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A B S T R A C T

Tumor necrosis factor alpha-induced protein 8-like 3 (TIPE3) is closely related to tumourigenesis and devel-
opment. However, its role in human glioblastoma (GBM) and the underlying mechanisms remain unclear. In this
study, we demonstrate that TIPE3 is upregulated in GBM, and its high expression predicts poor prognosis. TIPE3
depletion induces GBM cell apoptosis both in vitro and in vivo. Mechanism studies reveal that TIPE3 inhibits p38
phosphorylation and negatively regulates the p38 MAPK pathway. TIPE3 associates with p38. The nuclear
translocation of p38 is blocked by TIPE3 overexpression. And p38 phosphorylation could regulate TIPE3-
mediated p38 nuclear-cytopalsmic translocation but does not affect TIPE3-p38 association. Rescue experiments
confirm that TIPE3 inhibits GBM cell apoptosis via the p38 MAPK pathway. In conclusion, TIPE3 inhibits p38
phosphorylation and blocks p38 nuclear translocation. This action thus negatively regulates the p38 MAPK
pathway and results in GBM cell survival.

1. Introduction

Glioblastoma (GBM) is the most common and lethal primary brain
tumour in adults. Although the standard therapeutic strategy, which
includes surgery, chemotherapy and radiotherapy, is widely used, the
median survival remains ∼15 months [1,2]. This short survival time is
attributed mainly to the highly mutated genome of GBM [3]. The
comprehensive result of these genetic alterations is deregulated cell
survival and death signalling pathways [4]. Therefore, there is an in-
creasing need for investigating the mechanisms underlying the devel-
opment and progression of GBM.

Tumor necrosis factor alpha-induced protein 8-like 3 (TIPE3, also
known as TNFAIP8L3) is a newly identified member of the TNFAIP8
family [5]. Previous studies have shown that TIPE3 contains 7 highly
conserved alpha helices (α0∼α6) and a hydrophobic cavity and is the
transfer protein of phosphoinositide second messengers, which promote
cancer [6]. Moreover, the TH domain of TIPE3 which contains 7 alpha
helices is responsible for its lipid binding ability and subsequent AKT
signalling activation, and the molecular alteration of TH domain af-
fected its lipid binding activity and signalling transduction. TIPE3 is
detectable in a wide range of human organs and is highly upregulated
in several types of human cancer tissue, including oesophageal, lung,

cervical, breast and colon tissue [6–9]. TIPE3 reportedly accelerates
breast cancer metastasis by activating the AKT and NF-κB signalling
pathways [8]. Fayngerts et al. found that TIPE3 promoted the growth
and tumourigenesis of NIH3T3-HRasV12 cells through the PI3K-AKT
and MEK-ERK pathways [6]. Interesting, it is reported that TIPE3
promotes the proliferation and migration of non-small cell lung cancer
cells depending on its localization on plasma membrane, while cyto-
plasmic TIPE3 may exert a opposite effect [10]. Liu et al. found that
TIPE3 hypermethylation correlates with worse prognosis and promotes
tumor progression in nasopharyngeal carcinoma [11]. In a word, the
function of TIPE3 is novel and rarely investigated. Moreover, the ex-
pression pattern and the role of TIPE3 in GBM remains unclear.

p38 MAPK is a crucial transducer of cellular stress signalling that
consequently controls the balance between cell death and survival
[12–14]. p38 signal activation is achieved via a cascade of phosphor-
ylation events, including upstream MAP kinase kinase 3/6 (MKK3/6)
[15]. Dual Thr180 and Tyr182 phosphorylation at the conserved TGY
motif leads to p38 activation [16]. Hence, this phosphorylation is
widely considered as a marker for p38 activation. Upon activation,
phosphorylated p38 can activate many substrates, which include tran-
scription factors, protein kinases, cytosolic and nuclear proteins [17], to
exert subsequent downstream biological effects. As for the regulation of
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cell death, phosphorylated p38 activates transcription factors such as
MEF2, ATF1 and CHOP, and the activation of these transcription factors
lead to activation of cell death signals [17]. P38 MAPK is reported to be
a proapoptotic inducer upon chemotherapy in many cancers [18], and
its activation facilitate pro-apoptotic signalling cascades. Cyclopho-
sphamide can induce apoptosis by activating p38 MAPK pathway in
breast cancer [19]. The activation of p38 was reported to facilitate
apoptotic pathway by inhibiting the expression of Bcl-2 in hepatoma
[20]. It is reported that phosphorylated p38 can phosphorylate tran-
scription factor MEF-2, resulting in mitochondrial depolarization and
apoptosis [21]. When it comes to autophagy, p38 MAPK was reported
to be a critical regulator of the balance between apoptosis and autop-
hagy induced by 5-fluorouracil [22]. However, the role of p38 in cancer
is complicated, and appears to be influenced by several factors, such as
cell type, the extent of activation. In GBM, previous research has de-
monstrated that the p38 MAPK pathway plays a key role in the process
of glioblastoma cell death induced by autophagy inhibitors and temo-
zolomide [13]. Gao et al. found that the activation of p38 MAPK
pathway mediates TNF-α-induced apoptosis in glioma [23]. The p38
MAPK pathway reportedly mediated Juglone-induced apoptosis in
glioma stem-like cells [24]. P38 is usually considered as a pro-apoptotic
inducer, but the inactivation of p38 MAPK was reported to inhibit to
glioma cell invasion [25]. It reminds us that p38 MAPK may function in
a cell type specific and context-dependent manner. Despite the critical
role of p38 MAPK in GBM, its underlying mechanism remains to be fully
elucidated.

In this study, we identify a novel role of TIPE3 as a regulator of
apoptosis in GBM. We demonstrated that TIPE3 depletion induced GBM
cell apoptosis both in vitro and in vivo. Mechanistically, TIPE3 inhibits
p38 phosphorylation. TIPE3 associates with p38. The nuclear tranlo-
cation of p38 is blocked by TIPE3 overexpression. The phosphorylation
status of p38 is a critical regulator for TIPE3-mediated p38 nuclear-
cytoplasmic translocation, but the phosphorylation of p38 is not re-
quired for the association between TIPE3 and p38. This effect nega-
tively regulated the p38 MAPK signalling pathway and resulted in GBM
cell survival.

2. Materials and methods

2.1. Bioinformatics

TIPE3 expression profiles in various human cancers was analyzed
from TCGA database. Survival analysis (from the dataset “TCGA_GBM”)
and Pearson correlation analysis (from the dataset “Bao”) were carried
out by the GlioVis portal (http://gliovis.bioinfo.cnio.es) [26]. Gene set
enrichment analysis (GSEA) was used to analyse the potential genes
influenced by TIPE3, and this data (GSE4290) was downloaded from
the Gene Expression Omnibus (GEO).

2.2. Human tissue samples

Human glioma and non-glioma tissues were collected from the
Department of Neurosurgery, Renmin Hospital of Wuhan University,
Wuhan, China. Non-glioma tissues were collected during surgery of
severe traumatic brain injury after informed consent from the patients
who needed post-trauma surgery. And the clinical glioma specimens
were examined and diagnosed by pathologists at Renmin Hospital of
Wuhan University. Tissue procurement and use in this study were
performed with written patient informed consent and approved by the
Institutional Ethics Committee of the Faculty of Medicine at Renmin
Hospital of Wuhan University (approval number: 2012LKSZ (010) H).

