Thymosin-Induced Suppression of Proliferative Response

of Human Lymphocytes to Mitogens

ROBERT E. WOLF, Rheumatic Diseases Unit, Department of Internal Medicine,
University of Texas Health Science Center, Dallas, Texas 75235, and the
Veterans Administration Hospital, Dallas, Texas 75216

ABSTRACT The proliferative response of human
peripheral blood lymphocytes to phytohemagglutinin,
concanavalin A, and pokeweed mitogen were sup-
pressed by thymosin. Greatest decreases were observed
when cells were preincubated with thymosin for 18 h
before a 3-d culture with mitogen in the presence of
thymosin. However, significant suppression also oc-
curred when lymphocytes were preincubated for 2 h
and cultured with thymosin or preincubated for either 2
or 18 h and washed free of thymosin before culture. These
effects were related to the concentration of thymosin and
time of exposure to thymosin but not merely to a delay in
the response to mitogen or to toxicity. The suppression of
mitogen-induced proliferation by thymosin appeared
to result from effects of thymosin on a suppressor cell
because lymphocytes incubated with thymosin did not
acquire increased responsiveness to mitogens as did
cells incubated for 18 h in its absence and because
mixing thymosin-pretreated lymphocytes with cells not
preincubated with thymosin resulted in decreased
responsiveness to photohemagglutinin.

INTRODUCTION

Differentiation of murine and human thymus-de-
pendent (T) lymphocytes has been induced by thymic
extracts as assessed by expression of specific surface
markers (1, 2), formation of spontaneous erythrocyte
(E) rosettes (3-8), graft-vs.-host reactivity (9, 10), and
sensitivity to T cell-specific antisera, azathioprine, or
hydrocortisone (1, 3, 9). In vivo effects of thymic ex-
tracts on both suppressor and helper T lymphocytes
have been demonstrated in mice (11, 12). Recently,
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separate peptides with suppressor and helper activity
have been isolated from thymosin fraction 5.!

In vitro incubation of peripheral blood lymphocytes
from healthy adults with thymosin altered the num-
ber of cells forming spontaneous E rosettes. The
degree of change varied inversely with the number of
rosette-forming cells present in the absence of thy-
mosin (13). Additionally, thymosin decreased in vitro
stimulation of normal lymphocytes by allogeneic cells
in individuals with relatively high responses but in-
creased it in persons with lower responses (14). The
mechanism through which such modulation was ef-
fected by thymosin was, however, not investigated.

The present studies were undertaken to assess mod-
ulation by thymosin of the in vitro proliferative re-
sponse of peripheral blood lymphocytes from healthy
adult humans to mitogens. The results demonstrated
that thymosin significantly suppressed lymphocyte pro-
liferation induced by phytohemagglutinin, concan-
avalin A, and pokeweed mitogen. Evaluation of the
acquisition of increased responsiveness to mitogens
and cell mixing studies suggested that the observed
suppression was mediated by effects of thymosin on a
suppressor cell.

METHODS

Preparation of lymphocytes. Peripheral blood from
healthy donors was drawn into heparinized syringes. The
blood was then diluted with an equal volume of normal saline,
layered on sodium diatrizoate-Ficoll (Isolymph, Gallard-
Schlesinger Manufacturing Corp., Carle Place, N. Y.) gra-
dients at a 2:1 ratio of diluted blood to Isolymph and cen-
trifuged at 400 g for 45 min at room temperature. The mono-
nuclear cell laver was collected, washed three times, and
diluted to a concentration of 1-2 x 10¢ cells/m] in RPMI 1640
containing glutamine, penicillin, and streptomycin.

Thymosin. Thymosin fraction 5 prepared from calf thymus
(15) and calf spleen fraction 5 were provided by Dr. A. L.
Goldstein (University of Texas Medical Branch). The lyophy-
lized thymosin was reconstituted at a concentration of 10
mg/ml and stored at —20°C.

! Goldstein, A. L. Personal communication.
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Lymphocyte cultures. To assess the effects of thymosin on
mitogen-induced proliferation, 0.1 ml of cells either treated
or untreated with thymosin was added at a concentration of
5 x 10%ml in RPMI 1640 supplemented with glutamine, 10%
human AB serum, penicillin and streptomycin to 0.1 ml of
mitogen in microtiter culture plates. The cultures were in-
cubated at 37°C in a humidified 5% CO, and air atmosphere
and pulsed with [*H]Jthymidine (1 uCi/well) for 18 h before
harvest. Cells were collected on glass fiber filters 66 h after
initiation of culture with a MASH II automated harvester
(Microbiological Associates, Walkersville, Md.). The filters
were placed in Bio-Vial containers (Beckman Instruments,
Inc., Fullerton, Calif.) with 3 ml of Aquasol scintillation fluid
(New England Nuclear, Boston, Mass.) and counted in a Beck-
man liquid scintillation system (Beckman Instruments).

