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Abstract:
T-activin is a complex of immunologically active peptides (MW 1.2-6 KDa) derived from the thymuses of different
animal species. To study immunomodulatory and antitumor effect of T-activin and its relation with type 1 and type 2
cytokines, immunosuppressed mice with L-5178-Y lymphoma were treated with subcutaneous T-activin. T-activin
treatment increased life span and reduced the increase in body weight observed in lymphoma-bearing mice. Effect of
T-activin on cellular immune response was evaluated with delayed hypersensitivity test to DNFB and splenic
lymphoproliferative response. Both depressed immune response to DNFB and depressed proliferative response
observed in lymphoma-bearing mice were totally reverted with T-activin treatment to values observed in control
mice treated. In order to know the relation between the above results and cytokine production and T cell subsets,
concentrations of IFN- and IL-4 in culture supernatants were determined by ELISA and T cell subsets were
determined using flow cytometric analysis. Recovery was not observed in IL-4 levels but complete recovery was
observed in IFN- levels. On the other hand, T-activin reversed the lymphoma-induced increment of CD4+ T cells
and with this the CD4+/CD8+ ratio was restored to control value. These findings suggest that the mechanism through
which T-activin exerts its antitumor effect is by inducing a type 1 response through IFN- production, thereby
promoting cellular immune response.
Keywords: Antitumor response, Lymphoma, T-activin, T cells, Thymus extract.

Introduction:
T-activin is a complex of immunologically
active peptides (MW 1.2-6 KDa) derived from
the thymuses of different animal species. It is
a hormonal factor with immunomodulating
properties and exhibits a stimulating effect
especially during suppression of the T-cell
immunity component. Thus, it has been used
for immunodeficient state correction in
clinical practice [1-4].
Immune responses are often classified as
either type 1 or type 2, based on the profile of
cytokines produced by both CD4+ and CD8+ T
cells. The type 1 cytokine profile is related to
cell immune response, whereas type 2
cytokines promote humoral response [5-7].
The effectiveness of an immune response
depends on the type of response elicited.
There is evidence that type 1 immune response
is the most adequate for tumor cell eradication
and that immunosuppression state observed in

cancer progression is related to type 1
response abolition through induction of type 2
cytokine induction [8-11].
In different types of cancer, T-activin has been
used as monotherapy or in combination with
conventional treatments to help restore the
immune
system
or
prevent
host
immunosuppression state associated with
tumor growth and immune complications
associated
with
treatment
[12-16].
Nevertheless there is not enough information
about modulatory effects of T-activin on type
1 and type 2 cytokine production in cancer.
The effect of treatment with T-activin on IFN and IL-4 (as type 1 and type 2 cytokines,
respectively) production was investigated in
the present study, along with its relation to
different parameters of cellular immune
response in L-5178-Y lymphoma-bearing
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mice, a model characterized by defective
cellular immune response [17-21].
Materials and Methods:
Animals
Eight- to twelve-week-old male BALB/c mice,
purchased from the Centro de Investigaciones
Biomédicas de Occidente del Instituto
Mexicano del Seguro Social (Guadalajara,
Jalisco, México), were maintained and bred
under conventional laboratory conditions at
the University of Guadalajara (Guadalajara,
Jalisco, México) according to the guidelines
for the use and care of laboratory animals and
World Medical Association Declaration of
Helsinki (amended by the 52nd WMA General
Assembly. Edinburgh, Scotland, October
2000). They were used both as experimental
animals and to maintain tumoral cell line.
Four groups of mice of 7 animals each were
studied: control mice (C), control mice with Tactivin treatment (CT), lymphoma-bearing
mice (L) and lymphoma-bearing mice with Tactivin treatment (LT).
Tumor model
The L-5178-Y murine cell line was used in
this study. This is a transplantable murine
leukemia cell line which was derived from a
thymic tumor induced in a DBA/2 (H-2d/d)
mouse by methylcholanthrene. In this model,
the presence of tumor cells in mice produces
cellular immune response suppression and it
has been used in previous works to study the
antitumor effect of different compounds [1719, 21-24]. This cell line has been maintained
by serially inoculating lymphoblasts into
BALB/c mice as follows: one control male
BALB/c
mouse
was
inoculated
intraperitoneally with 100 µl of ascitic fluid
containing 1 x 107 lymphoblasts. Ten days
later, the ascitic fluid was harvested and used
to inoculate a new mouse, and so on. For the
experiments,
tumor-bearing
mice
7
intraperitoneally received 1 x 10 lymphoma
cells resuspended in physiological saline

