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on the immune response of CD4" T lymphocytes
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Abstract. Tumor necrosis factor-a-induced protein 8
(TNFAIPS), which was the first identified member of the
TNFAIPS family, shares considerable sequence homology
with other members of the TNFAIPS8 family. It is expressed
in various normal human tissues, with relatively higher
levels detected in lymphoid tissues and the placenta. The
present study aimed to examine the effect of TNFAIP8 on
cell-mediated immunity of cluster of differentiation (CD)4*
T lymphocytes in a cecal ligation and puncture (CLP) murine
model. A total of 100 male mice were randomly divided into
four groups as follows: The sham injury group (n=30), the CLP
group (n=30), the CLP with lentivirus-RNA-TNFAIP8 group
(n=20) and the CLP with negative control group (n=20), and
they were sacrificed 24 h following CLP. Splenic CD4* T cells
were isolated using MACS microbeads. T cell proliferation
was analyzed using the MTT assay, and cytokine levels were
determined with ELISA kits. Upregulation of TNFAIPS8 by
lentivirus-RNA-TNFAIPS8 infection was demonstrated to
promote CD4* T lymphocyte proliferative activity following
CLP, and the increase in TNFAIPS expression in vivo
affected splenic CD4* T lymphocyte polarization following
CLP-induced sepsis. In conclusion, TNFAIPS expression
following CLP may be associated with the pathogenesis of
immune dysfunction in splenic T lymphocytes in mice.
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Introduction

Sepsis is a complex clinical syndrome that results in the
widespread activation and dysfunction of innate and adaptive
immunity (1,2). In the development of sepsis, several lines
of evidence have suggested that T cells are involved in the
maintenance of peripheral homeostasis and regulation of the
immune response, and are considered not only the effector
cells but also the modulator cells in the immune response
during sepsis (3-5). Subjection to acute insult alters T cells by
inducing an imbalance in T helper (Th) cell functions, caused
by a phenotypic imbalance in the regulation of the Thl and
Th2 immune response.

Tumor necrosis factor-a (TNF-a)-induced protein 8
(TNFAIPS), which is also known as SCC-S2, GG2-1 and
MDC-3.13, was the first identified member of the TNFAIPS
family. TNFAIP8 was originally detected in a primary human
head and neck squamous cell carcinoma (HNSCC) cell line
and its matched metastatic HNSCC-derived cell line from the
same patient, as determined by expression profile analysis (6).
TNFAIPS is associated with enhanced cell survival and
inhibition of proapoptotic enzymes, including caspase-8 and
caspase-3, and depends on the activation of nuclear factor-xB
and TNF-a in human cancer cells (7). Since T lymphocytes
are also essential in cell-mediated immunity in the setting
of acute injury, it was hypothesized that TNFAIP8 may be
associated with the immune regulation mediated by cluster
of differentiation (CD)4* T cells. Therefore, the present
study aimed to investigate the potential effects of TNFAIPS
on T cell-mediated immunity in cecal ligation and puncture
(CLP)-induced sepsis.

Materials and methods

Ethics statement. The present study was approved by the 309th
Hospital of Chinese People's Liberation Army Medical Research
Ethical Committee (Beijing,China). Male C57BL/6 mice (n=100)
were purchased from Shandong University Animal Ethical
Committee (Jinan, China), and were 8-10 weeks old at the time of
entry into the present study.
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Medium and reagents. Triton X-100 and MTT were
purchased from Sigma-Aldrich; Merck KGaA (Darmstadt,
Germany). RPMI-1640 medium was purchased from Hyclone;
GE Healthcare Life Sciences, (Logan, UT, USA), supple-
mented with 10% fetal bovine serum (FBS; Gibco; Thermo
Fisher Scientific,Inc., Waltham, MA, USA) The CD4* T cell
Isolation kit was purchased from Miltenyi Biotec GmbH
(Bergisch-Gladbach, Germany. Anti-CD3 and anti-CD28
monoclonal antibodies were purchased from BD Biosciences
(Affymetrix, San Jose, CA, USA; cat. nos. 16-0022 and
16-0281, respectively). The enhanced chemiluminescence
(ECL) plus chemiluminescence kit was purchased from GE
Healthcare Life Sciences (Uppsala, Sweden). ELISA kits for
interleukin IL-2 (cat. no. EM002-96),IL-4 (cat. no. EM003-96)
and interferon IFN-y (cat. no. EM007-96) were purchased
from Shanghai ExCell Biology, Inc. (Shanghai, China).

