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TIPE2, a negative regulator of TLR signaling,
regulates p27 through IRF4-induced signaling
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Abstract. Targeted inhibition of specific toll-like receptor
(TLR) pathways may provide an effective strategy to prevent
the development of selected gastric malignancies. Tumor
necrosis factor (TNF)-a-induced protein 8-like-2 (TIPE2)
was identified as a novel negative regulator of TLR signaling.
Our previous study identified TIPE2 as an inhibitor of gastric
cancer cell growth; it promotes p27 expression, which leads to
restored control of the cell cycle and cell division. However,
the molecular mechanism by which TIPE2 regulates p27
remains unclear. In the present study, we examined the expres-
sion patterns of TIPE2 in serial clinical gastritis tissues as well
as gastric cancer, and found a negative correlation between
TIPE2 expression and progression of gastritis to gastric
cancer. This negative correlation verified the role of TIPE2
in preventing the occurrence and development of gastric
cancer, suggesting that TIPE2 may be a potential biomarker
for gastric cancer progression. To determine the mechanism
employed by TIPE2 in gastric cell carcinogenesis, a TIPE2-
expressing plasmid was introduced into gastric cell lines, and
microarray and western blot analysis revealed that TIPE2
selectively upregulates the expression of interferon regulatory
factor 4 (IRF4). Variations in IRF4 expression were addition-
ally verified in knockout mice. Next, the effect of IRF4 on p27
expression was tested by an IRF4 siRNA interference assay.
Finally, we explored the signaling pathways used by TIPE2 to
regulate IRF4. An experiment using pathway inhibitors and
a nuclear factor k-light-chain enhancer of activated B cells
(NF-«B) luciferase reporter assay showed that NF-xB plays
a crucial role in regulating IRF4 expression. Our data provide
evidence that TIPE2, a potential biomarker for gastric cancer
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progression, stimulates an IRF4-associated signaling cascade
that promotes p27 expression and controls cell growth. To the
best of our knowledge, this is the first study to demonstrate
that IRF4 acts as an inhibitor of epithelial cell proliferation
and mediates the expression of TIPE2, a negative regulator of
TLR signaling, to control cell growth.

Introduction

Gastric cancer (GC) accounts for ~10% of all invasive
cancers worldwide (1,2) and is the second leading cause of
cancer-related death worldwide (3), resulting in an urgent
medical need to develop more efficient diagnosis methods and
effective treatments. While the pathogenesis of the disease is
not completely understood, epidemiological studies suggest
that chronic inflammation plays a significant role in the devel-
opment of gastric malignancies (4). In superficial gastritis
(SG), inflammatory changes only affect the superficial epithe-
lium gastric pit region and related lamina propria, but the
changes occur in the atrophic gastric glands (5). Given that
the recognition of bacterial and/or viral products by toll-like
receptor (TLR)-expressing cells induces the activation of
nuclear factor k-light-chain-enhancer of activated B cells
(NF-kB) and triggers an inflammatory response associated
with tumor promotion (6), the targeted inhibition of specific
TLR pathways may provide an effective strategy for preventing
the development of selected gastric malignancies. To date,
several negative regulators of TLR signaling pathways have
been identified and characterized (7), among which tumor
necrosis factor (TNF)-a-induced protein 8-like-2 (TIPE2) and
interferon regulatory factor 4 (IRF4) exert their activity via
dissociation of TLR adaptor complexes (8).