solution (100 l) and tumor was allowed to
growth for 10 days.
T-activin treatment
Lyophilized T-activin, kindly provided by Dr.
Galina Zaitseva Petrovna, was reconstituted
with physiological saline solution and filtered
with a 0.22 m filter (Nalgene, Hereford,
UK). Mice were treated for 10 days with Tactivin (0.45 g/g of body weight)
administered subcutaneously into the loose
skin over the neck. T-activin treatment started
the day of lymphoma cell inoculation. Control
and tumor-bearing mice without T-activin
treatment received physiological saline
solution.
Life span and body weight
Mice from 4 groups were observed daily for
90 days to determine life span and general
condition.
Additionally ten days after
lymphoma cell inoculation, mice from 4
groups were weighed and body weight
increment was calculated as follows: weight at
the end of treatment minus weight at
beginning of treatment. After final weighing,
mice were killed by cervical dislocation and
ascitic fluid from the peritoneal cavity was
aspirated and measured (tumor volume). Fluid
was taken with a white blood cell pipette and
diluted 100 times with physiological saline
solution. A drop of diluted cell suspension was
placed in the Neubauer counting chamber and
the number of tumoral cells was counted [25].
To determine the status of the cellular immune
response, delayed hypersensitivity test to
dinitrofluorobenzene (in vivo test) and
lymphoproliferation assay (in vitro test) were
performed with mice from 4 groups, the day
after the end of treatment.
Delayed
hypersensitivity
test
to
dinitrofluorobenzene
Dinitrofluorobenzene (DNFB; Sigma-Aldrich
Corporation, St Louis, MO, USA) was diluted
in acetone/olive oil (4:1) immediately before
use. On day 4 and 5, starting the day of tumor
cell inoculation, mice from each group were
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sensitized to DNFB by placing 20 μl of 0.7 %
DNFB solution on an area of shaved ventral
skin. After 5 days, mice received 10 µl of 0.4
% DNFB solution (challenge) applied on the
left ear. Ear thickness was monitored using a
micrometer (The L.S. Starrett Company,
Athol, Mass, USA) before challenge and 48
hours after challenge. Increased ear swelling,
evidence of in vivo cellular immune response
[20, 21], was calculated as ear swelling index
(percent) as follows: (T48-T0)/T0] x 100, in
which T0 and T48 represent ear thickness
values before and after challenge, respectively.
Preparation of spleen mononuclear cells
At the end of treatment, spleen from control
and L-5178-Y lymphoma-bearing mice, with
or without treatment, was removed under
aseptic conditions. It was dissociated by
mechanical
disaggregation
in
Hank’s
Balanced Saline Solution (HBSS). Afterwards,
cell suspension was purified by gradient
separation on Hystopaque-1077 (Sigma
Chemical Co., St Louis, MO, USA), followed
by centrifugation for 30 min at 400 x g.
Mononuclear cells were recovered and washed
two times with HBSS. Cells were then
suspended in RPMI 1640 culture medium
(Sigma Chemical Co., St Louis, MO, USA)
supplemented with 10% heat inactivated fetal
calf serum [26]. Finally, cells were adjusted to
1 x 106 cells/ml.
Splenic T cell proliferation assay
As evidence of in vitro cellular immune
response, T cell proliferation assay was
performed as follows [27]: mononuclear cells
were plated at a concentration of 2 x 105
cells/well in a 96-well plastic tissue plate in
RPMI-1640 media supplemented with 10%
FBS (Sigma Chemical, St Louis, MO, USA),
with or without concanavalin-A (ConA, 5
µg/ml, Sigma Chemical Co., St Louis, MO,
USA). Cultures were incubated for 48 hours at
37 ºC in a humidified atmosphere containing
95% air and 5% CO2. They were then pulsed
with 1 µCi of 3H-thymidine (specific activity

