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Abstract: This study is to investigate the effects of the thymosin a1 (Tal) and hydrocortisone (HC) combination
treatment on the immune responses in septic mice. According to different treatments, mice were divided into the
control group (n = 18), the sepsis model group (n = 18), the Tal group (n = 18), the HC group (n = 18), and the
Tal+HC group (n = 18). Septic mouse model was established by the intraperitoneal injection of lipopolysaccharide
(LPS). At 72 h after modeling, flow cytometry was used to analyze the dendritic cell (DC) numbers in peripheral blood
and the expressions of MHC Il and CD86. Tumor necrosis factor-a (TNF-«) level was measured by ELISA. Treatments
of Tal and/or HC dramatically increased the survival rates of LPS-induced septic mice. Flow cytometry showed that,
the DC numbers in peripheral blood were significantly decreased in the sepsis model group, which could be dramati-
cally elevated by Tal treatment alone and in combination with HC (Ta1+HC). However, the DCs were undetectable
in the HC group. In addition, the MHC Il expression level was decreased in the sepsis model group, which was further
declined in the Tad and Tal+HC groups. The expression level of CD86 was elevated in the model group, which could
be significantly down-regulated by the treatments of Tal and Tal+HC. ELISA showed that, the peripheral blood
TNF-a level in the HC group was lower than in the sepsis model group. Compared with the sepsis model group, the
TNF-« levels were significantly elevated in the Tal and Tal+HC groups. Tal and HC combination treatment could
improve the immune function and regulate the inflammatory response to increase the survival rates of LPS-induced
septic mice.
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Introduction glucocorticoids have been widely used to treat
septic patients as an adjunctive therapy.

Sepsis is one of the primary causes of death in However, the survival rate cannot be improved

critically ill patients in the intensive care unit
(ICU), which is the result of excessive host
inflammatory responses caused by infection
[1]. In recent years, the sepsis-induced multiple
organ dysfunction syndrome (MODS) has attra-
cted increasing attention [2], and the disease
pathogenesis and especially the treatments of
the disease have been intensively studied.

Thymosin al (Tal) is a potent immune modula-
tor released by the thymus gland, which has
effects on immunodeficiency, cancer, and viral
infectious diseases [3]. Tal could be used as
an immune response regulator in the treatment
of critically ill patients [4]. On the other hand,

by the hormone treatment [5]. Besides, the
application of glucocorticoids in septic patients
may even lead to a secondary infection and
increase the mortality [6, 7].

Recent studies indicate that the body’s im-
munity can be influenced via the regulation of
dendritic cells (DCs) [8, 9]. DCs are important
players in the specific and non-specific immune
system [10, 11]. Because of the high expres-
sion of MHC Il on the cell surface and the
ability to activate naive T cells, DCs represent
professional antigen-presenting cells [11]. It
has been shown that the modulation of in vivo
DCs can affect the immune system in mice [12-
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15]. Moreover, clinical studies have found that
patients receiving effective treatments have
obviously higher levels of DCs, and the survival
rate might be associated with the status of
DCs [16, 17]. Profound DC depletion could be
observed in septic patients, as well as animal
models [12-15]. In this study, septic mouse
model was established, and treated with Tal
and/or hydrocortisone (HC). The effects of the
treatments on DCs and the immune response
in these mice and the related mechanisms
were investigated.

Materials and methods
Animal modeling and grouping

A total of 90 male C57BL/6J mice, weighing
20-25 g, were provided by the Experimental
Animal Center of the First Teaching Hospital of
Xinjiang Medical University. Septic mouse
model was established by the intraperitoneal
injection of 1 mL lipopolysaccharide (LPS) into
mice, as previous described [18].

The mice were randomly divided into the fo-
llowing groups: (1) the control group (n = 18),
in which mice were injected with 1 mL saline
instead of LPS; (2) the sepsis model group (n =
18), in which mice were injected with LPS to
induce sepsis (10 mg/kg body weight); (3) the
Tad group (n = 18), in which LPS-induced septic
mice were treated with 1 mL Tal (1 mg/kg
body weight); (4) the HC group (n = 18), in which
LPS-induced septic mice were treated with 1
mL HC (5 mg/kg body weight); and (5) the
Tad+HC group (n = 18), in which LPS-induced
septic mice were treated with 1 mg/kg Tal and
5 mg/kg HC. At 72 h after drug administration,
the mice were sacrificed by cervical dislocation,
and the blood samples were collected into
tubes containing sodium citrate and heparin.