TIPE2, a member of the tumor necrosis factor-a-induced
protein-8 (TNFAIPS) family, was recently identified as a novel
negative regulator of the immune system that independently
maintains immune homeostasis (9). In vitro experiments
demonstrated that TIPE2 knockout cells showed hyper-
responsiveness to TLR and T cell receptor (TCR) activation
(9). In addition to lymphoid tissue, TIPE2 is expressed in
the nervous, digestive, urinary, respiratory and reproductive
systems (10-14), suggestive of roles other than immune regula-
tion. Our previous results demonstrated that TIPE2 regulates
the proliferation of gastric cells (15). Colony-forming assays
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showed that restoration of TIPE2 expression in gastric cells
significantly suppressed cell proliferation. Flow cytometric
analysis showed that the number of cells in the S phase of the
cell cycle was reduced concomitant with TIPE2 expression. In
addition, TIPE2 selectively upregulated p27 expression, which
controls cell growth; however, the molecular mechanism by
which TIPE2 regulates p27 remains unknown.

IRF4 also participates in the negative regulation of TLR
signaling as well as the regulation of inflammation and carci-
nogenesis. Negishi ef al (16) found that IRF4 forms a complex
with MyD88, functioning not only as a transcription factor
in lymphocyte differentiation but also as a negative regulator
of TLR signaling. IRF4 is also expressed in macrophages,
lens cells and melanocytes, suggestive of its involvement
in the regulation of cells other than lymphocytes. Studies
by Pathak et al demonstrated that reconstitution of IRF4
expression restored p27 in leukemic cells and inhibited cell
proliferation in vivo (17). Moreover, Fanzo et al (18) showed
that stable IRF4 expression in a human lymphoid cell line
that normally lacks IRF4 significantly enhanced the apoptotic
response in Fas receptor engagement. However, the effects of
IRF4 on p27 expression and growth modulation as well as
upstream molecules of IRF4 in epithelial cells are yet to be
explored.

In the present study, initial examination of TIPE2
expression patterns in superficial gastritis (SG, 22 patients),
atrophic gastritis (AG, 30 patients), atypical hyperplasia
(AH, 24 patients) and gastric cancer (GC, 34 patients) tissues
revealed a negative correlation between TIPE2 expression and
tumor development and malignant progression. This nega-
tive correlation demonstrates the role of TIPE2 in preventing
the occurrence and development of GC, and suggests that
TIPE2 may be a potential biomarker for GC progression. To
elucidate downstream molecular targets, a TIPE2-expressing
plasmid was introduced into the AGS gastric epithelial cell
line. Microarray analysis of signal transduction data revealed
that TIPE2-induced IRF4 expression in AGS cells, and in turn,
enhanced p27 expression and suppressed cell proliferation. To
the best of our knowledge, this is the first study to demonstrate
that TIPE2 expression is mediated by another negative TLR
signaling regulator, IRF4, to modulate cell growth, and IRF4
functions as an inhibitor of epithelial cell proliferation.

Materials and methods

Patient samples. Newly obtained endoscopic biopsy speci-
mens from 22 SG, 30 AG, 24 AH and 34 GC tissues were
obtained from The Second Hospital of Shandong University
(Jinan, Shandong, China). All studies were reviewed and
approved by the Ethics Committee of Shandong University.
All the patients gave their informed consent prior to their
inclusion in the study. The tissues were kept at -80°C and used
for subsequent analysis.

Immunohistochemistry for TIPE2 protein expression.
Immunohistochemical analysis was performed according to
a previous study (12). Briefly, sections were thawed and fixed
in acetone for 10 min at 20°C, then rehydrated in 0.1 M phos-
phate-buffered saline (PBS) for 5 min. Next, the sections were
treated by blocking goat serum for 10 min, rabbit anti-TIPE2
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polyclonal antibody (dilution 1:50; Boster Co. Ltd., Wuhan,
China) for 60 min, and then with peroxidase-labeled goat anti-
rabbit IgG antibody (Maixin Bio, Fuzhou, China) for 15 min,
respectively, at room temperature. DAB peroxidase substrate
kit (Maixin Bio) was used to quantify the peroxidase. Finally
the sections were counter-stained with hematoxylin.
According to both staining intensity and percentage
of positive cells (H-score) (19), all slides were scored as:
staining intensity, 0, no staining; 1, weak staining; 2, moderate
staining; 3, strong staining; percentage of positive cells,
0, <1%; 1, 1-10%; 2, 10-25%;, 3, 25-50%; and 4, >50%. The
staining intensity multiplied by the percentage of positive cells
in each slide produced a final score of TIPE2 expression and
was graded as: 0, final score = 0; 1+, final score = 1-3; 2+, final
score = 4-6; 3+, final score = 7-9; and 4+, final score = 10-12.

