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Tumor necrosis factor a-induced protein 8-like 1 promotes
apoptosis by regulating B-cell leukemia/lymphoma-2
family proteins in RAW264.7 cells
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Abstract. Although the newly identified protein tumor necrosis
factor a-induced protein 8-like 1 (TNFAIPSLI1), also known
as TIPE1, has been reported to be able to induce apoptosis
in human hepatocellular carcinoma cells, the involvement
of TIPEI in apoptosis remains to be elucidated. The present
study investigated the pro-apoptotic effect of TIPEI in an
murine macrophage cell line, RAW264.7. The cell apoptosis
rate was detected by flow cytometry. The results revealed that
overexpressed TIPEI could directly enhance the apoptosis and
the cisplatin-induced cell death of RAW?264.7 cells in vitro.
Meanwhile, TIPE1 overexpression could suppress tumor
growth in vivo. Furthermore, western blotting revealed that
overexpressed TIPE1 could upregulate the expression of B-cell
leukemia/lymphoma (Bcl)-2 associated X protein (Bax), Bcl-2
interacting killer (Bik) and p53 upregulated modulator of
apoptosis (Puma), and activate the mitogen activated protein
kinases (MAPKs) signaling pathway. However, western blot-
ting demonstrated that inhibitors of the MAPKs pathway
could not decrease the expression of Bax, Bik or Puma. These
results indicated that TIPEL could promote the apoptosis of
RAW264.7 cells by upregulating the pro-apoptotic members
of the Bcl-2 family of proteins, and that the MAPKSs signaling
pathway was not involved in the pro-apoptotic effect of TIPEI.
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Introduction

It is generally accepted that certain death effector domain
(DED)-containing proteins are involved in the progression of
apoptosis and cell activation (1). Due to their similar protein
structures, Sun et al (2) identified four members of the tumor
necrosis factor a-induced protein-8 (TNFAIPS, also known as
TIPE) family, named TIPE, TIPE1, TIPE2 and TIPE3. There
are at least two members of the protein family that have been
identified to have a DED-like domain (2,3). However, these two
proteins separately presented opposite functions in terms of
cell death (2,3). Previous studies have demonstrated that TIPE
is an oncogene, and overexpressed TIPE in cells can reduce
cell death in vitro and increase tumor growth in vivo (4,5). By
contrast, TIPE2, a negative regulator of innate and adaptive
immunity, has been demonstrated to be an inhibitor of Ras and
to have a pro-apoptotic ability (2,6,7).

However, few studies have been reported about the
functions of TIPEI, another member of the TIPE family.
Cui et al (8) observed that TIPEI was expressed in a wide
variety of mouse tissues and human carcinoma cell lines,
suggesting that TIPEl may be involved in cell secretion
and carcinogenesis. Hitomi et al (9) used a genome small
interfering RNA approach to predict that TIPE1 is required
for N-benzyloxycarbonyl-Val-Ala-Asp-fluoromethylketone
(zVAD, an inhibitor of caspase)- or TNFa-induced necrosis
in L929 cells, as well as for TNFa/cycloheximide-induced
apoptosis in NIH 3T3 cells. Recently, Zhang et al (10) demon-
strated that TIPE1 overexpression in H22 cells could inhibit
tumor growth in vivo, and TIPEI could inhibit the Ras-related
C3 botulinum toxin substrate 1 (Racl)-p65-c-Jun N-terminal
kinase (JNK) pathway activation to promote apoptosis in
human hepatocellular carcinoma (HCC) cells. Since TIPE] is
expressed in numerous tissues and cell lines, the physiological
function and the role in cell death of TIPEI on the cells of
different tissue sources remain to be elucidated.

In present study, a murine macrophage cell line, RAW264.7,
was used to investigate the apoptotic function of TIPEL. Our
results demonstrated that TIPE1 could promote the apoptosis
of RAW264.7 cells by upregulating the pro-apoptotic members
of the B-cell leukemia/lymphoma (Bcl)-2 family of proteins,
and that sustained activation of the mitogen activated protein
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kinases (M APKs) signaling pathway was not involved in the
process.