2.3. RNA extraction and quantitative real-time PCR

Total RNA was extracted using Trizol reagent (Invitrogen, USA), and
cDNA was synthesized using a PrimeScript RT Reagent Kit with gDNA

Eraser (RR047A, Takara, Japan). Quantitative real-time PCR (qPCR) for
TIPE3 mRNA levels was performed using SYBR® Premix Ex Taq™ II
(RR820A, Takara) according to the manufacturer's instructions and an
Applied Biosystems® 7500 Real-Time PCR System (Thermo Fisher
Scientific, USA). GAPDH was used for normalization. The data were
analyzed by the relative Ct method and expressed as a fold change
compared with the control. The primer sequences included the fol-
lowing: TIPE3 5′- ACCCAAGCACACTGGTTTCC -3’ (Forward), 5‘- CTT
GGGTCCCTGCATATCCG -3’ (Reverse); GAPDH 5′-GGAGCGAGATCCC
TCCAAAAT-3’ (Forward), 5′-GGCTGTTGTCATACTTCTCATGG-3’
(Reverse).

2.4. Antibodies and reagents

The antibodies included the following: anti-TIPE3 (sc-249062, Santa
Cruz Biotechnology, USA), anti-TIPE3 (#A14951, Boster Biological
Technology, Wuhan, China), anti-p38 (#4511, Cell Signalling
Technology, USA), anti-p-p38 (#9212, Cell Signalling Technology),
anti-Bcl-2 (GTX100064, GeneTex, USA), anti-caspase-3 (GTX110543,
GeneTex), anti-cleaved-caspase3(ab32042, Abcam, UK), anti-Bcl-xL
(#2764, Cell Signalling Technology), anti-GAPDH (#5174, Cell
Signalling Technology), anti-β-actin (#4970, Cell Signalling
Technology), anti-α/β-tubulin (#2148, Cell Signalling Technology),
anti-histone H3 (ab1791, Abcam), anti-HA (M180-3 and M561, Medical
Biological Laboratories, Japan), anti-myc (M047-3 and M562, Medical
Biological Laboratories) and anti-His (D291-3, Medical Biological
Laboratories). The p38 MAPK inhibitor SB203580 was purchased from
Selleck (S1076, USA), and the p38 MAPK inhibitor BIRB796 was ob-
tained from TargetMol (T6277, USA).

2.5. Cell culture and treatment

Human glioblastoma cell lines (U251 and U87) and HEK 293T cells
were obtained from the Cell Bank of the Shanghai Institute of
Biochemistry and Cell Biology, Chinese Academy of Sciences (Shanghai,
China). Cells were cultured in high-glucose DMEM (Gibco, Thermo
Fisher Scientific) supplemented with 10% foetal bovine serum (Thermo
Fisher Scientific) and 1% penicillin/streptomycin (Thermo Fisher
Scientific). SB203580 was used at 20 μM. BIRB796 was used at 1 μM.

2.6. siRNA transfection

Specific siRNA targeting human TIPE3 (siTIPE3) and negative
control siRNA (siNC) were obtained from RiboBio Corporation
(Guangzhou, China). Transfection was done using X-tremeGENE siRNA
transfection reagent (Roche, Germany) according to the manufacturer's
protocol. The sequence of different siTIPE3 were showed below.

siTIPE3-1: 5′- CGCAGCAUGGAUUCGGAUU dTdT-3’ (sense) and 3’-
dTdT GCGUCGUACCUAAGCCUAA-5’ (antisense).

siTIPE3-2: 5′- GGAACGUGCUCUCCAAUCU dTdT-3’ (sense) and 3’-
dTdT CCUUGCACGAGAGGUUAGA -5’ (antisense).

2.7. DNA construction and transfection

Full-length TIPE3 cDNA was subcloned into the pcDNA3.1 vector
with a HA tag (HA-TIPE3). N-terminal truncated TIPE3 cDNA was
subcloned into the pIRES2-ZsGreen1 vector with a myc tag (myc-
TIPE3). Full-length p38 cDNA was subcloned into the pcDNA3.1 vector
with a 6ⅹHis tag (His-p38). A dominant negative mutant (the TGY dual
phosphorylation sites Thr180 and Tyr182 were both changed to AGF) of
p38 was subcloned into the pcDNA3.1 vector with a 6 ⅹ His tag (His-mt-
p38). Transfections were done using Lipofectamine 3000 transfection
reagent (L3000015, Thermo Fisher Scientific) according to the manu-
facturer's instructions.
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2.8. CRISPR/CAS9

CRISPR/CAS9-mediated TIPE3 depletion was applied according to
Zhang Feng Lab's protocol (http://www.addgene.org/crispr/zhang/).
The sgRNA targeting exon 3 of TIPE3 was designed using CRISPRdirect
(http://crispr.dbcls.jp/) and synthesized as follows: 5′-CACCGCTCATC
AAAGATCTCGCTGC-3′ and 3’-CGAGTAGTTTCTAGAGCGACGCAAA-5’.
The sgRNA was annealed and ligated into a BsmBI (Thermo Fisher
Scientific)-digested lentiCRISPRv2 vector (#52961, Addgene, USA).
The constructed vectors were validated by sequencing. LentiCRISPRv2-
TIPE3 or lentiCRISPRv2 was co-transfected with the packaging vectors
pSPAX2 (#12260, Addgene) and pMD2.G (#12259, Addgene) into
293T cells using Lipofectamine 2000 transfection reagent (Thermo
Fisher Scientific) to generate lentiviruses. The supernatants containing
the lentiviruses were collected and used to infect U251 cells. After in-
fection, the cells were selected with 8mg/mL puromycin for at least
48 h. Knockout efficacy was validated by western blot.

2.9. Flow cytometric analysis

Apoptosis was measured using an Annexin V-PE/7-AAD kit (Becton
Dickinson, New Jersey, USA). Cells were harvested, washed twice with
PBS, stained with Annexin V-PE/7-AAD for 10min in the dark and
analyzed using a FACSCalibur flow cytometer (Becton Dickinson). Cells
that are considered viable are PE Annexin V and 7-AAD negative; cells
that are in early apoptosis are PE Annexin V positive and 7-AAD ne-
gative; and cells that are in late apoptosis or already dead are both PE
Annexin V and 7-AAD positive. The sum of upper right quadrant and
low right quadrant were used for calculating total apoptosis rates and
statistical analysis.

2.10. Mitochondrial membrane potential (ΔΨm) assay

The collapse of the Δψm is a hallmark event of early stage apoptosis.
Changes in Δψm were measured by JC-1 staining (Yeasen, Shanghai,
China) according to the manufacturer's instructions. Images were cap-
tured with an Olympus BX51 microscope (Olympus, Japan). The ratio
of JC-1 aggregates (red fluorescence) to monomers (green fluorescence)
was measured. A decrease in the ratio of red/green fluorescence in-
tensity indicated the loss of ΔΨm.

