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TRAF2 exerts important functions in regulating the development and progression of cancer. The aim of this
study is to investigate whether TRAF2 is a valuable prognostic biomarker and to determine if it regulates TRAIL-
induced apoptosis in prostate cancer.

Microarray gene expression data from the Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO)
databases were used to determine TRAF2 expression in prostate cancer. TRAF2 expression in prostate cancer
was further investigated by immunohistochemistry assay. Kaplan-Meier curves and log-rank test were used
to assess the recurrence-free rate. Cox regression was used to analyze prognostic factors. Effects of TRAF2 on
regulating TRAIL-induced apoptosis in DU-145 cells were further investigated.

We found that TRAF2 was significantly upregulated in prostate cancer compared with normal prostate samples
(P<0.001). In addition, compared with primary prostate cancer, TRAF2 was upregulated in metastatic prostate
cancer (P=0.006). Furthermore, our results showed that high expression of TRAF2 was significantly associated
with tumor stage of prostate cancer (P=0.035). TRAF2 high expression was associated with poorer recurrence-
free survival in prostate cancer patients (P=0.013). TRAF2 was found to be a valuable independent prognos-
tic factor for predicting recurrence-free survival (P=0.026). In addition, the present results indicate that TRAF2
affects TRAIL-induced apoptosis in prostate cancer DU-145 cells via regulating cleaved Caspase-8 and c-Flip
expression.

TRAF2 could be a novel prognostic biomarker for predicting recurrence-free survival in patients with prostate
cancer, which might be associated with the effects of TRAF2 in regulating TRAIL-induced apoptosis in prostate
cancer cells via c-Flip/Caspase-8 signalling.
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Background

Prostate cancer is thought to be one of the leading causes
of death among older men. It was documented that about
220 800 new cases and 27 540 deaths were reported in the
United States [1,2]. In Asia, the incidence rate of prostate can-
cer has also been increasing [3]. Patients with localized pros-
tate cancer could undergo initial surgical, radiological thera-
py, or subsequent treatment of androgen deprivation therapy
(ADT). However, among some patients, the disease eventual-
ly becomes metastatic and resistant to treatment, which is
known as lethal castration-resistant prostate cancer (CRPC).
Castration-resistant phenotype influences about 20% of pa-
tients within 5 years. Currently, the molecular mechanisms
governing the development and progression of prostate can-
cer are not well understood.

Immune surveillance could affect tumor development and pro-
gression [4-7]. One of these functions is to lead to apoptosis of
cancer cells, which could be regulated by members of the tumor
necrosis factor (TNF) and TNF receptor (TNF-R) superfamily. It was
reported that TNF-related apoptosis-inducing ligand (TRAIL) is an
important member of the TNF superfamily, and is responsible for
extrinsic induction of apoptosis. It was suggested that multiple
cell types in the immune system could secrete TRAIL, including
natural killer (NK) cells, dendritic cells, and macrophages [5]. It
is well documented that TRAIL-mediated immune surveillance
can influence tumor development and progression [5].

Apoptosis, also known as programmed cell death, has been
shown to be related to changes in cell morphology, including
cell shrinkage, chromatin condensation, and nuclear fragmen-
tation. Both extrinsic and intrinsic apoptosis pathways were ex-
tensively studied in past years. The intrinsic apoptosis pathway
is activated by intracellular signals, mainly depending on the
release of proteins from mitochondria. The extrinsic apoptosis
pathway is activated by extracellular ligand binding to death
receptor, which causes the formation of the death-inducing sig-
nalling complex (DISC). Exogenous TRAIL is shown to induce
cancer cell death without killing normal cells in humans [5],
which makes TRAIL a potential anticancer agent [8]. TRAIL can
bind to death receptor 4 (DR4) or 5 (DR5), which subsequent-
ly induces activation of Caspase-8 and initiates extrinsic apop-
tosis [9-11]. Sedger et al. [12] reported that endogenous TRAIL
can suppress tumor growth in vivo. Endogenous TRAIL secreted
by NK cells can effectively kill cancer cells in the liver after im-
plantation of breast and renal cancer cells. Other studies also
showed that TRAIL has vital roles in regulating tumor devel-
opment and metastasis [13-16]. It was reported that cellular
FLICE-inhibitory protein (c-FLIP), as a protease-dead Caspase-8
homologue, can suppress the activation of Caspase-8 and there-
by inhibit Caspase-8-mediated apoptosis [17,18]. It has been
well documented that c-FLIP/Caspase-8 signalling is important
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in regulating activation of extrinsic apoptosis pathways [19].
The difference in the extent of Caspase-8 activation might be
associated with the cell-to-cell variation in TRAIL responsive-
ness [20,21]. In addition, various molecules have been found
to regulate TRAIL-induced apoptosis in tumor cells [22].

