-year-old study linked hypophysectomy with
thymic atrophy in rats [4]. While neither GH nor the precise role of the thymus was known at that time, this can
be seen as a seminal observation for the studies about the
role of GH in immunoregulation [5]. The idea that GH
can have a positive effect on the immune system and especially on the thymus first derived from the observation
of fast-shrinking thymus in dwarf mice. The impoverished thymic cellularity in hypophysectomized rats and
in 2 different strains of dwarf mice (Ames and SnellBagg) could be partly or completely reversed by supplementation with GH or IGF-1 [6–11]. Moreover, the expression of GHR both on TEC and on thymic T cells (thymocytes) at different stages of differentiation [3, 12, 13]
strongly suggested that GH intervenes in the process of
intrathymic T cell differentiation.
The thymus provides a unique, specialized microenvironment for T cell development involving a series of
complex interactions between T cell precursors and a variety of thymic stromal cell components [14]. Upon colonization of the thymus, precursors undergo phenotypic
changes involving cell surface proteins, which are used to
identify T cell development into a series of checkpoints.
The earliest T cell precursors in the thymus express neither CD4 nor CD8 and are so-called double negative
(DN). In the course of differentiation, they will express
both CD markers (i.e. double positive, DP) before ending
as single positive (SP) CD4 or CD8 cells [15]. Dwarf SnellBagg mice exhibited thymic atrophy with a decrease in
the DP thymocyte population [8, 9, 16], both of which regressed after GH administration [8, 10, 17]. However, recent results support that only when Snell-Bagg mice or
hypophysectomized mice come under stress, do alterations appear in the immune system which can be corrected by hormone administration under these circumstances [5, 18]. Data from Snell-Bagg mice and other genetically modified animals also suggest that GH is not an
obligate immunomodulator, but rather a stress-modulating hormone, counteracting housing- or stress-induced
138

Neuroimmunomodulation 2012;19:137–147

glucocorticoid increase with deleterious effects on the
thymus and on immunity [5, 19]. Recent observations
emphasize that GH also acts as a positive modulator of
pre-T cell trafficking, through the induction of chemokines and extracellular matrix molecules [20, 21]. Finally,
it was shown that ghrelin, a major GH secretagogue, reverses thymic involution in aged mice [22].
Since the important thymotropic properties of GH
have been demonstrated in animals [23], translational research has recently been initiated in humans. Both CD4
frequency and thymus volume were significantly lower
in a group of HIV-infected children with GHD versus
a GHD-negative group [24]. Treatment of HIV patients
with high doses of GH increased thymic mass and naïve
CD4+ T cell generation, while GH supplementation of
adults with GH deficiency restored two parameters of
thymopoiesis (intrathymic proliferation of T cell precursors and thymic naïve T cell output) [25, 26]. The question
about the thymotropic effects of GH, with regard to a direct or an indirect action of GH through local synthesis
of IGF-1, remains unanswered. IGF-1 is part of the IGF
family, which includes IGF-2 and insulin. IGF-1 and IGF2 are expressed in many tissues and can act both in an
endocrine and autocrine/paracrine manner. Both play a
role in cell proliferation, differentiation and metabolism,
mainly through interaction with the IGF type 1 receptor
(IGF-1R) [27, 28], and they also take part in the regulation
of immune and thymus function [29–31]. In mice, two
insulin genes, ins1 and ins2, are expressed but ins2
is predominantly, if not almost exclusively, transcribed in
the thymus [32, 33].
In this study, transcription of Gh, Ghr, Igf1, Igf2, Ins2,
and Igf1r was quantified by RT-qPCR in different cell
types and during ontogeny of Balb/c thymus, from embryonic day 14 (E14) to 5 weeks of age. Then, T cell differentiation was analyzed in the model of fetal thymus
organ culture (FTOC) [34] treated with GH and/or the
GHR antagonist pegvisomant. The choice of this model
was motivated by the observation that the complexity of
lymphostromal interplays in the thymus involves ill-defined interactions and that TEC grown as monolayer cultures no longer provide specific differentiation-inducing
signals for positive selection, even when subsequently reaggregated into 3-dimensional structures [35]. FTOC is a
system able to support the full program of T cell development from DN to SP T cells. Through treatment with specific factors, this system allows the analysis of T cell differentiation without any interference from endocrine
counterparts, as earlier demonstrated [31, 34].
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Materials and Methods
Reagents and Antibodies
FTOC were cultured in the Iscove’s modified Dulbecco’s medium (IMDM; BE 12-915F, Cambrex) supplemented with l-glutamine (2 mM, BE 17-605E, Cambrex), HEPES (25 mM, BE 17-737E,
Cambrex), penicillin and streptomycin (100 UI/ml, 100 mg/ml,
17-602E, Cambrex) and 1 mM of sodium pyruvate (ref. BE 13115E, Cambrex), and 10% fetal calf serum (FCS; Gibco; tested for
murine FTOC by Dr. M. de Smedt, Ghent University). This medium will be referred to as complete medium. Recombinant human GH and GH antagonist (pegvisomant) were generously provided by Pfizer. Phycoerythrin (PE)-labeled anti-mouse CD4 and
fluorescein (FITC)-labeled anti-mouse CD8 mAbs were purchased from Becton Dickinson and Co. Immunocytometry Systems (BDIS, Mountain View, Calif., USA).