2.11. Western blotting

Cells were lysed in RIPA buffer (Beyotime, Shanghai, China) con-
taining PMSF (Beyotime) and protease inhibitor cocktail (Roche) for
20min at 4 °C. Equal amounts of protein were separated on SDS-PAGE
gels and transferred onto PVDF membranes (Millipore, Germeny).
Membranes were blocked and then incubated with the indicated pri-
mary antibody overnight. Next, the membranes were incubated with
Alex Fluor 680/790-labelled secondary antibodies (LI-COR Bioscience,
USA) for 2 h. The bands were visualized with a LI-COR Odyssey Infrared
Imaging System (LI-COR Biosciences). Densitometry analyses were
performed with Quantity One (BioRad, USA), and the results were
normalized to GAPDH or β-actin.

2.12. Immunoprecipitation

Cells co-transfected with HA-TIPE3(or myc-TIPE3) and His-p38 (or
His-MT-p38) vectors were lysed in IP buffer (2 mM Tris-Cl, pH 8.0,
0.5 mM EDTA, 150mM NaCl, 1% NP-40, 50 mM NaF, 2mM Na3VO4,
4mM Na pyrophosphate, and 25 μl protein inhibitor/ml). The lysates
were incubated with 5 μg of primary antibodies or IgG (Beyotime) for
4 h at 4 °C. Then, 30 μl of Protein A/G PLUS-Agarose (sc-2003, Santa
Cruz Biotechnology) was added, and the samples were incubated
overnight at 4 °C. The precipitates were washed 5 times with IP buffer.
Next, the beads were resuspended in 40 μl of 1.5× loading buffer,

boiled for 5min, and centrifuged at 2500× rpm for 1min. The super-
natants were collected and subjected to SDS-PAGE followed by western
blotting.

2.13. Nuclear and cytoplasmic fractionation

Nuclear and cytoplasmic proteins were extracted using NE-PER
Nuclear-Cytoplasmic Extraction Reagents (Thermo Fisher Scientific)
according to the manufacturer's instructions. α/β-Tubulin and histone
H3 were respectively used for cytoplasmic and nuclear loading controls.

2.14. Immunofluorescence

The tissues were fixed in 10% formalin and embedded in paraffin.
Briefly, the sections were deparaffinized, hydrated and subjected to
antigen retrieval in 10mM sodium citrate (pH, 6.0). Cells were fixed in
4% paraformaldehyde for 15min. Tissues or cells were permeabilized
with 0.1% Triton X-100 for 10min, and then blocked with 1% bovine
serum albumin for 1 h. Tissues or cells then were incubated with in-
dicated primary antibodies overnight, followed by Alexa fluor-labelled
secondary antibody (Antgene, Wuhan, China). The nuclei were stained
with DAPI (ANT046, Antgene). Na/K-ATPase (Abcam, ab76020) was
used as cell membrane marker. Images were captured with an Olympus
FV1200 confocal microscope (Olympus) or an Olympus BX51 micro-
scope (Olympus).

2.15. Immunohistochemistry and HE staining

The samples were fixed in 10% formalin and embedded in paraffin.
Briefly, the sections were deparaffinized, hydrated and subjected to
antigen retrieval in 10mM sodium citrate (pH, 6.0). Endogenous per-
oxidase was blocked in 3% H2O2 for 10min. The sections were in-
cubated in primary antibodies overnight, followed by HRP-labelled
secondary antibody (Servicebio, China). Signals were detected using
DAB staining (Servicebio), and the samples were counterstained with
haematoxylin. Images were obtained using an Olympus BX51 micro-
scope (Olympus). IHC scores were determined as follows to measure
immunoreactivity: 0 for background staining, 1 for faint staining, 2 for
moderate staining, and 3 for strong staining. Two independent pa-
thologists examined and scored the slides. Scores 0–1 were considered
low expression, and scores 2–3 were considered high expression. The
slides were stained with HE according to a standard protocol.

2.16. TUNEL assay

DNA fragmentation in apoptotic cells was measured using the In
Situ Cell Death Detection Kit, according to the manufacturer's protocol
(Roche). Images were obtained with an Olympus BX51 microscope
(Olympus).

2.17. Intracranial xenograft model

U251-CTRL or U251-CRISPR-TIPE3 cells were resuspended in PBS
at a concentration of 1×105 cells/μL for stereotactic implantation into
the right striatum of 6-week-old Balb/c nude mice. The mice were
anaesthetized with an intraperitoneal injection of 1% sodium pento-
barbital. Then, the skull was drilled with a needle tip 3.5 mm from the
cerebral midline and 2mm frontal to the coronal suture. Ten microlitres
of the cell suspension was injected at a depth of 3mm from the brain
surface. For the survival analysis, the mice were monitored periodically
and sacrificed when they showed severe neurological symptoms and/or
obvious weight loss (> 20% of their body weight). Whether the mice
were moribund or not, 10 weeks post-injection was considered as the
terminal point. The whole brains of the mice were removed, fixed in 4%
paraformaldehyde, and embedded in paraffin for further analysis. All
experiments with animals were approved by the Institutional Animal
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Care and Use Committee at Renmin Hospital of Wuhan University.

2.18. Statistical analysis

The results are representative of the three independent experiments
and presented as the mean ± SD. Statistical analyses were performed
with SPSS version 19.0 and GraphPad Prism 5. Unpaired Student t tests
were used to compare the means of two groups. One way analysis of
variance was used for comparison among the different groups. When
analysis of variance was significant, post hoc testing of differences be-
tween groups was performed using Student-Newman-Keuls test. The
chi-square test was used for analysing the relation between TIPE3 ex-
pression and clinical parameters or level of p-p38. The Kruskal-Wallis
test was used for analysing the differences in IHC scores in the tissues,
followed by multiple comparison using Dunn's post-hoc test. Log rank
test was used for survival analysis. Pearson test was used for analyzing
the correlation between TIPE3 and other genes. *P < 0.05 was con-
sidered statistically significant.

3. Results

3.1. TIPE3 is upregulated in human GBM and predicts poor prognosis

We first analyzed the expression profiles of TIPE3 in various human
cancers from public TCGA database (http://cancergenome.nih.gov/).
Among 17 types of human tumours, TIPE3 expression in low grade
glioma and GBM are at a relatively high levels (Fig. 1A). We examined
TIPE3 mRNA levels in 10 non-tumor tissue and 19 GBM tissue samples
from patients. The results showed significantly higher TIPE3 mRNA
levels in GBM than in non-tumor tissues (Fig. 1B). Western blot showed
higher TIPE3 protein levels in 4 GBM tissues than in 4 non-tumor tis-
sues (Fig. 1C). Next, we detected TIPE3 protein expression by IHC
analyses. We found that TIPE3 protein levels were markedly higher in
GBM than in adjacent nontumour brain from the same patient (Fig. 1D).
We measured TIPE3 expression in 3 non-tumor tissues and 83 glioma
tissue samples (WHO I, n=2; WHO II, n= 15; WHO III, n= 25; WHO
IV, n=41). WHO I and II samples were graded as low-grade gliomas.
WHO Ⅲ and IV were graded as high-grade gliomas. The results de-
monstrated that TIPE3 expression is higher in high-grade glioma tissues
than in non-tumor tissues and that high-grade gliomas have higher
TIPE3 expression than low-grade gliomas, and the difference of TIPE3
expression between low-grade glioma and non-tumor was not statisti-
cally significant (Fig. 1E and F). TIPE3 expression was significantly
associated with the pathological grades of glioma patients (P= 0.0013)
(Table 1). To test whether TIPE3might predict outcomes of patients, we
performed survival analysis of TCGA data (n=488) using GlioVis
platform [26]. And the results indicated that patients with high TIPE3
expression had poorer survival times (Fig. 1G). These results indicate
that TIPE3 is upregulated in human glioblastomas and predicts poor
prognosis.