Cell culture and transfection. Gastric adenocarcinoma cell
line AGS and BGC-823 were maintained in our laboratory.
AGS cells were cultured in Ham's F-12 medium (HyClone,
Logan, UT, USA) containing 10% fetal calf serum (FCS) and
1% penicillin-streptomycin. BGC-823 cells were cultured in
RPMI-1640 medium (Life Technologies, Foster City, CA, USA)
supplemented with 10% FCS (Tianhang Co. Ltd., Hangzhou,
China) and 1% penicillin-streptomycin. The full-length human
TIPE2 cDNA expression plasmid pRK5-tipe2 and control
plasmid pRK5-mock were kindly provided by Professor
Youhai Chen (University of Pennsylvania, USA) and were
previously described (12). FUGENEs HD Transfection Reagent
(Roche Applied Science, Basel, Switzerland) was used for
transfection. All transfections were performed according to
the manufacturer's instructions.

RNA extraction and quantitative real-time PCR. Total cellular
RNA was extracted with TRIzol (Life Technologies) according
to the protocol provided by the manufacturer. First-strand
cDNA was synthesized from 1 ug total cellular or tissue RNA
using the RevertAid™ First Strand ¢cDNA Synthesis kit
(Thermo Fisher Scientific, Waltham, MA, USA) with random
primers. Then cDNA was amplified for quantitative real-time
PCR, the specific primers used were as follows: for TIPE2
forward primer, 5'-CTGAGTAAGATGGCGGGTCG-3' and
reverse primer, 5"-TCTGGCGAAAGCGGGTAG-3'"; for
B-actin forward primer, 5'-~AGTTGCGTTACACCCTTTCT
TG-3' and reverse primer, 5'-CACCTTCACCGTTCCAGT
TTT-3"; for p27 forward primer, 5'-GGTTAGCGGAGCAAT
GCG-3' and reverse primer, 5“-TCCACAGAACCGGCATT
TG-3'; for human IRF4 forward primer, 5-AAAGGAAAGTT
CCGAGAAGG-3' and reverse primer, 5-CGAAGGGTAAGG
CGTTGT-3"; for mouse IRF4 forward primer, 5'-CTCTTCAA
GGCTTGGGCATT-3' and reverse primer, 5S“TGCTCCTTTT
TTGGCTCCCT-3". The real-time PCR reactions were
performed at: 95°C, 10 sec (denaturation); 55°C, 30 sec
(annealing); 72°C, 30 sec (extension) for 35 cycles. The
real-time PCR reactions were performed on the ABI 7000 Fast
Real-Time PCR system with SYBR Premix Ex Taq™
according to the procedures.

Western blot analysis. Western blot analysis was performed
as previously described (20). Briefly, cell lysates (20 pg/lane)
were separated on 10% SDS polyacrylamide gel and were then
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transferred to a poly(vinylidene fluoride) membrane. TIPE2
and IRF4 protein was detected by a rabbit polyclonal IgG
(Boster Co. Ltd.) and visualized by the enhanced chemilumi-
nescence system (Amersham, Arlington Heights, IL, USA).
The density of the bands was quantitated using the NIH image
software package (version 1.61). The intensity of TIPE2 and
IRF4 expression was judged by the ratio of their expression in
experiment groups to their corresponding expression in control
groups and a ratio of >1.0 was considered to be an indication
of overexpression.

