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	 Background:	 Cellular immunity plays a crucial role in sepsis, and lymphocyte apoptosis is a key factor in immune homeosta-
sis. Tumor necrosis factor-a (TNF-a)-induced protein 8-like 2 (TIPE2) is suggested to play a critical role in main-
taining immune homeostasis. This study investigated the role of TIPE2 in CD4+ T lymphocyte apoptosis based 
on a mouse model of thermal injury.

	 Material/Methods:	 BALB/c male mice were randomized into 6 groups: sham, burn, burn with siTIPE2, burn with siTIPE2 control, 
burn with TIPE2, and burn with TIPE2 control groups. Splenic CD4+ T lymphocytes were collected by use of a 
magnetic cell sorting system.

	 Results:	 We found that TIPE2 downregulation reduced the CD4+ T lymphocytes apoptosis in the burn with siTIPE2 group, 
and the protein expression of P-smad2/P-Smad3 were remarkably downregulated. In the burn with siTIPE2 
group, Bcl-2 expression was increased compared with that in the sham group (P<0.05), and Bim expression was 
reduced (P<0.05). In the burn with TIPE2 group, the mitochondrial membrane potential was markedly reduced 
(P<0.01), while cytochrome C expression was clearly higher than that in the other groups (P<0.01). Activities 
of caspase-3, -8, and -9 were notably higher in the burn with TIPE2 group relative to those for other groups 
(P<0.05).

	 Conclusions:	 Downregulation of TIPE2 in vivo can reduce the apoptosis of CD4+ T lymphocytes following thermal damage, 
and activate the TGFb downstream signaling of Smad2/Smad3, upregulating Bim, and downregulating Bcl-2.
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Background

Severe burns, trauma, and surgical stress can induce sepsis 
and other infectious complications, which may finally result in 
septic shock or multiple organ dysfunction syndrome (MODS), 
and MODS is a major cause of death in the intensive care unit 
(ICU). Typically, the sepsis mortality rate remains high regard-
less of the remarkable progresses achieved in early fluid re-
suscitation, new antimicrobial drug therapy, nutrient metabo-
lism, and organ support. Sepsis has greatly threatened patients 
and reduces the survival improvement in critically ill patients. 
Therefore, increasing importance has been attached theoret-
ically and clinically to enhance the knowledge and treatment 
strategies for septic complications [1].

Notably, the extent of lymphocyte apoptosis is a key factor 
in the maintenance of immune homeostasis. Many lympho-
cytes are subject to apoptosis in both the central and periph-
eral lymphoid organs during severe trauma [2], and the in-
crease in lymphocyte apoptosis is a major cause of immune 
suppression [3-5]. It has been found that the extent of apop-
tosis of circulating lymphocytes is positively correlated with 
sepsis severity [6], and preventing lymphocyte apoptosis can 
improve the host response against sepsis [7].

The Smad2/Smad3 proteins are transforming growth fac-
tor beta (TGF-b) ligands that can activate downstream recep-
tor proteins. The activated TGF-b can then phosphorylate the 
Smad2/Smad3 proteins, which can subsequently regulate the 
pro-apoptotic and anti-apoptotic proteins of the Bcl-2 family. 
Subsequently, the endogenous mitochondrial apoptotic path-
way is induced by releasing cytochrome C and activating cas-
pase-9. Finally, the activated caspase-8 and caspase-9 allow 
for the catalytic maturation of caspase-3 and other caspases, 
which can eventually mediate the biochemical and morpho-
logical features of apoptosis. In resting cells, the pro-apoptot-
ic proteins are endogenously neutralized by their anti-apop-
totic counterparts. Specifically, the apoptin inhibitors in the 
Bcl-2 family, such as Bcl-xl and Bcl-2, play important roles in 
suppressing cell apoptosis, which can also maintain the mi-
tochondrial integrity, thus hindering the release of mitochon-
drial cytochrome C. Notably, Bax, Bim, and other pro-apoptot-
ic members can also promote the occurrence of this process.