3.2. TIPE3 knockdown induces GBM cell apoptosis in vitro

To explore the role of TIPE3 in GBM, we performed loss-of-function
studies in U251 and U87 cell lines. Different siRNAs targeting TIPE3
(siTIPE3-1 and siTIPE3-2) were generated, and their knockdown effi-
cacies were verified by western blot (the first band in Fig. 2E). First we
performed TUNEL staining and cleaved-caspase3 staining to evaluate
cell death. TIPE3 knockdown groups showed higher TUNEL-positive
proportion than the control group in U251 and U87 cells (Fig. 2A and
Supplementary Fig. 1A). GBM cells showed elevated cleaved-caspase3
levels after TIPE3 knockdown (Fig. 2B and Supplementary Fig. 1B). And
Annexin V-PE/7-AAD staining demonstrated that TIPE3 knockdown
induced apoptosis in U251 and U87 cells (Fig. 2C). Loss of ΔΨm is a
hallmark event of the early stage of apoptosis. JC-1 staining showed
that TIPE3 knockdown induced the loss of ΔΨm in GBM cells (Fig. 2D

and Supplementary Fig. 1C). Moreover, we overexpressed exogenous
TIPE3 in U87 cells with TIPE3 knockdown and found that exogenous
TIPE3 reversed the effect of TIPE3 depletion on cell apoptosis
(Supplementary Fig. 2).

3.3. TIPE3 inhibits p38 phosphorylation and regulates apoptosis-related
genes in vitro

Since MAPK pathway plays an important role in regulating cell
survival and death, we conducted a GSEA using glioma patient gene
profiling data (GSE4290), and as shown (Supplementary Fig. 3A),
TIPE3 may regulate gene sets associated with MAPK pathway. Further,
we detected the activation levels of three main MAPK pathway: p38
pathway, ERK pathway and JNK pathway. The results showed ERK
pathway and JNK pathway remained unchanged after TIPE3 depletion
(Supplementary Fig. 3B). So we tend to examine the expression levels of
p38, p-p38 and downstream apoptosis-related proteins. Our experi-
ments revealed that TIPE3 knockdown increased p-p38 levels (Fig. 2E),
and TIPE3 overexpression decreased p-p38 levels (Fig. 2F). And total
p38 levels remained unchanged. Moreover, TIPE3 knockdown in-
creased Bax, Bad and cleaved-caspase-3 levels and decreased Bcl-2 le-
vels (Fig. 2E). TIPE3 overexpression decreased Bax and cleaved-cas-
pase-3 levels and increased Bcl-2 and Bcl-XL levels (Fig. 2F). Based on
the above results, we speculate that TIPE3 may inhibit cell apoptosis by
inactivating p38 MAPK pathway.

3.4. TIPE3 inversely correlates with p38 phosphorylation and apoptosis in
clinical glioma

Then we verified relationship of TIPE3, cell apoptosis and p38
phosphorylation in clinical samples. We found that TIPE3 levels cor-
relate with a series of anti-apoptotic gene (BCL2, Bcl-XL, Bcl-w, Bfl-1,
MCL-1, XIAP, c-IAP1 and c-IAP2) in 274 glioma patients from GlioVis
platform (Fig. 3A). In human GBM tissues, we examined the expression
of TIPE3 and p-p38 by IHC, as well as cell death by TUNEL staining. The
result showed that TIPE3 expression inversely correlate with p-p38 le-
vels and cell death in GBM tissues (Fig. 3B). A negative correlation
between tumor TIPE3 and p-p38 staining was evident (Fig. 3C). And
this correlation of TIPE3 and p-p38 in GBM was also confirmed by
western blots (Fig. 3D).

3.5. TIPE3 associates with p38 and the nulear translocation of p38 is
blocked by TIPE3 overexpression

To investigate the mechanism through which TIPE3 regulates the
p38 MAPK pathway, we used immunofluorescence and co-im-
munoprecipitation assays to verify the potential association between
TIPE3 and p38. At first, we examined the subcellular localization of
endogenous TIPE3 in GBM cells. We found that TIPE3 was expressed in
cytoplasm, cellular membrane and nucleus, but mainly in cytoplasm
(Supplementary Fig. 4). Then we observed the co-localization of TIPE3
and p38 in GBM patient tissues (Fig. 4A), as well as the co-localization
of exogenous TIPE3 and p38 in 293T cells (Fig. 4B), and the co-loca-
lization existed mainly in the cytoplasm. Co-immunoprecipitation
confirmed the association between TIPE3 and p38 (Fig. 4C). These re-
sults suggest that TIPE3 associates with p38. In addition to full length
TIPE3 (NCBI Reference Sequence: NM_207381.3), a transcript variant
(NM_001311175.1) encodes a short-TIPE3 which has a shorter N-ter-
minus (Fig. 4E). We constructed this short-TIPE3 vector and performed
the co-IP assay. The results showed that this short-TIPE3 with a shorter
N-terminus cannot associates with p38 (Fig. 4D).

P38 exists in both the nucleus and cytoplasm, and the cytoplasmic-
nuclear translocation of p38 plays an important role in regulating p38
MAPK pathway activity [27]. Under basal conditions, p38 resides in the
cytoplasm in its nonphosphorylated inactive state. Upon activation, p38
translocates into the nucleus and activates its downstream signalling
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Fig. 1. TIPE3 is upregulated in human GBM and predicts poor prognosis. (A) Expression profiles of TIPE3 in a variety of human cancers from TCGA database. (B)
Real-time qPCR indicated significantly higher TIPE3 mRNA levels in GBM (n = 19) tissues compared to non-tumor (n = 10) tissues. TIPE3 mRNA expression was
normalized to GAPDH using the 2-ΔΔCt method. *P < 0.05. (C) Western blotting indicated higher TIPE3 protein levels in GBM (n = 4) tissues than in non-tumor
(n = 4) tissues. N1∼N4 indicate non-tumor tissues, and T1∼T4 indicate GBM. *P < 0.05. (D) IHC staining of TIPE3 protein expression in GBM and the adjacent
brain tissues. Scale bars, 50 μm. (E) Representative IHC staining images for TIPE3 in clinical tissues. Grade II and grade IV indicate the pathologic grades of the
glioma samples. Scale bars, 20 μm. (F) IHC score of TIPE3 in clinical tissues. The IHC scores were graded as 0, 1, 2 and 3. Non-tumor tissue, n = 3; Low-grade glioma
(WHO I and WHO II), n = 17; High-grade glioma (WHO III and WHO IV), n = 66. **P < 0.01. ns, not significant. (G) Kaplan-Meier survival analysis for TIPE3
expression in GBM patients (n= 488) from TCGA database. The data was analyzed by the GlioVis platform. P-values were obtained from Student's t-test (B and C),
The Kruskal-Wallis test followed by multiple comparison using Dunn's post-hoc test (F), log-rank test (G). All bar plot data are the means ± SD.
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pathway [28]. We examined the effect of TIPE3 on the subcellular lo-
calization of p38 using immunofluorescence and nuclear-cytoplasmic
extraction experiment. We found that TIPE3 overexpression decreased
nuclear p38 levels and increased cytoplasmic p38 levels (Fig. 4F and G);
TIPE3 co-localized with cytoplasmic p38 in U251 cells (Fig. 4G), which
corresponds to our previous results. We also detected the subcellular
localization of p-p38 in U251 cells transfected with exogenous TIPE3 or
control vectors. p-p38 mainly resided in the nucleus with the absence of
HA-TIPE3. Upon TIPE3 overexpression, p-p38 mainly localized in the
cytoplasm, and total p-p38 levels were decreased (Fig. 4H). Notably,
TIPE3 overexpression led to dramatic decreased levels of nuclear p-p38.
In addition, TIPE3 co-localized somewhat with cytoplasmic p-p38
(Fig. 4H). These results indicate that TIPE3 inhibits p38 nuclear
translocation. This process inactivates p38 MAPK pathway and reg-
ulates its downstream target genes.