Colony formation assay. Gastric cell line AGS cultured in a
6-well plate (2x10°/well) was transfected with pRK5-tipe2 and
its control plasmid pRK5-mock using the FuGENEs HD trans-
fection reagent (Roche Applied Science). After a certain time
of growth the cells were digested with trypsin and counted,
300 cells were transferred to a new well of a 6-well plate and
medium containing 10% fetal bovine serum (FBS) serum was
added to make up the volume of 3 ml. After a week's growth
at 37°C, the formation of cell clones could be visually seen.
After washing 3 times with PBS buffer, the cells were fixed for
10 min with 1 ml of methanol in each well at room tempera-
ture. Then, 1 ml diluted Giemsa dye was added to each well
and incubated at room temperature for ~20-25 min. Finally,
the wells were washed with PBS until no residual background
Giemsa dye was observed and the 6-well plate was scanned for
colony counting and analysis.

Microarray analysis. The microarray chip consisted
of 27,326 probes for different human cDNAs (Agilent
Technologies, Wilmington, DE, USA), in which house-keeping
gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
served as internal control. The cDNAs from pRKS5-tipe2
transfected AGS cells were labeled with Cy3, and the cDNAs
from the control pRK5-mock transfected AGS cells were
labeled with Cy5. The labeled cDNAs were hybridized with
microarray chip under standard conditions according to the
manufacturer's instructions. The data were analyzed by
Molecule annotation system 3.0.

SIRNA interference. Chemical modified stealth siRNA
targeting IRF4 and control siRNA were from RiboBio Co.,
Ltd. (Guangzhou, Guangdong, China). The sequence for IRF4
siRNA was 5-UGGAGCGUGAGAGUCAAAG-3'. Cells were
transfected with siRNA by the Lipofectamine 2000 method
(Life Technologies).

Statistical and data analyses. Data are expressed as
mean + standard deviation (SD). Differences between three
groups were compared using the Student's t-tests. All experi-
ments were repeated at least 3 times and p<0.05 was considered
statistically significant.

Results

TIPE?2 expression is negatively correlated with the progres-
sion of gastritis to cancer. To examine the expression pattern
of TIPE2 in serial clinical tissue with the development of GC
from gastritis, immunohistochemical analysis of TIPE2 protein
was performed in gastric tissues collected from patients with
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Figure 1. Expression levels of TIPE2 in gastric cells. Immunohistochemical
scores of TIPE2 were based on both staining intensity and percentage of
positive cells (H-score) in all slides. Staining was scored as follows: staining
intensity, 0, no staining; 1, weak staining; 2, moderate staining; 3, strong
staining. The percentage of positive cells was scored as follows: 0, <1%;
1, 1-10%; 2, 10-25%; 3, 25-50%; and 4, >50%. Staining intensity was mul-
tiplied by the percentage of positive cells for each slide to produce a final
H-score of TIPE2 expression (A). (B) The H-scores of (A) were graded:
0, H-score = 0; 1+, H-score = 1-3; 2+, H-score = 4-6; 3+, H-score = 7-9; and
4+, H-score = 10-12. Rabbit anti-TIPE2 polyclonal antibody (1:50 dilution)
was used for immunohistochemical analysis.

SG (22 patients), AG (30 patients), AH (24 patients) and GC
(34 patients). Each of these four diseases represents a stage
of GC progression. Immunohistochemistry scores were based
on both staining intensity and percentage of positive cells in
all of the slides (H-score). As shown in Fig. 1A and B, TIPE2
expression in SG tissues significantly differed from expres-
sion in AH (p=0.0118) and GC (p<0.0001) tissues. AG and
AH tissues also had verified levels of TIPE2 compared to GC
tissues (p<0.0001 and p=0.0203, respectively). The percentage
of highly scored slides (2+ and 3+) decreased in the following
order: SG, AG, AH and GC, whereas low scoring slides
(total score=0) increased in this order. These variations in
TIPE2 expression patterns with disease progression clearly
demonstrate that its expression is suppressed in deteriorating
gastritis and cancer tissues. Our finding, that TIPE2 expres-
sion is significantly negatively correlated with the progression
of gastritis to GC, further supports the theory that TIPE2 is
a molecular bridge from inflammation to cancer. Therefore,
TIPE2 plays a role in the prevention of GC progression and
may be a potential biomarker for GC progression.

