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Abstract. The possibilities of thymic peptides in human therapy are still being described. Here, we focus on their
g	 eneral characteristics and on recent advances in this area.
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hymic peptides, as well as a variety of other
modulators (IL-1, IL-3, IL-6, GM-CSF) and cell-cell
i

�
nteractions, regulate the process known as thymic se-

lection by which pro-thymocytes become mature and
functional T cells.

Several polypeptides have been extracted, mainly
from young calves, and some of them have been suc-
c� essfully isolated and prepared synthetically (Fig. 1).
T



he precise role of much of these factors purported to

have intrathymic effects is still unknown, although
many of these compounds exhibit immunobiological
a
 ctivity. On the basis of this fact, several clinical appli-
c� ations of thymic peptides have been studied recently,
revealing a promising new field in the development of
t

�
herapeutic drugs, as positive results have been ob-

t
�
ained, i. e., on cancer and some immunodeficiencies.

T
�

hymulin

T



hymulin (TH) is a nonapeptide that is biologically
a
 ctive only when it is coupled with zinc. Initially, it was

p� urified from porcine and human serum and from calf
t

�
hymus, and named “ facteur thymique serique” 11.

A
�

ccording to the classical criteria, TH is the unique
p� eptide that can be recognized as a hormone. Its secre-
t

�
ion by a subpopulation of thymic epithelial cells (TEC)

i
�
s controlled by a pleiotropic mechanism involving its

o� wn levels and those of prolactine (PRL), growth hor-
mone (GH) through insulin growth factor 1 (IGF-1) se-
c� retion, adrenocorticotropin (ACTH), thyroxin (T4)

�
, β-

e� ndorphin and β-leukencephalin and IL-1α and β8.
Furthermore, reciprocal regulatory actions on the

h
�
ypothalamus-pituitary axis have been proposed, based

o� n results suggesting that TH might modulate the se-
c� retion of ACTH, lutheinising hormone (LH) and
P

�
RL19, 21. In addition to this function as transmitter

b
�
etween the neuroendocrine and the immune system,

TH exerts many other functions ranging from differen-
t

�
iation of immature thymocytes to immune modulation.

This is reflected by the fact that Crohn’s disease or
a
 cute lymphoblastic leukemia patients share Zn+2 and
T



H activity deficits. Likewise, people suffering myas-

t
�
henia gravis show an impairment in both Zn+� 2 and TH,

2
�
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Abbreviation used: IL – interleukin, GM-CSF – granulocyte/macrophage-colony stimulatory�  factor, TEC – thymic epithelial cells, GH
– growth hormone, IGF-1 – insulin growth factor-1, ACTH – adrenocorticotropin, T4

�  – tiroxin, LH – lutheinising hormone, PRL – pro-
lactine, TNF – tumor necrosis factor, PBMC – peripheral blood mononuclear cells, HIV – human immunodeficiency virus, IFN – inter-
f
�
eron, NK – natural killer, HBV – hepatitis B virus, HBeAg – hepatitis Be antigen, AZT – azidodeoxithimidine/zidovudine, PHA – phy-

t
�
ohemagglutinin.



b
�
ut in this case an age-dependent mechanism also

seems to be involved24.
Recent data indicate that TH can be therapeutically

e� ffective in preventing the development of rheumatoid
a
 rthritis2

�
. Likewise, its role in hyperalgesia is being in-

v� estigated at the moment3
�
2, 33.

I
 
n rats immune to viral oncogene products, TH

a
 ugments suppressive effects on tumor development28.
In the same way, the animal models of acute graft-ver-
sus-host disease studied have shown that TH has a pro-
t

�
ective effect in mice’s enteropathy; so, it has been re-

c� ently proposed as a possible therapeutic agent in acute
g	 raft-versus-host disease after blood transfusion or
b

�
one marrow transplantation in humans23.

Thymic Humoral Factor

This crude extract was obtained from calf thymus,
a
 fter which the octapeptide thymic humoral factor
(THF)-γ! 2 was isolated from it using chromatography.
B

"
oth share the same properties, namely, to have stimu-

l
#
atory effects on myeloid and erythroid hematopoietic

p� rogenitor cells and to enhance lymphocyte prolifera-
t

�
ion and IL-2 production by spleen cells from neona-

t
�
ally thymectomized mice or from immunocom-

p� romised patients’  lymphocytes9
$
.