Murine CLP model. Male C57BL/6 mice used in the present
study (weight, 18-22 g) were provided by the Shandong
University Animal Ethical Committee. All animals were
housed in separate cages in a temperature-controlled room
at 26°C under a 12-h light/dark cycle. All animals had free
access to food and water. Polymicrobial sepsis was induced
by the CLP procedure, as described by Wichterman ez al (8).
Briefly, anesthesia was induced through the intraperitoneal
administration of thiopental (25 mg/kg), the mice were placed
in a supine position and their abdomens were shaved. An
abdominal midline incision of 1 cm was made to expose the
cecum. According to Rittirsch ez al (9), the cecum was ligated
at the middle and punctured twice with a 21-gauge (0.73-mm)
needle to induce sepsis of moderate severity. Sham-operated
mice underwent the same laparotomy procedure with the
exception of ligation and perforation.

Experimental design. In the present study, 100 mice were
randomly divided into four groups as follows: Sham
injury group (n=30), CLP group (n=30), CLP with lenti-
virus-RNA-TNFAIP8 group (n=20) and CLP with negative
control group (n=20). Mice in all groups were sacrificed 24 h
following CLP, and spleen samples were harvested for the
isolation of CD4* T cells.

TNFAIPS8 RNA lentivirus generation and infection.
Small RNA specific to TNFAIP8 was synthesized by
GenchemBiotetchnology Company (Shanghai, China), the
sequence was as follows: 5-CCGGCATGGAGAAGTTCA
AGAAGAATTCAAGAGATTCTTCTTGAACTTCTCCAT
GTTTTT-3" To induce overexpression of TNFAIPS, recombi-
nant lentiviruses [pFH-L lentiviral vector (Shanghai GeneChem
Co., Ltd., Shanghai, China)], carrying TNFAIP8-RNAwere
injected intraperitoneally at a multiplicity of infection (MOI) of
10° TU/ml into mice 14 days prior to CLP injury. Concomitantly,
the same concentration of recombinant lentiviruses that carried
the negative control RNA (empty vector; Shanghai GeneChem
Co.,Ltd.) was injected at an MOI of 5x10® TU/ml into the mice,
which served as a wild type control. TNFAIP8 and negative
control RNA lentivirus generation was performed according
to the lentivirus vector particle manufacturer's protocol. The
efficiency of overexpression was determined by western blot
analysis of TNFAIPS expression.
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Isolation of splenic CD4* T cells. Spleens were obtained
from the sham mice and CLP mice, and were cultured in
5 ml RPMI-1640 medium. Mononuclear cells were isolated
with the use of Ficoll-Paque density gradient centrifugation
at 1,500 x g for 15 min at 4°C, according to the manufac-
turer's protocol, and CD4* T cells were isolated from them
using the CD4* T cell isolation kit according to the manu-
facturer's protocol. Mononuclear cells (10 u1/107 total cells)
were stained with a biotin-antibody cocktail (MiltenyiBiotec
GmbH, BergischGladbach, Germany; cat. no. 130049201)
and incubated for 10 min at 4°C. They were then magneti-
cally labeled with anti-biotin MACS microbeads (20 u1/107
total cells; MiltenyiBiotec GmbH), incubated for 15 min at
4°C, and harvested through a negative selection LS column
(MiltenyiBiotec GmbH).

Western blot analysis. Western blotting was performed to
determine the expression of TNFAIPS in the extracted CD4*
T cells. Cells were lysed by radioimmunoprecipiation lysis
buffer [25 mM Tris-HCL (pH 7.6), 150 mM NaCl, 1% NP-40,
1% sodium deoxycholate, 0.1% SDS] at the temperature of
0°C for 30 min. Following sonication for 5 sec, the lysed cells
were then centrifuged at 12,000 x g for 30 min at 4°C. Protein
levels were quantified using a bicinchoninic acid protein assay
kit. Protein extracts (50 ug) were separated by 8% SDS-PAGE,
and the products were electro transferred to an immobilon
polyvinylidene difluoride membrane. Following blocking with
10% skim milk overnight at 4°C, the membrane was incubated
for 4 h at room temperature with anti-TNFAIP8 polyclonal
antibody (cat. no. ab64988; 1:500 dilution; Abcam, Cambridge,
MA, USA) or control anti-B-actin antibody (cat. no. sc-130201;
1:500; Santa Cruz Biotechnology, Inc., Dallas, TX, USA). The
membrane was then washed three times with PBS and incu-
bated with peroxidase-labeled mouse IgG secondary antibody
(cat. no. A0548; 1:5,000; Sigma-Aldrich; Merck KGaA) for 1 h
at room temperature. As aforementioned, the membrane was
washed with PBS three times, and blots were then developed
using the ECL plus chemiluminescence kit (Pierce; Thermo
Fisher Scientific, Inc.). The protein bands were detected using an
ECL detection system (Pierce; Thermo Fisher Scientific, Inc.).