TIPE?2 upregulates IRF4 expression in gastric epithelial cells.
To simulate TIPE2 expression in gastric cell lines and establish
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Figure 2. TIPE2 expression significantly suppresses proliferation of AGS
cells in a dose-dependent manner. (A) Colonies formed on agar; (B) quantifi-
cation of colonies on agar, p<0.01. Colony formation assays were performed
as described in Materials and methods. Experiments were performed in
triplicate with similar results.
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Figure 3. TIPE2 upregulates IRF4 expression in human and mouse cells.
(A) Microarray analysis of the genes related to TLRs pathway upon TIPE2
expression in AGS cells, IRF4 was demonstrated with >2-fold increase in
mRNA, as verified by (B) western blotting and (C) RT-qPCR. Microarray
was performed in duplicate; western blotting and RT-qPCR in triplicate with
similar results.
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Figure 4. Examination of TIPE2-induced IRF4 expression in TIPE2 knockout
mice disclosed downregulation of IRF4 in the stomach, kidney, heart and
lung. RT-qPCR were performed as described in Materials and methods.
Experiments were performed in triplicate.

its function in carcinogenesis, we transfected AGS cells with
the TIPE2 expression plasmid, pRK5-tipe2; our results proved
that the transfection efficiency was high under transfection
with up to 8 ug plasmid. As shown in Fig. 2A and B, cells
with restored TIPE2 expression had a significantly decreased
colony forming capability; thus, the number and colony size
were reduced compared to control cells transfected with mock
plasmid. This growth inhibition effect was also observed in
the BGC-823 gastric cell line.

To determine the molecular agents involved in TIPE2-
induced growth inhibition, cDNA microarray assays were
conducted to analyze changes in gene levels upon TIPE2
expression. IRF4 was among the top upregulated genes with
a >2-fold increase in expression, as confirmed by western blot
analysis and quantitative PCR (QPCR) (Fig. 3A-C). Moreover,
IRF4 mRNA and protein levels increased in a dose-dependent
manner upon transfection of the pRKS5-tipe2 plasmid in AGS
cells, consistent with the TIPE2 expression pattern. TIPE2-
induced IRF4 expression in TIPE2 knockout mice led to
downregulation of IRF4 in the stomach (Fig. 4). Similar results
were obtained from other organs of TIPE2 knockout mice.

Next, we determined whether AGS cell growth and
p27 expression level are modulated, concomitant with
TIPE2 administration and IRF4 interference. As shown in
Fig. 5A and B, cells transfected with the TIPE2 expression
plasmid and IRF4 siRNA showed restored colony forming
capacity and colony size. Knockdown of IRF4 protein was
verified in specific cells (Fig. 5C). Subsequently, expression
of p27 that TIPE2 selectively upregulated and takes control
of cell growth was investigated. The p27 mRNA level was
clearly decreased upon transfection of IRF4 siRNA (Fig. 5D).
These results suggest that IRF4 plays a role in p27 regulation,
and as such, is a critical mediator of TIPE2-induced growth
inhibition.