A
�

n antiviral effect can be proposed for THF-γ! 2
%
 in

v& ivo, if we consider both that it diminishes murine cy-
t

�
omegalovirus infection and also that it increases pro-

d
'
uction of IL-2 and TNF-α in PBMC obtained from

p� atients with chronic hepatitis B.

I
 
n addition to this possible function, THF-γ! 2

%
 re-

stores immunocompetence and reduces metastasis in
t

�
umor-bearing mice receiving anticancer immunother-

a
 py10.
Recently, a clinical trial has been developed which

c� oncludes that THF-γ! 2 administered with zidovudine
r( educes the number of opportunistic infections in HIV
p� atients naive for antiretroviral therapy and it increases
t

�
heir survival time25.

T
�

hymopoietin

T



hymopoietin (TP) was isolated from calf thymus
for its neuromuscular effects, but nowadays its immu-
n) omodulatory function is recognized too.

I
 
n spite of its abundant presence on thymocytes, TP

a
 ppears in TEC, primary and secondary lymphatic tis-
sues and in non lymphatic tissues (striated muscle,
h

�
eart, small intestine and cerebellum). A role in the

regulation of thymocyte differentiation and T lympho-
c� yte proliferation has been described; in the same way
i

�
t has been recently described as an inductor of human

TEC proliferation2
�

0.
Many evidences – including its interaction with lami-

n) a B1
3

�
8 – suggest that it plays a nuclear role, probably

in proliferation and cell cycle control9
$
.

T



hymopoietin has 49 amino acids and its biological
a
 ctivity is comprised in the pentapeptide composed of
residues 32 to 36, named Thymopentin (TP-5). Interes-
t

�
ingly, there is a thymopentin-like motif which seems
t

�
o account for the immunomodulatory activity of G-

a
 ctin3
�

6.
T



P-5 is the only thymic peptide approved as a single

d
'
rug, and it is applied in the therapy of primary immu-

nodeficiencies.
Recently, a phase III trial showed that dose-intensi-

f
*
ied chemotherapy can be used safely and effectively

o� n pre-treated patients of breast, gastric and small cell
l

#
ung cancer, if TP-5 and G-CSF are used as support3

�
1.

In spite of its good immunostimulatory results, TP-5
has as disadvantage its limited half-life in plasma. At-
t

�
empts to resolve this have taken different approaches.

Stabilized analogues of TP-5 via insertion of keto-
methylene have been tested in vivo showing immuno-
p� otentiating properties (induction of Thy-1.2 express-
ion and stimulation of T cell proliferation) as well as
t

�
hey exhibited disease remitting properties in two ani-

mal models of arthritis12, 13, 37. Good results of pre-
v� alence were also obtained by preparing liposomes3

�
0 or

e� mbedding the drug in polymeric matrix microspheres7
+
.

I
 
n atopic eczema, TP-5 has also shown convincing

results in many different trials, being safe and effective
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i
�
n the improvement of clinical symptoms. Nevertheless,

t
�
herapeutic benefits of TP-5 in this affection have not

t
�
aken to general acceptance, a surprising fact if we con-
sider that classical treatments have shown high adverse
side effects6

6
, 26.

Thymosins

Thymosins were originally isolated from a partially
p� urified bovine thymic extract, “named”  thymosin frac-
t

�
ion V (TF-V). TF-V showed immunostimulatory ac-
t

�
ivity, restoring abnormalities in thymic weight and in

d
'
iseases as Di George syndrome. At least 30 peptides

b
�
elonging to the α o� r β t� hymosins family can be ident-

i
�
fied by isoelectric focusing of TF-V; from them, thy-

m7 osin α1(Tα1)
�
 and thymosin β4(Tβ4)

�
 retain the major

a
 ctivity of the original fraction3
�
.

Tα1 is a highly conserved 28 amino acid peptide
w8 hich contains most of the activity of TF-V; it is a po-
t

�
ent immunostimulator with a very important advant-
a
 ge, its low toxicity compared to other response modi-
f

*
iers as ILs or IFN-γ! . In lymphocytes, it induces

d
'
ifferentiation (as seen from Thy1/Lyt1 and Lyt2,3 ex-

p� ression) increases responses to mitogens and enhances
p� roduction of antibodies and many cytokines (IFN-α,
IFN-γ! , IL-2, IL-3, IL-4). It also augments expression of
c� ytokine receptors and NK cell activity.