Confocal microscopy analysis. CD4* T cells with density of
10%ml in the normal group were washed with PBS three times,
fixed with 4% paraformaldehyde in PBS for 20 min, then
permeabilized with 0.2% Triton X-100 for 20 min both at room
temperature. Sections were pre-blocked with 1% FBS in PBS
for 30 min, and stained with anti-TNFAIPS8 antibody (cat. no.
ab64988; 1:200; Abcam) overnight at 4°C. Following washing
three times in PBS, CD4" T cells were stained with a fluores-
cein isothiocyanate-conjugated goat anti-immunoglobulin G
secondary antibody (cat. no. C1309; 1:5,000; Applygen
Technologies Inc., Beijing, China) for 1 h at room temperature
followed by three further washes in PBS. Following washing,
the nuclei were stained with 4',6-diamidino-2-phenylindole for
5 min at room temperature. The cells were observed under a
laser scanning confocal microscope.

T cell proliferation assay and cytokine measurements.
Purified CD4* T cells were cultured in RPMI-1640 medium
supplemented with 10% heat-inactivated FBS, and were
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Figure 1. TNFAIP8 expression in CD4* T cells (n=2). (A-F) TNFAIPS8 protein and nuclei were observed in CD4* T cells under a confocal laser scanning
microscope. The cells were incubated with (B and E) TNFAIPS8 antibodies indirectly labeled with fluorescein isothiocyanate (green) and (A and D) the cell
nuclei were stained blue. (C and F) Combined images are presented. CD4, cluster of differentiation 4; TNFAIP8, tumor necrosis factor-a-induced protein 8.

stimulated for 24 h for CD4* activation with a combination
of 1 ug/ml soluble anti-CD3 and 1 ug/ml soluble anti-CD28
monoclonal antibodies at 37°C. The T cells were then plated
in 96-well plates at a density of 1x10° cells/well, and were
incubated at 37°C in 5% CO, for 68 h. Subsequently, modified
MTT solution (5 mg/ml, 10 ul/well) (10-12) was added and
the cells were incubated for a further 4 h, after which 100 ug
acid isopropanol was added to dissolve the MTT crystals. The
MTT crystal suspension was repeatedly mixed with a pipette,
and the optical density was measured using a microplate reader
at a wavelength of 540 nm.

To analyze the secretion of IL-2, IL-4 and IFN-y into
the culture medium of the cells, the supernatants obtained
from CD4* T cells were analyzed, and the supernatants were
removed by pipetting. The levels of IL-2, IL-4 and IFN-y were
measured using commercially available ELISA kits according
to the manufacturer's protocols.

Statistical analysis. All data in the present study are presented
as the mean + standard deviation of 3 independent experi-
ments. Continuous data were examined by one-way analysis
of variance followed by a post hoc Dunnett's test for multiple
comparisons. SPSS 13.0 software (SPSS, Inc., Chicago, IL,
USA) was used to perform these statistical analyses. P<0.05
was considered to indicate a statistically significant difference.

Results

TNFAIPS expression in CD4" T cells. The expression and
distribution of TNFAIPS8 protein in CD4* T cells isolated
from normal mice was investigated by means of confocal laser
scanning microscopy. Green fluorescence was observed in
the cytoplasm of the CD4* T cells, with their nuclei stained
blue (Fig. 1A-F).
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Figure 2. Relative abundance of TNFAIP8 protein levels in vivo (n=2/group).
Representative western blot revealed the relative abundance of TNFAIP8
protein levels in normal CD4* T cells, TNFAIP8-RNA-infected and negative
control RNA-infected CD4* T cells "P<0.05 vs. normal or negative control.
CD4, cluster of differentiation 4; TNFAIPS, tumor necrosis factor-o-induced
protein 8.