TIPE2 is a member of the TIPE family and has been reported 
to have important roles in immunity, apoptosis, and tumori-
genesis [8]. Overexpression of TIPE2 promotes lung cancer cell 
apoptosis through affecting the apoptosis-related molecules 
caspase-3, caspase-9, Bcl-2, and Bax by regulating P38 and 
Akt pathways [9]. TIPE2 can also inhibit the PI3K/Akt signal-
ing pathway, which further suppresses proliferation, migration, 
and invasion in prostate cancer cells [10]. TIPE2 also regulates 
AKT and extracellular signal-regulated kinase 1/2 (ERK1/2) 

signaling. Adenovirus-directed expression of TIPE2 induces 
gastric cancer apoptosis by induction of apoptosis and inhibi-
tion of AKT and ERK1/2 signaling [11].

In recent years, accumulating evidence has shown that the tu-
mor necrosis factor-a (TNF-a)-induced protein 8-like 2 (TIPE2) 
has a critical role in maintaining immune homeostasis. It has 
been found that the peripheral blood TIPE2 level within mono-
nuclear cells of systemic lupus erythematosus (SLS) patients 
was decreased, and the pro-inflammatory cytokine levels, 
including IL-6, IL-12, and IFN-gamma, in serum were signif-
icantly increased [12]. Experimental evidence indicates that 
septic shock can be dramatically aggravated in TIPE2-/- ani-
mals relative to those in wild-type animals, which suggests 
the potential direct relationship of TIPE2 with suppression of 
septic shock [13]. TIPE2-deficient cells are hyper-responsive to 
activation of T cell receptor (TCR) and Toll-like receptor (TLR). 
Importantly, TIPE2 binds to caspase-8 and inhibits activation 
of protein-1 and nuclear factor-kB activation, while promot-
ing Fas-induced apoptosis. Inhibiting caspase-8 significantly 
blocks the hyper-responsiveness of TIPE2-deficient cells [13].

TIPE2 is also reported to be predominantly expressed in im-
munocytes, including lymphoid and myeloid cells [14,15]. 
Furthermore, high TIPE2 protein expression is detected with-
in the inflammatory nerve tissues but not in ordinary nerve 
tissues [16]. The present study assessed the underlying role 
of TIPE2 in CD4+ T lymphocyte apoptosis after severe burns, 
based on the critical role of apoptosis in the pathogenesis 
of severe burn-induced sepsis, which is of great importance 
to further understand the relationship of TIPE2 and lympho-
cytes apoptosis in the pathogenesis of severe burns. We also 
sought to provide new strategies to regulate inflammatory 
response and immune response for clinical transformation of 
sepsis treatment.

Material and Methods

Experimental animals and grouping

We obtained 90 male BALB/c mice (8 to 10 weeks old and 
weighing 20±2 g) from the Laboratory Animal Center of the 
Chinese Academy of Medical Sciences (Beijing, China). Small in-
terfering RNA (siRNA) of TIPE2 was obtained from Genchem Co. 
(Shanghai, China). These 90 mice were randomly assigned to 6 
groups: sham (n=15), burn (n=15), burn plus siTIPE2 (siTIPE2-
burn, n=15), burn plus siTIPE2 control (negative-burn, n=15), 
burn plus TIPE2 overexpression (TIPE2-burn, n=15), and burn 
plus TIPE2 control (TIPE2-negative+burn, n=15).
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Animal model

All mice were acclimatized to the new experimental environ-
ment for 1 week before the initiation of experiments, and were 
fasted overnight but with free access to water. Ether was used 
for anesthesia, and the dorsal and lateral skin of mice was 
prepared. The exposed mouse skin was scalded for 8 s with 
hot water (99°C) to establish the severe burn model involving 
the full-thickness skin of 15% of the total body surface area 
(TBSA). Mice in the sham group received the same anesthesia 
before surgery, followed by skin contact with water at room 
temperature. The number of mouse deaths in each group is 
shown in Table 1. Mice in the last 4 groups were given caudal 
venous injection of siTIPE2 overexpression and control mice 
were administered empty lentivirus vector, respectively. Two 
weeks later, the mice in each group were sacrificed 24 h af-
ter thermal injury.