Results were expressed as percent response where percent
response = 100- (Acpm of cultures with thymosin/Acpm of cul-
tures without thymosin x 100); Acpm = c¢pm of mitogen-stim-
ulated cultures —cpm unstimulated cultures. A positive value
indicated suppression of the lymphocyte response to mitogen
and a negative value stimulation of lymphocyte responses
to mitogens.

Mitogens used were as follows: phytohemagglutinin-P
(PHA)? (Difco Laboratories, Detroit, Mich.) at final dulutions
of 1:2,000 and 1:10,000, concanavalin A (Con A) (Pharmacia
Fine Chemicals, Piscataway, N. J.) at final concentrations of
25 and 5 wg/ml, and pokeweed mitogen (PWM) (Difco
Laboratories, Detroit, Mich.) at final dilutions of 1:100 and
1:500. The higher concentration of each mitogen induced
optimum responses of the lymphocytes, whereas the lower
concentration induced suboptimal stimulation.

Thymosin treatment. Lymphocytes were incubated with
thymosin at a concentration of 200 ug/ml for either 2 h or
18 h and washed. These preincubated cells were then stim-
ulated with mitogen both with and without thymosin (100
ug/ml) present in the final culture medium. Another aliquot
of lymphocytes from each blood donor was preincubated and
washed before culture without exposure to thymosin. In some
experiments, spleen fraction 5 or fetal calf serum at the same
concentrations was substituted for thymosin.

Dose response. To some cultures, thymosin was added in
concentrations of 100, 50, 25, 12, and 6 ug/ml to evaluate
the relationship between dose and effect of thymosin on the
response of lymphocytes to PHA. Culture conditions were
otherwise identical to those described above.

Sequence of addition of thymosin. In some cases, thy-
mosin (100 ug/ml) was added at —2, 0, 2, 24, and 48 h of culture
relative to the addition of PHA at zero time. The cultures
were incubated, pulsed, and harvested as described above.

Increased responsiveness to mitogens after preincubation.
Recently, increased responsiveness of human peripheral
blood lymphocytes to Con A has been reported after a 24-h
preincubation period in culture (16). In the present report,
data from four experiments were calculated to evaluate the
effects of thymosin on the acquisition of increased responsive-
ness of peripheral blood lymphocytes to Con A after a pre-
liminary preincubation period. Results were expressed as
A18/A2, where A18 = Acpm after an 18-h preincubation and
A2 = Acpm after 2 h of incubation. A18/A2 was determined
both with and without thymosin present. After preincuba-
tion, cells were washed and cultured as described above.

Lymphocyte mixing studies. In five experiments, lympho-
cytes preincubated in the presence of thymosin (200 wg/ml)

2 Abbreviations used in this paper: Con A, concanavalin
A; E, expected incorporation; O, observed incorporation;
PHA, phytohemagglutinin-P; PWM, pokeweed mitogen.
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for 18 h were mixed with autologous cells preincubated in
the absence of thymosin to determine the suppressive effects
of the thymosin-treated cells on untreated lymphocytes. All
cells were washed after preincubation. Triplicate cultures
stimulated with PHA 1:2,000 were incubated without addi-
tional thymosin, pulsed, and harvested as described above
and contained combinations of cells as follows: 1 x 10° thy-
mosin-pretreated alone, 1 X 10° untreated alone, 0.5 x 10°
thymosin-treated plus 0.5 X 10° untreated, and 0.25 x 10°
thymosin-treated plus 0.75 x 10° untreated. Incorporation
expected (E) in the absence of any influence of thymosin-
treated lymphocytes on the untreated cells was determined
by extrapolation along a line connecting plotted observed
values for 1 x 10° untreated cells alone and 1 x 10% thymosin-
treated lymphocytes. For example, E for 0.5 x 10° untreated
plus 0.5 x 10 thymosin-treated cells fell at the midpoint of the
line. Observed (O) incorporation for cell mixtures was de-
termined experimentally. Incorporation was expressed as AE
= E for each mixture minus incorporation by 1 x 10%thymosin-
treated cells and AO = 0 for each mixture minus incorporation
by 1 x 10% thymosin-treated cells. Thus, the A-values repre-
sented [*H]thymidine incorporated above maximum suppres-
sion by preincubation with thymosin. Suppression was ex-
pressed as both absolute (AE — AO) and relative (percent sup-
pression = 100 — (AO/AE x 100) differences.