6.7 Ci / µmole; New England Nuclear, Boston,
MA, USA). After 24-hr incubation, cells were
harvested using an automatic cell harvester
(Nunc, Denmark) and the incorporation of 3Hthymidine was measured in a liquid
scintillation -counter (Beckman Instruments,
Irvine, CA). The results were expressed as a
stimulation index (SI) according to the
following formula [27]: SI = counts per
minute (cpm) of stimulated cultures  cpm of
unstimulated cultures.
IL-4 and IFN- quantitative analysis
Mononuclear cells (2x105) were cultured in
triplicate and stimulated or not with ConA (5
µg/ml, Sigma Chemical Co., St Louis, MO,
USA). Cultures were incubated for 48 hr at
37ºC in a humidified atmosphere containing
95% air and 5% CO2. Cells were then used to
identify T cell populations by flow cytometry
(see below) and supernatant was tested by
ELISA for type 1 cytokine, IFN-, and type 2
cytokine,
IL-4,
according
to
the
manufacturer’s
instructions
using
commercially available kits from Biotrak
(Amersham Pharmacia Biotech., Piscataway,
NJ, USA). The sensitivities of these assays
were as follows: IFN- < 10 pg/ml and IL- 4: 5
pg/ml.
Flow cytometry
1.5 x 106 mononuclear cells were cultured
with 5 µg/ml of ConA (Sigma Chemical Co.,
St Louis, MO, USA) as described. After 48 hr
incubation, mononuclear cells were washed
with PBS containing 0.1% BSA and 0.01%
sodium azide, mixed with monoclonal
antibodies anti-CD4-FITC or anti-CD8-PE
(Beckman Coulter) and incubated in the dark
at room temperature for 30 minutes to detect
T-cell subsets expressing CD4+ (helper) and/or
CD8+ (cytotoxic) surface antigens. At the end
of incubation period, the cells were washed
two times with PBS, fixed with 0.05%
formaldehyde and stored at 4ºC in the dark
until their analysis. Cells were analyzed with
the EPICS XL-MCL flow cytometer
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Figure 1: Effect of treatment with T-activin on the survival percentage and life span of L-5178Y lymphoma-bearing mice. A: survival percentage of control mice with and without treatment
(───), lymphoma-bearing mice (------) and lymphoma-bearing mice treated with T-activin
(−−−−−). The survival percentage was different among groups (p < 0.0008). B: life span of mice
with lymphoma, with and without treatment with T-activin. Each bar represents the mean ± SEM
of n. *Statistically significant difference, p < 0.0001
Statistical analysis
Data were analyzed using GraphPad Prism
7
*
version 4.00 for Windows (GraphPad
6
Software, San Diego, California, USA). Data
are expressed as mean ± SEM. Significant
5
differences were determined by one-way
4
ANOVA and Tukey’s post hoc test in all
3
immunological assays. Days of life, tumor
2
volume, tumor cell count and body weight
1
were analyzed by t test.
Survival was
0
represented
by
Kaplan-Meier
curves and
C
CT
L
LT
analyzed by Log rank test.
Figure 2: Effect of treatment with T-activin Results:
on body weight increment. Mice were T-activin increases life span and reduces
weighed the first day of treatment and 10 days tumor volume, tumor cell count and body
later. Each bar represents the mean  SEM of weight in lymphoma-bearing mice
n. *Significant differences compared with the T-activin treatment significantly increased the
other groups (p < 0.001).
life span of lymphoma-bearing mice (18.83 
(Beckman Coulter, Krefeld, Germany) and 0.47 vs 26.33  0.66 days) (Figure 1).
results were expressed as CD4+ and CD8+ Lymphoma-bearing mice without T-activin
percentages and as CD4+/CD8+ ratio.
died between 17 and 20 days after tumor cell
inoculation whereas all lymphoma-bearing
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Figure 3: Effect of T-activin treatment on cellular immune response. A: Delayed
hypersensitivity test to DNFB, values are means of swelling ear index  SEM. *Significant
differences compared with the other groups (p < 0.001). B: Lymphoproliferation, values are
means of SI  SEM. *Significant differences compared with control group (p < 0.001) and
between CT and L (p < 0.01).
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Figure 4: Effect of treatment with T-activin on IFN- levels in splenocyte culture supernatants.
A: IFN- production by non-stimulated cells. *Significant differences compared with the other
groups (p < 0.001). B: IFN- production by stimulated cells. *Significant differences compared
with the other groups (p < 0.001). Each bar represents the mean ± SEM of n.
mice with T-activin were alive. Lymphoma- 1.37  0.24 g, respectively). T-activin reduced
bearing mice with T-activin began to die on significantly the increase in body weight
day 24. On the other hand, L-5178-Y observed in lymphoma-bearing mice (2.5 
lymphoma produced a significant increase in 0.26 g) (Figure 2). Although no statistically
body weight associated with ascitic fluid significant differences were found, there is
accumulation in the peritoneal cavity evidence that this effect is related, at least in
compared with control mice (6.17  0.67 and part, to a decrease in both, tumor volume
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(percentage reduction: 41.91 %) and tumor recovered with T-activin treatment compared
cell count (percentage reduction: 10.78 %) with control mice without T-activin (SI =
(Table 1).
13.22  1.62 vs 45.3  3.22). However, there
T-activin restored immunosupression state were no statistically significant differences
in lymphoma-bearing mice
between lymphoma-bearing mice and control
The effect of T-activin on cellular immune mice both treated with T-activin (13.22  1.62
response in vivo and in vitro was assayed in vs 20.73  4.58).
delayed hypersensitivity test to DNFB and Effect of T-activin on IFN- and IL-4 levels
lymphoproliferative response to ConA, To determine relation between T-activin
respectively (Figure 3). Presence of lymphoma treatment effect on cellular immune response
caused a depressed response to DNFB and type 1 and type 2 cytokine levels, IFN-
compared with control mice (swelling ear and IL-4 cell-free culture supernatant levels
index: 25.66 ± 3.6 vs 72.3 ± 3.6 %, were measured (Figures 4 and 5). Figure 4
respectively).
T-activin
restored
this (panel A) shows that unstimulated cells
suppressed response to near control mice obtained from control mice, control mice with
values (swelling ear index: 64.4 ± 2.8 %). treatment, and lymphoma-bearing mice
Delayed type reaction to DNFB of control without treatment showed no change in IFN
mice without T-activin was similar to control
production (103.5  14.74, 98.26  11.52 and
mice with T-activin (swelling ear index: 72.3
± 3.6 vs 65.5 ± 3.7 %, respectively). Similarly, 200.1  25.71 pg/ml, respectively).
presence of lymphoma caused a depressed
lymphoproliferative response compared with
control mice (SI = 4.17  0.68 vs 45.3  3.22).
The suppressed lymphoproliferation observed
in lymphoma bearing mice was only partially
Table 1: Effect of treatment with T-activin on tumor volume and tumor cell count
Experimental group
Lymphoma
Lymphoma + T-activin