3.6. The phosphorylation status of p38 is a regulator for TIPE3-mediated
p38 nuclear-cytoplasmic translocation but does not affect the association
between TIPE3 and p38

Next, we attempted to clarify the regulatory factors mediating p38
associating with TIPE3 and nuclear-cytoplasmic translocation. The
phosphorylation of p38 is a hallmark event in p38 MAPK signalling
pathway activation [17]. We examined whether modulating the p38
phosphorylation status could affect TIPE3-p38 association and the
TIPE3-mediated nuclear-cytoplasmic translocation of p38. We con-
structed a phosphorylation dominant negative mutant of p38 (His-mt-
p38) by changing the TGY dual phosphorylation sites of Thr180/
Tyr182 to AGF. Immunoprecipitation assays revealed that this Thr180/
Tyr182 mutation of phosphorylation domain does not impede the p38-
TIPE3 association (Fig. 5A). We also employed BIRB796, an inhibitor of
p38 phosphorylation, to confirm the role of p38 phosphorylation in
p38-TIPE3 association. We found that BIRB796 had no effect on p38-
TIPE3 association (Supplementary 5). These results indicated that p38
phosphorylation does not affect the association between TIPE3 and p38.

Then we tend to investigate the role of p38 phosphorylation in
TIPE3-mediated p38 translocation. The results showed that the muta-
tion of p38 phosphorylation domain reversed TIPE3-mediated p38
nuclear-cytoplasmic translocation (Fig. 5B and C).We employed two
different p38 MAPK inhibitors, SB203580 and BIRB796, to assess
whether p38 phosphorylation or its kinase activity can control TIPE3-
mediated p38 translocation. SB203580 blocked the kinase activity of
p38 but not its phosphorylation. BIRB796 blocked the phosphorylation
of p38 without affecting its kinase activity [29]. The results demon-
strated that BIRB796, but not SB203580, reversed the p38 nuclear
translocation induced by TIPE3 knockdown (Fig. 5D and E). Thus, we
speculate that it is the phosphorylation status of p38, not its kinase
activity, that regulates TIPE3-mediated p38 nuclear-cytoplasmic
translocation.

In summary, with the applications of p38 inhibitor and p38

phosphorylation mutant, we deduced that the phosphorylation status of
p38 does not affect the association between TIPE3 and p38, but TIPE3-
mediated p38 nuclear-cytoplasmic translocation is regulated by the
phosphorylation status of p38, at least in some degree.

3.7. The p38 MAPK pathway is required for the regulation of glioblastoma
cell apoptosis mediated by TIPE3

To further verify the hypothesis that TIPE3 inhibits glioblastoma
cell apoptosis through the p38 MAPK signalling pathway, we employed
p38 phosphorylation inhibitor, BIRB796, to perform the rescue ex-
periment. BIRB796 reversed the effects of TIPE3 knockdown on cell
apoptosis in U251 (Fig. 6A, D and 6G).Then, we overexpressed wild
type p38 or phosphorylation negative mutant p38 to perform rescue
experiments. Flow cytometry and western blotting revealed that wild
type p38 (Fig. 6B, E and 6H) but not phosphorylation mutant p38
(Fig. 6C, F and 6I) reversed TIPE3-mediated cell survival in U251 cells.
These results confirm that the p38 MAPK pathway is required for the
regulation of glioblastoma cell apoptosis mediated by TIPE3, and
modulation of p38 phosphorylation status is critical to this process.

3.8. TIPE3 depletion induces cell apoptosis in an intracranial xenograft
model

We also tested whether TIPE3 depletion could induce glioblastoma
cell apoptosis using an intracranial xenograft model in vivo. First, we
used CRISPR/CAS9 to generate stable TIPE3 knockout GBM cells, and
the knockout efficacy was validated by western blot (Fig. 7A). Second,
we generated an intracranial xenograft model by implanting U251 cells
intracranially. As expected, the mice implanted with the control
U251 cells developed larger tumours than the mice implanted with the
TIPE3 knockout cells (CRISPR-TIPE3) (Fig. 7B). TUNEL staining and
IHC analyses revealed that TIPE3 depletion caused severe cell death as
well as increased caspase-3 expression and decreased Bcl-2 expression
(Fig. 7C). Also, p-p38 levels increased after TIPE3 depletion in vivo
(Fig. 7C). Kaplan-Meier curves showed that the TIPE3 knockout group
mice survived significantly longer than the control group
(Fig. 7D).These results demonstrate that TIPE3 depletion enhances p38
phosphorylation and induces glioblastoma cell apoptosis in vivo.

4. Discussion

TIPE3 has been shown to be a novel regulator of human cancer
[6–8], but the expression and biological role of TIPE3 in GBM is un-
clear. In this study, we found that TIPE3 is upregulated in GBM and that
TIPE3 depletion induces GBM cell apoptosis both in vitro and in vivo.
Mechanism studies reveal that TIPE3 inhibits p38 phosphorylation.
TIPE3 associates with p38. The nuclear translocation of p38 is blocked
by TIPE3 overxpression. The phosphorylation status of p38 is a reg-
ulator for TIPE3-mediated p38 nuclear-cytoplasmic translocation but is
not required for TIPE3-p38 association. p38 MAPK pathway regulation
is crucial to TIPE3-mediated cell survival in GBM.

Expression pattern of TIPE3 in brain tumour is unclear in previous
studies. We examined the expression of TIPE3 in non-tumor brain tis-
sues and gliomas and found that TIPE3 is upregulated in GBM. Notably,
the non-glioma tissues were collected during surgery of severe trau-
matic brain injury. Whether the expression of TIPE3 could have been
affected by brain tissue injury or not will be an interesting topic in our
further studies.