Statistical analysis. The statistical significance of altera-
tion of responses to mitogens by thymosin and dose-response
effect of thymosin were analyzed using Student’s ¢ test for
paired data.

RESULTS

Suppression of mitogen-induced DNA synthesis by
thymosin. Proliferation of peripheral blood lympho-
cytes in response to both optimal and suboptimal con-
centrations of all mitogens was significantly suppressed
by thymosin (Table I). This effect was most marked
when cells were preincubated with thymosin for 18 h
before the addition of the mitogens and cultured in the
presence of thymosin. The degree of suppression was
decreased but still significant when thymosin was omit-
ted from the cultures of cells preincubated with thy-
mosin for 18 h. In cultures containing lymphocytes
preincubated with thymosin for 2 h, the suppressive
effect was similar in magnitude whether or not thymosin
was present in the culture medium but was smaller
than observed after an 18-h preincubation.

Incorporation of [*H]thymidine in unstimulated
cultures was minimal and unaffected by preincubation
of lymphocytes with thymosin. Mean counts per min-
utexSEM were 2688 for cells incubated and cultured
in the absence of thymosin, 273+9 for cells preincu-
bated with thymosin for 18 h and cultured without
thymosin, and 311+9 for cells with thymosin present
during both 18-h preincubation and culture. These dif-
ferences were not significant by paired ¢ test analy-
sis. Addition of spleen fraction 5 or fetal calf serum
to cultures did not significantly reduce proliferative
responses of lymphocytes from five individuals to PHA.
After a 2-h preincubation with spleen fraction 5 and
culture in the presence of this tissue extract, mean per-



TABLE I
Effect of Thymosin on Mitogen-Induced Proliferation of Human Peripheral Blood Lymphocytes

Mean percent suppression+SEM{

PHA Con A PWM
Preincubation Thymosin in
with thymosin culture medium* 1:2,000 1:10,000 25 5 1:100 1:500
h ngiml
2 + 26.7+4.2 45.1+5.7 23.4+6.2 25.2+7.0 22.0+6.1 27.3+5.3
(13)§ (13) (13) (13) (13) (13)
P <0.001" P <0.001 P <0.01 P <0.01 P <0.01 P < 0.001
2 0 23.2+5.1 34.1+4.8 30.1x7.7 23.2+8.5 15.5+6.4 18.2+6.4
(13) (13) (13) (13) (13) (13)
P < 0.001 P < 0.001 P <0.01 P <0.05 P <0.05 P < 0.05
18 + 48.1+x7.7 76.2+4.6 67.8+4.2 72.1+4.0 62.0+6.0 63.2+7.3
(9) 9) (9) 9) 9) (9)
P < 0.001 P < 0.001 P <0.001 P <0.001 P<0.001 P<0.001
18 0 20.8+6.7 41.8+5.4 33.6+8.4 38.6+6.6 19.5+6.2 29.3+8.3
(13) (13) 9) (9) (13) (13)
P <0.01 P <0.001 P <0.01 P < 0.001 P <0.05 P <0.01

* After preincubation, cells were washed and stimulated with mitogen for 3 d either in the presence (+) or absence (0) of

thymosin.

t Percent suppression, 100 —(Acpm cells preincubated with thymosin/Acpm cells preincubated without thymosin x 100).

§ Number of individuals tested given in parentheses.
P values determined by Student’s ¢ test for paired data.

cent suppression*SEM was —10.5+1.7%, a minimal
stimulatory effect, for the optimal concentration of PHA,
and 6.5+4.8 for the suboptimal mitogen concentration.

Effect of thymosin on proliferative responses to
different mitogens. The degree of thymosin-induced
suppression of proliferation was inversely related to
PHA concentration but similar at both concentrations
of Con A and PWM employed (Table I). Consistently
greater suppression of PHA responses was observed at
the suboptimal concentration of PHA employed re-
gardless of length of preincubation with thymosin or its
presence or absence in the culture medium. The ef-
fect of thymosin on responses to Con A and PWM was
similar at both optimal and suboptimal concentra-
tions (Table I).