extracted immediately after purification and approximately 95%
of cells were identified as TEC [36].
FTOC were performed as described by Plum et al. [34]. Briefly, 4–6 single thymus lobes from mice on fetal day 15 were placed
on the surface of preboiled membrane filters (0.8 mm pore size;
Nucleopore, Costar, Cambridge, Mass., USA), which were supported on blocks of surgical gelfoam (Upjohn, Kalamazoo, Mich.,
USA) in 2.5 ml of complete medium. The cultures were grown for
6 days at 5% CO2, 37 ° C in the presence of GH (100 ng/ml, chosen
after testing concentrations from 1 to 1,000 ng/ml), pegvisomant
(1,000 ng/ml), and both (GH 100 ng/ml + pegvisomant 1,000 ng/
ml) added daily in a 20-l drop directly on the organs. GH and
pegvisomant were prediluted, according the manufacturer’s instructions, in phosphate buffer provided and mannitol and glycine were added; this is hereafter referred to as solvent. Control
cultures were performed in complete medium with additive solvent alone. At the end of the cultures, cell suspensions were prepared and the percentage of living cells was estimated by the Trypan blue exclusion test.
The experimental procedures were carried out in accordance
with the Ethical Committee on Animal Experimentation at the
University of Liège.

Animals and Tissue Collection
Balb/c mice were provided by the Animal Department of Liège
University. They were kept under conventional conditions with
free access to food and water. Female mice were 5 weeks old at the
time of sacrifice for the thymic cell purifications. For the exploration of ontogenic expression and FTOC analysis, Balb/c mice were
mated overnight (16 h) and fetuses were removed from the pregnant females on various days of gestation (plug date = day 0).
To investigate gene expression and protein content, thymi
were excised from 14-day-old to 19-day-old Balb/c embryos
(E14–E19), from the postnatal day 1 and 2 thymus (PN1 and
PN2), and from the age of 1–5 weeks. Total RNA was extracted
from the thymi using RNeasy Mini Kit (catalog No. 74104; Qiagen) according to the manufacturer’s instructions. DNA contamination was removed by treatment of the samples with RNaseFree DNase (Roche). RNA was dosed with Nanodrop Technologies products. The protein extraction was performed using BD
Clontech Protein Extraction and Labeling kit (Becton Dickinson) according to the manufacturer’s recommendation. Protein
concentrations were measured using the Bradford method (BioRad).
Thymocytes from Balb/c mice were isolated by mechanical
disruption, erythrocyte lysis (Hybrid-Max, Sigma-Aldrich) and
filtration through a 70-m cell strainer (BD Biosciences). RNA
was extracted as described above. TEC were isolated from Balb/c
thymus by successive enzymatic digestions. Thymi were cut into
small pieces, suspended in 5 ml of DPBS per thymus and stirred
for 30 min at 4 ° C. Supernatant was removed, and 3 enzymatic
digestions were performed with Hanks’ balanced salt solution
(4 ml/thymus, 2 ml/thymus and 1 ml/thymus, respectively; Lonza, Belgium) supplemented with collagenase D (1 mg/ml; SigmaAldrich) and DNase I (10 g/ml; Roche Diagnostics) at 37° C for
12, 12 and 5 min, respectively. The last supernatant was treated
with trypsin (Lonza) 0.25%/0.02% EDTA for 10 min at 37° C. The
reaction was stopped with IMDM (Lonza) containing 10% FCS
(Invitrogen). In 2 cases out of 6, a sedimentation cycle was added.
Four runs of sedimentation at 1 g were performed. The digestion
supernatant was put on 10 ml of FCS (Invitrogen) for 20 min (step
1). The supernatant was removed and the pellet was used for the
following sedimentations (step 2: 10 ml of FCS for 15 min, step 3:
10 ml of FCS for 15 min, step 4: 5 ml of FCS for 15 min). The number of cells was estimated by the Trypan blue exclusion test. RNA
from TEC, using the same technique as described above, were also