Materials and methods

Reagents. The Annexin V/PI Apoptosis Detection kit
was purchased from Nanjing KeyGen Biotech Co., Ltd.
(Nanjing, China). Cisplatin [cis-diamminedichloroplatinum IT
(DDP)] was obtained from Calbiochem (EMD Millipore,
Billerica, MA, USA). Dulbecco's modified Eagle medium
(DMEM) and fetal bovine serum (FBS) were acquired from
HyClone (GE Healthcare Life Sciences, Logan, UT, USA).
TaKaRa Taq DNA Polymerase, RNAiso Plus and Prime-
Script Reverse Transcriptase were purchased from Takara
Biotechnology Co., Ltd. (Dalian, China). Rabbit anti-mouse
antibodies against (Bcl)-2 associated X protein (Bax; #2722;
1:1,000), Bcl-2 interacting killer (Bik; #4592; 1:1,000), p53
upregulated modulator of apoptosis (Puma; #7467; 1:1,000),
Bcl-extra large (x1; #2764; 1:3,000), Bcl-2 (#3498; 1:1,000),
phospho-extracellular signal-regulated kinase (Erk) 1/2 (#4370;
1:1,000), phospho-p38 (#9212; 1:1,000) and phospho-JNK
(#9251; 1:1,000), as well as U0126 (#9903), SB203580 (#5633)
and SP600125 (#8177), were purchased from Cell Signaling
Technology, Inc. (Danvers, MA, USA). Rabbit anti-mouse anti-
body against TIPE1 (#SAB2102488; 1:1,000) was purchased
from Sigma-Aldrich (Merck Millipore, Darmstadt, Germany).

Cell line and culture. RAW264.7 cells with stably transfected
MigR1 or MigRI1-TIPEI vector were obtained from Professor
Yuhai Chen (University of Pennsylvania School of Medicine,
Philadelphia, PA, USA). Cells were cultured in DMEM supple-
mented with 10% FBS, 100 ug/ml streptomycin and 100 U/ml
penicillin. All cell cultures were maintained at 37°C under
95% relative humidity and 5% carbon dioxide.

Animals. Athymic mice (female, 6-week-old, ~20 g, n=20)
were purchased from the Shanghai Laboratory Animal Center
of Chinese Academy of Sciences (Shanghai, China) and kept
at the Animal Center of Xiamen University (Xiamen, China).
Mice were housed in a controlled environment and provided
with standard rodent food and water. The present study was
approved by the Review Board of Medical College at Xiamen
University and was performed in compliance with regulations
of Xiamen University on experimental animals.

Analysis of gene expression. Total RNA of cells was isolated
using RNAiso Plus. For each sample, 2 ug of RNA was
subjected to reverse transcription (RT) using PrimeScript
Reverse Transcriptase. The complementary DNA was ampli-
fied by polymerase chain reaction (PCR) with TaKaRa Taq
DNA Polymerase according to the manufacturer's protocol
(95°C for 5 min followed by 35 cycles of 95°C for 30 sec, 60°C
for 30 sec and 72°C for 30 sec, and 72°C for 5 min), using a
QX200 Droplet Digital PCR system (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). The PCR products were analyzed on
2% agarose gel electrophoresis and visualized with ethidium
bromide. 3-actin was used as an internal control. The sequences
of the primers used are as follows: [3-actin sense 5'-CATCCG
TAAAGACCTCTATGCCAAC-3' and antisense 5-ATGGAG
CCACCGATCCACA-3"; and TIPEI sense 5-GCCCTGCAG
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GCCCAGAAGAAG-3" and antisense 5-GCTTCACAGCCA
CCTTCACCAGG-3'.

Apoptosis assay. Cell apoptosis assays were conducted as
previously reported (11). Briefly, for determining the apoptosis
rates of TIPEl-overexpressing cells, 8x10* RAW264.7 cells
were seeded in 24-well plates and treated with or without
1 pug/ml cisplatin (DDP) for 20 h. Next, all cell samples
were removed by trypsinization, and the removed cells were
rinsed with phosphate-buffered saline (PBS) and stained
with annexin V-allophycocyanin and propidium iodide (PI)
in binding buffer for 20 min at room temperature. Then, the
cells were washed once with PBS, and flow cytometry was
performed with BD FACSCalibur (BD Biosciences, San Jose,
CA, USA). Data were analyzed with CellQuest Pro 5.1 soft-
ware (BD Biosciences).

Tumor growth assay. Tumor implantation experiments
were conducted as described previously (12). Briefly, every
mouse was challenged with 2x10° RAW264.7-TIPEI or
RAW264.7-MigR1 cells through subcutaneous injection in the
back. In total, 10 mice were injected with RAW264.7-MigR1
cells (control cells) and 10 mice were injected with
RAW264.7-TIPEI cells (TIPEl-overexpressing cells). The
tumor volume was measured every 2 days from day 5 to
day 15. The three major axes (a, b and c¢) of the tumors were
recorded, and tumor volumes were then calculated using the
formula abc/2 as reported (4). The mice were sacrificed on
day 15, when the tumors' longest dimension reached a length
of 1.0 cm. Then, tumor weights were recorded.