Each experiment was carried out following the National Institute 
of Health Guide for the Care and Use of Laboratory Animals, 
which was approved by Scientific Investigation Board at the 
960th Hospital of the PLA Joint Logistics Support Force (2016-47).

Isolation of CD4+ T lymphocytes from spleens

CD4+ T lymphocytes from spleens were prepared according to 
a previously described method [17,18]. Spleen samples were 
collected from the mice in each group, followed by gentle agi-
tation with the RPMI 1640. Afterwards, gradient centrifugation 
was performed to separate the mononuclear cells at the Ficoll-
Paque density, and CD4+ T lymphocytes were purified. Then, 
non-CD4+ T cells were stained with a biotin-antibody cock-
tail (107/10 ul total cells), followed by 10 min of incubation 
at 4°C. Cells were then subjected to magnetic labeling using 
the anti-biotin microbeads (107/20 ul total cells), followed by 
15 min of incubation at 4°C. The cell suspension was passed 
using the MS/LD column of a magnetic-activated cell sorter 
(MACS) equipped within the MACS magnetic separator, fol-
lowing the manufacturer’s instructions, so as to separate the 
CD4+ T lymphocytes. Subsequently, the separated CD4+ T lym-
phocytes were subjected to FITC-labeled anti-CD4+ antibody 
incubation, and flow cytometry was performed to assess the 
CD4+ T cell purity after purification. Cells isolated from 1 ani-
mal were used for each experiment.

Flow cytometry

In brief, cells (5×105) were collected after centrifugation at 
1200 rpm for 8 min and washed with the precooled PBS twice 
in accordance with the protocol of the PE annexin-V apopto-
sis kit. We used 100 μl diluents (1% binding buffer) to resus-
pend 200 μl cells, and 5 μl annexin-V and 7-AAD was then add-
ed to incubate cells for 20 min at 4°C in the dark, after which 
300 μl binding buffer was added. Finally, cell apoptosis was 
determined by flow cytometry within 1 h.

Western blotting

The TIPE2, Smad2/Smad3, Bcl-2/Bim, and phosphorylation (P)-
Smad2/P-Smad3 protein expression in CD4+ T lymphocytes 
was detected through Western blotting using the Bradford 
protein assay kit in accordance with the manufacturer’s pro-
tocol. Then, the protein supernatants were collected, mixed 
with SDS-loading buffer, heated to 96°C for 5 min, separated 
by 8% SDS-PAGE, and transferred to an Immobilon PVDF mem-
brane. The PVDF membrane was then incubated with primary 
antibodies, including TIPE2 with specific polyclonal antibody 
(diluted at 1: 500), rabbit anti-mouse Smad2 monoclonal an-
tibody (1: 2000), rabbit anti-mouse Smad3 monoclonal anti-
body (1: 2000), rabbit anti-mouse P-Smad2 polyclonal antibody 
(1: 500), rabbit anti-mouse Bcl-2 monoclonal antibody (1: 1000), 
rabbit anti-mouse P-Smad3 monoclonal antibody (1: 2000), and 
rabbit anti-mouse Bim polyclonal antibody (1: 500), and the 
expression of these proteins was detected through Western 
blotting. Then, horseradish peroxidase-conjugated goat anti-
rabbit IgG secondary antibody was added for incubation and 
the protein expression level was expressed as the expression 
ratio of protein loading/monoclonal anti-b-actin according to 
the Computer Image analysis. Each immunoblot was observed 
using the ECL Plus chemiluminescence kit and the protein lev-
els were measured quantitatively by densitometry.

Measurement of mitochondrial membrane potential in 
CD4+ T lymphocytes by flow cytometry

The dyeing liquid was prepared following the instructions of 
the JC-1 reagent kit. Cells in each group were suspended in 
0.5 ml cell culture fluid, and were reversed several times to 
mix with 0.5 ml JC-1 dyeing liquid. After 20 min of incubation 
at 37°C, the obtained homogenate was centrifuged for 4 min 

Sham Burn siTIPE2-burn Negative-burn TIPE2-burn
TIPE2-

negative+burn

Total 15 15 15 15 15 15

Number of death 0 3 2 3 4 3

Table 1. The number of mice deaths in each group.
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at 600 rpm, followed by cell precipitation. Finally, the mem-
brane potential was measured by flow cytometry after wash-
ing twice with JCM staining buffer.