RT-qPCR Analysis
250 ng of total RNA was reverse-transcribed in a total of 20 l
by the Transcriptor First Strand cDNA Synthesis Kit (Roche) using oligo (dT) primers. Reverse-transcription products (1: 20)
were used directly for quantitative PCR. Quantitative PCR was
carried out on an iQ cycler instrument (Bio-Rad) and hypoxanthine-guanine phosphoribosyltransferase (Hprt) was used as the
reference gene. Expression of this reference gene was neither altered by the experimental treatment, nor by the cell type studied.
For quantification of Igf1, Igf2, and Ins2, we used a master mix
composed by iQ Supermix (Bio-Rad) with a specific TaqMan
probe, with forward and reverse primers (table 1). One microliter
of cDNA product was added as a PCR template to 24 l of master
mix. The following amplification cycle protocol was used: the first
segment was composed by an activation of Taq (2 min, 50 ° C) followed by a denaturation step (10 min, 95 ° C). Then, the second
segment consisted of 2 steps: a denaturation (15 s, 95 ° C), and a
primer-annealing elongation step (1 min, 60 ° C) repeated for 40
cycles for Igf1, Igf2, Ins2 and Hprt.
Gh, Ghr and Igf1r transcripts were analyzed using the
mouse Gh (Mm01258408_g1), Ghr (Mm01303638_m1), Igf1r
(Mm00802831_m1) and Hprt (Mm01324427_m1) (TaqMan
Gene Expression Assays, Applied Biosystems) with the TaqMan
Universal PCR Master Mix No Amperase UNG 2 Pack (ref.
4364341, Applied Biosystems). For these last genes, relative
mRNA levels were calculated using the Ct method [37].
A calibration curve for Igf1, Igf2, Ins2, and Hprt was generated
from serial dilutions of a specific cDNA plasmid for each gene.
The range of calibration curve was from 107 to 10 mol/l. The results were calculated from the linear regression of the appropriate
curve after real-time amplification.
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Protein Extraction and Dosage
IGF-1, IGF-2 and INS concentrations were measured by ELISA
using mouse IGF-1 Quantikine Immunoassay (R&D Systems),
mouse IGF-2 Duoset ELISA (R&D Systems) and Ultrasensitive
Mouse ELISA (Mercodia), respectively. These sets were used ac-
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Table 1. Probe, forward and reverse primer sequences (5]3) for Igf1, Igf2, Ins2 and Hprt, hybridization temperature and final con-