P
�

reclinical investigation reports many possible ap-
p� lications of Tα1. In addition to the classical descrip-
t

�
ions of protection from C. albicans infection, it also

e� nhances resistance to other infections such as H
9

. sim-
p: lex, L. monocytogenes and P. aerugenosa in immuno-
suppressed animals. Another promising results are
t

�
hose taken out from pilot studies with autoimmune

d
'
isease patients in which Tα1 was given as an adjuvant

in influenza vaccination, obtaining good protection in
e� lderly people18. These studies had their precursors in
o� ther where, when applied as pretreatment on aged
m7 ice, high protection was obtained16.

O
�

n non-small cell lung cancer cell-lines, Tα1

showed an inhibitory effect on cell growth as its anal-
o� gue Tα1-amida did, both in vitro and in vivo29.

O
�

ne of the most promising therapeutical applica-
t

�
ions of Tα1 are the ongoing trials on the treatment of

h
�
epatitis B, C and D. Encouraging results are being ob-

t
�
ained around the world both with Tα1 alone and with

Tα1 combined therapies.
As a single drug in hepatitis B therapy, Tα1 has ren-

d
'
ered 25% loss of serum HBV DNA while placebo

o� nly 13%. In this phase III multicenter trial, patients
r( eceived Tα1 biweekly for 6 months and were followed
monthly for a one-year period18.

Similar trials are being performed in Singapore, Tai-
w8 an and Japan22, due to the great sanitary problem that
HBV represents in Asian countries. In Taiwan, 33.3%
o� f patients lost DNA and seroconverted for HBeAg in
a
  6-month treatment and 38.5% in a 12 month one,
w8 hereas the control group only did it in 8.3%.

P
�

hase III trials being undertaken at Singapore and
J

;
apan are refining the use of this drug, as far as the

d
'
ose-ranging efficacy and effectiveness in a broader

g	 roup of patients.
The Italian National Research Council2

�
2 has also

sponsored a pilot trial of combination therapy with Tα1

a
 nd IFN-α, being given to chronic hepatitis B patients.
The data indicate a conversion rate to negative status
i

�
n 40% subjects.

E
<

ven more, in a US multicenter trial beneficial re-
sults on IFN-α/

=
Tα1 c

� ombination therapy for the treat-
ment of hepatitis C infection were reported. This ap-
p� roach revealed higher efficacy than with the use of
IFN-α2

�
b or placebo alone in terms of biochemical, his-

t
�
ological and virological end-treatment responses3

�
5. In

a
  previous pilot trial, Tα1 alone did not show any re-
markable effect, suggesting a sinergism between Tα1

a
 nd IFN-α2b
1.

I
 
n HIV infection, the immune response has to be

restored, so it seems reasonable to take on an approach
o� f using immunorestorative drugs as therapy. A phase
III trial has been concluded in Italy on HIV positive
p� atients; the subjects were treated with different com-
b

�
inations of AZT, IFN and Tα1 and a significant in-

c� rease in CD4 count was obtained when the 3 drugs
w8 ere used as a whole17.

T



here have been other successful approaches to the
c� linical applications of Tα1 as combined therapy for
non-small cell lung cancer and melanoma in phase II
t

�
rials, and their corresponding phase III studies are still

g	 oing on18.

Prothymosin α

Prothymosin α (ProTα)
�
 was first isolated as the pu-

t
�
ative precursor of Tα1 and its family of related pep-

t
�
ides. Later, all the α thymosins were proposed as de-

g	 radative fragments of ProTα and a hot spot was
e� stablished that today remains unfinished. This highly
a
 cidic polypeptide of 109 amino acids (bovine or
human origin) contains Tα1 at its N-terminal region,
a
 nd is detected in a large variety of cell types and tis-
sues and widely distributed among vertebrates. ProTα
a
 ppears at great concentrations in the thymus cortex
a
 nd it is detected in human serum, too. Although this
might indicate its secretion, the existence of a putative