Flow cytometry

Totally 50 uyL blood sample from each group
were divided into four groups for antibody tests.
In Group A, APC-labeled anti-IgG and PE-labeled
anti-IgG2b isotype control antibodies were
sequentially added, which was used as the
control group for flow cytometry. In Group B,
APC-labeled anti-CD lic and PE-labeled anti-
CD86 monoclonal antibodies were sequentially
added. In Group C, APC-labeled anti-CD llc and
PE-labeled anti-MHC Il monoclonal antibodies
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were sequentially added. In Group D, FITC-
labeled anti-CD8a, PE-labeled anti-CD4, and
APC-labeled anti-CD11c antibodies were add-
ed. All the samples were thoroughly mixed, and
then incubated in dark at room temperature for
15 min. After adding hemolytic agent, the sam-
ples were incubated in dark for another 10 min,
and washed twice with PBS. The samples were
detected by a flow cytometer (FACSCalibur™;
BD Biosciences, San Jose, CA, USA), and the
data were analyzed with the Cell Quest soft-
ware (BD Biosciences).

Enzyme-linked immunosorbent assay (ELISA)

Serum samples were collected at 72 h by
centrifugation. The TNF-a levels in the serum
samples were measured with an ELISA kit
(R&D Systems, Minneapolis, MN, USA), accord-
ing to the manufacturer’s instructions.

Statistical analysis

Data were expressed as mean + SD. Statistical
analysis was performed using the SPSS 13.0
software. ANOVA was used for the analysis of
the pair-wise comparison. P < 0.05 was consid-
ered statistically significant.

Results

Tal and/or HC treatments increase survival
rates of septic mice

To investigate the effects of Tal and/or HC
treatments on septic mice, the survival rates
were obtained in these mice during 72 h after
modeling (LPS injection). As shown in Figure 1,
our results indicated that, the survival rate in
the model group started to decline at only 3 h
after LPS injection, and all the mice were dead
at 24 h after injection. However, the treatments
of Tal and/or HC dramatically increased the
survival rates in these model mice, and the
most obvious effect was observed in the com-
bination treatment group. At 72 h after LPS
injection, the survival rates in the Tal group
and the HC groups were 55.6% and 27.8%,
respectively, which were significantly lower
than the survival rate of 83.3% in the Ta1+HC
group (P < 0.05) (Figure 1). These results sug-
gest that the treatments of Tal and/or HC
could significantly increase the survival rates
of these LPS-induced septic mice.
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Figure 1. Tal treatment alone and Ta1+HC combination increased the survival
rates of septic mice. During 72 h after modeling (LPS injection), the survival
rates were calculated for the control, LPS-induced sepsis model, Tal-treated,
HC-treated, and combination-treated groups.
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Figure 2. Tal treatment alone and Tal+HC combination increased the DC
numbers in peripheral blood in septic mice. The numbers of DCs in peripheral
blood were counted with flow cytometry at 72 h after modeling. Compared with
the control group, *P < 0.05; compared with the LPS model group, #P < 0.05.

bination treatment could
significantly elevate the
numbers of DCs in periph-
eral blood, i.e., enhance the
immune response, in the
LPS-induced septic mice.

Tal treatment alone and
Tal+HC combination alter
immunoregulatory protein
expression levels in septic
mice

To further investigate the
effects of Tal and/or HC
treatments on the immune
response, the MHC Il and
CD86 cell surface antigen
expression on the DCs was
detected by flow cytometry.
In consistence with the
DC counting in peripheral
blood, the expression levels
of MHC Il and CD86 in the
HC group could not be acc-
urately detected. Therefore,
only the results for the con-
trol, model, Tal, and Tal+
HC groups were presented.
Our results showed that,
compared with the control
group, the MHC Il expres-
sion level was decreased
in the LPS-induced sepsis
model group (P < 0.05),
which was further declined
in the Tal and Tal+HC

Tal treatment alone and Taa1+HC combina-
tion increase DC numbers in peripheral blood
in septic mice

To investigate the effects of Tal and/or HC
treatments on the immune response in septic
mice, the numbers of DCs in peripheral blood
were counted with flow cytometry. Our results
showed that, there was no significant differ-
ence in the number of DCs between the control
group and the LPS-induced sepsis model mice
(P > 0.05) (Figure 2). Moreover, the DC num-
bers in these sepsis model mice were dra-
matically elevated by the treatments of Tal
alone and Ta1+HC combination (both P < 0.05).
However, the DCs were undetectable in the HC
group (Figure 2). These results suggest that
Tal treatment alone and the Tal+HC com
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groups (compared with the
control group, P < 0.05) (Figure 3A). On the
other hand, compared with the control group,
the expression level of CD86 was significantly
elevatedinthe model group (P < 0.05). However,
the treatments of Tal and Ta1+HC significantly
down-regulated the expression levels of CD86
in these mice (P < 0.05) (Figure 3B). These re-
sults suggest that Tal treatment alone and
Tal+HC combination treatment could alter the
expression levels of immunoregulatory proteins
in the LPS-induced septic mice.