Cytochrome C expression detected by laser scanning 
confocal microscopy

CD4+ T lymphocytes (5×105) were harvested through centrif-
ugation and washing 3 times for 10 min each time using PBS. 
Later, cells were subjected to 20 min of fixation and washing 
in 4% paraformaldehyde fixative solution supplemented with 
PBS, and the CD4+ T lymphocyte membrane after fixation was 
later subjected to 20 min of permeabilization using 0.2% Triton 
X-100 at room temperature. Later, 1% bovine serum albumin 
(BSA) contained within PBS-T was used for 30 min of section 
blocking, followed by staining using specific polyclonal anti-
cytochrome C diluted at 1: 400 with PBS-T. Then, the sections 
were washed as mentioned earlier before the DyLight TM549-
conjugated-labeled goat anti-rabbit IgG secondary antibody 
was added for 2 h of reaction at room temperature. The sec-
tions were then subjected 3 times to PBS-T washing, after 
which the nuclei were subjected to 5 min of 4,6-diamidino-
2-phenylindole (DAPI) staining. Eventually, cytochrome C ex-
pression in CD4+ T lymphocytes was measured under a con-
focal laser scanning microscope.

Determination of caspase activity within CD4+ T 
lymphocytes through chemical chromatography

PBS was used to wash the collected CD4+ T lymphocytes (1×106) 
twice, after which the supernatant was discarded, 250 μl pre-
cooled lysis buffer was added, and the mixture was later placed 
in an ice bath for 10 min. The homogenate was centrifuged 
at 1000 rpm for 5 min, the supernatant was transferred to 
an EP tube, and the caspase activity was determined in the 
96-well plate. The reaction system consisted of 100 μg pro-
tein, 50 μl reactive solution, and 5 μl caspase colorimetry for 
substrate. The homogenate was incubated for 2 h at 37°C in 
the dark, and the results were measured using a microplate 
spectrophotometer.

Statistical methods

Data are expressed as mean±standard deviation (SD). SPSS 16.0 
software was used for all statistical analyses. Differences in the 
means between different groups were analyzed using one-way 
analysis of variance (ANOVA), and differences with a p-value of 
less than 0.05 were considered statistically significant.

Results

siTIPE2 reduced burn-induced CD4+ T cell apoptosis

CD4+ T cell purity was first detected through flow cytome-
try to ensure the percentage of CD4+ T cells was more than 
90% (Figure 1A). Two weeks after transfection, the interfer-
ence or overexpression efficiency of lentivirus (LV)-TIPE2 with-
in CD4+ T lymphocytes was measured through Western blot-
ting (Figure 1B), which showed that TIPE2 expression in TIPE2 
gene-silenced CD4+ T lymphocytes was obviously downregu-
lated in mouse spleens. Moreover, high-efficiency transfection 
(above 70%) was obtained, and TIPE2 protein expression in the 
TIPE2-burn group was upregulated by over 50% in spleen CD4+ 
T lymphocytes in mice. Then, cell apoptosis was analyzed by 
Annexin-V-PE and 7-AAD staining. As shown in Figure 1C and 
1D, the CD4+ T cell apoptosis rates of TIPE2-burn animals were 
higher than in the other groups but were lower in siTIPE2-burn 
animals relative to those of sham animals (P<0.01).