centration
Primer

Sequences

Hybridization
°C

Final concentration, nM

Igf1

forward
reverse
probe

CAGGCTATGGCTCCAGCATT
ATAGAGCGGGCTGCTTTTG
6-FAM-AGGGCACCTCAGACAGGCATTGTGG-BHQ-1

60
60
60

200
200
200

Igf2

forward
reverse
probe

GGGAGCTTGTTGACACGCTT
GCACTCTTCCACGATGCCA
6-FAM-CAGGCCTTCAAGCCGTGCCAAC-BHQ-1

60
60
60

100
300
200

Ins2

forward
reverse
probe

CCGGGAGCAGGTGACCTT
GATCTACAATGCCACGCTTCTG
6-FAM-AGACCTTGGCACTGGAGGTGGCC-BHQ-1

60
60
60

150
150
100

TTATCAGACTGAAGAGCTACTGTAATG
CTTCAACAATCAAGACATTCTTTCC
6-FAM-TGAGAGATCATCTCCACCAATAACTTTTATGTCCC-BHQ-1

60
60
60

300
300
100

Hprt forward
reverse
probe

cording to the manufacturer’s instructions. Protease inhibitors
(Complete Mini, Roche) were used for extraction procedures as
well as for dosage.
Flow Cytometry
Cell suspensions were incubated for 20 min at 4 ° C with a 1/200
dilution of FITC-CD8 (553030, BD Biosciences) and a 1/400 dilution of PE-CD4 (553048, BD Biosciences) mAbs. Flow cytometry
was performed using a FACS Canto (Becton Dickinson) equipped
with an air-water-cooled blue argon laser (488 nm) powered at
100 mW (Spinnaker 160, Spectra Physics, Mountain View, Calif.,
USA) and with the CellQuest analysis software (Becton Dickinson). For each sample, forward and right light scatter and triple
fluorescence were determined on 100,000 cells and stored in listmode data files. Fluorescence signals were recorded on a 3-decade
log scale. The green (FITC) and orange (PE) fluorescences were
collected through a 530/30 and a 575/25 bandpass filter, respectively. An electronic compensation was used to correct spectral
overlap between FITC and PE fluorescences.
Statistical Analyses
The Mann-Whitney-Wilcoxon rank sum test was used for the
comparison of transcript expression between thymocytes and
TEC. For the correlation between transcript expressions during
ontogeny, we used the Spearman rank correlation test. Statistical
analyses were performed on the Prism 4.0 program (GraphPad,
San Diego, Calif., USA). While some variability in cell production
across FTOC experiments could be observed, cell production
from replicate samples within a given experiment was in close
agreement. Variations in the end culture cell production percentages and numbers, based on slight differences in the developmental/gestational states of tissue used in separate experiments, as
well as uncontrollable differences in culture conditions between
experiments, have already been described [38, 39]. We used a representation of T cell subset population percentage compared to
basal values in an effort to offer the best description of the effect
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of additives. Normality of all data distributions was tested using
the Shapiro-Wilk W test for normality. We used the parametric
one-way ANOVA with the Bonferroni multiple comparison test
for normally distributed data.

Results

Ontogeny of Gene Expression in the Murine Thymus
(fig. 1)
Gh expression increased in a regular way from E14 till
birth and declined thereafter. As expected and already
shown, Igf2 was massively expressed in the thymus on
E14, but this expression declined during fetal life and became extremely low on PN2. Gh expression was not measured after PN2. All other genes studied, except Igf1r and
Ins2, were expressed at the highest level on E14, and their
expression declined after birth. With regard to the profile
of Ins2 transcription, it was almost undetectable on all
the days before birth, but its expression immediately increased on PN1 and remained well-detected until 5 weeks
of age, although with some fluctuations.
Comparison of transcription levels showed a 10-fold
higher expression of Igf2 throughout the fetal period
compared to Igf1 (fig. 1e, c). Igf2 expression was still
slightly higher than Igf1 on PN2 (3-fold, 0.66 vs. 0.24). At
4 weeks, the Igf1 mean expression level was 0.098, while
Igf2 mean expression was 0.016. Thymic Ins2 expression
during gestation was much lower than Igf expression
(fig. 1c, e, f). Even the increase of Ins2 expression after
birth was lower than the level of Igf1 and Igf2 expression
Kermani et al.
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Fig. 1. Transcript level of Gh (a), Ghr (b), Igf1 (c), Igf1r (d), Igf2 (e) and Ins2 (f) during ontogeny of the Balb/c

thymus. Copy numbers of each gene transcript were normalized against Hprt expression and expressed as the
relative mRNA level (mean 8 SEM of 2–5 separate Balb/c thymus extractions). Gh expression was not quantified after PN2.