O
�

. J. Cordero et al.: Thymic Peptides 7
5
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n) uclear targeting sequence and observations on its
mRNA according to the cell cycle might suggest a nu-
c� lear role, as well. Both evidences on nuclear and cy-
t

�
oplasmic locations have been found9

$
, 10. ProTα pro-

t
�
ects against C. albicans as Tα1 d

'
oes, but in a very

much lower dose (this could be another probe pointing
a
 t Tα1 as a decay product). Many in vitro effects of
ProTα have been described including: NK enhanced
a
 ctivity, antitumoral increased activity of melanoma pa-
t

�
ients’  monocytes, enhanced secretion of IL-2 and pro-

liferation of PHA stimulated PBMC, enhanced re-
sponse of T cell proliferative to soluble antigens and
e� nhanced expression of HLA-DR antigen in monocytic
c� ell lines and in cultivated monocytes. All of these con-
stitute a great evidence for the potential immunophar-
m7 acological properties of ProTα in cancer or autoim-
mune disease therapies, which can be confirmed by in
v& ivo ProTα’s effects. It exerts a great immunostimula-
t

�
ory activity both in aged and young rats, increases the

in vivo production and release of migratory inhibitory
f

*
actor (MIF), enhances the proliferative responses in

a
 utoimmune diseases patients and shows antitumoral
a
 ctivity in mice injected with leukemic cells3

�
9. The

most recent in vitro studies on ProTα are those made
o� n peripheral blood lymphocytes from colorectal tumor
p� atients where, in combination with IL-2, lymphocyte
d

'
eficiencies can be at least partially restored15. This

kind of works suppose the first step to therapeutical
a
 pplications of this thymic peptide. We can conclude
t

�
hat, in spite of being one of the newest thymic pep-

t
�
ides, ProTα has given promising results, so further

investigation is required including reliable clinical
t

�
rials.

T
�

hymic Preparations

A
�

s happens with other biological response modi-
fiers, thymic peptides have rendered very good results
w8 hen used in synergistic combinations. In this sense,
some mixtures have been obtained with a relatively
successful application. One of them is thymostimulin
(TP-1) which has been applied in atopic eczema as
T



P-5 with similar results2

�
6. In addition, clinical trials

have been developed in immunostimulatory activity of
T



P-1 before chemotherapy on head and neck carcinoma

p� atients14 and on chronic obstructive pulmonary pre-
v� enting exacerbation of this disease5

>
. More on, in vitro

e� xperiments demonstrate that it increases natural cyto-
t

�
oxic activity in breast cancer patients who have been

subjected to chemotherapy27. Finally, in a small pilot
study, it was shown that TP-1 alone induced tumor
regression in one half of the hepatocellular cancer pa-

t
�
ients treated and an in vitro study has established that

it occurs through activation of Kupffer cells and con-
c� omitant release of TNF-α; this was the basis for
a
  phase I trial in current development4.

Another thymus extract, TFX-thymomodulin, has
improved bactericidal capacity of polymorphonuclear
n) eutrophils in malnourished infants, being a possible
insight to clinically restore their impaired immune re-
sponse40. Separately, TFX and Thymex-L (a thymoor-
g	 an GmbH commercial thymic preparation) alone or in
c� ombination were given in addition to standard therapy
t

�
o patients with severe burns in a controlled clinical
t

�
rial. The best results were obtained when both were

u? sed at a time, increasing the survival rate and shorten-
i

�
ng the period of healing surface and deep burns3

�
4.

O
�

nce more, the immunostimulatory and restorative
p� roperties of thymic preparations are stood out, as well
a
 s others like regenerating effects on cells, organs and
v� ascular tissues.

I
 
n conclusion, all the clinical and preclinical evi-

d
'
ences point toward an important role for thymic pep-

t
�
ides for future therapeutic treatments. The most out-

standing results are those obtained of combined
t

�
herapies, perhaps due to the complexity of these ill-

nesses and their disturbed biological equilibrium indi-
c� ating a need to take on a multistep outlook in order to
o� btain positive results. Therefore, we can conclude that
w8 hen designing future strategies to treat the diseases of
o� ur times, thymic peptides should, without a doubt, be
i

�
ncluded.
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