Effect of thymosin concentration on suppression of
PHA-induced proliferation. To evaluate the dose-
response effect of thymosin on lymphocyte prolifera-
tion, mononuclear cells from six individuals were pre-
incubated with thymosin for 2h and subsequently
cultured in its presence at concentrations of 6, 12, 25,
50, and 100 ug/ml. Percent suppression was calculated
for each concentration of thymosin by comparison with
cultures not containing thymosin. As shown in Table II,
the degree of suppression increased at concentrations
of thymosin between 6 and 25 ug/ml but plateaued
thereafter. This pattern was qualitatively similar at
both PHA concentrations although quantitative dif-
ferences were observed.

Suppression of Human Lymphocytes by Thymosin

Kinetics of PHA response in the presence and ab-
sence of thymosin. To investigate the possibility
that the suppression observed after 66 h in culture was
related to altered kinetics of mitogen-induced prolifera-
tion, cells preincubated for 2 h with thymosin and then
cultured with PHA in the presence of thymosin with-
out washing before addition of the mitogen were har-
vested 18, 42, 66, and 90 h after the addition of PHA.
Cells not exposed to thymosin were processed in

TABLE 11
Effect of Thymosin Concentration on Response to PHA

Mean percent suppressionxSEM{

Concentration

of thymosin PHA 1:2,000 P value§ PHA 1:10,000 P value
ngml*
100 24.3+4.1 <0.01 47.8+6.3 <0.01
50 23.8+7.3 <0.05 50.2+4.6 <0.01
25 20.0+£6.5 <0.05 47.3+4.6 <0.01
12 13.8+5.1 <0.05 33.4+104 <0.05
6 -5.2+9.2 NS 13.4+8.9 NS

* Thymosin present during 2 h preincubation and throughout
subsequent 3 d culture with PHA. Cells were washed after
preincubation.

1 Percent suppression, 100 — (Acpm of cultures with thy-
mosin/Acpm of cultures without thymosin X 100); mean of
six experiments.

§ Student’s ¢ test for paired data.
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parallel. Responses were suppressed by thymosin
throughout the period examined except after only 18 h
of culture, at which time there was no stimulation by
PHA (Fig. 1). However, no other alteration of the kinetic
curve was noted, indicating that the observed sup-
pression was not related to the duration of culture.
Similar results were obtained with both concentrations
of PHA used.

Effect of sequence of addition of thymosin. In five
experiments, thymosin was added to cultures at —2,
0, 2, 24, and 48 h relative to the addition of PHA. As
shown in Fig. 2, thymosin added to cultures either 2 h
before or simultaneously with PHA induced similar
degrees of suppression of proliferation. When added
2 or 24 h after PHA, thymosin was suppressive but
less than if introduced earlier. Thymosin had no effect
on proliferation when added at 48 h at the time of the
[*H]thymidine pulse. These results indicate that thy-
mosin affects an event early in the initiation of prolifera-
tion induced by PHA because the greatest suppres-
sion was detected when thymosin was added before or
simultaneously with PHA. Additionally, thymosin was
not toxic because addition at 48 h did not alter the
proliferative response to PHA and because the intro-
duction of thymosin into cultures as early as 2 h after
the addition of PHA decreased its capacity to suppress
proliferation. Thymosin-induced suppression was qual-
itaiively similar at both PHA concentrations.

Effect of thymosin on acquisition of increased re-
sponsiveness to mitogens after preincubation. Bres-
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FIGURE 1 Effect of thymosin on kinetics of response to
PHA after varying periods of culture. Lymphocytes were
preincubated for 2 h with thymosin and then cultured in the
presence (0) or absence (@) of thymosin. PHA (1:2,000)
was added at zero hours, and cultures were harvested at
times indicated after an 18-h pulse with [*H]}thymidine.
Vertical bars indicate the SEM.
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FIGURE 2 Thymosin-induced suppression of response to
PHA. Thymosin was added at the different times indicated
to cultures stimulated with PHA (1:10,000) at zero hours
and harvested after 66 h of culture. Percent suppression,
100 — (Acpm of cultures with thymosin/Acpm of cultures
without thymosin X 100). Vertical bars indicate the SEM.

nihan and Jasin (16) and Rich and Pierce (17) observed
an increased proliferative response to Con A when
human peripheral blood mononuclear cells were in-
cubated before stimulation. The increased response
was attributed to the loss of a short-lived suppressor
cell during incubation. Accordingly, experiments were
carried out to determine whether thymosin would
prevent the loss of this suppressor cell as manifest by
a failure to observe an increased proliferative re-
sponse to Con A after incubation of cultures in the
presence of thymosin. As shown in Table III, cells

