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Thymulin is a thymic hormone exclusively produced by the thymic epithelial cells. It
consists of a nonapeptide component coupled to the ion zinc, which confers biological
activity to the molecule. After its discovery in the early 1970s, thymulin was character-
ized as a thymic hormone involved in several aspects of intrathymic and extrathymic
T cell differentiation. Subsequently, it was demonstrated that thymulin production and
secretion is strongly influenced by the neuroendocrine system. Conversely, a growing
core of information, to be reviewed here, points to thymulin as a hypophysotropic pep-
tide. In recent years, interest has arisen in the potential use of thymulin as a therapeutic
agent. Thymulin was shown to possess anti-inflammatory and analgesic properties in
the brain. Furthermore, an adenoviral vector harboring a synthetic gene for thymulin,
stereotaxically injected in the rat brain, achieved a much longer expression than the
adenovirally mediated expression in the brain of other genes, thus suggesting that an
anti-inflammatory activity of thymulin prevents the immune system from destroying
virus-transduced brain cells. Other studies suggest that thymulin gene therapy may
also be a suitable therapeutic strategy to prevent some of the endocrine and metabolic
alterations that typically appear in thymus-deficient animal models. The present arti-
cle briefly reviews the literature on the physiology, molecular biology, and therapeutic
potential of thymulin.
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Relevance of the Thymus in the
Immune–Neuroendocrine

Homeostatic Network

The immune system is functionally linked to
the nervous and endocrine systems thus con-
stituting an integrated homeostatic network.1

Within this network, the neuroendocrine
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system monitors and controls the physical and
chemical variables of the internal milieu. On
its part, the immune system perceives, through
antigenic recognition, an internal image of the
macromolecular and cellular components of
the body and reacts to alterations of this im-
age, effectively participating in the “biological”
homeostasis of the organism.

In mammals, the interaction of the thymus
gland with the neuroendocrine system seems
to be particularly important during perina-
tal life when the thymus and the neuroen-
docrine system influence the maturation of
each other. This was initially suggested by
early findings showing that in species in which
neonatal thymectomy does not produce any ev-
ident impairment of immune capacity,2 neu-
roendocrine functions are already highly de-
veloped at birth.3 In mice, the importance
of the thymus for proper maturation of the
neuroendocrine system is revealed by the en-
docrine alterations caused by neonatal thymec-
tomy or congenital absence of the thymus. In
effect, congenitally athymic (nude) female mice
show significantly reduced levels of circulating
and pituitary gonadotropins, a fact that seems
to be causally related to a number of repro-
ductive derangements described in these mu-
tants.4 Thus, in homozygous (nu/nu) females
the times of vaginal opening and first ovulation
are delayed,5 fertility is reduced,4 and follic-
ular atresia is increased such that premature
ovarian failure results.6 Similar abnormalities
result from neonatal thymectomy of normal
female mice.7,8 Ovaries of athymic mice re-
spond normally to exogenous gonadotropins,
suggesting that the defect is at the level of
the hypothalamic–pituitary axis.9,10 In ho-
mozygous, adult, nude CD-1, male mice, thy-
rotropin (TSH), prolactin (PRL), growth hor-
mone (GH), and gonadotropin responses to
immobilization and cold stress are reduced as
also are serum basal levels of the same hor-
mones compared to the heterozygous coun-
terparts.11–13 A functional impairment of the
hypothalamic–adrenal axis has been reported
in nude mice, suggesting that humoral thymic

factors may play a role in the maturation of this
axis.14

The influence of the neuroendocrine system
on thymus (and immune) function seems to con-
tinue during adult life either through a direct
action of pituitary hormones or via peripheral
hormones, both of which act on the thymic ep-
ithelial cells (TEC) and/or on immature thy-
mocytes within the gland (for a review, see
Ref. 15).

Thymulin

Thymulin is a thymic metallopeptide in-
volved in several aspects of intrathymic and
extrathymic T cell differentiation.16 Thymulin,
which is exclusively produced by the thymic
epithelial cells,17 consists of a biologically inac-
tive nonapeptide component termed FTS (an
acronym for serum thymus factor in French)
coupled in an equimolecular ratio to the
ion zinc,18 which confers biological activity
to the molecule.19 The metallopeptide active
form bears a specific molecular conformation
that has been evidenced by nuclear magnetic
resonance.20