The tumor necrosis factor receptor (TNF-R)-associated factor
2 (TRAF2), also known as a signalling adaptor, belongs to the
TRAF superfamily, which consists of TRAF1 to 7 in mammals.
One of these functions is to serve as an adaptor protein in the
assembly of receptor-associated signalling complexes and to
link upstream receptors to downstream molecules [23]. TRAF2
is an important member of these TRAFs. Zhang et al. [24] found
that TRAF2 expression was significantly increased in gastric
cancer patients, which might be an independent diagnostic
and prognostic indicator in gastric cancer patients. In addition,
TRAF2 expression was upregulated in malignant pleural effu-
sion cells compared with normal breast tissues [25]. TRAF2 in
malignant pleural effusion cells might be a potential prognos-
tic factor and biomarker for predicting invasion and metasta-
sis of breast cancer [25]. Currently, TRAF2 expression in pros-
tate cancer and mechanisms governing the development and
progression of prostate cancer are still unknown. We specu-
late that TRAF2 may affect growth of prostate cancer cells via
regulating TRAIL-induced apoptosis.

Different androgen-insensitive prostate cancer cell lines were
used for investigating the mechanisms governing tumor de-
velopment and progression, including DU-145 and PC-3, which
were from metastatic prostate cancer lesions of brain and bone,
respectively [26]. Because they originate from distinct organs,
the tumor microenvironments and characteristics of these cells
were different. DU-145 cells are androgen-insensitive and also
show PSA (prostate-specific antigen)-positive expression [27].
Hence, the characteristics of DU-145 cells are typical of diffi-
cult-to-treat lesions of prostate cancer [28].

In this study, our results showed that TRAF2 was significantly
upregulated in prostate cancer. Upregulation of TRAF2 was also
observed in metastatic prostate cancer compared with prima-
ry prostate cancer. In addition, TRAF2 was found to be an inde-
pendent prognostic factor for predicting recurrence-free surviv-
alin patients with prostate cancer, which might be associated
with the effects of TRAF2 on regulating TRAIL-induced apop-
tosis in prostate cancer cells via c-Flip/Caspase-8 signalling.

Material and Methods

Cell culture, reagents, and antibodies

Human prostate cancer cell line DU-145 was obtained from
American Type Culture Collection (ATCC). DU-145 cells were
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Table 1. Correlation between TRAF2 expression and clinicopathological factors.

TRAF2 expression

Parameters

Age (years)

<70 34 (47.22) 23 11 0.009 0.469
""""""" >0 3s@G278% 424
""""" Tumorgrade (Gleasonscore)
""""""" @ 133808 9 4 o155 ol
""""""" > so@ey 2. o3
""""" Tumorstage
""""""" mr2  3s(G279 24 14 003 0004
""""""" o @2 13
 Biochemicalrecurrence
""""""" Postve ~ 11(s3) 3 & 0082 0013
""""""" Negative ~ 6l(8470 34 27

* Pearson Chi-Square; * Log-Rank test.

cultured in Dulbecco’s modified Eagle’s medium (DMEM,
Invitrogen, CA, USA) supplemented with 10% fetal bovine
serum (FBS) at 37°C in a humidified 5% CO, atmosphere.
Recombinant human TRAIL (BKO176) was purchased from
Bioworld Technology (Minneapolis, USA). Polyclonal rabbit anti-
GAPDH (AP0063), TRAF2 (AP0698), c-FLIP (BS2545), Caspase-3
(BS1518), cleaved Caspase-3 (BS7004), cleaved Caspase-8
(AP0358), and PARP (BS70001) antibodies were purchased
from Bioworld Technology (Minneapolis, USA). Secondary an-
tibodies goat anti-rabbit/mouse IgG (H+L) HRP and goat an-
ti-rabbit 1gG (H+L) Rhodamine (TRITC) were obtained from
Bioworld Technology (Minneapolis, USA).