TABLE III
Effect of Preincubation with Thymosin on Acquisition of
Increased Responsiveness to Con A

Al8 h*
A2 hi
Concentration Without With
of Con A Experiment thymosin thymosin
pgiml
25 1 2.3 0.7
2 3.7 2.4
3 4.2 2.4
4 1.9 1.5
Mean+=SEM 3.0x0.5 1.7+x04
5 1 1.8 0.8
2 7.6 1.0
3 4.6 2.0
4 2.1 2.0
Mean+SEM 4.0+x1.3 1.4=+0.3

* A18 h, Acpm of cells preincubated with or without thymosin
for 18 h and washed before 3-d culture with Con A.

1 A2 h, Acpm of cells preincubated with or without thymosin
for 2 h and washed before 3-d culture with Con A.



preincubated for 18 h without thymosin acquired an
increased responsiveness relative to those incubated
for 2 h before culture. Parallel experiments in which
the lymphocytes were preincubated for 2 and 18 h in
the presence of thymosin and washed before 3-d stim-
ulation with Con A demonstrated reduced enhance-
ment of responses to this mitogen after the 18-h in-
cubation period (Table III). This effect of thymosin
was demonstrable at both Con A concentrations tested.

Suppression of proliferative response of untreated
lymphocytes to mitogens by thymosin-preincubated
cells. Lymphocytes preincubated in the presence and
absence of thymosin and washed were cultured at the
concentrations described. Table IV shows that observed
proliferative responses were suppressed below ex-
pected values in all five experiments, when equal
numbers of cells preincubated in the presence and ab-
sence of thymosin were cultured together. When a
minority of cells in culture had been preincubated
with thymosin, suppression was observed in four of
five experiments with stimulation in the other one
(Table V). These results provided more direct evidence
for induction of suppressor cells by thymosin.

DISCUSSION

In these studies, the effects of thymosin on mitogen-
induced proliferation of peripheral blood lymphocytes
from healthy adult humans were evaluated. Responses
to both optimal and suboptimal concentrations of PHA,
Con A, and PWM were significantly suppressed by

TABLE IV
Suppression of Responsiveness of Untreated Lymphocytes
to PHA by Equal Numbers of Autologous
Thymosin-Treated Cells*

Experiment AE} AO§ AE-AO Suppression"
cpm cpm cpm %
1 15,741 8,836 6,905 44
2 38,640 6,081 32,559 84
3 11,217 3,961 7,256 65
4 28,426 22,471 5,955 21
5 7,875 1,400 6,475 82

* Lymphocytes were incubated in the absence or presence
of thymosin at a concentration of 200 ug/ml for 18 h and
washed. Cultures containing 0.5 X 10° untreated and 0.5
x 10° thymosin-treated cells were stimulated with PHA
1:2,000 for 3 d with [*H]thymidine pulse during final 20 h.

{ AE, expected counts per minute of [*H]thymidine above
maximum suppression incorporated by untreated cells in
mixtures.

§ AO, observed counts per minute of [*H]thymidine above
maximum suppression incorporated by untreated cells in
mixtures.

' Percent suppression, 100 — (AO/AE x 100).

Suppression of Human Lymbhocytes by Thymosin

TABLE V
Suppression of Responsiveness of Untreated Lymphocytes
to PHA in Cultures Containing More Untreated
than Thymosin-Treated Cells*

Experiment AEt AO§ AE-AO Suppression"
cpm cpm cpm %
1 10,495 7,314 3,181 30
2 25,759 12,676 13,084 51
3 7,478 2,015 5,463 73
4 18,950 26,379 -7,429 -39
5 5,250 300 4,950 94

* Preincubation and culture were the same as for Table IV
except that cultures contained 0.75 X 10° untreated and
0.25 x 10° thymosin-treated cells.

{ AE, expected incorporation by untreated cells as in
Table IV.

§ AO, observed incorporation by untreated cells as in
Table IV.

' Percent suppression, 100 — (AO/AE x 100).

thymosin. Decreased responsiveness was observed
when cells were preincubated with thymosin for 2 h
or 18 h, washed, and subsequently cultured with the
mitogens for 3 d with or without addition of thymosin.
Maximum suppression occurred when lymphocytes
were preincubated for 18 h and then cultured with
thymosin. It was concluded that diminution of re-
sponsiveness was possibly mediated by effects of thy-
mosin on T lymphocytes because the mitogens used
induce proliferation of T cells (18) and because thy-
mosin has been reported to affect only T cells (19, 20).

