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Decreased Th1/Th2 ratio is one of the major characteristics of immunosuppression in sepsis. Both membrane adhesive protein
Annexin-A1 (ANXA1) and transcription factor GATA-3 have been reported to play important roles in T cell differentiation.
However, the relationship between ANXA1 and GATA-3 in Th1/Th2 shift is unknown. Our study investigated the interaction
effects of ANXA1 and GATA-3 to influence T cell differentiation in CD4+ T cells. We found that GATA-3 and ANXA1 were
coexpressed on Th0/Th1/Th2 cytoplasm and nuclear. Overexpressed ANXA1 significantly increased the expression of IFN𝛾 and
reduced IL-4 expression in T cells, while ANXA1-silenced T cells exhibited decreased production of IFN𝛾 and increased production
of IL-4. Knockdown of ANXA1 promoted higher expression level of GATA-3 and low level of T-box transcription factor (T-
bet/Tbx21). Further study demonstrated that ANXA1 regulated GATA-3 expression through the formyl peptide receptor like-
1 (FPRL-1) downstream signaling pathways ERK and PKB/Akt. These results suggested that ANXA1 modulates GATA-3/T-bet
expression induced Th0/Th1 differentiation. Moreover, we found that GATA-3 inhibited ANXA1 expression by binding to its
promoter for the first time. It is proposed that the interactions between ANXA1 and GATA-3 may provide clues to understand
the immunosuppression and have potential as new therapeutic targets in immunotherapy after sepsis.

1. Introduction

Recent clinical and experimental studies have indicated that
the long-term effects of severe inflammatory events often
include the suppression of immune system functions. The
decrease of Th1/Th2 ratio is one of the major characteristics
of immunosuppression in sepsis [1]. It is reported that mem-
brane adhesive protein Annexin-A1 (ANXA1) and transcrip-
tion factor GATA-3, which were both decreased in sepsis
patients [2, 3], play important roles in the Th1/Th2 shift [4].
Many researchers have studied ANXA1 and GATA-3, respec-
tively, but the relationship between ANXA1 and GATA-3 is
still unknown. Exploring the interactions between ANXA1
and GATA-3 may provide clues to understand the immuno-
suppression and improve the treatment effects of sepsis
patients.

As an anti-inflammatory protein, ANXA1 plays a home-
ostatic role in the innate immune system through mediating
immune cells, such as neutrophils and macrophages [5].
Endogenous ANXA1 markedly reduced leukocyte adhesion

to postcapillary venules through formyl peptide receptor
(FPR) pathway [6]. Furthermore, ANXA1 promotes inflam-
matory cell apoptosis associated with transient rise of intra-
cellular calcium and caspase-3 activation. Moreover, ANXA1
has been recently identified as one of the “eat me” signals on
apoptotic cells to be recognized and ingested by phagocytes
[7]. Studies on the expression ofANXA1 in human andmouse
leukocytes have shown that this protein is also expressed at
higher levels in cells of the adaptive immune response, such
as T and B lymphocytes [8–10]. Further research indicates
that ANXA1 increases T cells activation and favors their
differentiation to Th1 cells by modulating T cell receptor
(TCR) signaling [4]. In addition, analysis of the inflammatory
response of ANXA1−/− mice has demonstrated an exquisite
role of ANXA1 in modulation of TCR signaling by the FPR
family [11].These findings suggest a potential role of ANXA1/
FPRL-1 pathway in the adaptive immune response.

Upon antigen stimulation of their TCR by antigen pre-
senting cells, näıve CD4+ T cells can differentiate to at least
two different types of T helpers,Th1 andTh2 cells, whichwere
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documented to be involved in adaptive immunity [12]. The
transcription factor GATA-3 is selectively upregulated during
Th2 differentiation in vitro [13, 14]. GATA-3 is important not
only for the transactivation ofTh2 cytokine genes but also for
the suppression of Th1 development [15]. GATA-3-deficient
cells fail to give rise to cells of the T cell lineage [16]. In vivo
experiment from ANXA1−/− mice exhibited that ANXA1-
deficient T cells expressed Th2 skewing [17]. However, there
is not enough evidence to support the interrelation between
GATA-3 and ANXA1.