Western blot analysis. Proteins were extracted in lysis buffer
as previously described (11). Briefly, cells were lysed with
radioimmunoprecipitation assay buffer, and protein lysates
were electrophoresed on 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis prior to be transferred to
polyvinylidene difluoride (PVDF) membranes (Merck
Millipore). The PVDF membranes were incubated with the
corresponding primary monoclonal antibodies overnight at
4°C, followed by incubation with the secondary antibodies for
2 h at room temperature and detection with enhanced chemilu-
minescence (Merck Millipore). 3-actin was used as a loading
control.

Statistical analysis. Unpaired two-tailed Student's ¢-test was
performed with GraphPad Prism 5 (GraphPad Software, Inc.,
San Diego, CA, USA). P<0.05 was considered to indicate a
statistically significant difference.

Results

TIPEI overexpression promotes the apoptosis of RAW264.7
cells. Endogenous and exogenous expression of TIPEI in
RAW264.7 cells was verified by RT-PCR. As shown in
Fig. 1, RAW264.7 cells could express endogenous TIPEI,
and the messenger RNA level of TIPE1 was much higher in
TIPEl-overexpressing cells (RAW?264.7-TTPE1) than in control
vector-expressing cells (RAW264.7-MigR1). Overexpression
of TIPE1 was also verified by western blotting (Fig. 1B).
Since interference of TIPE1 RNA expression prevents NIH
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Figure 1. Expression of TIPE1 in RAW264.7 cells. (A) Endogenous and
overexpressed TIPEl in RAW264.7 cells was determined by reverse
transcription-polymerase chain reaction. (B) Overexpression of TIPEI
was detected by western blotting. f-actin was used as a loading control.
RAW264.7-MigR1, control vector-expressing cells; RAW264.7-TIPEI,
TIPEl-overexpressing cells; TIPEI, tumor necrosis factor a-induced protein
8-like 1.

3T3 cells (a standard fibroblast cell line) from zVAD-induced
apoptosis (9), and TIPE1 overexpression could induce apop-
tosis of Bel7402 cells (an HCC cell line) (10), the present study
investigated whether TIPE1 overexpression could directly
affect RAW?264.7 cell apoptosis. Flow cytometry analysis with
annexin V and PI was used to detect the apoptosis of cells.
The results indicated that the apoptosis rates were relatively
enhanced by TIPEI, from 5.6 to 11.4% (Fig. 2, P<0.001).
Meanwhile, 1 yg/ml cisplatin (DDP), an anti-tumor medicine
involving the mitochondrial pathway of apoptosis and causing
DNA damage (13), was used to induce cell death in RAW264.7
cells. TIPEl-overexpressing cells also exhibited significantly
increased apoptosis rates (38.1%) compared with control cells
(24.0%) upon DDP stimulation (Fig. 2, P<0.001). These results
suggested that overexpressed TIPEI could induce apoptosis
and enhance the sensitivity of DDP-induced cell death in
RAW264.7 cells in vitro.

TIPEI overexpression suppresses tumor growth in vivo.
Since TIPE1 was capable of affecting apoptosis in RAW264.7
cells in vitro, it was hypothesized that the growth of tumors
in vivo could be suppressed by TIPEl overexpression. To
test this hypothesis, RAW264.7 cells with or without TIPE1
overexpression were injected subcutaneously into athymic
mice. As shown in Fig. 3, TIPEl-overexpressing RAW?264.7
cells exhibited a remarkably decreased tumor growth as
compared with control cells from day 11 to day 15. In addition,
the tumor weights were also significantly suppressed by TIPE1
overexpression (day 15: RAW264.7-MigR1, 0.20+0.10 g
vs. RAW264.7-TIPEl, 0.05+0.02 g, P<0.001). These results
indicated that TIPEI could inhibit tumor growth in vivo by
inducing apoptosis.

TIPE] overexpression influences the protein expression levels
of the Bcl-2 family to promote apoptosis. Since the intrinsic
apoptotic pathway could be initiated by DNA damage (14,15),
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our in vitro studies (Fig. 2) strongly suggest that TIPE1
promotes apoptosis of RAW264.7 cells by regulating the
mitochondrial pathway. It could be assumed that Bcl-2 family
proteins, which are important regulators of the mitochondrial
pathway of apoptosis, may be involved in the overexpressed
TIPEl-induced apoptosis of RAW264.7 cells (16). Bax, Bik
and Puma, the pro-apoptotic members of the Bcl-2 family of
proteins (16-19), were analyzed by western blotting. Fig. 4A
indicates, as expected, that when TIPEl was overexpressed
in RAW264.7 cells, the expression of Bax, Bik and Puma
increased distinctly. According to a previous report (10),
TIPEI could inhibit the expression of Bcl-2, an important
proliferation regulator of the Bcl-2 family (16), in HCC cells.
Considering that Bcl-xI is another key regulator of anti-apop-
totic members of the Bcl-2 family (20), both Bcl-2 and Bcel-x1
levels were analyzed by western blotting. As show in Fig. 4B,
contrarily to previous results (10), overexpressed TIPE1 did
not influence the level of Bcl-2 in RAW246.7 cells, but slightly
enhanced Bcl-xl expression. These results indicated that
TIPEI overexpression could affect the mitochondrial pathway
of apoptosis by regulating the pro- and anti-apoptotic proteins
of the Bcl-2 family.