Bcl-2/Bim, P-Smad2/P-Smad3, and Smad2/Smad3 protein 
expression in CD4+ T cells

Figure 2 shows that Smad2/Smad3 and P-smad2/P-Smad3 
protein levels of burn animals were higher than in sham 
and siTIPE2-burn groups. Levels of Smad2/Smad3 in the 
siTIPE2-burn group were not remarkably downregulated, while 
P-smad2/P-Smad3 protein levels were markedly decreased 
(P<0.01). Moreover, smad2/Smad3 protein expression levels in 
the TIPE2-burn group were not evidently higher than those in 
the other groups, but those of P-smad2/P-Smad3 were remark-
ably upregulated (P<0.01). The protein expression level of Bcl-2 
in the siTIPE2-burn group was upregulated (P<0.05) while that 
of Bim was decreased (P<0.05), and the changes in Bcl-2/Bim 
expression levels were the opposite in the TIPE2-burn group.

siTIPE2 maintained mitochondrial membrane potential 
(MMP) while reducing cytochrome C expression within 
CD4+ T lymphocytes

The mitochondrial membrane potential in each group was eval-
uated using the JC-1 probe. According to our results, the MMP 
of siTIPE2-burn animals was increased relative to that of the 
other 4 groups (P<0.05), whereas that in CD4+ T lymphocytes 
of the TIPE2-burn group was evidently decreased (Figure 3A, 
P<0.01). Additionally, we found that cytochrome C expres-
sion in the siTIPE2-burn group was markedly downregulated 
(P<0.05), while that in the TIPE2-burn group was obviously el-
evated (P<0.05, Figure 3B).
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Figure 1. �siTIPE2 reduced burn-induced CD4+ T lymphocytes apoptosis. The purity of CD4+ T lymphocytes in mouse spleens was first 
assessed (A). The CD4+ T lymphocytes were transfected with the interference or overexpression lentivirus (LV)-TIPE2 and 
confirmed by Western blot (B). (C) Cells in each group were stained with Annexin-V-PE/7-AAD and the apoptotic rate was 
analyzed via flow cytometry. (D) Quantification of the percentage of apoptotic and living cells in each group. Error bars 
represent the mean±SD. * P<0.05 versus sham animals and # P<0.05 versus burn animals.
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siTIPE2 reduced the caspases activities of CD4+ T 
lymphocytes in various groups

As shown in Figure 4, the caspase-3 activity of CD4+ T lym-
phocytes in the siTIPE2-burn group was not evidently differ-
ent relative to those in the sham, burn, burn with siTIPE2 con-
trol, and burn with TIPE2 control groups, but was decreased 
relative to that of TIPE2-burn animals (P<0.01). Besides, the 
activities of caspase-9 and caspase-8 in CD4+ T lymphocytes 
of siTIPE2-burn animals were obviously lower than those in 
the other groups (P<0.05). Compared with the other groups, 
the caspase-9, caspase-8, and caspase-3 activities of TIPE2-
burn animals were dramatically higher (P<0.05).

Discussion

Previous studies have mostly focused on inflammation regu-
lation and anti-tumor effect of TIPE2 [17,19,20] and it is not 
clear whether TIPE2 participates in the pathophysiological pro-
cess of cellular immune dysfunction after burn. Our prelim-
inary work has shown the TIPE-2 functions in CD4+ lympho-
cytes apoptosis [21], but it was still unclear about the impact 
of TIPE-2 on the downstream factors related to cell apopto-
sis. Based on our previous study, our current work evaluated 
the role of TIPE2 in CD4+ T cell apoptosis in a mouse model 
of thermal injury. Our study demonstrated that siTIPE2 could 
markedly reduce the apoptosis of splenic T lymphocytes after 

severe burns, which was closely associated with the inhibition 
of Smad2/Smad3, the downregulation of Bim, and the upreg-
ulation of Bcl-2 in CD4+ T lymphocytes.