In our previous studies, the expressions of ANXA1 and
GATA-3 were both decreased in the burnt mouse with sepsis
[18]. The purpose of this study is to investigate whether
ANXA1 andGATA-3 interact with each other to influence the
immune response in T lymphocyte, as well as exploring the
possible molecular mechanisms involved. Our results show
that overexpressedANXA1 (orGATA-3) represses the expres-
sion of GATA-3 (or ANXA1), while knockdown of ANXA1
(or GATA-3) increases the GATA-3 (or ANXA1) expres-
sion. Further studies indicate that ANXA1 regulates GATA-
3 expression through ANXA1/FPRL-1/ERK and PKB/Akt
signaling pathways, andGATA-3mediates ANXA1 transcrip-
tion activity by binding to ANXA1 promoter.Thus this study,
together with our previous observations of ANXA1, suggests
that the ANXA1/FPRL-1 axis and GATA-3 are potential
therapeutic targets of the Th1/Th2-mediated immunological
suppression in sepsis.

2. Materials and Methods

2.1. Reagents. Anti-mouse CD3e (clone 145-2c11) and anti-
mouse CD28 (clone 37.51) were purchased from BD Bio-
science (San Jose, CA). Murine IL-2, IL-4, IFN𝛾, IL-12,
anti-IL-4 (clone 11B11), and anti-IFN𝛾 (clone XMG1.2) were
purchased from eBioscience (Wembley, United Kingdom).
Anti-mouse GATA-3, total and phosphorylated ERK1/2, and
AKT were purchased from Cell Signaling (Danvers, MA).
Anti-T-box transcription factor (T-bet/Tbx21) was purchased
from Abcam (Cambridge, UK), anti-FPRL-1 purchased from
NOVUS (Colorado, USA), and anti-ANXA1 purchased from
Proteintech (Manchester, UK). Unless otherwise specified, all
the other reagents were from Sigma-Aldrich (St. Louis, MO).

2.2. Mice. KM male mice with weight of 35–50 g were ob-
tained from Department of Experimental Animals, Central
South University (Changsha, China). Animal work has been
performed according to the approval of the ethics of Xiangya
Hospital, Central South University.

2.3. Cell Culture. Mice were anesthetized with sodium pen-
tobarbital [40–50mg/kg intraperitoneal (i.p.)]. Their spleen
was teased apart to make a single-cell suspension and stained
with APC-conjugated anti-CD4. Then the CD4+ cells were
purified by FACS (BD Aria III). The isolated naive CD4+ T
cells (>95%, 1 × 106/6 wells) were cultured in RPMI 1640
(GIBCO, Grand Island, NY) complete medium. The culture
conditions of T cells are as follows: Th0: anti-CD3/CD28
(5 𝜇g/mL) and IL-2 (50U/mL); Th1: IL-12 (2 ng/mL),

IL-2 (50U/mL), and anti- IL-4 (20 𝜇g/mL) and Th2: IL-4
(1000U/mL), IL-2 (50U/mL), and anti-IFN𝛾 (10 𝜇g/mL).

2.4. Vector Constructs and Lentivirus Production. The se-
quences for ANXA1 and GATA-3 overexpression were artifi-
cially synthesized and cloned into the PLV (Exp) Puro-IRES-
EGFP vector (Cyagen, Guangzhou, China).

Interference lentiviral (pLent iX1 Puro-eGFP vector)
against ANXA1 and GATA-3 was constructed. Three can-
didate shRNA sequences targeting ANXA1 and GATA-3
were designed and synthesized by Cyagen. All virus packing
was performed in 293T cells after the cotransfection. Len-
tivirus construction was performed using the Lipofection
2000 reagent (Invitrogen). Viruses were harvested 48 h after
transfection, and viral titers were determined.

2.5. Cell Transfection. The above constructed Lentivirus was
stably transfected into the T cells with an optimal multiplicity
of infection (MOI) of 100 TU/mL after stimulated with
anti-CD3/CD28 (5𝜇g/mL) for 24 h. Upregulated (down-
regulated) expressions of ANXA1 and GATA-3 were con-
firmed by qRT-PCR and western blot (see Supplementary
Figure 1 in SupplementaryMaterial available online at http://
dx.doi.org/10.1155/2016/1701059).The shRNA sequences with
the maximum of more than 75% knockdown efficiency were
selected for further stable ANXA1 and GATA-3 silencing in
T cells. The most efficient ANXA1 shRNA sequence of three
was constructed as follows: (shANXA1-3) 5󸀠-GAGATCT-
GGCCAAAGACATAA-3󸀠; (anti-shANXA1-3) 5󸀠-TTATGT-
CTTTGGCCAGATCT-3󸀠. The most efficient GATA-3
shRNA sequence of three was constructed as follows: (shGA-
TA-3-2) 5󸀠-GCTCAGTATCCGCTGACGGAA-3󸀠; (anti-
shGATA-3-2) 5󸀠-TTCCGTCAGCGGATACTGAGC-3󸀠.