TIPEI overexpression activates the MAPKs signaling
pathway. A previous study reported that TIPE] could inhibit
the JNK phosphorylation induced by Racl (10). The activation
of MAPKs is involved in numerous aspects of the regulation
of cellular proliferation and apoptosis (21,22). Therefore, the
effects of TIPEI overexpression on the MAPKs signaling
pathway was examined. Western blot analysis revealed that
the phosphorylation levels of Erk1/2, p38 and JNK were all
enhanced by TIPEI overexpression (Fig. 5A). To gain insight
into the association between the activated MAPKs pathway
and upregulated Bcl-2 family proteins, TIPEl-overexpressing
RAW?264.7 cells were treated with the inhibitor of the Erk1/2
(U0126), p38 (SB203580) or JNK (SP600125) signaling
pathway, respectively, and then Bax, Bik, Puma and Bcl-xl
levels were assessed by western blotting. As shown in Fig. 5B,
unexpectedly, the expression of Bax, Bik and Puma was not
decreased but slightly enhanced by U0126, SB203580 and
SP600125, respectively. Meanwhile, Bcl-x1 expression was also
slightly increased by SB203580 and SP600125, while U0126
did not influence its expression. These findings suggested that
the sustained MAPKSs activation did not contribute to the
upregulation of the Bcl-2 family proteins induced by TIPE1
overexpression.

Discussion

The present study has demonstrated that overexpressed TIPE1
could promote RAW?264.7 cell apoptosis in vitro and inhibit
tumor growth in vivo. These phenomena are consistent with
the fact that TIPEI overexpression can induce apoptosis and
suppress tumor growth in human HCC cells (10). However,
compared with HCC cells, TIPE1 overexpression in RAW264.7
cells did not reduce the Bcl-2 levels and had no influence on
its expression. At the same time, Bcl-x1 was slightly increased
by TIPEI. Bcl-xI and Bcl-2 are multi-Bcl-2 homology (BH)
domain proteins of the Bcl-2 family (16). Considering that
Bcl-x1but not Bcl-2 level was changed by TIPE1 overexpression,
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Figure 2. TIPEI overexpression promotes apoptosis in RAW264.7 cells. RAW264.7 cells were treated with or without 1 zg/m1 DDP for 20 h, and the apoptosis
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rates were increased by TIPEI overexpression. The results represent the mean + standard deviation of three separate experiments (" P<0.001). TIPEI, tumor
necrosis factor a-induced protein 8-like 1; PI, propidium idoide; DDP, cis-diamminedichloroplatinum II.
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Figure 3. TIPEI overexpression inhibits tumor growth in vivo. Image of athymic mice with tumors of (A) RAW264.7-MigR1 and (B) RAW264.7-TIPEI1.
(C) Tumor volumes were examined every 2 days from day 5 after tumor transplantation to day 15. Data are shown as the mean =+ standard error of the mean.
(D) Tumor weights were recorded at day 15 subsequent to athymic mice being sacrificed (“"P<0.001,n=10). Dot represents single tumor weight. Data are shown
as the mean + standard deviation. TIPE1, tumor necrosis factor a-induced protein 8-like 1.

Bcl-x] may be the most important anti-apoptotic protein in
RAW264.7 cells. On the other hand, it was observed that
TIPEI upregulated pro-apoptotic proteins, including Bax, Bik
and Puma, in RAW?264.7 cells. These BH-only domain Bcl-2