Pathways employed by TIPE?2 to regulate IRF4 expression.
Next, we explored the signaling pathways used by TIPE2 to
regulate IRF4, which plays a pivotal role in cell proliferation.
The small molecule inhibitors SB203580 (p38 inhibitor, 10 uM),
PD98059 (MEK inhibitor, 25 M), SP600125 (JNK inhibitor,
10 M), LY294002 (PI3K inhibitor, 40 M), curcumin (AP-1



2484

A cCtrl

w
o
(=]

J

40

20+

Colony-forming unit

0 T

ctrl pRK5-tipe2 siRNA IRF4

pRK5-tipe2 sSiRNA-IRF4 C

ONCOLOGY REPORTS 35: 2480-2486, 2016

pRK5-tipe2 siRNA-IRF4 MOCK

IRF4 e -
B-actin ey e -
D *%k
— 127 NS
Q
-] | I
ﬁ
g —

2 0.8+
£ :
E :
S : -
a 0.41
=
B
a
© *
0.04 b .
AGS TIPE2 CtrisiRNAIRF4 siRNA

Figure 5. Cells transfected with TIPE2 expression plasmid and siRNA showed restored colony forming capacity and colony size, as well as p27 expression.
(A) Cells transfected with TIPE2 expression plasmid and IRF4 siRNA showed restored colony forming capacity and colony size. (B) Quantification of (A).
(C) Knockdown of IRF4 protein was verified in AGS cells. (D) Cells transfected with TIPE2 expression plasmid and IRF4 siRNA abolished p27 expression.
siRNA interference, colony forming assay and western blotting were performed as described in Materials and methods. Experiments were performed in

triplicate with similar results.
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Figure 6. NF-xB pathway was employed by TIPE2 to regulate IRF4 expres-
sion. (A) The small molecule inhibitors: 1, control; 2, SB203580 (p38 inhibitor,
10 pM); 3, PD98059 (MEK inhibitor, 25 pM); 4, SP600125 (JNK inhibitor,
10 uM); 5,L.Y294002 (PI3K inhibitor, 40 uM); 6, SB431542 (TGF inhibitor,
10 #uM); 7, curcumin (AP-1 and NF-«xB inhibitor); and 8, BAY11-7082 (NF-xB
inhibitor, 4 #M) were employed for intervention in potential TIPE2-induced
pathways involving IRF4 expression. TIPE2-induced IRF4 expression in
AGS cells was significantly suppressed upon treatment with the NF-xB
signaling pathway inhibitors BAY11-7082 and curcumin. (B) Variations in
NF-kB-dependent transcription in AGS cells were assessed with the NF-xB
luciferase reporter assay, our results showed that NF-«xB activity is increased
in AGS cells.

and NF-«xB inhibitors), BAY11-7082 (NF-kB inhibitor, 4 xM)
and SB431542 (TGFp inhibitor, 10 uM) were employed for
intervention in potential TIPE2-induced pathways involving
IRF4 expression. Notably, TIPE2-induced IRF4 expression in
AGS cells was significantly suppressed upon treatment with
BAY11-7082 and curcumin, whereas no obvious effects were
observed with the other inhibitors (Fig. 6A). These results

are consistent with previous finding that IRF4 expression
is positively regulated by the NF-xB pathway. Variations in
NF-kB-dependent transcription in AGS cells were further
assessed with the NF-kB luciferase reporter assay (Fig. 6B).
Our results showed that NF-«xB activity increased in AGS cells
in response to changes in TIPE2 expression.

These findings collectively indicate that in AGS cells, acti-
vation of the NF-kB pathway is involved in TIPE2-induced
IRF4 expression. Although the precise pathway responsible for
maintaining NF-kB activity upon TIPE2 expression remains
unknown, we propose that restoration of TIPE2 activity may
contribute, at least in part, to the initiation of IRF4 expression.