Microarray analysis

The Cancer Genome Atlas (TCGA) normalized level 3 IllumiaHiSeq
RNASeqV2 microarray gene expression data were downloaded
from TCGA Data Portal (https://tcga-data.nci.nih.gov/tcga/). For
TCGA prostate cancer cohort, 52 normal prostate samples and
498 prostate cancer samples were included in our study. The
normalized RNASeqV2 values were log2 transformed in the R
statistical environment (http://www.r-project.org) and used to
determine TRAF2 expression in normal and cancerous prostate
tissues. All TCGA data were processed using SPSS 16.0 soft-
ware. In addition, 2 publicly available datasets from the Gene
Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo/) were
used to investigate TRAF2 expression in primary/localized pros-
tate cancer, metastatic prostate cancer, and castration-resis-
tant prostate cancer (CRPC). For GSE6919 dataset, microarray
gene expression data performed on platform GPL8300 were

extracted to determine TRAF2 expression in primary prostate
cancer samples (n=65) and metastatic prostate cancer sam-
ples (n=25). For GSE35988 dataset, microarray gene expres-
sion data on platform GPL6480 were extracted to detect TRAF2
expression in non-CRPC (n=49) and CRPC (n=27). All GEO data
were analyzed in the R statistical environment and further pro-
cessed using SPSS 16.0 software.

Prostate specimens

The study was performed after approval by the Ethics Committee
of Wuxi People’s Hospital. A total of 72 samples were collected
to detect TRAF2 expression in prostate cancer. Patients were
diagnosed with prostate cancer and samples were collected
between December 2007 and December 2015. In addition, 26
benign prostatic hyperplasia (BPH) samples were collected to
determine TRAF2 expression in normal prostate tissues.

All prostate cancer patients were treated with radical prosta-
tectomy. None of the patients received immunotherapy or ra-
diotherapy before surgical treatment. The median age (range)
at time of surgical treatment was 71 (57-84). The surveillance
in an outpatient department included a serum PSA measure
at least every 3 months for the first year and every 6 months
thereafter. Median follow-up (range) time was 2442 (148-2590)
days, which was defined as the time between the surgery and
the endpoint of the study or the last record. The endpoint was
time to biochemical recurrence, which was defined as the time
between surgery to the first of at least 2 consecutive values of
0.2 ng/mL or greater in total serum PSA level [29].
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The patients were classified according to 2010 AJCC/UICC TNM
classification for stage and postoperative Gleason score (2005
ISUP modified) for grade [30,31]. Clinicopathological features
of all prostate cancer patients are shown in Table 1. Follow-
up was completed until August 2016.

Immunofluorescence assay

Immunofluorescence assay was performed according to the
methods described in a previous study [32]. Briefly, prostate
cancer cells were incubated with polyclonal rabbit anti-TRAF2
antibody at a dilution of 1: 500, and then were subsequent-
ly exposed to goat anti-rabbit IgG Rhodamine (TRITC) (dilut-
ed 1: 200 in 2% BSA/PBS) for 1 h at 37°C. DAPI was used to
stain nuclei. Immunofluorescence staining was photographed
under fluorescence microscopy.

Immunohistochemistry

Immunohistochemical assay was performed to determine TRAF2
expression in prostate samples according to the manufactur-
er’s protocol, as previously described [33].