As shown by Sun et al. [13], TIPE2 plays an important role in 
adaptive and innate immune responses as a negative regula-
tor by adjusting the signaling of Toll-like and T cell receptors. 
Interestingly, TIPE2 has high expression in inflamed tissues 
but has low or no expression in normal tissues [22,23]. Thus, 
TIPE2 is speculated to be an important regulator of immune 
system balance and prevents immune hyper-responsiveness. 
Additionally, it has been demonstrated that TIPE2 is greatly 
homologous to TNF-a induced protein 8 family members in 
terms of sequence, and it has been recognized to have a cru-
cial role in regulating cell apoptosis. A previous study by our 
group showed TIPE2 protein expression within CD4+ T cyto-
plasm, and TIPE2 protein expression level in the spleen-derived 
CD4+ T lymphocytes was obviously enhanced from 24 h to 72 h 
at the termination of thermal injury exposure, which peaked 
at 24 h [24]. Therefore, 24 h after thermal injury was selected 
as the observation time point in the current study, with an aim 
to investigate the thermal injury-induced changes in TIPE2 ex-
pression and apoptosis of splenic CD4+ T lymphocytes. It has 
been found that after downregulation of the TIPE2 gene, the 
proliferation and apoptosis of splenic T lymphocytes in mice 
were significantly increased, suggesting that the expression of 
TIPE2 can promote apoptosis of T lymphocyte [25,26]. In addi-
tion, TIPE2 could be related to caspase-8, which also modulates 
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Figure 2. �Bcl-2/Bim, Smad3/P-Smad3, and Smad2/P-Smad2 protein expression within CD4+ T lymphocytes. Cells had been transfected 
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Figure 3. �siTIPE2 maintained MMP levels while reducing cytochrome C expression within CD4+ T lymphocytes. (A) The mitochondrial 
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the nuclear factor (NF)-kB pathway through apoptotic enzymes. 
In addition, it inactivates NF-kB and activator protein-1, but 
TIPE2-deleted cells have great reactivity to T cell receptor and 
Toll-like receptor signaling [13,27]. Our current study found 
that, consistent with previous studies regarding TIPE2 func-
tions, overexpression of TIPE2 significantly increased CD4 + T 
cell apoptosis in the spleens of severely scalded mice, while 
CD4+ T cell apoptosis in siTIPE2-burn animals was lower than 
in the other groups, except for the sham group.

It was well established that regulatory T cells can enhance T 
cell apoptosis during sepsis, which is achieved through the 
membrane binding protein of TGFb1, the Smads pathway, and 
the mitochondrial pathway [7,18,28]. However, the underly-
ing mechanisms are complicated and involve activation of the 
downstream Smad2/Smad3 signaling pathway by TGFb, which 
is then transferred to the nucleus to regulate the expression of 
the Bcl-2 family genes through upregulating the expression of 
pro-apoptotic protein Bim and reducing that of anti-apoptot-
ic protein Bcl-2 [29]. Bax and Bak can combine with the mito-
chondrial outer membrane to enable apoptosis. Mitochondrial 
depolarization, permeabilization of the inner mitochondrial 
membrane, and loss of the mitochondrial potential were also 
observed, which resulted in release of cytochrome C into the 
cytoplasm to promote, activate, and cleave caspase-9, finally 
resulting in cell death [30]. Our results revealed that the phos-
phorylation of Smad2/Smad3 was remarkably enhanced in the 
burn group, while TIPE2 gene silencing inhibited the activa-
tion of Smad2/Smad3, suggesting that gene silencing of TIPE2 
reduces the activation of TGFb downstream signaling mole-
cules Smad2/Smad3 in splenic T lymphocytes, which could 
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thus markedly downregulate the expression of Bim while up-
regulating that of Bcl-2 in CD4+ T lymphocytes, thereby reduc-
ing the apoptosis of T lymphocytes in mice. In contrast, TIPE2 
obviously inhibited the protein expression of Bcl-2 while en-
hancing that of Bim, and TIPE2 expression seems to promote 
the apoptosis of T lymphocytes. Notably, mitochondria play 
a key role in apoptosis by releasing apoptotic genes, and the 
Bcl-2 family can strictly regulate the permeability of the mi-
tochondrial outer membrane [16]. Our flow cytometry obser-
vations revealed that the mitochondrial membrane potential 
in the siTIPE2-burn group was upregulated and cytochrome C 
expression was markedly decreased, while the opposite results 
were observed in the TIPE2-burn group. Meanwhile, the ac-
tivities of caspase-3, caspase-8, and caspase-9 for TIPE2-burn 
animals were increased. Thus, in agreement with previous 
studies, our present study indicates that apoptosis can be ini-
tiated by TIPE2, which is transmitted to the mitochondria by 
the TGFb pathway, eventually resulting in the release of cyto-
chrome C, activation of caspases family, or release of apopto-
sis-inducing factors.