Tal treatment alone and Ta1+HC combina-
tion elevate serum TNF-a level in septic mice

To confirm the effects of Tal and/or HC treat-
ments on the immune response, the serum
TNF-a level was detected by ELISA. Our results
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Figure 3. Tal treatment alone and Tal+HC combination altered the expression levels of immunoregulatory pro-
teins. The expression levels of immunoregulatory proteins, MHC Il (A) and CD86 (B), on DC surface were detected by
flow cytometry at 72 h after modeling. Compared with the control group, *P < 0.05; compared with the LPS model

group, P < 0.05.
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ed the spleen DC loss
through autopsy in septic
patients. Furthermore, Guis-
set et al. [15] have shown
that the DC loss in peripher-
al blood of septic patients
was closely related to the
mortality rate, which was
mainly caused by cellular
apoptosis. In addition, nu-
merous experimental and
clinical studies have con-
firmed the association of
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Figure 4. Tal treatment alone and Tal+HC combination increased serum
TNF-o level in septic mice. Serum TNF-a level at 72 h after modeling was
detected by ELISA. Compared with the control group, “P < 0.05; compared with

the LPS model group, *P < 0.05.

showed that, the serum TNF-a level in the HC
group was lower than that in the model group.
On the other hand, compared the LPS-induced
sepsis model group, the serum TNF-a levels
were significantly elevated in the Tal and
Tal+HC groups (both P < 0. 05) (Figure 4).
These results suggest that Tal treatment alone
and Tal+HC combination treatment could
significantly increase the serum TNF-« level in
the LPS-treated septic mice.

Discussion

It has been first reported by Tisley et al. [13]
that the spleen DCs were declined, especially
the follicular DCs, in septic mice established by
the cecal ligation and puncture (CLP) method.
Moreover, Hotchkiss et al. [14] have also report-
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the alteration in DCs with
the prognosis of the septic
patients [12-15]. Clinical
data have shown that the
DC numbers in peripheral
blood of septic patients
ending up with death were
obviously lower than that of the surviving
patients, which is associated with the SAPSII
scores of the patients [14]. In this study, our
results showed that, at 72 h after modeling, the
survival rates in the Tal and HC groups were
55.6% and 27.8%, respectively. Moreover, the
Tal+HC combination treatment group showed
the highest survival rate (83.3%) in all these
groups. In addition, compared with the control
group, the DC numbers in peripheral blood in
the Tal and Tal+HC groups were significantly
increased, while the DCs were almost unde-
tectable in the HC group at 72 h after modeling.
Taken together, these results suggest that the
survival rate of septic mice is increased along
with the increasing DC numbers, and DCs might
be important regulators of the immune system
in sepsis. Glucocorticoids are actively involved

Ta1+HC
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in the immune activity [19, 20]. Our results
showed that the DC numbers in peripheral
blood in the HC group were obviously lower
than in the other groups, implying that dexa-
methasone-caused DC loss might be an impor-
tant mechanism through which the immune
response was affected.

Thymosin has been widely used for the treat-
ment of sepsis [21, 22]. It has been reported
that DC is an important target of thymosin, and
the proliferation of DCs can be stimulated by
thymosin, through the TLR signaling pathway,
activating the immune response [23]. Our
results have shown that, after treated with Tal
or Ta1+HC, the DC numbers in peripheral blood
in septic mice were significantly increased,
which suggested that thymosin obviously en-
hanced the immune response in these mice.
On the other hand, we found that the expres-
sion levels of CD86 on the DCs at 72 h after
modeling were slightly decreased in the Tal
and Tal+HC groups. Furthermore, the MHC Il
expression on the blood DCs was also sign-
ificantly down-regulated in both these groups,
suggesting that Tal may increase the replen-
ishment of the DC pool. Since the DCs were
almost undetectable in peripheral blood in the
HC group, the expression levels of cell surface
molecules MHC Il and CD86 were also unable
to be accurately detected.

TNF-a is one of the most important inflamma-
tory mediators in stress response, which is
always first synthesized and released [24]. Our
results found that the TNF-a content showed
increasing trends in the Tal and Tal+HC
groups, suggesting that the treatments of Tal
and Ta1+HC could inhibit the release of TNF-a
in septic mice, reduce inflammatory injuries,
and protect organ functions. The increased DC
numbers indicated that thymosin might induce
DC pool repairing, and thus change the immune
status of the body, reversing the immunosup-
pression and increasing the immunity.

In summary, our results showed that the com-
bination of Tal and HC could improve the im-
mune function and regulate the inflammatory
response to increase the survival rates of LPS-
induced septic mice. In addition to the tradi-
tional active anti-infection and correct shock
treatment, combination of Ta1 and HC could be
considered for the treatment of septic patients,
which may help to regulate the immune status
in these patients and improve the prognosis.
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