2.6. Cytokine ELISA. Th0 cells (1 × 106/mL), obtained after
infection with UPANXA1 and culturing in Th0 conditions
with complete RPMImedium for seven days, were stimulated
with phorbol 12-myristate 13-acetate(PMA) 10 ng/mL and
ionomycin 1 𝜇g/mL for 4 h in 6-well plates to produce
cytokine [18]. Culture supernatants were collected and ana-
lyzed for IFN𝛾 and IL-4. They were measured to reflect
Th1/Th2 reactions. The IFN𝛾 and IL-4 levels were measured
by ELISA kits purchased from Multi-Sciences (China). The
assay was carried out according to the manufacturer’s proto-
col.

2.7. RNA Extraction and Real-Time PCR. qRT-PCR was
performed to determine the expression levels of GATA-3, T-
bet, and ANXA1. Total RNA extraction was performed using
simply P total RNA extraction kit (Bioflux, Europe). The
cDNA synthesis was performed using All-in-One� First-
Strand cDNA Synthesis Kit (GeneCopoeia, Maryland, USA).
cDNA was used to set up a quantitative real-time PCR
(qPCR) reaction using the All-in-One qPCR Mix (Gene-
Copoeia). The expression levels of GATA-3, ANXA1, and
T-bet were normalized to actin. The primer sequences were
as follows: mouse GATA-3 forward primer: 5󸀠-GCT-
GGATGGCGGCAAAG-3󸀠, mouse GATA-3 reverse primer:
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Figure 1: ANXA1 and GATA-3 expression on Th0, Th1, and Th2 and localization on cytoplasm and membrane. (a) Immunofluorescence
analysis of ANXA1 expression on Th0, Th1, and Th2. Immunofluorescence was carried out using green fluorescent tagged secondary
anti-ANXA1. The cell nuclei were stained with DAPI. (b) Immunofluorescence analysis of GATA-3 expression on Th0, Th1, and Th2.
Immunofluorescence was carried out using green fluorescent tagged secondary anti-GATA-3. The cell nuclei were stained with DAPI.

5󸀠-GTGGGCGGGAAGGTGAA-3󸀠, mouse ANXA1 forward
primer: 5󸀠-AAGGTGGTCCTGGGTCAGC-3󸀠, mouse ANX-
A1 reverse primer: 5󸀠-TGAGCATTGGTCCTCTTGGT-3󸀠,
mouse Tbx21/T-bet forward primer: 5󸀠-ATGTTCCCAT-
TCCTGTCCTTCA-3󸀠, mouse Tbx21/T-bet reverse primer:
5󸀠-AAATGAAACTTCCTGGCGCATC-3󸀠, mouse actin for-
ward primer: 5󸀠-CATCCTGCGTCTGGACCTGG-3󸀠, and
mouse actin reverse primer: 5󸀠-TAATGTCACGCACGA-
TTTCC-3󸀠. All protocols were carried out according to the
manufacturer’s instructions. Each sample was run in trip-
licate.

2.8. Western Blotting. Total protein was extracted using lysis
buffer. 30 𝜇g proteinwas separated by SDS-PAGE, transferred
onto PVDF membrane, and hybridized with a primary
antibody followed by a horseradish-conjugated secondary
antibody. Detection of 𝛽-actin on the same membrane was
used as a loading control.

2.9. Immunofluorescence Staining. Th0/Th1/Th2 cells were
washed with ice-cold PBS and fixed with 4% paraformalde-
hyde. The cells permeabilized with 0.1% Triton X-100 were
incubated with 2% bovine serum albumin for 30min and
followed by the primary antibodies against GATA-3 and
ANXA1 at 4∘C overnight. The slides of cells were subse-
quently incubated with the corresponding Alexa Fluor 488-
conjugated secondary antibodies for 1 h at room temperature.
Nuclei were stained with DAPI for 3min. Samples were
examined to analyze the expression of GATA-3 and ANXA1.