It has been demonstrated that the cellular immune state is 
closely related to the occurrence and development of sepsis, 
while immunocyte apoptosis is the main cause of immune sup-
pression in the pathogenesis of septic complications [3,31,32]. 
Additionally, animal studies have confirmed that sepsis can re-
sult in extensive apoptosis of immunocytes, while T cells are 
the main constituents involved in cellular immunity, which plays 
a key role in the immune response to infection [33,34]. It was 
also reported that sepsis patients tend to have a sharp de-
crease in lymphocytes, and that the apoptosis degree of lym-
phocytes is positively correlated with sepsis severity [32]. As is 
well known, severe burns and trauma may lead to dysfunction 
of Th1 lymphocyte subtype, resulting in reduced proliferation 
of lymphocytes [24,32]. In addition, results of animal and hu-
man studies suggest that the apoptosis of peripheral and splen-
ic lymphocytes accounts for the main mechanism of reduced 
lymphocyte count in sepsis. Therefore, preventing T lympho-
cyte apoptosis may contribute to enhancing host resistance 
against septic challenge. Typically, septic animal model stud-
ies have found that anti-apoptotic immune therapy can obvi-
ously improve the survival rate. Consequently, understanding 
the potential mechanism underlying T lymphocyte apoptosis 
and preventing apoptosis may provide a novel approach for re-
search and treatment of severe sepsis [6,23,24,30]. Therefore, 
to reduce the mortality rate of sepsis, it is mandatory to in-
vestigate the precise mechanism of reducing the apoptosis of 
CD4+ T lymphocytes and to seek novel measures for the accel-
erated recovery of cell number and function while also blocking 
the immune suppression pathway [35, 36]. Our study shows 
the protective effect of siTIPE2 of splenic T lymphocytes after 
severe burns, suggesting the potential clinical use of TIPE2 in-
terference drugs for sepsis induced by severe burns or trauma.
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This study has some limitations. Although sepsis induced by 
severe burns can result in apoptosis of immunocytes, which 
play a key role in the immune response to infection and sep-
sis, and preventing T lymphocyte apoptosis could contribute 
to enhancing the ability of host resistance against septic chal-
lenge, our study was more focused on the effect of siTIPE2 on 
T lymphocytes apoptosis after burn injuries, and we do not pro-
vide direct evidence of the relationship between T lymphocyte 
apoptosis and sepsis, which is a limitation of our study. Our 
further research will focus more on the direct relationship be-
tween TIPE2 and sepsis after thermal injuries. In addition, our 
study suggests that siTIPE2 could reduce mortality after burn 
injuries (Table 1), but detailed mortality studies of the effect 
of TIPE2 on thermal injuries are still needed.

Conclusions

In the present research, we evaluated the role of TIPE2 in CD4+ 
T cell apoptosis in a mouse model of thermal injury. We found 
that TIPE2 is closely correlated with CD4+ T lymphocyte apop-
tosis during severe burn injuries, and siTIPE2 markedly reduc-
es the apoptosis of splenic T lymphocytes after severe burns, 
which is closely associated with inhibition of Smad2/Smad3, 

downregulation of Bim, and upregulation of Bcl-2 in CD4+ T lym-
phocytes. Our findings suggest that TIPE2, an immunosuppres-
sive protein, is involved in CD4+ T cell apoptosis and pathogen-
esis after thermal damage. As an important negative regulator, 
TIPE2 is highly correlated with abnormality in the immunity, 
and immunocyte apoptosis is the main cause of immune sup-
pression in the pathogenesis of septic complications. Our study 
provides new insights into the relationship of TIPE2 with lym-
phocyte apoptosis in the pathogenesis of severe burns, and 
provides new strategies to regulate inflammatory response and 
immune response for clinical treatment of sepsis. Nonetheless, 
more studies are required to elucidate the precise mechanisms 
by which TIPE2 exerts its regulatory function, which may help 
to improve clinical ability to recognize and treat immune dys-
function in critically ill patient with postburn sepsis.
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