Tumor volume

Tumor cell count

2.72 ± 0.68
1.58 ± 0.25

329.2 ± 87.92
293.7 ± 55.91

Values represent SEM of the mean

Table 2. Effect of T-activin tratment on CD4+ and CD8+ T cell subsets
CD8+ (%)
CD4+/CD8+
Experimental group
CD4+ (%)
Control
Control + T-activin
Lymphoma
Lymphoma + T-activin

19.1
17.5
19.3
18.5
25.4
24.5
15.3
17.1

7.5
7.1
8.6
8.2
7.2
8.1
6.3
6.9

2.53
2.46
2.22
2.24
3.52
3.02
2.40
2.47
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Figure 5: Effect of treatment with T-activin on IL-4 levels in splenocyte culture supernatants. A:
IL-4 production by non-stimulated cells. B: IL-4 production by stimulated cells. *Significant
differences compared with control group: C vs L: p < 0.01 and C vs LT: p < 0.05. Each bar
represents the mean ± SEM of n.
negative cells (CD4-CD8-) are shown in the
lower left quadrant and double positive cells
(CD4+ CD8+) are shown in the upper right
quadrant.
However, unstimulated cells from lymphomabearing mice with treatment significantly
increased IFN- levels (977  39.31 pg/ml).
On the other hand, stimulated cells (panel B)
obtained from lymphoma-bearing mice
showed a significant reduction in IFN- levels
(24,043  255.2 pg/ml), an effect completely
reversed by treatment with T-activin (35,744 
354.1 pg/ml). IFN- levels from control mice,
control mice treated with T-activin and
lymphoma-bearing mice treated with T-activin
were similar (34,763  356.9, 35,950  459.7
and 35,744  354.1 pg/ml, respectively). In
contrast, neither the presence of tumor cells
nor treatment with T-activin had an effect on
Figure 6: Identification and quantification of IL-4 levels produced by unstimulated cells
CD4+ and CD8+ subpopulations. Spleen cells (Figure 5, panel A), while stimulated cells
obtained from: A: control mice, B: control obtained from mice with lymphoma produced
mice treated with T-activin, C: mice with low levels of IL-4 that did not recover with Tlymphoma and D: mice with lymphoma activin treatment (Figure 5, panel B).
treated with T-activin. Each dot represents a T-activin restored CD4+/CD8+ ratio
cell labeled with anti-CD4 and/or anti-CD8 In order to inquire if the effect of T-activin
monoclonal antibody. The x-axis shows CD4+ observed on cellular immune response and
cells and the y-axis shows CD8+ cells. Double
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cytokine levels could be due to a modulation
of participating T cell subpopulations, CD4+
and CD8+ cells were quantified. Figure 6
shows an example of flow cytometric analysis
of CD4 and CD8 positive cells and Table 2
shows CD4+ percentage, CD8+ percentage and
CD4+/CD8+ ratio data from the four mice
groups. Lymphoma produces an unbalanced
CD4+/CD8+ ratio average due to increment in
percentage of CD4+ T cells that T-activin
treatment modulated and completely reversed
(ratio average: 2.495, 3.27 and 2.435 in
control mice, lymphoma-bearing mice and
lymphoma-bearing mice treated with Tactivin, respectively).
Discussion:
Thymic factors with immunomodulating
properties have been introduced in clinical
practice to help overcome tumor cell
deleterious effects on cellular immune
response [3, 12, 28, 29]. However, T-activin
antitumoral mechanism is not yet clear. The
present study evaluated whether or not Tactivin treatment could lead to an
improvement in antitumor cell-mediated
immunity by modulating cytokine production.
It was observed that L-5178-Y lymphomabearing mice, when compared with control
mice, were defective in mounting both
lymphoproliferation
and
delayed
hypersensitivity
reaction
indicating
a
reduction in normal T cell function [17-19, 21,
22]. Likewise, L-5178-Y lymphoma-bearing
mice showed a body weight increment
associated with ascitic fluid accumulation and
a life span reduction. T-activin treatment had
positive effects on all these parameters. Both
delayed
hypersensitivity
reaction
and
lymphoproliferation
responses
showed
improvement with T-activin treatment,
evidence of a recovery of T cell functions in
vivo and in vitro. One of the first signs
observed in lymphoma-bearing mice was the
increase in body weight accompanied by
abdominal distension due to accumulation of