level in the postnatal period. The Gh expression level
could not be directly compared due to its expression kinetics, but its overall mean level was above Igf1.
The profile of Igf1 expression was very similar to the
Ghr profile during fetal life, but not to the Gh profile. This
was confirmed by the very positive correlation (Spearman: r = 0.81, p ! 0.0001) observed between Ghr and Igf1
mRNA (fig. 2a). During fetal life, a negative correlation
was also observed between the levels of Gh and Ghr expression in the murine thymus (Spearman: r = 0.75, p =
0.0018; fig. 2b), but this was no longer the case after birth
(data not shown).

rapidly decreased after E14. Intrathymic IGF-2 concentration declined from 4,500 pg/mg on E14 to 450 pg/mg
on PN2 and 150 pg/mg at 5 weeks. Intrathymic IGF-1
concentration declined from 1,750 pg/mg on E14 to 150
pg/mg on PN2, and remained stable thereafter. Intrathymic INS concentration was very low, fluctuating between
12 and 64 pg/mg, and did not parallel the profile of Ins2
expression (data not shown). IGF-2 predominated in the
thymus during the entire fetal life, but both IGFs were
found in similar concentrations after birth.

Protein Concentrations during Ontogeny
As shown in figure 3, intrathymic IGF-1 and IGF-2
concentrations (expressed per milligram of total protein)

Cell Topography of Gene Expression
Cell components of 5-week-old mouse thymus were
separated and mRNA expression of Gh, Ghr, Igf1, Igf2,
and Igf1r was quantified by RT-qPCR (fig. 4). As shown,
the 5 targets investigated for their gene expression levels
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Fig. 2. Correlation of Gh, Ghr and Igf1 expression in the fetal Balb/c thymus. Relative expression levels of Igf1
(a) and Gh (b) during fetal life were plotted against Ghr. Correlation was calculated using the Spearman rank

correlation test.
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Fig. 3. Intrathymic concentrations of IGF proteins during ontog-

eny of Balb/c thymus. Each column represents the total amount
(mean 8 SEM) of IGF-1 and IGF-2 extracted from 3–5 individual Balb/c thymus.

were much lower in thymocytes than in TEC. The expression of Hprt used as a reference gene to normalize all
measurements was similar both in TEC and thymocytes
(25,042 8 4,765 copies vs 25,293 8 3,403 copies, respectively; mean 8 SD, p = 0.9674). Gh and Igf1r expression
was high in TEC and was also detected at a very low level
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in thymocytes. Expression of Ghr, Igf1 and Igf2 was virtually absent in adult purified thymocytes. At 5 weeks,
thymic Igf2 expression was lower than Igf1.
Effects of GH and GHR Antagonists on T Cell
Differentiation in FTOC
The solvent used for predilution of GH and pegvisomant did not affect the thymocyte subpopulations in
FTOC (data not shown). GH affected T cell development
in FTOC established from 15-day-old fetal Balb/c mice
and maintained for 6 days in culture (fig. 5). GH treatment resulted in a significant increase in the percentage
of DN CD4–CD8– T cells and single positive CD4+ T
cells, with a concomitant and parallel decrease in the
compartment of DP CD4+CD8+ T cells. GH treatment
did not affect the percentage of CD8+ T cells. Addition of
the GHR antagonist pegvisomant alone did not affect T
cell differentiation, but inhibited the effects of GH when
used in combination.
After 6-day FTOC, thymic lobes were also lyzed and
assayed for Gh, Ghr and Igf1 expression (fig. 6). Expression of the three genes in basal conditions ranged in
a similar order to the one in freshly isolated TEC with
Gh 1 Igf1 1 Ghr. Addition of 100 ng/ml GH to FTOC decreased expression of Gh and Ghr, and was not associated
with an increase of Igf1 expression. Treatment with the
GHR antagonist (pegvisomant, at 1,000 ng/ml) alone significantly decreased Ghr and Igf1 expression. Treatment
Kermani et al.
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alone added in the total FTOC thymocytes. Data was collected
from 8 experiments in triplicate. * p ! 0.05; ** p ! 0.01: Bonferroni multiple comparison test following one-way ANOVA test.