The degree of suppression was also dependent on
mitogen concentration for PHA but not for Con A and
PWM. Responses to PHA were suppressed by thymosin
more than responses to Con A or PWM. Responses to
suboptimal concentrations of PHA were consistently
decreased to a greater degree than those to optimal
concentrations. This observation suggested that at least
quantitative differences exist in the modulation of T-
cell proliferation induced by different mitogens. Ad-
ditionally, a limited dependency of suppression on
thymosin concentration was detected. Suppression of
PHA responses increased directly with thymosin con-
centration between 6 and 25 ug/ml but plateaued there-
after at the two mitogen concentrations used. How-
ever, the effect of thymosin on the response to the
optimal PHA concentration never approached the de-
gree of suppression observed at a suboptimal concen-
tration. The effect of thymosin on the PHA response
measured after varying periods of culture was in-
vestigated to determine whether thymosin induced a
consistent suppression throughout culture or whether
it only produced a delay in proliferation with a shift
of the normal kinetic curve. It was demonstrated that
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the proliferative response of lymphocytes to PHA was
consistently decreased by thymosin through 4d of
culture. In fact, between days 3 and 4 of culture, there
was a smaller increase in proliferation of lymphocytes
cultured with thymosin than those cultured in the ab-
sence of thymosin, indicating that thymosin altered
the ability of lymphocytes to respond rather than
merely shifting the kinetics of the response.

When thymosin was added to cultures at various
time intervals relative to the addition of mitogen,
greatest suppression was observed when it was added
either 2 h before or at the same time as the PHA. The
addition of thymosin 2 or 24 h after stimulation resulted
in a lesser degree of suppression, and there was no
effect on responsiveness when it was introduced after
48 h of culture at the time of the [*H]thymidine pulse.
These results indicated that thymosin modified some
event early in the time-course of PHA stimulation.
They also indicated that thymosin was not toxic as ad-
dition late in culture did not alter proliferation.

The possibility that the decreased responses to
mitogens were related to the differentiation of a sup-
pressor cell by thymosin was investigated by assessing
the effect of thymosin on the acquisition of increased
responsiveness by preincubation in a maner similar to
that used by Bresnihan and Jasin (16) and Rich and
Pierce (17). The latter authors provided evidence that a
short-lived suppressor of T-cell function was lost dur-
ing a 24-h incubation period. Accordingly, cells were
preincubated in the presence or absence of thymosin
and washed before culture with mitogen. The ratios
of responses after 2 h and 18 h of preincubation were
determined as a measure of suppressor cell depletion
and compared with cells incubated without or with
thymosin present. The augmentation of proliferation
previously observed was decreased or abolished by
preincubation with thymosin, suggesting that thymosin
induced differentiation of a suppressor cell from pre-
cursors and prevented the acquisition of increased
responsiveness resulting from the loss of a subpopula-
tion of suppressor cells which modulate T-lymphocyte
responses. More direct evidence for the induction or
differentiation of a suppressor cell by thymosin was
obtained from experiments in which thymosin-
treated lymphocytes were combined with autologous
untreated cells and stimulated with PHA. When equal
numbers of treated and untreated cells were present,
expected responses were suppressed by 21-84% in all
five experiments (Table IV). When there were more
untreated than treated cells in culture, suppression of
30-94% was observed in four of five experiments.
These studies indicate the induction by thymosin of a
suppressor cell in normal individuals. Recently, induc-
tion by thymosin of Con A-activatable cells which sup-
pressed mixed leukocyte culture responses has been
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reported in patients with systemic lupus erythematosus
who lacked such a suppressor cell in the absence of
thymosin (21).

It has previously been demonstrated that thymosin
elevates cyclic guanosine 5’-monophosphate levels
(22) and that increased cyclic nucleotide levels de-
crease responses to PHA (23). However, because the
effect of cyclic nucleotides on mitogen-induced pro-
liferation was readily reversible by removal of these
agents before culture (23), it appears unlikely that such
a mechanism was responsible for the suppression ob-
served in the present studies as removal of thymosin
did not affect the degree of suppression, at least after a
2 h preincubation. It may be concluded, therefore, that
suppression by thymosin of mitogen-induced prolifera-
tion of normal adult human peripheral blood lympho-
cytes has been demonstrated in these experiments. It
appears that this suppression was mediated by thy-
mosin-induced differentiation of suppressor cells from
precursors although the characteristics of the sup-
pressor cell were not established.
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