2.10. Promoter Dual Luciferase Reporter Assay. The GATA-
3 pENTER (NM-001002295) and control pENTER plas-
mids were obtained from Vigene Biosciences (Rockville,
MD, USA). The PGL3 enhancer vector and PRL-TK vector
were obtained from Promega (Madison, WI, USA). ANXA1

(NM00200.2) promoter region 2000 bp base-pairs and firefly
luciferase reporter gene were built in PGL-3 enhancer vector
and the renilla luciferase reporter gene was built in PRL-
TK vector. The renilla luciferase plasmid was used in all the
experiment to normalize the efficiency of the transfection.
Transient transfection of 293T cells was performed as previ-
ously described. Briefly, on the day of transfection, 5 × 104
cells were plated in 100 𝜇L in each well of a 96-well pate
prior to incubation with VigeneFection (Vigene, Rockville,
MD) complexes according to the manufacturer’s instruction
using a total of 0.3 𝜇g DNA and 0.9 𝜇L VigeneFection. At
48 to 72 hours after transfection, cells were lysed in 20𝜇L
reporter lysis buffer (Promega, Madison, WI) for 15 minutes
on ice. Add the 100 𝜇L Luciferase Assay Reagent II (Promega)
and record the firefly luciferase activity measurement. And
then add the 100 𝜇L STOP & GLO5 Reagent (Promega) and
read the renilla luciferase activitymeasurement. At least three
independent experiments were performed and the data were
presented as mean ± SEM.

2.11. Statistical Analysis. All data were presented as mean ±
SEM and analyzed by Student’s 𝑡-test. 𝑝 < 0.05 was consid-
ered to be statistically significant.

3. Result

3.1. ANXA1 and GATA-3 Expression on CD4+ T Cells. To
explore the expression of ANXA1 and/or GATA-3 of theTh0,
Th1, and Th2 cells, immunofluorescence was carried out to
confirm that ANXA1 and GATA-3 expression were located in
cell nucleus and cytoplasm (Figure 1).

3.2. ANXA1 Modulates GATA-3/T-bet Expression. To deter-
mine the roles of overexpressed endogenous ANXA1 in the
balance between GATA-3 and T-bet expression, two major



4 Mediators of Inflammation

0.0

0.5

1.0

1.5

2.0

2.5
IL

-4
 (p

g/
m

L) ∗∗

∗∗∗

ANXA1 up CON down ANXA1 downCON up

(a)

∗∗

∗∗∗

0

5

10

15

IF
N
𝛾

 (p
g/

m
L)

ANXA1 downCON up CON downANXA1 up

(b)

Figure 2: ANXA1 modulates the differentiation of CD4+ T cells in Th0 conditions. CD4+ T cells were infected with ANXA1 up or ANXA1
down Lentivirus in Th0 condition and restimulated with PMA 10 ng/mL and ionomycin 1 𝜇g/mL for 4 h. Then Th1 (IFN𝛾) or Th2 cytokine
(IL-4) production was to be measured. Values are mean ± SEM of 𝑛 = 3. ∗∗𝑝 < 0.01. ∗∗∗𝑝 < 0.001.

transcriptional switches inTh1/Th2 differentiation, we exam-
ined the differentiation of T cells, which is driven by the
strength of overexpressed ANXA1 in Th0 conditions. Naive
T cells from mouse were infected with UPANXA1 viruses
and cultured in Th0 medium for seven days, followed by
being exposed to PMA (10 ng/mL) and ionomycin (1𝜇g/mL)
for 4 h to stimulate the production of cytokines in Th1/Th2
[1]. UPANXA1 significantly increased the expression of IFN𝛾
and reduced IL-4 expression in T cells, compared with those
infected with up-control (𝑝 < 0.01, Figure 2). ANXA1-si-
lenced T cells exhibited decreased production of IFN𝛾 and
increased approximately 50% higher production of IL-4,
compared with T cells infected with down-control (𝑝 < 0.01,
Figure 2). These results demonstrated that ANXA1 induced
Th0/Th1 differentiation, whereas cells infected with silenced
ANXA1 promotedTh0/Th2 differentiation.