Neuroendocrine Control
of Thymulin Production

The control of thymulin secretion seems to
be dependent on a complex network of events.
Initial studies showed that the hormone itself
exerts a controlling feedback effect on its own
secretion both in vivo and in vitro.21,22 Addi-
tionally, thymulin production and secretion is
influenced directly or indirectly by the neu-
roendocrine system. For instance, GH can in-
fluence thymulin synthesis and secretion. In

vitro, human GH can stimulate thymulin release
from TEC lines,23 which are known to pos-
sess specific receptors for GH.24 Animal studies
have shown that treatment of aged dogs with
bovine GH partially restored their low thy-
mulin serum levels.25 In old mice, treatment
with ovine GH increased their low circulating
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thymulin levels and enhanced the concanavalin
A-dependent proliferative response of their thy-
mocytes as well as interleukin-6 production.26

In old rats, combined treatment with GH and
thyroxine (T4) was also able to partially re-
store their reduced thymulin levels.27 In clin-
ical studies, it was reported that in congenitally
GH-deficient children who consistently exhib-
ited low plasma thymulin levels GH therapy
succeeded in increasing thymic hormone levels
to near normal values.28 Acromegalic middle-
aged patients have elevated thymulin serum
levels compared to age-matched normal sub-
jects.23,28 It is likely that these effects of GH
are mediated, at least in part, by insulin-like
growth factor 1 (IGF-1) as suggested by the
fact that the GH-induced enhancement of thy-
mulin production could be prevented by previ-
ous treatment with antibodies against IGF-1 or
IGF-1 receptor.23

There is also evidence for a PRL–thymulin
axis. Thus, it is known that TEC possess PRL
receptors29 and that PRL can stimulate thy-
mulin synthesis and secretion both in vitro and
in vivo.30 Furthermore, administration of PRL
to old mice elevated their reduced circulating
levels of thymulin.30

The thyroid axis also influences thymulin se-
cretion. Thus, T4 has been shown to stimu-
late thymulin synthesis and secretion in mice.31

In vivo treatment of mice with triiodothyronine
enhanced thymulin secretion, whereas treat-
ment of the animals with propylthiouracil, an
inhibitor of thyroid hormone synthesis, de-
creased their circulating thymulin levels.32 In
humans, hyperthyroidism brings about an in-
crease in circulating thymulin levels, whereas
hypothyroid patients show depressed levels of
this thymic hormone.33 In in vitro studies, it was
shown that thyroid hormones stimulate thy-
mulin secretion by a direct action on TEC.34,35

Interestingly, it has been shown that treatment
of aged animals with T4 can reverse their de-
creased thymulin levels.31,35

Although there are no studies documenting
a direct effect of gonadotropins or adrenocorti-
cotropic hormone (ACTH) on thymulin secre-

tion, gonadectomy or adrenalectomy in mice is
known to induce a transient decrease in serum
thymulin levels. This effect is potentiated by
the simultaneous removal of the adrenals and
gonads.34 In TEC cultures it was shown that
exposure to physiological levels of glucocorti-
coids or gonadal steroids enhanced thymulin
concentration in the cell supernatants.36,37

Although there is no rigorous evidence prov-
ing the existence of hypothalamic factors able
to influence thymulin production by a direct
action on TEC, there are two studies that sug-
gest that this may be the case. Treatment of old
mice with hypothalamic extracts from young
mice resulted in the reappearance of detectable
levels of circulating thymulin.38 Hypothalamic
and pituitary extracts from young mice stimu-
lated thymulin release from TEC cultures, but
this stimulation declined when the pituitary and
hypothalamic extracts were obtained from old
mice.39

Hypophysiotropic Activity
of Thymulin

The multilateral influence that the neu-
roendocrine system exerts on thymulin secre-
tion suggests that this metallopeptide could,
in turn, be part of a feedback loop acting
on neuroendocrine structures. This possibil-
ity is now supported by a significant body
of evidence indicating that thymulin possesses
hypophysiotropic activity. Thus, thymulin has
been shown to stimulate luteinizing hormone
(LH) release from perifused rat pituitaries40 and
ACTH from incubated rat pituitary fragments,
the latter being an effect mediated by intracel-
lular cAMP and cGMP accumulation.41 In an
in vitro study using pituitary cells obtained from
female rats in different days of the estrous cycle,
it was observed that thymulin modulates the
stimulatory activity of gonadotropin-releasing
hormone on LH and follicle-stimulating hor-
mone (FSH) release.42 Thymulin has been
found to stimulate GH, PRL, TSH, and
gonadotropin release in dispersed rat pituitary
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cells at doses from 10−8 to 10−3 mol/L,43–45

whereas others have reported that thymulin
doses of 10−11 mol/L stimulate LH, inhibit
PRL release, and have no effect on GH se-
cretion in incubated rat pituitary fragments.40