Apoptosis evasion is a hallmark of most malignant tumours [4].
Many antitumour drugs are designed to induce apoptosis, but cell
apoptosis deregulation allows GBM to avoid the apoptotic effect of
these drugs, resulting in chemoresistance and treatment failure [30,31].
Previous studies have focused on the role of TIPE3 in malignant tumor
transformation, cell proliferation, migration and metastasis in breast,
lung, bladder and colorectal cancer [6–8]. However, little is known

Table 1
Correlation between the clinicopathological characteristics and expression of
TIPE3 in glioma.

Characteristic Number of cases TIPE3 expression P-value

Low(0&1) High(2&3)

Gender 0.2535
Male 38 14 24
Female 36 18 18

Age 0.9048
≥60 26 11 15
<60 48 21 27

WHO Grades 0.0013
Ⅰ+Ⅱ 17 13 4
Ⅲ+Ⅳ 66 22 44
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about the effect of TIPE3 on cell apoptosis in GBM. Our results show
that TIPE3 depletion induces GBM cell apoptosis both in vitro and in
vivo, indicating that TIPE3 might be a possible target in targeted mo-
lecular therapy.

Perturbations in p38 MAPK pathway are frequently associated with
the deregulation of cell death and survival [32,33]. p38 is reportedly
required for fluorouracil-induced cell apoptosis [34]. The effect of p38
MAPK pathway can be modulated through transcriptional and post-
transcriptional mechanisms; these effects regulate the cell death and
survival pathway and pro-apoptotic and anti-apoptotic proteins, such as
Bcl-2 family proteins and caspase family proteins [15,35]. Our study
demonstrated that TIPE3 regulates cell apoptosis.

The proteins in a signalling transduction network often form a

complex to ensure that the signalling transduction is efficient, accurate
and regulatable. We performed co-IP and immunofluorescence assays to
confirm the association between TIPE3 and p38. However, whether
TIPE3 binds to p38 directly or TIPE3 forms a complex with p38 through
the existence of other scaffold proteins in a indirect way is still not
clear. Further experiments to verify the direct interaction and the
searching for possible scaffold protein which connects TIPE3 with p38
are needed in further study.

The subcellular localization of p38 plays an important role in acti-
vating p38 MAPK pathway [36]. Most studies report that p38 nuclear
translocation is a critical cellular response to cellular stress. Upon cel-
lular stress such as UV exposure and DNA damage, activated p38 is
transported into the nucleus to induce downstream cascade

Fig. 2. TIPE3 regulates glioblastoma cell apoptosis and inhibits p38 phosphorylation in vitro. (A) U251 cell death were detected by TUNEL staining. Scale bars,
50 μm. Statistical analysis was showed in Fig. S6A. (B) Effects of TIPE3 knockdown on cleaved Caspase-3 expression in U251 cells according to immunofluorescence.
Scale bars, 100 μm. (C) U251 and U87 cells were transfected with negative control siRNA (siNC) or siRNAs against TIPE3 (siTIPE3-1 and siTIPE3-2), followed by
Annexin V-PE/7-AAD staining and flow cytometric analysis. Cell apoptosis was calculated by FACS. *P < 0.05. (D) Effects of TIPE3 knockdown on the ΔΨm in
U251 cells according to JC-1 staining. A decrease in the ratio of red (aggregates)/green (monomers) fluorescence intensity indicates the loss of ΔΨm. Scale bars,
50 μm. (E) Effects of TIPE3 knockdown on the levels of p-p38, p38 and its downstream apoptosis-related proteins in GBM cells. siNC: negative control siRNA. siTIPE3-
1 and siTIPE3-2: two siRNAs against TIPE3. (F) Effects of TIPE3 overexpression on the levels of p-p38, p38 and its downstream apoptosis-related proteins in GBM
cells. pcDNA3.1: the control group. HA-TIPE3: TIPE3 overexpression group. All bar plot data are the means ± SD. The data and graphs are representative of three
independent experiments with similar results. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this
article.)
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Fig. 3. TIPE3 inversely correlates with p38 phosphorylation and apoptosis in clinical glioma. (A) The association between TIPE3 and a series of anti-apoptotic
gene (BCL2, Bcl-XL, Bcl-w, Bfl-1, MCL-1, XIAP, c-IAP1 and c-IAP2) in glioma patients (n=274) was analyzed by the GlioVis platform. P-values were obtained from
Pearson correlation. (B) Representatives of IHC and TUNEL staining showed TIPE3 expression inversely correlates with p-p38 and cell death in GBM tissues. Scale
bars, 50 μm. (C) Inverse correlations of IHC data for high or low TIPE3 expression relative to level of p-p38. *P < 0.05 (D) Levels of TIPE3 and p-p38 were detected
by western blot in 32 GBM tissues. Representive image of immunoblotting was provided. Pearson test was used for analyzing the correlation between TIPE3 and p-
p38. β-actin was used as loading control.
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transduction [37,38]. Our study showed that TIPE3 can prevent the
nuclear translocation of p38 or, in other words, promote p38 nuclear
export. Given that TIPE3 can associates with p38, the possibility that
TIPE3 blocks p38 nuclear translocation by interacting with p38 exists
and the direct contribution of TIPE3/p38 association to the blockage of
p38 nuclear translocation need to be explored in our further studies. -
This possible regulation may account for the inhibitory effects of TIPE3
on the p38 MAPK pathway and cell apoptosis in part.

In addition, previous studies [6,10] have reported that TIPE3 is
expressed mainly in cytoplasm and cell membrane but rarely in nu-
cleus, and the subcellular locations of TIPE3 is related to its biological
function in these studies. We observed that endogenous TIPE3 existed
in cytoplasm, nucleus and cell membrane in human GBM cells

(Supplementary Fig. 4), and exogenous TIPE3 existed in cytoplasm,
nucleus and cell membrane (Fig. 4B, G and 4H). and both endogenous
and exogenous TIPE3 existed mainly in cytoplasm. It is deduced that
the subcellular locations of TIPE3 in GBM cells may lay the foundation
for TIPE3 associating with p38 and mediating translocation of p38.
Notably, TIPE3 has two transcript variants (NM_207381.3 and
NM_001311175.1). Whether TIPE3 encoded by two transcript variants
share the same or different subcellular locations is not clear. It is a
interesting topic for further study.