The important roles of GATA-3/T-bet in influencing dif-
ferentiation of T cell lineage into Th1 or Th2 effector cells
were well accepted [19, 20]. We hypothesized that ANXA1
could modulate GATA-3/T-bet expression to affect Th1/Th2
differentiation. As shown in Figure 3, the results indicated
that ANXA1-silenced T cells expressed higher levels of
GATA-3 and low level of T-bet, compared with the control
and UPANXA1 groups (𝑝 < 0.01).

3.3. ANXA1 Modulates GATA-3 Expression through FPRL-1
Signaling Pathways. FPRL-1 is one receptor of ANXA1. Con-
sidering that ERK and PKB/Akt are two major downstream
transcription factors of FPRL-1, we further investigated the
role of FPRL-1 signaling pathways in the regulation ofANXA1
on GATA-3. The result showed that ANXA1 significantly
phosphorylated ERK and PKB/Akt, while knockdown of
ANXA1 decreased ERK and Akt activation. The expression
levels of FRRL-1 in all groups, regardless of ANXA1 status,
were not significantly different (Figure 4).

3.4. GATA-3 Regulates ANXA1 Expression in CD4+ T Cells.
To investigate the effect of GATA-3 on ANXA1 expression

in CD4+ T cells, CD4+ cells with different GATA-3 expres-
sion levels were used. As shown in Figures 5(a) and 5(b),
overexpressed GATA-3 inhibited ANXA1 protein andmRNA
expression, while silenced GATA-3 increased the expression
of ANXA1.

3.5. GATA-3 Regulates ANXA1 Expression through Binding
to ANXA1 Promoter in 293T Cells. As a transcription fac-
tor, GATA-3 mediates ANXA1 expression through ANXA1
promoter. ANXA1 promoter area about 2000 bp was found
in the Eukaryotic Promoter Database and UCSC Genome
Bioinformatics. The JASPAR database was used to predict
the binding domain of ANXA1 promoter with GATA-3.
The result suggested that GATA-3 could combine ANXA1
promoter AGATAAGA (start-281 end-274) area on the level
of nucleic acid sequences. The area the same as zinc finger
of GATA-3 closet to the C terminus binds to the consensus
DNA sequence area (A/T)GATA(A/G) [21]. To verify this
hypothesis, ANXA1 promoter area (2000 bp) and luciferase
reporter gene were built in PGL-3 enhancer vector and renilla
luciferase reporter gene was built in PRL-TK.Three plasmids
GATA-3 pENTER, ANXA1 promoter PGL3, and PRL-TK
were transfected in 293T cell. As shown in Figure 5(c),
the luciferase activity was significantly increased, compared
with up-controls when cotransfected with UPGATA-3.These
results demonstrate that GATA-3 binds to ANXA1 promoter
to repress its expression in 293T cells.

4. Discussion

Sepsis is defined as a systemic inflammatory response to
infection. Excessive inflammatory responses including the
release of a cytokine storm and the activation of a large
number of T cells are characteristics of early stage sepsis [22].
In spite of their ability to kill pathogens, they are equally
effective in inducing cell and tissue damage [23]. On one
hand, the cytokine storm could be protective by activating
the host anti-inflammatory proresolving response [24]. On
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Figure 3: ANXA1 modulates GATA-3 and T-bet expression inTh0 conditions. CD4+ T cells were infected with ANXA1 up or ANXA1 down
Lentivirus in Th0 condition and then stimulated with anti-CD3/CD28 (5.0 𝜇g/mL) for 8 h to analyze T-bet and GATA-3 expression by real-
time PCR (a, b) and western bolt (c). ∗∗∗𝑝 < 0.001.
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Figure 4: ANXA1 modulates GATA-3 expression through ERK and AKT pathway. CD4+ T cells were infected with ANXA1 up or ANXA1
down Lentivirus inTh0 condition and then stimulated with anti-CD3/CD28 (5.0 𝜇g/mL) for 8 h to analyze FPRL-1, ERK, and Akt expression
by western blot.
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Figure 5: GATA-3modulates ANXA1 expression inTh0 conditions. CD4+ T cells were infected with GATA-3 up or GATA-3 down Lentivirus
in Th0 condition and then stimulated with anti-CD3/CD28 (5.0 𝜇g/mL) for 8 h to analyze ANXA1 expression by real-time PCR (a) and
western bolt (b). Dual luciferase assays showed an increase after transfection of GATA-3 in 293T cells (c). ∗𝑝 < 0.05. ∗∗∗𝑝 < 0.001.

the other hand, during sepsis, the cytokine storm induces
excessive activation induced T cell death (AICD); the cause
of AICD is an aberration in the cell cycle program [25].
Enhanced anti-inflammatory response, characterized by a
large number of T cells apoptosis and decreased responsive-
ness to antigen/mitogen, leads to the immunosuppression.