The stimulatory effect of thymulin on hormone
release in rat pituitary cells declines with the
age of the cell donor, which suggests that aging
brings about a desensitization of the pituitary
gland to thymic signals.43–45

There is in vitro and in vivo evidence suggesting
that thymulin plays a role in the regulation of
female spontaneous puberty, possibly through
effects on pituitary gonadotropin release and
ovarian steroidogenesis.40,42,44–47 Thymulin
also modulates gonadotropin-induced testicu-
lar steroidogenesis.48

Recent immunoneutralization studies have
strengthened the hypothesis that thymulin is a
physiological mediator of the perinatal influ-
ence of the thymus on neuroendocrine matu-
ration. Thus, neonatal immunoneutralization
of circulating thymulin in otherwise normal
C57BL/6 mice induced significant morpho-
logic alterations in most anterior pituitary en-
docrine cell populations when the animals
reached puberty.49 Thymulin immunoneutral-
ization from birth to puberty in normal mice
also induced serum gonadotropin50 and serum
TSH, PRL, and GH reduction (Goya et al.,
unpublished results) when the animals reached
puberty.

Construction of Synthetic
Genes for Thymulin

The prospect of implementing thymic hor-
mone gene therapy appears as an interest-
ing avenue of research aimed at restoring en-
docrine thymic activity when thymus function is
compromised. However, none of the genes cod-
ing for the known thymic peptides have been
cloned, a situation that hinders the implemen-
tation of gene or other molecular therapies for
thymic hormones. It was suggested that a pos-
sible way to overcome this problem could be

to construct “artificial genes” coding for those
thymic peptides whose amino acid sequences
were short and required no posttranslational
processing.51 This has been recently achieved
for thymulin and the corresponding DNA se-
quence cloned in a recombinant adenoviral
(RAd) vector that was subsequently used in a
number of experimental gene therapy studies
(see below).

In an early study aimed at upscaling thy-
mulin production, a synthetic DNA sequence
coding for FTS was inserted into a bacterial
expression vector and successfully used to ob-
tain large quantities of purified thymulin re-
taining full biological activity.52 More recently,
a DNA sequence coding for the biologically
active FTS analogue called metFTS was con-
structed and cloned in an adenoviral vector.53

The design of the DNA sequence for metFTS
was optimized for expression in rat systems by
choosing, for each amino acid of the native pep-
tide, the codon more frequently used by rat
cells (Fig. 1A). A variant of this sequence was
used to construct RAd-metFTS, an adenovi-
ral vector that harbors the synthetic gene for
metFTS driven by the mouse cytomegalovirus
promoter (PmCMV) (Fig. 1B and C). When
intramuscularly (i.m.) administered to thymec-
tomized (Tx) mice and rats (whose circulating
levels of thymulin are nondetectable), RAd-
metFTS induced sustained supraphysiological
serum levels of biologically active thymulin that
remained high for at least 112 days in mice53

and for over 320 days in rats. Interestingly, ade-
novirally mediated expression of the synthetic
gene for metFTS in the substantia nigra and
hypothalamus of adult Tx rats had a signifi-
cantly longer duration than adenovirally medi-
ated expression of the gene for green fluores-
cent protein or Escherichia coli β-galactosidase in
the same brain regions.54 This phenomenon
could be a result of the anti-inflammatory
activity in the brain reported for thymulin
and some thymulin analogues.55,56 Addition-
ally, results from experiments using intracere-
broventricular injection of thymulin in rats with
experimentally induced brain inflammation
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Figure 1. DNA constructs encoding the biologically active serum thymus factor (FTS) ana-
logue (metFTS) and assembly of an adenoviral vector (RAd-metFTS) that harbors the synthetic
gene for metFTS. A DNA sequence coding for native FTS was designed for optimal expression
in rat cells. By adding an ATG starting codon upstream and two stop codons downstream of
this sequence, it was converted into an open reading frame (ORF) for the analogue metFTS (A).
This metFTS ORF was used to generate a construct to be cloned in the shuttle vector pDC515.
The construct included the phage T7 promoter primer-binding site, which was used for se-
quencing purposes (B). The shuttle pDC515-metFTS was generated by inserting the T7-metFTS
sequence into the BamHI and SalI sites of the multiple cloning site of the shuttle pDC515. This
construct was used to generate RAd-metFTS (C). PmCMV, mouse cytomegalovirus promoter;
frt, recognition element for the yeast FLP recombinase; ITR, inverted terminal repeats; �E1
and �E3, deletions in the Ad5 genome; SV40, simian virus 40 polyadenylation signal; ψ,
packaging signal. From Ref. 50, used with permission.