Lentivirus transduction of TRAF2 and shRNA knockdown of
TRAF2 in prostate cancer cells

Human TRAF2 cDNA was amplified by PCR method and sub-
cloned into lentiviral transfer plasmid pLVX-Puro (Clontech).
Lentiviral particles were generated in 293T/17 cells by co-trans-
fection of lentiviral transfer plasmid pLVX-Puro-TRAF2 or con-
trol plasmid pLVX-Puro using Lipofectamine 2000 (Invitrogen),
along with the packaging plasmids psPAX and pMD2.G. DU-145
cells were infected using medium containing lentiviral parti-
cles (LV-TRAF2 and LV-Control) and selected using 2 ug/ml of
puromycin (Sigma). DU-145 cells infected with lentivirus LV-
TRAF2 can stably express exogenous TRAF2 and were named
as DU-145-TRAF2 cells.

For TRAF2 knockdown, shRNA sequence targeting TRAF2 was
designed as follows: GCAGGTACGGCTACAAGAT. The TRAF2
shRNA was synthesized and inserted into the lentiviral vector.

RNA extraction and quantitative real-time RT-PCR

Lentivirus-infected prostate cancer cells were normally main-
tained in medium containing 10% FBS and were selected with
puromycin for at least 4 weeks. Then, total RNA was extract-
ed with the RNAiso Plus reagent (TaKaRa) according to the
manufacturer’s protocol. Complementary DNA (cDNA) was
synthesized from extracted RNA using the PrimeScript™ RT
reagent kit with gDNA Eraser kit (TaKaRa). A relative quanti-
tation of TRAF2 and GAPDH mRNA expression was performed
by quantitative real-time RT-PCR (qRT-PCR). The qRT-PCR was
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performed with the SYBR® Premix Ex Taq™ Il (Tli RNaseH
Plus) (TaKaRa). The primer sequences for qRT-PCR were as
follows: for TRAF2, 5’-CACACCTGTCCCTCTTCTTTG-3’ (forward)
and 5’-TTCTGGTCGAGCAGCATTAAG-3’ (reverse); for GAPDH,
5’-TGCACCACCAACTGCTTAGC-3’ (forward) and reverse primer
5’-GGCATGGACTGTGGTCATGAG-3’ (reverse).

WST-8 cell viability assay

WST-8 colorimetric cell viability was performed using the Cell
Counting kit-8 (CCK-8) (Dojindo, Japan) according to the man-
ufacturer’s instructions. Prostate cancer cells were seeded at
a density of 1x10* cells per well in 96-well plates. After over-
night incubation, the medium was removed and replaced
with DMEM containing 1% FBS. TRAIL in 0.1% BSA was add-
ed to each well. After 24-h treatment, WST-8 was added to
each well, and plates were incubated for an additional 1 h at
37°C. Absorbance was measured at 450 nm. The experiments
were repeated 4 times, and cell proliferation rate was calcu-
lated using the following formula: Proliferation rate=(OD test/
0D control)x100%.

Western blot analysis

Lentivirus-infected prostate cancer cells were treated with 200
ng/ml TRAIL for 24 h. Western blot analysis was performed
according to the methods described in a previous study [10].
Briefly, cells were incubated with RIPA lysis buffer on ice for 20
min. Different proteins were separated by SDS-PAGE and trans-
ferred to polyvinylidene difluoride membranes. The membranes
were blocked with 5% nonfat dry milk in TBS-T (Tris-Buffered
Saline solution containing 0.1% Tween-20). The membranes
were immunoblotted with the primary antibodies overnight at
4°C, and then processed with secondary antibodies.

Apoptosis using flow cytometry with Annexin V and PI
staining

Cell apoptosis was detected according to a previously de-
scribed method [34]. The Annexin V-FITC Apoptosis Detection
kit (Dojindo, Japan) was used to detect apoptotic cells by flow
cytometry according to the manufacturer’s instructions.