Immunosuppression after severe sepsis remains the main
cause of mortality [26]. More patients die in the immuno-
suppression phase where the risk of a secondary infection
increases. Anti-inflammatory therapy can improve the sur-
vival rate of patients in hyperinflammatory status, while it
may be worse if applied during the sepsis-induced immu-
nosuppression [27]. The conventional understanding of
immune responses of post-sepsis involves a shift away from
Th1 responses towards Th2 responses [1]. A low ratio of Th1/
Th2 is a feature of immunosuppression [28]. Promoting a low
ratio of Th1/Th2 immune responses to Th1 skewing might be
a treatment of immunosuppression.

Studies have shown that ANXA1 is an endogenous anti-
inflammatory factor in the innate immune system [6, 29].
Increasing evidences suggest that ANXA1 plays an important
role in the regulation of the adaptive immune response.
ANXA1 couldmodulateTh1/Th2 differentiation by activating

TCR signaling [4, 30]. Consistent with above studies, we
found that overexpressed ANXA1 induced the differentia-
tion of Th1/Th2 to Th1 skewing with increased IFN𝛾 and
reduced IL-4 cytokines expression. In the process ofTh1/Th2
differentiation, another important factor is GATA-3. As a
specific transcription factor of Th2 [14], GATA-3 activates
TCR signaling in pre-T cells and promotes the CD4+ T cell
lineage differentiation after positive selection [31].

Many researches and our previous studies have found that
the ANXA1 plasma levels were decreased in the rabbit and
patients with severe sepsis [2, 32]. Another study demon-
strated low expression level of GATA-3 in septic shock [3].
However, the reports about the correlations between ANXA1
and GATA-3 are limited. Our previous animal model ob-
served that ANXA1 and GATA-3 both present the same
downtrend in mouse with severe sepsis [18, 33]; this phe-
nomenon may be related with a large number of T cells
apoptosis. But the specific regulatory mechanism between
them is not clear. The major finding of this study is the
discovery of a novel role of transcription factor GATA-3
regulation on ANXA1 in the adaptive immune response and
themolecular mechanisms of mutual regulation contributing
to immunosuppression in inflammatory processes.
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Our results indicated that expressions of ANXA1 and
GATA-3 are both located in Th0, Th1, and Th2 cells nucleus
and cytoplasm. Oliani et al. also found that ANXA1 was
expressed in the eosinophil cytosol and nucleus [34]. Further
study manifested that overexpressed endogenous ANXA1
exerted an effect on decline of GATA-3 expression and
increase of T-bet expression, which may be one reason of
ANXA1 inducing the differentiation of Th1/Th2 toTh1 skew-
ing. One viewpoint deems that ANXA1 modulates Th1/Th2
differentiation by promoting T cell activation [4, 30]. But
another study finds T cell-expressed ANXA1 inhibits T cell
activation in the adaptive immune response [35]. Our view
is that T cells differentiate into various subtypes according
to environmental signals [36], and ANXA1 modulates T
cell differentiation through modulating their transcription
factors.

It is known that ANXA1 is one endogenous ligand of
FPRL-1, which belongs to the members of the G protein-
coupled receptor family. Exogenous ANXA1 protein and its
N-terminal peptide Ac2-26 were demonstrated to activate
ERK in vitro and in vitro [37].