suggested that this peptide has a neuropro-
tective role in the central nervous system and
indicate a possible therapeutic use as anal-
gesic and anti-inflammatory drug.57 The anti-
inflammatory activity could prevent the im-
mune system of the vector-injected animals
from mounting a destructive response against
the transduced cells. The same rationale could

explain the long-term persistence of high con-
centrations of transgenic metFTS in the circu-
lation of RAd-metFTS-injected Tx rodents.53

Because thymulin has no known toxic effects
even at high doses, i.m. injection of RAd-
metFTS could generate sustained pharmaco-
logically effective levels of serum and brain
thymulin for the amelioration of pathologies
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involving chronic brain inflammation. This
would represent a distinct advantage over alter-
native anti-inflammatory approaches that use
direct brain injection of viral vectors that block
the production or actions of pro-inflammatory
cytokines.58

Gene Therapy for Thymulin

Neonatal Thymulin Gene Therapy
Prevents the Disruptive Impact of

Athymia on the Reproductive System
of Female Mice

A single i.m. injection of RAd-metFTS in
newborn nude mice (nude mice have unde-
tectable circulating levels of thymulin) elicited
long-term restoration of serum thymulin in
these mutants. This treatment was able to pre-
vent the deficits in serum LH and FSH that
typically appear in adult female nude mice.50

Furthermore, neonatal thymulin gene therapy
in nude female mice has been found to sig-
nificantly prevent the ovarian dysgenesis that
usually develops in 70-day-old, female, nude
mice.59

Effect of Neonatal Thymulin Gene
Therapy on the Metabolic

Dyshomeostasis in Nude Mice

There is evidence that the endocrine thy-
mus may participate in glucose homeostasis.
Thus, it has been reported that after 1 month
of age, nude BALB/c mice develop sponta-
neous hyperglycemia and impaired glucose tol-
erance.60,61 Furthermore, these animals show
peripheral insulin insensitivity with normal
pancreatic β-cell reserves and normal lean
body mass.62 Assessment of pancreatic islet-
cell populations in hyperglycemic nude mice
revealed an increase in the D cell population
(somatostatin producing). Also, somatostatin
content in pancreatic tissue was higher in the
athymic nude mice compared to heterozygous
sex- and age-matched counterparts.63 Adult
thymectomy in Wistar rats was reported to in-

crease circulating insulin levels without signifi-
cant changes in blood glucose.64 Other studies
point to a modulatory activity of thymic factors
on lipid metabolism. Thus, a thymic protein
factor was reported to reduce serum choles-
terol levels in rodents, increase low-density
lipoprotein catabolism, and inhibit the activity
of hepatic 3-hydroxy-3-methylglutaryl (HMG)-
CoA reductase, the rate-limiting enzyme in
cholesterol synthesis.65–67 In adult nude mice
it has been reported that the relative percent-
age of 16:0, 18:1 n9, and 18:1 n7 fatty acids
is lower whereas that of 18:0, 20:4 n6, and
22:6 n3 fatty acids is higher in hepatic phos-
pholipids of nu/nu animals compared to nu/+
counterparts. Some of these alterations were
completely or partially prevented by neona-
tal thymulin gene therapy.68 Neonatal thymulin
gene therapy completely prevented the adult-
onset hyperglycemia of 70-day-old nude mice
(Garcia-Bravo et al., unpublished results).

Concluding Remarks

Thymulin is probably the best characterized
of all putative thymic hormones and seems to
play a physiological role in thymus–pituitary
communication, particularly during perinatal
life. Interest in the therapeutic use of thymulin
flourished during the 1970s and 1980s when
efforts were almost exclusively focused on us-
ing thymulin (and other thymic peptides) for
the treatment of autoimmune and other im-
munopathologies as well as cancer.69,70 Subse-
quent studies, most of them carried out dur-
ing the last 15 years, established that thymulin
is active on the hypophysis and the brain.
This awareness and the recent availability of
a synthetic gene for metFTS have opened new
avenues for the exploration and eventual ex-
ploitation of the therapeutic potential of this
metallopeptide.
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2006. Gene therapy for long-term restoration of cir-
culating thymulin in thymectomized mice and rats.
Gene Ther. 13: 1214–1221.