Discussion

To reduce mortality and improve the effectiveness of
therapy, numerous studies have tried to find key biomarkers.
Biomarkers are important molecular signposts of the biologic
state of a cell at a specific condition, which play crucial roles
in a number of processes important for tumor progression
such as cell proliferation, motility, adhesion, invasion, survival
and angiogenesis (21-25). TIPE2 induces cell death and
inhibits tumor formation, providing a molecular bridge from
inflammation to cancer. Zhang et al initially reported TIPE2
expression in several types of non-immune cells including the
lung, stomach and liver (12). Separate studies in patients with
systemic lupus erythematosus, chronic hepatitis B and chronic
hepatitis C have shown significantly reduced levels of TIPE2
in peripheral blood mononuclear cells, compared to those
in healthy individuals (10,13,14,26). Our previous RT-qPCR
and western blot results showed that TIPE2 upregulated p27
protein expression in AGS cells, this variation was verified in
tumor tissues as well as by siRNA interference studies. Our
present study disclosed variations in TIPE2 levels at different
stages of gastritis progression and gastric cancer (GC) devel-
opment, with a trend towards decreasing expression in the
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order of SG, AG, AH and GC. Based on these findings, we
speculate that TIPE2 may be useful as a potential biomarker
for GC progression, and therefore as a tool for the prevention
of GC.

IRF4 is predominantly expressed in the immune system
and plays an important role in its development and func-
tion (27,28). IRF4 can function either as a transcriptional
activator or repressor, depending upon its interactions with
different transcription factors or DNA-binding domains on
specific promoters (28). The enhanced understanding of the
functional roles of IRF4 is dependent on the identification
of genes that are uniquely regulated by the transcription
factor. As IRF4 mRNA is induced upon TLR activation,
IRF4 appears to participate in negative regulation of TLR
signaling. IRF4 plays a significant role in disease progres-
sion and pathology under specific conditions. A recent study
by Jo and Ren revealed that IRF4 functions as a tumor
suppressor in bone marrow cells deficient in MyD88, an
IRF4-interacting protein located in the cytoplasm (29). The
tumor suppressor activity of IRF4 was lost in IRF association
domain (IAD) deletion mutants, demonstrating that IRF4
suppresses BCR/ABL transformation through a novel cyto-
plasmic function involving its IAD domain (29). Additionally,
Pathak et al (17) reported that c-Myc-induced leukemia
is greatly accelerated in IRF4 heterozygous mutant mice,
providing evidence that IRF4 functions as a classical tumor
suppressor gene to inhibit c-Myc-induced leukemogenesis.
The group further showed that deficiency of IRF4 acceler-
ates loss of p27kip in EuMyc mice. Reconstitution of IRF4
in leukemic cells restored p27kip expression in leukemic
cells and inhibited proliferation in vivo. Our experiments
demonstrated that TIPE2 triggers a p27-associated signaling
cascade that leads to restoration of control of the cell cycle
and cell division. Association of IRF4 with p27 may therefore
provide mechanistic links between IRF4 and cell prolifera-
tion inhibition.

NF-kB plays a key role in regulation of IRF4 expres-
sion. Previous studies have established that NF-xB is an
upstream molecule of IRF4 that binds to its promoter and
regulates expression. Wang er al reported that the IRF4
expression is initiated by TNFa/NF-kB signaling, suggesting
that viral infection is inhibited through modulation of this
pathway (30). Grumont and Gerondakis reported a novel
mechanism in which Rel/NF-«xB represses the transcription
of IFN-regulated genes in a cell type-specific manner (31).
Moreover, Sharma et al (32) observed that IRF4 expression in
HTLV-1-infected cells is driven through activation of NF-kB
and NF-AT pathways. In the present study, expression of IRF4
was significantly decreased upon blockage of the NF-xB
pathway. Furthermore, the NF-kB luciferase reporter assay
revealed that NF-kB activity is slightly increased in AGS cells
consistent with the results of Sharma et al (32).

In conclusion, TIPE2 acts as an inhibitor of GC cell
growth and triggers an IRF4-associated signaling cascade
that restores control of cell proliferation. Our study revealed a
novel molecular mechanism by which TIPE2 regulates gastric
cell proliferation. To the best of our knowledge, this is the first
report of IRF4 as an inhibitor of epithelial cell proliferation
and mediator of another negative TLR signaling regulator,
TIPE2 to control cell growth.
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