Statistical analysis

Statistical analyses in this study were performed using SPSS
16.0 software. All data were calculated based on at least 3 in-
dependent experiments and expressed as mean + standard
deviations (SD). The chi-squared test was performed to eval-
uate categorical variables. The recurrence-free rate of prostate
cancer after surgery was analyzed by the Kaplan-Meier curves,
and the significance of differences was further assessed by the
log-rank test. In addition, Cox proportional hazard analysis was
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Figure 1. TRAF2 expression in prostate cancer. (A) A heatmap showed TRAFs (TRAF1-7) expression in normal prostate samples and
prostate cancer samples from TCGA cohort. TRAF2 expression was calculated by log2 transformation of RSEM in TCGA
dataset. (B) Levels of TRAF2 expression were analyzed in primary prostate cancer samples (n=65) and metastatic prostate
cancer samples (n=25) from GEO dataset GSE6919 and are shown as a heatmap. (C) Levels of TRAF2 expression were
analyzed in non-CRPC (n=49) and CRPC (n=27) from GEO dataset GSE35988 and are shown as a heatmap. Asterisks indicate
statistically significant differences (** P<0.01).
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Figure 2. Immunohistochemical staining of TRAF2 in human prostate cancer. (A) Representative images of TRAF2 low expression in
normal prostate samples, and (B) prostate cancer samples. (C) Representative images of TRAF2 high expression in normal
prostate samples, and (D) prostate cancer samples. Scale bar indicates 50 pm.

performed for the univariate and multivariate analyses to inves-
tigate the effect of TRAF2 in prostate cancer on recurrence-free
survival. A P value <0.05 was considered statistical significance.

Results

Upregulation of TRAF2 in prostate cancer

To obtain an overall view of TRAF2 expression in prostate can-
cer, the publicly available datasets were downloaded from
the Cancer Genome Atlas (TCGA). For TCGA cohort, 52 normal

prostate samples and 498 prostate cancer samples were includ-
ed. Compared with normal prostate tissues, high expression of
TRAF2 in prostate cancer was observed (P<0.001, Figure 1A).
For GSE6919 dataset, 65 primary prostate cancer samples and
25 metastatic prostate cancer samples on platform GPL8300
were downloaded and analyzed. We found that TRAF2 was sig-
nificantly upregulated in metastatic prostate cancer compared
with primary prostate cancer (P=0.006, Figure 1B). In addition,
for GSE35988 dataset, there were 49 prostate cancer sam-
ples and 27 castrate resistant prostate cancer (CRPC) samples.
Upregulation of TRAF2 was detected in CRPC samples when
compared with non-CRPC prostate cancer (P<0.001, Figure 1C).
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Figure 3. An analysis of recurrence-free survival in patients with prostate cancer by the Kaplan-Meier method. (A) Kaplan-Meier curves
for overall recurrence-free rate, (B) according toTRAF2 expression, (C) tumor stage, and (D) tumor grade (Gleason score).

Table 2. Prognostic factors for recurrence-free survival in univariate and multivariate analyses.

Univariate analysis Multivariate analysis

Parameters

Tumor stage 7.037 (1.508-32.841) 0.013 5.506 (1.134-26.733) 0.034
Tumor grade (Gleason score) 4.148 (0.516-33.318) 0.181 3.285 (0.339-31.819) 0.305
TRAF2 expression 4.798 (1.239-18.583) 0.023 5.600 (1.228-25.529) 0.026

NA - not available.
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Figure 4. Overexpression of TRAF2 in human prostate cancer cells. (A) Representative images of overexpression of TRAF2 in DU-
145 cells by immunofluorescence staining. Cells were stained using 6-diamidino-2-phenylindole (DAPI) to visualize nuclei.
(B) TRAF2 overexpression in DU-145 cells was confirmed by quantitative real-time RT-PCR and (C) Western blot analysis.
Quantitation of TRAF2 expression was normalized by GAPDH. Data are presented as mean +SD. Asterisks indicate statistically

significant differences (** P<0.01).

TRAF2 expression and clinicopathological features in
patients with prostate cancer

To determine TRAF2 expression in prostate cancer in a Chinese
population, 26 normal prostate samples and 72 prostate cancer
samples were collected from the WXPH cohort. Using immuno-
histochemical staining, we observed that TRAF2 was upregulat-
ed in 19.2% (5/26) of normal prostate cancer samples and in
48.6% (35/72) of prostate cancer samples (Figure 2, Table 1).
Furthermore, we found that high expression of TRAF2 was
significantly associated with tumor stage (P=0.035, Table 1).