The first goal of this study was to investigate the intrathymic expression of GH- and IGF-related members during ontogeny of the Balb/c mouse, as well as the cell to-

pography of this expression. Only Gh transcription progressively increases during fetal life. As already shown in
our previous studies, Igf2 expression is highly predominant during fetal life, and decreases from E14 to E19 to
become almost undetectable after PN2. During fetal life,
Ins2 expression stands at the limit of detection but increases after birth and remains well-detected until 5
weeks of age. These observations in mice concur with a
previous qualitative investigation of the human thymic
IGF axis, which also detected IGF2 and IGF1R transcription in cultured human TEC [40]. Along ontogenesis of
Gh, Ghr and Igf1 expression in Balb/c thymus, there is a
positive relationship between the level of Ghr and Igf1
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expression, and there is an inverse correlation between
Gh and Ghr expression, which disappears after birth. So
during fetal life, it seems that Igf1 expression in the thymus depends rather on Ghr expression. These data are
coherent with the GH-induced downregulation of GHR
expression observed in several studies.
At the protein level, the profile of intrathymic IGF concentrations is completely superimposable to the profile of
Igf mRNA. We were also able to detect the INS protein
encoded by Ins2 in the thymus; however, at extremely low
concentrations (81% of IGFs). After birth, IGF-2 concentration decreases to reach the same level as IGF-1. With
regard to the availability of thymic insulin-related antigens that could play a role in T cell-negative selection [41,
42], the observation that Ins2 expression appears only after birth suggests that only at that moment could INS be
added to the panoply of insulin-related selecting antigens.
Only Gh and Igf1r transcription was detected in thymocytes and appeared to be in the same order of magnitude as the reference gene hprt. Gh, Ghr, Igf1, Igf2, Ins2
and Igf1r transcription was clearly observed in murine
TEC. The degree of Gh expression in freshly isolated TEC
is 4-fold higher than in thymocytes, and this difference
amends the previous data obtained with nonquantitative
techniques showing that Gh was exclusively expressed by
TEC [43]. Ghr expression is virtually absent in freshly
isolated thymocytes. This apparent paradox with previous observations [3] can be explained when one considers
that adult thymus used for isolation contains more than
80% DP thymocytes, which were GHR-negative in the
cytometric analysis referred to above.