family proteins, Bik and Puma, could bind and neutralize
the pro-survival function of Bcl-xl and Bcel-2 (16,23,24).
Compared with Bcl-2, Bik has a higher binding affinity for
Bcl-xI, while Puma has nearly similar abilities to bind these
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Figure 4. Bcl-2 family proteins expression is influenced by TIPE] overexpression. The expression of pro- or anti-apoptotic proteins of the Bcl-2 family in
RAW?264.7 cells was determined by western blotting. (A) TIPEI could increase the expression levels of Bax, Bik and Puma in RAW264.7 cells. (B) The expres-
sion of Bcl-x1 in RAW264.7 cells was slightly increased by TIPEI overexpression, but Bcl-2 expression was not influenced by TIPEI overexpression. f-actin
was used as a loading control. TIPEL, tumor necrosis factor a-induced protein 8-like 1; Bcl-2, B-cell leukemia/lymphoma-2; Bax, Bcl-2 associated X protein;
Bik, Bcl-2 interacting killer; Puma, p53 upregulated modulator of apoptosis; Bcl-x1, Bel-extra large.
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Figure 5. Continuously activated mitogen activated protein kinases signaling pathway did not contribute to the upregulation of the Bcl-2 family of proteins induced
by overexpressed TIPEL. (A) Overexpressed TIPE] enhanced the phosphorylation levels of Erk1/2, p38 and JNK in RAW264.7 cells. (B) RAW264.7-TIPEI1
cells were treated with U0126 (10 xM), SB203580 (10 M) or SP600125 (5 uM) for 15 h, and the levels of Bax, Bik, Puma or Bcl-xI were not reduced by the
inhibitors. 3-actin was used as a loading control. TIPEI, tumor necrosis factor a-induced protein 8-like 1; p, phosphorylated; Erk, extracellular signal-regulated
kinase; JNK, c-Jun N-terminal kinase; Bax, Bcl-2 associated X protein; Bik, Bcl-2 interacting killer; Puma, p53 upregulated modulator of apoptosis; Bel-x1,

Bcl-extra large; Bcl, B-cell leukemia/lymphoma.

two pro-survival Bel-2 family proteins (23). In addition, Puma
and Bik can also directly activate Bax, a multi-BH domain
Bcl-2 family protein and a key pro-apoptotic effector in the
mitochondrial pathway to trigger apoptosis (17,25,26). It has
been reported that when Bax and Bcl-x1 are both upregulated,
the cells exhibit a higher apoptosis rate than control cells (17).
Thus, we propose that upregulated Bik and Puma could
neutralize the pro-survival function of increased Bcl-xl, and
that increased Bax could also overcome the anti-apoptotic
ability of Bcl-xl while being activated by Bik and Puma to
promote apoptosis in TIPEI-overexpressing RAW264.7 cells.

It has been reported that TIPEl could inhibit the
Racl-induced JNK activation in HEK293 cells (10).
Contrarily to this report, the present study revealed that
MAPKSs, including JNK, were constantly activated by TIPE1
overexpression in RAW264.7 cells. Erk, p38 and JNK could
regulate mitochondrial functions, including the levels of Bcl-2
family proteins, to influence apoptosis progression (27-30).
However, the present study demonstrated that the expression

of pro-apoptotic proteins (Bax, Bik and Puma) could not be
reduced by inhibiting Erk1/2, JINK or p38 activation, and
the pro-survival factor Bcl-x1 was also enhanced. These
phenomena indicated that MAPKs activation is not involved
in the TIPEI pro-apoptotic function. Notably, it is known
from a previous study that overexpressed TIPE2, another
pro-apoptotic member of the TNFAIPS family, could also
constantly activate p38 (31). Besides its pro-apoptotic func-
tion, TIPE2 is also an important negative regulator in innate
and adaptive immunity, which could influence the expres-
sion of several cytokines by negatively regulating JNK and
p38 activation in various types of immune cells, including
the macrophage cell line RAW264.7 (2,7,32). TIPE, another
member of the TNFAIP8 family, has also been reported as
a regulator of the inflammatory cytokine interleukin-1f in
RAW264.7 cells (33). Similarly, total or partial activation of
Erk1/2, JNK and p38 could be observed in immune-related
functions in macrophages (including RAW264.7 cells); thus,
inhibiting the activation of these MAPKs proteins could
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decrease the expression of various cytokines (34-37). In the
present study, TIPE1 was overexpressed in RAW264.7 cells;
thus, the phenomenon of sustained MAPKSs activation could
possibly indicate certain immune-related function of TIPEI.

In conclusion, the present study demonstrated that TIPE1
overexpression could promote apoptosis in RAW264.7 cells
and inhibit tumor growth in athymic mice. Overexpressed
TIPEI influenced the intrinsic apoptosis pathway by regulating
the expression levels of pro- and anti-apoptotic factors of the
Bcl-2 family of proteins, and sustained MAPKs activation
did not contribute to the pro-apoptotic progression. Our study
supports the idea that TIPEI is a pro-apoptotic factor. Further
studies are required to understand how TIPEI regulates cell
death.
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