Effect of TRAF2 expression on recurrence-free rate of
prostate cancer

The recurrence-free rate was investigated using Kaplan-Meier
curves. The last follow-up time was August 2016. Our results
showed that the 5-year overall recurrence-free rate of pros-
tate cancer patients was about 74.8% (Figure 3). The effects
of TRAF2 expression and tumor stage on the recurrence-free
rate were investigated. A log-rank test showed that TRAF2 ex-
pression and tumor stage were significantly associated with
recurrence of prostate cancer (Figure 3).
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Figure 5. Overexpression of TRAF2 attenuated TRAIL-induced cell death in human prostate cancer cells. (A) Cells were treated with
indicated concentrations of TRAIL for 24 h. Representative images under a light microscope in human prostate cancer DU-
145 cells. (B) TRAF2 overexpression enhanced cell viabilities when treated with indicated concentrations of TRAIL in human
prostate cancer DU-145 cells. Experiments were performed 4 times. Data are presented as mean +SD for 4 independent
experiments. Asterisks indicate statistically significant differences (* P<0.05, ** P<0.01). Scale bar indicates 100 pm. (C) We
found downregulation of cleaved Caspase-8, cleaved Caspase-3, and cleaved PARP expression, and upregulation of c-Flip
expression in TRAF2-overexpressed prostate cancer DU-145 cells.

Analyses of prognostic factors in prostate cancer patients Exogenous expression of TRAF2 in prostate cancer cells

To investigate the effects of TRAF2 expression on other clini- In this study, TRAF2 expression was found to be upregulated
cal pathological features in prostate cancer patients, Cox re- in prostate cancer. This led us to further explore the effects of
gression was performed for univariate and multivariate anal- TRAF2 on regulating TRAIL-induced apoptosis in prostate cancer
yses. Both TRAF2 expression and tumor stage were found to cells, which could influence the growth of prostate cancer. To in-
be significant prognostic factors according to univariate analy- vestigate the roles of TRAF2, DU-145-TRAF2 cells were construct-
sis (Table 2). Multivariate analyses further showed that TRAF2 ed, which could stably express TRAF2. Overexpression of TRAF2
expression and tumor stage were independent prognostic fac- in DU-145 cells was confirmed by immunofluorescence assay

tors. TRAF2 may be a valuable prognostic biomarker for pre- (Figure 4). Using quantitative real-time RT-PCR and Western blot
dicting recurrence-free survival of prostate cancer patients analysis, we found that expression levels of TRAF2 mRNA and
(P=0.013, Table 2). protein were significantly increased in DU-145 cells (Figure 4).
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Figure 6. TRAF2 knockdown enhanced TRAIL-induced cell death in human prostate cancer cells. (A) TRAF2 knockdown inhibited cell
viabilities in TRAIL-treated human prostate cancer DU-145 cells. Experiments were performed 4 times. Data are presented as
mean +SD for 4 independent experiments. Asterisks indicate statistically significant differences (** P<0.01). (B) TRAIL-induced
cell death was blocked by treatment of pan Caspase inhibitor Z-VAD-FMK in DU-145-shTRAF2 cells. Experiments were
performed 4 times. Data are presented as mean +SD for 4 independent experiments. No significant difference was found in
DU-145-shTRAF2 cells. (C) TRAF2 knockdown upregulated cleaved Caspase-8, cleaved Caspase-3, cleaved PARP expression,
and downregulated c-Flip expression in human prostate cancer DU-145 cells.

TRAF2 regulated TRAIL-induced apoptosis in human
prostate cancer cells

We further investigated the effects of TRAF2 on regulating
TRAIL-induced apoptosis in human prostate cancer DU-145 cells.
After TRAIL treatment, cell viabilities of TRAF2-overexpressed
DU-145 cells were significantly higher when compared with
control groups (Figure 5). This finding suggested that TRAF2
overexpression could significantly attenuate TRAIL-induced cell
death in DU-145 cells (Figure 5). Using Western blot analysis,
our results indicated that TRAF2 overexpression could upreg-
ulate c-Flip expression (Figure 5), and TRAF2 overexpression
could downregulate cleaved Caspase-8, cleaved Caspase-3,
and cleaved PARP expression (Figure 5).