It was previously shown that GH and IGF-1 can act on
hematopoietic cells including lymphocytes to mediate effects such as enhanced proliferation and/or inhibition of
apoptosis [e.g. 23, 44–46]. Moreover, GH can expand the
number of thymocytes in several ways. Indeed, GH can
enhance TEC production of the chemokine CXCL12 (formerly known as stromal-derived factor 1 or SDF-1) [20],
which is a ligand for CXCR4. CXCR4 is highly expressed
on immature thymocytes [47, 48] and its activation can
in turn inhibit GH function [49]. GH and IGF-1 could
also stimulate the growth of TEC, which are needed to
support thymic function [50]. Expanded numbers of TEC
produce increased amounts of extracellular matrix material such as laminin that are essential for thymocyte adherence [51].
In rodents, IGF-1 plays an important role in pre- and
postnatal growth whereas IGF-2 seems to be important
essentially during fetal growth [52]. As noted, both play a
role in cell proliferation, differentiation and metabolism
[28] that might be mediated via IGF-1R and IGF-2R [27,
53] but also via the INS-R, although with a lower affinity.
We have previously assessed the functional influence of
IGF-1 and IGF-2 upon T cell differentiation in murine
FTOC. Specific anti-IGF-1 antibodies decreased the DN
proportion, while T cell differentiation from the DN to
the DP stage was inhibited when FTOC were treated
with antibodies against IGF-2, IGF-1R, and even IGF-2R.
FTOC treatment with antibodies against IGF-1R or IGF2R also severely compromised the increase in the global
cellularity usually observed under control conditions. No
significant effect was observed following FTOC treatment
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with a specific monoclonal antibody directed to (pro)insulin [31]. Because of the low level of Igf1r expression by
thymocytes throughout ontogenesis as demonstrated in
this study, these effects could reflect an inhibition through
IGF-1R expressed by TEC rather than a direct effect on
thymocytes. The question remains unanswered and a recent exhaustive review has highlighted the complexity of
autocrine/paracrine circuitry of GH/IGF-1 in the thymus
microenvironment [23]. We therefore used the GHR antagonist pegvisomant in an effort to identify the role of
thymic GH. Cytometric analyses of thymic lymphocytes
after 6-day FTOC in the presence of GH indicated an increase in the proportion of DN CD4–CD8– and CD4+ T
lymphocytes in parallel with a decrease in the population
of DP. This may result from an increase in DN cell proliferation, compatible with the high level of GHR expression
found on this subpopulation [12]. Indeed, in vivo experiments already showed that the number of primary DN
thymocytes increased in old mice perfused with GH [54],
while it was previously shown that GH does not affect
repartition of thymocyte subpopulations in young mice
[55]. However, these results must be interpreted by taking
into account the GH effect on bone marrow T cell progenitors, modulation of T cell trafficking [21, 56–58] and
intervention of IGF-1 as the main mediator of GH in vivo.
When GH was previously tested on thymic organ cultures, it demonstrated either no effect on proliferation and
T cell subset proportion [59] or a single enhanced proliferation without modification of T cell subsets [60]. The
first study was performed in the presence of FCS, which
contains bovine GH, while the second study was carried
out in a serum-free medium. Both experiments were conducted for a very long period (19 and 13 days) compared
to our 6-day FTOC. In the more recent study, the most efficient GH concentrations were 10 ng/ml and 100 ng/ml,
coherent with our observations, but the DN proportion
remained 1 40% after 13 days, while we observed only
20% after 6 days, which suggests that the serum-free medium was not able to fully support T cell differentiation.
The discrepancy between these previous experiments and
our own observations cannot only be attributed to the duration of FTOC but also to methods of additive delivery.
While the 2 previous studies used a single addition of GH
at the start of the culture, we performed daily application
of a single drop directly on the organs, in an effort to
mimic the pulsatile nature of in vivo GH secretion. We
also observed that addition of the GHR antagonist pegvisomant had no significant effect per se but did inhibit any
significant effect following GH treatment. This suggests
that neither endogenous GH in TEC, nor bovine GH in

FCS interfered in a significant manner under our study
conditions. In addition, the inhibition of GH effects by
pegvisomant strongly argues for the specificity of GH effect on the thymus.
When evaluating the levels of Gh, Ghr and Igf1 in the
organs at the end of FTOC, we found that all three relative levels had increased compared with E15 when the
organ was excised. Interestingly, it seems that thymic endogenous GH regulation is partially independent of regulators of GH production in the pituitary gland, an idea
already suggested more than 10 years ago [1]. A very interesting observation is the downregulation of Ghr expression induced by GH treatment with a parallel decrease in thymic Igf1 transcription. These effects were
partially, but not significantly, reversed by pegvisomant.
Altogether, these data argue that the thymotropic
properties of the somatotrope GH/IGF-1 axis involve an
interaction between GH and GHR mainly expressed by
TEC, although GH treatment downregulated Ghr expression by TEC. A direct but very moderate effect of GH
on DN CD4–CD8– T cells cannot be totally excluded.
Since thymic IGF-1 is not increased by FTOC treatment
with GH, the effects of GH upon T cell differentiation
could involve a different local growth factor or cytokine.
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