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As the crucial role of the thymus in T cell
differentiation was recognized (Miller, 1962;
Miller & Osoba, 1963), immunologists have
been engaged in a search for an endocrine func-
tion of the thymus. This interest was based on
the demonstration that thymus grafts enclosed
in a cell-impermeable Millipore chamber (Osoba
& Miller, 1963), pregnancy (Osoba, 1973), or
cell-free thymic extracts (Bach & Camaud,
1976) may restore immune competence in neo-
natally thymectomized mice. Restoration of im-
mune competence is exhibited in graft vs. host
reactivity, skin allograft rejection and cell-de-
pendent antibody responses (Stutman et al.,
1970). Thymus grafts in Millipore chambers al-
so lead to restoration of the circulating thymic
hormone levels {Dardenne et al., 1974). Similar
results were also obtained with chambers con-
taining an epithelial thymoma, thus demon-
strating the epithelial orgin of thymic hormo-
nes {Stutman et al., 1969).

The thymus appears to secrete several hor-
mone-like products that influence the T cell
maturation pathways. Although the thymic
hormones isolated in different laboratories are
all peptidic, they differ in chemical structure,
mechanism of action and cell subsets they spec-
ifically activate. Some of these peptides act ear-
lier in central lymphoid tissues leading the prog-
eny of stem cells towards lymphoid maturation,
others regulate the proliferation of the mature
T cells thus contributing to the maintenance of
helper, suppressor and cytotoxic T cell compart-
ments in the periphery (Doria & Frasca, 1987).

During senescence the immmune system ex-
hibits a decline of immune responsiveness to
exogenous antigens and an increased incidence
of autoimmune phenomena. Most of the decli-
ne in immune responsiveness to exogenous anti-
gens arises from alterations in regulatory T cell
populations rather than in other cell compart-
ments of the immune system (Doria et al.,
1987).
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Profound defects have been detected in the
helper T cell (Th) population of old mice. Anti-
gen-specific Th cells have been classified in two
types, based on different properties such as the
surface phenotype and the mode of action. One
cell type (Thl) recognizes epitopes of the anti-
gen molecule in association with MHC-encoded
class II antigens (Ia) and interacts with B cells
through an antigen bridge of physically linked
carrier and hapten determinants (cognate B cell
activation). The other cell type (Th2) is not
MHC-restricted and does not require physical
linkage of carrier and hapten determinants for
effective T-B cell cooperation (polyclonal B cell
activation). Both mechanisms may operate syn-
ergistically (Tada et al., 1978).

Th cell activity declines with advancing age:
it is already reduced to 64% in mice at 6
months of age but is not completely lost (30%
residual activity) at 24 months of age. The age-
related decline in Th cell activity can be at-
tributed to reduction either in the pool size of
Th cell subpopulations or in their ability to in-
teract synergistically in the generation of helper
activity. The decrease in Th cell activity has
been attributed to thymus involution (Hirok-
awa & Makinodan, 1975) and subsequent re-
duced concentration of thymic factors involved
in T cell maturation (Bach et al., 1973). The
precursor frequency of Th cells is, indeed, de-
creased in old mice although the progeny of
each precursor cell maintains full capacity to
produce lymphokines and to proliferate (Miller,
1984).

Th cells produce interleukin 2 (IL-2), a
growth factor for T and B lymphocytes, in re-
sponse to mitogens, antigens and other lymp-
hokines. Aging negatively affects 1L-2 produc-
tion which has been found to decline 170-fold
in mice from 3 to 22 months of age. Since the
decline in Th cell activity during this life period
is only 4-fold, it appears that the dependence of
helper activity from IL-2 is not absolute as

other factors, probably less affected by aging,
compensate the decreased IL-2 production and
contribute to the maintenance of areduced Th
cell activity in old mice.
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Several studies were carried out in our lab-
oratory to investigate immunological effects of
synthetic thymosin ay , a 28 amino acid resi-
dues peptide with thymic hormone-like activi-
ty. Thymosin o, was the first to be purified,
sequenced (Goldstein et al., 1977), and synthes-
ized (Wang et al., 1979), by solution or solid
phase methods, among the several peptides pres-
ent in the calf thymus extract Fraction §S. In
1980, Wetzel et al. have reported the isolation
and complete chemical characterization of
N @ _ desacetylthymosin «, using recombi-
nant DNA procedures (Wetzel et al., 1980). Se-
veral tests performed both in vivo and in vitro
have show that thymosin a; is 10-1000 times
more active than Fraction S in promoting T cell
differentiation.

Our results showed that injection of im-
munodeficient old mice with thymosin a, rec-
overs to a significant extent Th cell activity, IL-
2 production and IL-2 receptor expression by
spleen cells (Frasca et al., 1986). These biologi-
cal activities are restricted to the first 14 amino
acids of the thymosin «, molecule. Table I
shows the results of four independent experi-

G. DORIA ET AL.

ments in which spleen cells from aging (3-18
month old) mice, primed with Horse Red Blood
Cells (HRBC) 4 days before culture, were as-
sayed for Th cell activity, IL-2 production and
[L-2 receptor expression. Mice were left unin-
jected or injected with 10 ug thymosin «,, 5 ug
N,4 (N-terminal amino acid residues 1-14) or 5
ug C,4 (C-terminal amino acid residues 15-28)
synthetic fragment of the thymosin a; mole-
cule, 3 days before HRBC priming. Results indi-
cate that helper T cell activity, IL-2 production
and IL-2 receptor expression are impaired by
aging but are restored to a large extent by a sin-
gle injection of 10 ug thymosin «; . Injection of
an equimolar amount of the N,4 fragment is at
least as effective as the entire molecule in restor-
ing these T cell activities, whereas injection of
the C,, fragment has no demonstrable effect.
It is noteworthy that thymosin «, and its N, ,
fragment are effective when injected in 6, 12
and 18 month old mice, but not in 3 month old
mice. Our data support the possibility that the
thymosin a,-induced enhancement of Th cell
activity in old mice results from an increase in
the T cell precursor frequency.