There are three major findings in our studies. Firstly, TIPE3 inhibits
p38 phosphorylation; Secondly, TIPE3 associates with p38. Thirdly,
TIPE3 blocks p38 nuclear translocation. So the problem comes: what is
the relationship between p38 phosphorylation, TIPE3-p38 association

Fig. 4. TIPE3 associates with p38 and the
nuclear translocation of p38 is blocked by
TIPE3 overexpression. (A) Co-localization of
TIPE3 and p38 in GBM patient tissues. Scale
bars, 20 μm. (B) Exogenous TIPE3 and p38 co-
localization was assessed by anti-HA (red) and
anti-His (green) immunofluorescence staining in
293T cells co-transfected with HA-TIPE3 and
His-p38 plasmids. Scale bars, 10 μm. (C)
Schematic diagram of full length TIPE3 and
short TIPE3. (D) Co-immunoprecipitation assays
were performed to investigate the association
between TIPE3 and p38. Lysates of 293T cells
co-transfected with HA-TIPE3 (full length
TIPE3, with HA-tag) and His-p38 plasmids were
subjected to IP using anti-HA or anti-His anti-
bodies, followed by immunoblotting with anti-
HA and anti-p38 antibodies. Non-specific IgG
was used as a control. Whole cell lysates were
used as an input control. (E) N-terminal trun-
cated TIPE3 (short TIPE3) lost its ability to as-
sociate with p38. Lysates of 293T cells co-
transfected with myc-TIPE3 (short TIPE3, with
myc-tag) and His-p38 plasmids were subjected
to IP using anti-myc or anti-His antibodies, fol-
lowed by immunoblotting with anti-myc and
anti-p38 antibodies. (F) The nuclear and cyto-
plasmic fractions of U251 cells transfected with
pcDNA3.1 or HA-TIPE3 were immunoblotted
with anti-p38, anti-HA, anti-tubulin and anti-
histone H3 antibodies. Tubulin and histone H3
were respectively used as cytoplasm and nucleus
markers. (G and H) The effects of TIPE3 over-
expression on the intracellular localization of
p38 (G) or p-p38 (H) were assessed by im-
munofluorescence. U251 cells were transfected
with pcDNA3.1 or HA-TIPE3, followed by
staining with anti-HA (red) and anti-p38 (G)
(green) or anti-p-p38 (H) (green). Scale bars,
10 μm. The graphs are representative of three
independent experiments with similar results.
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and TIPE3-mediated p38 translocation? From the literature, the me-
chanism of p38 transportation is complicated and undefined. p38
phosphorylation was reportedly required for its nuclear translocation
following DNA damage [37]. The nuclear export of p38 is reported to
require its dephosphorylation [39]. In addition to the phosphorylation,
microtubule- and dynein-dependent mechanisms were also involved in
p38 nuclear translocation [39]. Because it lacks a nuclear localization
sequence (NLS) and a nuclear export sequence (NES), p38 may be
transported between the nucleus and cytoplasm through interacting
with other proteins that have an NLS or NES. For instance, phos-
phorylated MAPK-activated protein kinase 2 (MK2) binds to p38; this
interaction masks the NLS of MK2 and exposes the NES to cause the
nuclear export of the p38-MK2 complex [40]. TAK-1-binding protein
(TAB-1) binds physically to p38 and induces p38 autophosphorylation
[41,42]. This action consequently prevents p38 nuclear localization
[43]. TAB-1 also impedes p38 binding to MKK3 and induces p38 re-
tention in the cytosol [43]. p38 seems to accomplish nucleus-cytoplasm
transportation by forming a complex with a scaffold protein, and
phosphorylation regulation may be involved in this process. It is pos-
sible that TIPE3 associates with this protein complex and mediates p38
transportation directly or indirectly. Since we have proven that TIPE3
associates with p38 and the nuclear translocation of p38 is blocked by
TIPE3 overexpression, we next investigated the role of phosphorylation
regulation in this process: whether the phosphorylation status of p38
affects TIPE3-p38 association, or TIPE3-mediated p38 translocation, or
both?

Firstly, we found that the Thr180/Tyr182 mutation of the p38
phosphorylation domain does not impede the TIPE3-p38 association
(Fig. 5A and Supplementary Fig. 5). Considering that TIPE3 can inhibits
p38 phosphorylation, even though p38 phosphorylation does not affect
their association, we cannot exclude the possibility that the inhibition
of p38 phosphorylation might be a result of possible interaction. In
further studies we plan to investigate whether TIPE3 inhibits p38
phosphorylation directly or indirectly and figure out whether TIPE3-
p38 association affects p38 phosphorylation. In other words, whether
the inhibition of p38 phosphorylation by TIPE3 happens before or after
TIPE3-p38 association need to be explored in our further study.

Secondly, as for the relationship between p38 phosphorylation and
TIPE3-mediated p38 translocation, we confirmed that the phosphor-
ylation status of p38 affects TIPE3-mediated p38 translocation. P38
nuclear translocation induced by TIPE3 knockdown is inhibited when
p38 phosphorylation is blocked (Fig. 5D and E). It is reported that p38
phosphorylation is required for its nuclear translocation following DNA
damage [37], and this kind of regulation might be context-dependent
and cell type specific. However, there is no agreed conclusion about
how p38 phosphorylation regulates its translocation. P38 lacks NLS or
NES and its translocation might be achieved through chaperons. The
phosphorylation may induce a conformational change of p38, which
affects its interaction with a NLS(NES)-containing chaperon, or through
another protein which interacts with this NLS(NES)-containing cha-
peron [39]. Since our study demonstrated that p38 phosphorylation

does not affect TIPE3-p38 association, we deduced that there might be
another chaperon protein or some other regulatory mechanism existing.
So our further study includes: verifying whether TIPE3 directly inter-
acts with p38 or indirectly associates with p38 through another protein,
searching for the existence of a possible NLS/NES in TIPE3 or the ex-
istence of third chaperon protein with a NLS/NES in the transporter
complex and clarifying whether TIPE3 transports p38 directly into the
cytosol or affecting p38 binding to other transfer proteins indirectly.
Because we have found TIPE3 can inhibit p38 phosphorylation, it is
possible that this phosphorylation inhibition may contribute to p38
cytoplasmic translocation in part. Two possible mechanisms may be
responsible for the blockage of p38 nuclear translocation: on the one
hand, TIPE3 associates with p38 and retains it in the cytosol, of course
this hypothesis need to be verified in our further studies; on the other
hand, p38 phosphorylation inhibition by TIPE3 may also contribute to
the blockage of p38 nuclear translocation.

Based on the above, the inhibitory effects of TIPE3 on p38 MAPK
pathway activation and its cell survival role may include two parts.
Firstly, TIPE3 inhibits p38 phosphorylation which leads to p38 MAPK
pathway inactivation. Secondly, TIPE3 can block its nuclear translo-
cation, which results in p38 MAPK inactivation. TIPE3 inactivates p38
signalling pathway in more than one ways, all leading to GBM cell
survival. Our rescue experiments have confirmed it (Fig. 6).

Previous studies demonstrated that TIPE3 can influence PI3K-AKT
and MEK-ERK signalling pathway in NIH3T3-HRasV12 cells [6], and
the possibility that the effect of TIPE3 exert on the PI3K-AKT and MEK-
ERK pathway indirectly affects p38 pathway needs to be considered.
Our experiments have confirmed that TIPE3 exert no effect on ERK
pathway in GBM, it reminds me the role of TIPE3 in cancer might be
cell-type specific. And the relationship of PI3K-AKT and p38 MAPK
pathway in TIPE3-mediated regulatory system need to be clarified in
our further study. Although most of studies consider TIPE3 as an on-
cogene, Liu et al. claimed that TIPE3 might function as a tumor sup-
pressor in nasopharyngeal carcinoma and play a dual role in cancer
progression [11]. Moreover, a study reported that plasma membrane
localized TIPE3 exert opposite effect on non-small-cell lung cancer cells
comparing to cytoplasimc TIPE3 [7]. There are two transcripts of TIPE3
and we found only full length TIPE3 could associate with p38 while the
protein encoded by another short transcript of TIPE3 lacks this ability.
What are the difference between these two transcripts? Whether the
abundance of distinct transcripts determines the biological function of
TIPE3 in GBM and other different human cancers? These question are
the focus of our further studies. Based on other researchers’ findings
and our results, it is possible that more than one mechanism take part in
TIPE3 regulatory system and distinct subcellular of TIPE3 may affects
different core regulator of different signalling pathway.