It is reported that ERK suppresses many T cell differen-
tiation related transcription factors, including GATA-3 and
FOXP3 in the T cells [33, 38]. Interestingly, some studies show
that ERK-MAPK cascade controls GATA-3 stability through
the ubiquitin/proteasome-dependent pathway. These studies
further verify the important roles of activated ERK-MAPK
cascade in the GATA-3 phosphorylation and its ubiquitin-
mediated degradation through the 26 S proteasome [39].
So ERK-MAPK is essential for GATA-3 activation and sta-
bility to avoid GATA-3 excessive expression in stimulated
T cells. Meanwhile, ERK pathway is also essential for T
cell proliferation and Th1 skewing by inducing the Tbx21
expression [33]. Akt is a GATA-3 phosphorylase kinase and
the activation of Akt1 induces derepression of Tbx21 and
IFN𝛾 expression in Th2 cells. Akt phosphorylates GATA-
3 and induces the dissociation of Hdac2 from the GATA-
3 complex, resulting in a failure in the repression of IFN𝛾
expression in Th2 cell. These findings highlight a pivotal
role of posttranscriptional modification of GATA-3, which
is a kind of negative feedback regulation mechanism of Th2
differentiation to avoid excessive differentiation to Th2 cell
[40]. Therefore, it is proposed that the enhanced ANXA1
regulates GATA-3 expression to induceTh1/Th2 shift by ERK
and PKB/Akt to influence the inflammatory response and
balance the early proinflammatory function.

Another interesting discovery in this study is that the
GATA-3 also downregulated ANXA1 expression in CD4+
T cells. Further research indicated that GATA-3 exerted a
transcriptional-level control by combining with the promoter
of ANXA1 in 293T cells. This experimental conclusion needs
to be verified in CD4+ T cells and determined further by
Electrophoretic Mobility Shift Assay or Chromatin Immuno-
precipitation.

In the early sepsis stage, TCR trigger GATA-3 upregu-
lation via PI3K-mTOR dependent pathways [41]. Moreover,
GATA-3 is suggested to mediate notch signaling that is
important for promoting T cell development and prolif-
eration [42]. In our studies, if we downregulate GATA-3

expression, the level of ANXA1 expression increased. On
one hand, it can remit Th1/Th2 toward to Th2 skewing to
prevent immunosuppression. On the other hand, as an
anti-inflammatory protein, ANXA1 can balance the early
proinflammatory function.

In the immunosuppression stage, GATA-3 is a potential
marker of recovery [3]. If we upregulate the GATA-3 expres-
sion, the expression level of ANXA1 decreases. GATA-3 can
strengthen the TCR activation to improve adaptive immune
[43] and decreased ANXA1 can reduce anti-inflammatory
response at a certain extent for better care of patients.

In conclusion, our results suggest that GATA-3 binds
to ANXA1 promoter area to inhibit ANXA1 expression and
functions. ANXA1-mediated GATA-3 and T-bet might favor
Th1 differentiation through ERK andAKT pathway, reversing
tendency characterized by Th2 skewing of immunosuppres-
sion. Based on theTh1/Th2 mediation, our discoveries might
provide a potential treatment of immunosuppression after
sepsis.
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anisms regulating neutrophil survival and cell death,” Seminars
in Immunopathology, vol. 35, no. 4, pp. 423–437, 2013.

[24] R. S.Munford and J. Pugin, “Normal responses to injury prevent
systemic inflammation and can be immunosuppressive,” Amer-
ican Journal of Respiratory and Critical Care Medicine, vol. 163,
no. 2, pp. 316–321, 2001.

[25] N. Fazal and W. M. Al-Ghoul, “Thermal injury-plus-sepsis
contributes to a substantial deletion of intestinal mesenteric
lymph node CD4+ T cell via apoptosis,” International Journal
of Biological Sciences, vol. 3, no. 6, pp. 393–401, 2007.

[26] D. C. Angus, W. T. Linde-Zwirble, J. Lidicker, G. Clermont, J.
Carcillo, and M. R. Pinsky, “Epidemiology of severe sepsis in
theUnited States: analysis of incidence, outcome, and associated
costs of care,”Critical CareMedicine, vol. 29, no. 7, pp. 1303–1310,
2001.

[27] J. Pugin, “Sepsis and the immune response,” Intensive Care
Medicine, vol. 25, no. 9, pp. 1027–1028, 1999.

[28] A. Ayala, Z. K. Deol, D. L. Lehman, C. D. Herdon, and I. H.
Chaudry, “Polymicrobial sepsis but not low-dose endotoxin
infusion causes decreased splenocyte IL-2/IFN-𝛾 release while
increasing IL-4/IL-10 production,” Journal of Surgical Research,
vol. 56, no. 6, pp. 579–585, 1994.