ascitic fluid containing tumor cells. This
malignant ascitic fluid is a manifestation of
advanced cancer with poor prognosis,
associated with deterioration in quality of life
[30, 31], which was observed in the tumor
model used. Lymphoma-bearing mice
gradually increased in weight and at day 10 of
tumor development, when there was
significant difference between them and the
control mice, cellular immune response
suppression was well established and the mice
died soon thereafter. Although differences in
tumor volume and tumor cell count were not
statistically significant, the decrease in both
parameters could at least partially explain the
effect on body weight. Likewise, the increase
in life span was a reliable criterion for
determining antitumor efficacy [25] and Tactivin was able to significantly increase
survival time in the tumor mouse model by
about 28.48% in comparison with lymphomabearing mice without treatment.
In cancer, type 1 and type 2 cytokines
production and CD4+/CD8+ ratio are relevant
parameters that determine an effective
immune response. Cytokines produced by type
1 immune cells induce the cellular immune
response that has a protective antitumor effect
and cytokines produced by type 2 immune
cells promote the humoral immune response
that correlate with progressive tumor growth
[32]. On the other hand, antitumor immune
responses involve the participation of both
CD4+ and CD8+ T cells. CD4+ T lymphocytes
conferred regulatory signals required for the
priming of major histocompatibility complex
class I restricted CD8+ T lymphocytes, main
effectors for destroying tumor cells [40, 41].
Changes in CD4+/CD8+ ratio as the disease
progresses has been observed in different
types of cancer and can be used as a prognosis
indicator [42-44]. Thus, effects on cellular
immune response observed in L-5178-Y
lymphoma-bearing mice treated with T-activin
might reflect a shift in type1/type2 immune
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response and/or in CD4+/CD8+ ratio.
According with the results, T cells from L5178-Y lymphoma-bearing mice may have a
predisposition for entering into the IFN-producing effector pathway as a result of Tactivin treatment. Results were similar to those
obtained with RT-PCR technique [33].
Furthermore, imbalance in CD4+/CD8+ ratio in
L-5178-Y lymphoma-bearing mice due to
increased CD4+ has been observed in some
types of cancer with poor prognosis [42, 4547]. This imbalance could at least partially
explain the immunossupression reverted by Tactivin. However, it is necessary to identify
CD4+ T cells subpopulation that is being
modulated by T-activin to explain a more
specific action mechanism.
Conclusions:
The results of the present study suggest that Tactivin restores imbalance in CD4+/CD8+ ratio
and induces a type 1 immune response in
tumor-bearing mice through IFN- production,
cytokine with immunomodulatory properties
and a well-documented role in protection and
eradication of spontaneous and chemically
induced tumors [34-39], favoring the
activation of cell-mediated immunity, which
could explain the antitumoral properties of Tactivin.
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