TABLE I

Enhanced helper T cell activity, IL-2 production and 1L-2 receptor expression by spleen
cells from aging mice, uninjected or injected with thymosin peptides

Exp. Age Treatment Helpe‘r T cell IL-2 production [L-2 receptor
No. (months) activity expression

1 3 none 100 100 100
3 o (10 Mg 107 78 93

3 Nia (S M) 106 82 77

3 Cia (G Ug) 116 84 95

2 3 none 100 100 100
6 nome 57 47 25

6 o (10ug) 74 87 99

6 Niys (5 Ug) 104 8S 66

6 Cia (S Mp) 59 23 18

3 3 none 100 100 100
12 none 53 52 0

12 o (10 up) 81 71 89

12 Nis (S Ug) 114 78 134

12 Cia (Sug 43 28 9

4 3 none 100 100 100
18 none 43 0 23

18 a; (10 ug) 74 47 82

18 N14 (5 ug) 86 99 81

18 Ci14 (S Up) 46 0 0

Results are expressed as percent of 3 month old untreated controls.
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TABLE II

Precursor frequency of proliferating T cells from mice of different ages
untnjected or injected with thymosin peptides

Exp. Age Precursors
No. (months) Treatment per 104 cells
| 3 none 27 (1.35)

3 o (10 Mg) 41 (1.28)

19 none 9(1.65)

19 ap (10 Mg) 23 (1.38)

2 3 none 79(1.21)
3 Nig (5 Ug) 91 (1.20)

19 none 24 (1.37)

19 Nig4 (S Up) 95 (1.19)

3 3 none 42 (1.28)
3 Cia (5 Ug) 51 (1.295)

20 none 11 (1.57)

20 Cia (5 Ug) 13 (1.51)

Numbers in parentheses are error factors by which precursor frequencies should
be multiplied or divided to obtain the variations due to one standard error.

Results from limiting dilution analysis of T
cell precursors (Table IT) indicate that injection
of thymosin ¢, orits N,, fragment 3 days be-
fore the assay increases the frequency of mito-
gen responsive T lymphocytes in old, but not in
young mice, whereas injection of the C , frag-
ment is devoid of any effect in both young and
old mice. Thus, thymosin o;; amplifies the pool
of T cell precursors in immunodeficient old
mice.

Our studies on the T cell precursor frequen-
cy were performed on spleen cells which com-
prise an extrathymic T cell pool of mature T
cells and immature T cells undergoing the final
maturation steps (Weissman et al., 1975;
Stutman, 1978; Scollay et al., 1984). The ef-
fects observed after the short time interval be-
tween the injection of thymosin peptides and
the assay are likely due to induced proliferation
of mature T cells rather than to enhanced T cell
maturation (Frasca et al., 1987). This rapid
amplification of the mature T cell compartment
1S a biological effect of practical value for the
therapy of age-related T cell immunodeficiency.

These results have been extended in humans,
using the synthetic pentapeptide TP-5, constitu-

ted by amino acid residues 32-36 of the thymic
hormone thymopoietin (Goldstein et al., 1979).
Injection of TP-5 in elderly subjects has been
shown to be effective in enhancing proliferative
responses to mitogens and IL-2 production by
peripheral blood mononuclear cells (Meroni et
al., 1987; Table III).

The results so far obtained in both mice and
humans suggest possible ways for therapeutic
intervention in aging. Thus, as shown herein,
helper T cell reconstitution by thymic hormo-
nes may lead to an increase of immune reactivi-
ty to exogenous antigens.Furthemmore, a simi-
lar therapeutic approach, under appropriate con-
ditions that preferentially enhance suppressor T
cell activity, may prevent or mitigate the increa-
sed expression of autoimmune reactivity. In
conclusion, the use of thymic hormones is very
promising in the treatment of age-related im-
mune disfunctions but requires accurate proto-
cols to reach antithetic objectives, such as the
amelioration of immune responsiveness to
pathogens and the alleviation of autoimmune
reactions.
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TABLE 111

Proliferative response to mitogens (PHA, Con A, PWM) and IL-2 production by
PBM from six elderly subjects before (1g) thymopentin treatment and 4 weeks
(Ty), 12 weeks (T3), and 24 weeks (T3) after the end of treatment.

Time of

PHA Con A PWM 1L-2

freatment
To 27 X6 125 gx2 21
T, 97 £14 36 ¥4 15 £3 204
T, 1158 49 * 10 24 T 4 26 + 9
T3 48 + 11 27 6 N.D. 9+4

Elderly subjects (71-92 years old) were injected subcutancously with 50 mg
thymopentin 3 times/week over a period of 4 weeks. The proliferative response
is expressed as mean c.p.m.x10? * SE. The IL-2 production is expressed as mean

units/ml * SL.
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