Splenic T lymphocyte proliferation following CLP-induced
sepsis. In the present study, the effects of TNFAIPS on prolif-
erative activity of CD4" T cells in a CLP mouse model were
observed. TNFAIPS was successfully upregulated following
injection of mice with lentivirus-RNA-TNFAIPS8 (Fig. 2).
Western blot analysis revealed that the protein expression
levels of TNFAIP8 were significantly upregulated in the
TNFAIPS8 overexpression group compared with the control
groups (Fig. 2). The proliferative activity of splenic CD4*
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Figure 3. Splenic T lymphocyte proliferation was determined using an MTT
assay (n=10/group). T cell proliferative activity in response to CD3/CD28
in CLP mice was significantly suppressed 24 h following CLP compared
with in sham-injured mice. TNFAIPS8 overexpression significantly improved
T cell proliferative activity. "P<0.05 vs. sham group, “P<0.05 vs. CLP group.
CD, cluster of differentiation; CLP, cecal ligation and puncture; OD, optical
density; TNFAIPS, tumor necrosis factor-a-induced protein 8.
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Figure 4. ELISA analysis of IL-2 expression (n=10/group). Levels of 1L-2
in the supernatants of splenic T cells were significantly lower in animals
subjected to CLP compared with sham injury. TNFAIPS8 overexpression
increased levels of IL-2 in the supernatant following CLP-induced sepsis.
“P<0.05 vs. sham group, “P<0.05 vs. CLP group. CLP, cecal ligation and
puncture; IL-2, interleukin-2; TNFAIP8, tumor necrosis factor-a-induced
protein 8.

T cells was significantly suppressed 24 h following CLP
compared with the sham injury group (P<0.05; Fig. 3). To
further clarify the involvement of TNFAIPS in the decreased
cell proliferation observed following CLP-induced sepsis,
the effects of upregulated TNFAIPS were determined in vivo
24 h following CLP. Compared with the CLP group, prolif-
erative activity was significantly increased in the CLP with
TNFAIP8 overexpression group (P<0.05; Fig. 3), indicating
that TNFAIP8 may be closely associated with the immune
functions of CD4* T cells.

IL-2 production. IL-2 is a potent T cell growth factor that
acts upon itself in an autocrine fashion. The levels of 1L-2
in culture supernatants of CD4* T cells were measured by
ELISA. Following 24 h of CLP, IL-2 production in the culture
supernatant was significantly downregulated compared with
in the sham-injured group (P<0.05; Fig. 4). Conversely, IL-2
expression levels were significantly higher following TNFAIPS
upregulation by lentivirus-RNA-TNFAIPS infection in vivo
compared with the CLP group, whereas no significant differ-
ence was observed between the negative control CLP and CLP
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Figure 5. Polarization of T cells. ELISA analysis was used to determine
IFN-y and IL-4 levels in the supernatants of T cells (n=10/group). Following
CLP, IL-4 levels produced by T cells were significantly elevated, whereas
IFN-vy levels were significantly decreased. TNFAIP8 overexpression signifi-
cantly attenuated the decrease in IFN-y and increase in IL-4 levels in mice
following CLP. "P<0.01 vs. sham group, "P<0.01 vs. CLP group. CLP, cecal
ligation and puncture; IFN-y, interferon-y; IL-4, interleukin-4; TNFAIPS,
tumor necrosis factor-a-induced protein 8.

groups (Fig. 4). It was noted that excessive TNFAIPS expres-
sion was associated with the increased IL-2 levels secreted by
CD4* T cells.

Polarization of T cells following sepsis. It is possible for an
immune response to become polarized towards either Thl or
Th2 production over time; therefore, one subtype or the other
dominates. It is well known that Thl cells produce IFN-y and
Th2 cells produce IL-4; therefore, ELISA was used in the
present study to detect these T cell-produced cytokines, in
order to identify the polarization of naive T cells. The results
revealed that the levels of IFN-y produced by CD4* T cells
were significantly reduced, and that the levels of IL-4 were
significantly increased at 24 h in the CLP group compared
with the sham group (P<0.01; Fig. 5). Furthermore, a signifi-
cant increase in IFN-vy and a significant decrease in IL-4 were
detected in CD4* T cells following TNFAIPS overexpression
in the CLP-induced sepsis group (P<0.01; Fig. 5). Taken
together, these results suggested that TNFAIP8 may affect
T cell polarization following sepsis.