54. Morel, G.R., O.A. Brown, P.C. Reggiani, et al. 2006.
Peripheral and mesencephalic transfer of a synthetic
gene for the thymic peptide thymulin. Brain Res. Bull.

69: 647–651.
55. Safieh-Garabedian, B., M. Dardenne, J.-M. Pleau,

et al. 2002. Potent analgesic and anti-inflammatory
actions of a novel thymulin-related peptide in the rat.
Br. J. Pharmacol. 136: 947–955.

56. Safieh-Garabedian, B., C.I. Ochoa-Chaar, S. Poole,
et al. 2003. Thymulin reverses inflammatory hyper-
algesia and modulates the increased concentration
of proinflammatory cytokines induced by i.c.v. endo-
toxin injection. Neuroscience 121: 865–873.

57. Dardenne, M., N. Saade & B. Safieh-Garabedian.
2006. Role of thymulin or its analogue as a new anal-
gesic molecule. Ann. N. Y. Acad. Sci. 1088: 153–63.

58. Stone, D., W. Xiong, J.C. Williams, et al. 2003. Ade-
novirus expression of IL-1 and NF-kappaB inhibitors
does not inhibit acute adenoviral induced brain in-
flammation, but delays immune system-mediated
elimination of transgene expression. Mol. Ther. 8:
400–411.

59. Reggiani, P.C., C.G. Barbeito, M.A. Flamini, et al.
2008. Neonatal thymulin gene therapy prevents the
characteristic ovarian atrophy of adult nude mice
(Abstract); Presented at the Seventh Meeting of the
International Society for Neuroimmunomodulation.
Rio de Janeiro, Brazil, 19–23 April.

60. Zeidler, A., C. Tosco, D. Kumar, et al. 1982. Sponta-
neous hyperglycemia and impaired glucose tolerance
in athymic nude BALB/c mice. Diabetes 31: 821–825.

61. Zeidler, A., D. Kumar, C. Johnson, et al. 1984. De-
velopment of a diabetes-like syndrome in an athymic

nude Balb/c mouse colony. Exp. Cell. Biol. 52: 145–
149.

62. Zeidler, A., N.S. Shargill & T.M. Chan. 1991. Periph-
eral insulin insensitivity in the hyperglycemic athymic
nude mouse: similarity to noninsulin-dependent dia-
betes mellitus. Proc. Soc. Exp. Biol. Med. 196: 457–460.

63. Zeidler, A., S. Arbuckle, E. Mahan, et al. 1989. As-
sessment of pancreatic islet- cell population in the
hyperglycemic athymic nude mouse: immunohisto-
chemical, ultrastructural, and hormonal studies. Pan-

creas 4: 153–160.
64. Velkov, Z., M. Zafirova, Z. Kemileva, et al. 1990.

Time course changes in blood glucose and insulin
levels of thymectomized rats. Acta Physiol. Pharmacol.

Bulg. 16: 64–67.
65. Mondola, P., L. Coscia Porrazzi & C. Falconi. 1979.

Cholesterol and triglycerides of a liver after admin-
istration of a chromatographic fraction of thymus:
variations in tissue and blood. Horm. Metab. Res. 11:
503–505.

66. Mondola, P., M. Santillo, F. Santangelo, et al. 1992.
Effects of a new calf thymus protein on 3-hydroxy-3-
methyl-glutarylCoA reductase activity in rat (rattus
bubalus) hepatocyte cells (BRL-3A). Comp. Biochem.

Physiol. 103B: 431–434.
67. Mondola, P., M. Santillo, I. Tedesco, et al. 1989. Thy-

mus fraction (FIII) effect on cholesterol metabolism:
modulation of the low density lipoprotein receptor
pathway. Int. J. Biochem. 21: 627–630.

68. Garcı́a-Bravo, M.M., M.P. Polo, P.C. Reggiani, et al.
2006. Partial prevention of hepatic lipid alterations in
nude mice by neonatal thymulin gene therapy. Lipids

41: 753–757.
69. Bach, J.F., M. Dardenne & A.L. Goldstein. 1984.

Clinical aspects of thymulin (FTS). In Thymic Hor-

mones and Lymphokines. Basic Chemistry and Clinical Appli-

cations. A.L. Goldstein, Ed.: 593–600. Plenum Press.
New York.

70. Sztein, M.B. & A.L. Goldstein. 1986. Thymic
hormones—a clinical update. Springer Sem. Im-

munopathol. 9: 1–18.