All attempts to develop a valid small molecule to suppress p38
MAPK expression for clinical use have failed [44]. Given the ubiquitous
expression of p38 and its critical role in cell signalling, it is not sur-
prising that most p38 MAPK inhibitors, which are designed to compete
with ATP and inhibit p38's catalytic activity under all conditions, result

Fig. 5. The phosphorylation status of p38 affects TIPE3-mediated p38 nuclear-cytoplasmic translocation but is not required for TIPE3-p38 interaction. (A)
Immunoprecipitation was used to assess the effect of Thr180/Tyr182 mutations on the association between TIPE3 and p38. A phosphorylation dominant negative
mutant of p38 (His-mt-p38) was constructed by changing the TGY dual phosphorylation sites into AGF. Lysates of U87 cells co-transfected with the indicated plasmid
groups (HA-TIPE3 + His-p38, HA-TIPE3 + His-mt-p38) were subjected to IP using an anti-HA antibody, followed by immunoblotting with anti-HA and anti-p38
antibodies. Non-specific IgG was used as a control. Whole cell lysates were used as an input control. (B) Immunofluorescence was used to determine the effect of
Thr180/Tyr182 mutations on p38 nuclear-cytoplasmic translocation mediated by TIPE3. U87 cells were co-transfected with the indicated plasmid groups
(pcDNA3.1 + His-p38, HA-TIPE3 + His-p38, HA-TIPE3 + His-mt-p38) and stained with anti-HA (green) and anti-His (red) antibodies. Scale bars, 10 μm. (C) A
Nuclear-Cytoplasmic Extraction Kit was used to determine the effect of Thr180/Tyr182 mutations on p38 nuclear-cytoplasmic translocation mediated by TIPE3. 293T
cells were co-transfected with the indicated plasmid groups (pcDNA3.1 + His-p38, HA-TIPE3 + His-p38, HA-TIPE3 + His-mt-p38). The nuclear and cytoplasmic
fractions were extracted from these cells and subjected to western blot analysis. Tubulin and Histone H3 were respectively used as cytoplasm and nucleus markers. N:
nuclear. C: cytosolic. (D and E) Effects of different p38 MAPK inhibitors on TIPE3-mediated p38 transportation were determined by Nuclear and Cytoplasmic
extraction assay (D) and immunofluorescence (E). U251 cells transfected with siNC or siTIPE3 were treated with SB203580 (20 μM) or BIRB796 (1 μM) or DMSO for
24 h. Tubulin and Histone H3 were respectively used as the cytoplasm and nucleus markers. siNC: negative control siRNA. siTIPE3: siRNA target for TIPE3. The
graphs are representative of three independent experiments with similar results. P < 0.05 was considered statistically significant.
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in severe side effects. Our study defines TIPE3 as a novel negative
regulator of p38 MAPK pathway. Designing molecular therapy target
for TIPE3 might be a possible method to suppress p38 MAPK and ma-
lignant progression of GBM. Thus, we need to thoroughly investigate

the factors controlling this regulatory mechanism in future studies.
In summary, we propose a model in which TIPE3 regulates the p38

MAPK pathway and cell apoptosis (Fig. 7E). Upon external stress such
as DNA damage or hypoxia, a cascade reaction leads to the

(caption on next page)
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Fig. 6. The p38 MAPK pathway is required for the regulation of glioblastoma cell apoptosis by TIPE3. (A and D) p38 phosphorylation inhibitor BIRB796
rescued cell apoptosis induced by TIPE3 knockdown. U251 cells were pre-treated with BIRB796 at 1 μM for 24 h. Cell apoptosis was determined by FACS (A) and
TUNEL staining (D). Scale bars, 50 μm. (B and E) TIPE3-mediated cell survival was reversed by p38 overexpression in U251 cells. Cell apoptosis was determined by
FACS (B) and TUNEL staning (E). Scale bars, 50 μm. PC: pcDNA3.1. HA: HA-TIPE3. (C and F) TIPE3-mediated cell survival cannot be reversed by phosphorylation
negative mutant of p38 (His-mt-p38) in U251 cells. Cell apoptosis was determined by FACS (C) and TUNEL staining (F). Scale bars, 50 μm. PC: pcDNA3.1. HA: HA-
TIPE3. (G) p38 phosphorylation inhibitor BIRB796 reversed the effects of TIPE3 knockdown on apoptosis-related proteins in U251 cells. Western blot analyses were
used to determine the levels of p38, p-p38, Bad, Bcl-2, cleaved-caspase-3, TIPE3 and GAPDH. (H) p38 upregulation reversed the effects of TIPE3 overexpression on
apoptosis-related proteins in U251 cells. Western blot analyses were used to determine the levels of p38, p-p38, Bad, Bcl-2, cleaved-caspase-3, HA-TIPE3 and GAPDH.
(I) Phosphorylation negative mutant of p38 cannot reversed the effects of TIPE3 overexpression on apoptosis-related proteins in U251 cells. Western blot analyses
were used to determine the levels of p38, p-p38, Bad, Bcl-2, cleaved-caspase-3, HA-TIPE3 and β-actin. All bar plot data are the means ± SD. The data and graphs are
representative of three independent experiments with similar results. *P < 0.05 was considered as significant. ns, not significant. Statistical analysis of TUNEL
staining was showed in Figs. S6C–S6E.

Fig. 7. TIPE3 depletion induces cell apoptosis by activating p38 MAPK pathway in an intracranial xenograft model. (A) The CRISPR/CAS9 system was used
to generate stable TIPE3 knockout U251 cells (CRISPR-TIPE3). Knockout efficacy was assessed by western blot analysis. **P < 0.01 (B) Images of pLenti-CRISPR-V2
(CTRL) and pLenti-CRISPR-V2-TIPE3 (CRISPR-TIPE3) cells from mouse brains (n=5/group). (C) H&E, TUNEL, and IHC analyses of TIPE3, p-p38, caspase-3, Bcl-2
and p-p38 in orthotopic tumor sections. (D) Mouse survival is shown by Kaplan-Meier curves. CTRL groups, n = 13. CRISPR-TIPE3 groups, n = 12. *P < 0.05. P-
values were calculated using the log-rank test. (E) Mechanistic model for the TIPE3 regulation of cell apoptosis in GBM. All bar plot data are the means ± SD. The
data and graphs are representative of three independent experiments with similar results.
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phosphorylation and activation of p38. Then, phosphorylated p38
forms a complex with a transfer protein and translocates into the nu-
cleus to activate downstream signals, resulting in cell apoptosis. As a
negative regulator of p38 MAPK pathway, TIPE3 inhibits p38 phos-
phorylation, associates with p38 and blocks its nuclear translocation,
followed by p38 MAPK pathway inactivation and cell survival. In GBM,
TIPE3 is dramatically upregulated, leading to uncontrollable GBM cell
survival and malignant progression. Hence, TIPE3 might be a potential
therapeutic target for treating GBM.
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