[29] L. Chen, F. Lv, and L. Pei, “Annexin 1: a glucocorticoid-inducible
protein thatmodulates inflammatory pain,” European Journal of
Pain (United Kingdom), vol. 18, no. 3, pp. 338–347, 2014.

[30] K. H. Q. Vanessa, M. G. Julia, L. Wenwei et al., “Absence of
Annexin A1 impairs host adaptive immunity against Mycobac-
terium tuberculosis in vivo,” Immunobiology, vol. 220, no. 5, pp.
614–623, 2015.

[31] I. Tindemans, N. Serafini, J. P. DiSanto, and R. W. Hendriks,
“GATA-3 function in innate and adaptive immunity,” Immunity,
vol. 41, no. 2, pp. 191–206, 2014.

[32] P.-H. Zhang, L.-R. Yang, L.-L. Li et al., “Proteomic change of
peripheral lymphocytes from scald injury and Pseudomonas
aeruginosa sepsis in rabbits,” Burns, vol. 36, no. 1, pp. 82–88,
2010.

[33] C. F. Chang, W. N. D’Souza, I. L. Ch’en, G. Pages, J. Pouyssegur,
and S.M. Hedrick, “Polar opposites: Erk direction of CD4 T cell
subsets,”The Journal of Immunology, vol. 189, no. 2, pp. 721–731,
2012.

[34] S. M. Oliani, A. S. Damazo, and M. Perretti, “Annexin 1 locali-
sation in tissue eosinophils as detected by electronmicroscopy,”
Mediators of Inflammation, vol. 11, no. 5, pp. 287–292, 2002.

[35] Y. H. Yang, W. Song, J. A. Deane et al., “Deficiency of Annexin
A1 inCD4+T cells exacerbates T cell-dependent inflammation,”
Journal of Immunology, vol. 190, no. 3, pp. 997–1007, 2013.

[36] T. R. Mosmann, H. Cherwinski, M. W. Bond, M. A. Giedlin,
and R. L. Coffman, “Two types of murine helper T cell clone.
I. Definition according to profiles of lymphokine activities and
secreted proteins. 1986,”The Journal of Immunology, vol. 175, no.
1, pp. 5–14, 2005.



Mediators of Inflammation 9

[37] R. P. G. Hayhoe, A. M. Kamal, E. Solito, R. J. Flower, D. Cooper,
and M. Perretti, “Annexin 1 and its bioactive peptide inhibit
neutrophil-endothelium interactions under flow: indication of
distinct receptor involvement,” Blood, vol. 107, no. 5, pp. 2123–
2130, 2006.

[38] S.Garcia-Rodriguez, J.-L. Callejas-Rubio,N.Ortego-Centeno et
al., “Altered AKT1 and MAPK1 gene expression on peripheral
blood mononuclear cells and correlation with T-helper-tran-
scription factors in Systemic Lupus Erythematosus patients,”
Mediators of Inflammation, vol. 2012, Article ID 495934, 14
pages, 2012.

[39] M. Yamashita, R. Shinnakasu, H. Asou et al., “Ras-ERKMAPK
cascade regulates GATA3 stability and Th2 differentiation
through ubiquitin-proteasome pathway,”The Journal of Biolog-
ical Chemistry, vol. 280, no. 33, pp. 29409–29419, 2005.

[40] H. Hosokawa, T. Tanaka, Y. Endo et al., “Akt1-mediated Gata3
phosphorylation controls the repression of IFN𝛾 in memory-
typeTh2 cells,”Nature Communications, vol. 7, Article ID 11289,
2016.

[41] Y. Y. Wan, “GATA3: a master of many trades in immune regu-
lation,” Trends in Immunology, vol. 35, no. 6, pp. 233–242, 2014.

[42] Y.Wang, I.Misumi, A.-D. Gu et al., “GATA-3 controls themain-
tenance and proliferation of T cells downstream of TCR and
cytokine signaling,” Nature Immunology, vol. 14, no. 7, pp. 714–
722, 2013.

[43] T. C. Fang, Y. Yashiro-Ohtani, C. Del Bianco, D. M. Knoblock,
S. C. Blacklow, and W. S. Pear, “Notch directly regulates Gata3
expression during T helper 2 cell differentiation,” Immunity, vol.
27, no. 1, pp. 100–110, 2007.