Discussion

Sepsis represents a complex clinical condition that results from
a damaging host response to infection. Considerable data have
demonstrated that acute insults, including major burns, trauma
and hemorrhage, may result in T cell immune suppression,
which is associated with the loss of function of the Th1 lympho-
cyte phenotype (13-17). TNFAIP8 has been demonstrated
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to be associated with enhanced survival and inhibition of
proapoptotic enzymes, including caspase-8 and caspase-3, and
participates in cell death, transcriptional regulation, migration,
proliferation and apoptosis (7,18). In addition to high expres-
sion in tumor tissue, TNFAIPS is also highly expressed in
immune organs and lymphoid tissues; however, its function
in the immune system remains unclear. In the present study,
experiments were conducted to verify the potential effect of
TNFAIP8 upregulation on the CD4* T cell-mediated immune
response in a CLP murine model

During experimental and clinical sepsis, T cells are critical
cellular components of immunity, which are essential for an
effective immune response to acute insults or septic challenge.
A previous study demonstrated that TNFAIPS was expressed in
CD4* and CD8* T cells, and the mRNA and protein levels were
significantly decreased in tumor-infiltrating CD4* and CD8*
T cells compared with peripheral CD4* and CD8* T cells (19).
In the present study, confocal laser scanning microscopy was
used to orientate TNFAIP8 protein expression, and TNFAIPS
protein was revealed to be expressed in the cytosol of CD4*
T cells, thus suggesting that TNFAIP8 may be involved in the
immune response. The present study suggested that TNFAIPS
expression may be involved in the pathogenesis of CD4* T cell
immune dysfunction in mice during sepsis, whereas TNFAIPS
overexpression significantly improved the immune function of
CD4* T cells. The results demonstrated that the proliferation of
splenic CD4* T cells was significantly inhibited 24 h following
CLP and that overexpression of TNFAIPS in vivo attenuated
the suppression of splenic T lymphocyte proliferative activity
24 h following CLP. Therefore, TNFAIP8 may be involved
in development of the impairment of immune function of
T lymphocytes in CLP-induced sepsis.

IL-2 is a key regulator of the immune response, which
is secreted by activated T lymphocytes and is essential to
activate T lymphocyte proliferation (20,21). IL-2 production
was significantly inhibited in CD4* T cells from CLP mice
compared with in those from sham-injured mice. However,
this suppression was ameliorated by TNFAIP8 upregula-
tion in vivo. Therefore, TNFAIP8 may affect IL-2 secretion
by T lymphocytes in the setting of acute insult and further
modulate activation of T lymphocytes.

It has been reported that proliferation of T lymphocytes is
suppressed and modulation of Thl, as well as Th2, is shifted in
sepsis (22-25). Notably, in animal models of injury, the release
of IL-2 and IFN-y produced by Thl, and IL-4 produced by
Th2 was altered (25). In the present study, splenic CD4*
T cells were demonstrated to develop into Th2 cells in animals
subjected to CLP. To further clarify the potential effect of
TNFAIP8 on CD4* T cells, TNFAIP8 was upregulated.
TNFAIP8 overexpression was demonstrated to initiate a CD4*
T cell to shift to Thl following CLP. These results indicated
that increased expression of TNFAIP8 may influence the
polarization of splenic T cells. Nevertheless, the present study
has limitations. Nuclear factor of activated T cells, which was
the first characterized transcription factor that binds to the IL-2
promoter, should be used to study the effects of TNFAIP8 on
the immune functions of CD4* T cells. Furthermore, different
time points following CLP should be studied.

In conclusion, based on the results of the present in vivo
study, TNFAIP8 was demonstrated to be associated with the
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development of the splenic T lymphocyte immune response in
mice following CLP-induced sepsis. However, numerous key
issues remain to be resolved. It remains unclear how TNFAIP8
signaling controls the immune function of T lymphocytes, or
what the association is between TNFAIP8 and other molecules
in cell-mediated immunity. Further studies investigating
the precise mechanism of action of TNFAIPS are therefore
required.
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