Lentiviral particles that expressed shRNA targeting TRAF2 were
constructed to downregulate TRAF2 expression in prostate can-
cer cells. We confirmed that TRAF2 knockdown in DU-145 cells
enhanced TRAIL-induced cell death according to cell viability
analysis (Figure 6). Using Annexin V/PI staining by FACS anal-
ysis, we found that TRAF2 knockdown significantly enhanced
TRAIL-induced apoptosis in DU-145 cells (Figure 7). Western blot
analysis showed that TRAF2 knockdown upregulated cleaved
Caspase-8, cleaved Caspase-3, and cleaved PARP expression
in DU-145 cells (Figure 6). However, TRAF2 knockdown down-
regulated c-Flip expression in DU-145 cells (Figure 6).
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Figure 7. TRAF2 knockdown enhanced TRAIL-induced apoptosis in human prostate cancer cells. Cell apoptosis was detected using
Annexin V/PI staining by FACS analysis. TRAF2 knockdown enhanced apoptosis when treated with 200 ng/ml of TRAIL
in human prostate cancer DU-145 cells. Graphs represent apoptosis rates of DU-145 cells, which were quantified by
Annexin V/PI staining method. Experiments were performed 3 times. Data are presented as mean +SD for 3 independent
experiments. Asterisks indicate statistically significant differences (** P<0.01).

TRAF2 attenuated TRAIL-induced apoptosis in DU-145 cells
via c-Flip/Caspase-8 signalling

It was reported that c-Flip/Caspase-8 signalling played a vital
role in regulating the extrinsic apoptosis pathway [19]. Western
blot analysis showed that TRAF2 knockdown could upregu-
late cleaved Caspase-8, cleaved Caspase-3, and cleaved PARP
expression in TRAIL-treated DU-145 cells, and TRAF2 knock-
down could downregulate c-Flip expression in TRAIL-treated
DU-145 cells. Importantly, it was observed that TRAIL-induced
apoptosis could be blocked by treatment of pan Caspase in-
hibitor Z-VAD-FMK (Figure 6). Similar results were also found
when cells treated with Caspase-8 inhibitor Z-IETD-FMK (data
not shown). These findings suggest that TRAF2 might affect
TRAIL-induced apoptosis in prostate cancer cells via regulat-
ing c-Flip/Caspase-8 signalling.

Discussion

The tumor necrosis factor receptor (TNF-R)-associated factor
2 was originally identified as a signalling adaptor that bound
to the cytoplasmic regions of receptors in the TNF-R super-
family. It was documented TRAF2 plays vital roles in regulat-
ing immunity response, embryonic development, and stress

response. TRAF2 expression has been reported to be upregu-
lated in breast cancer [25]. Zhao et al. [25] found that TRAF2
expression was upregulated in primary tumor and metastatic
lymph nodes compared with normal breast tissues. Different
biomarkers of prostate cancer have recently been identi-
fied [35-38]. In the present study, we found that TRAF2 ex-
pression was significantly upregulated in prostate cancer.
TRAF2 high expression was significantly associated with tu-
mor stage and recurrence-free survival of prostate cancer pa-
tients. In addition, using GEO datasets, we also detected that
TRAF2 expression was significantly increased in castration-re-
sistant prostate cancer. Overall, the results of our study sug-
gest that TRAF2 is a novel prognostic biomarker for predict-
ing recurrence-free survival of prostate cancer patients, and
might affect development and progression of prostate cancer.
Considering the important roles of TRAF2 in cancers, our find-
ings are reasonable and convincing.

TRAIL is an important member of the TNF superfamily and plays
vital roles in cancer immunosurveillance. We confirmed that
TRAF2, as a valuable prognostic biomarker in prostate cancer
patients, can regulate TRAIL-induced apoptosis in human pros-
tate cancer cells. It has been documented that TRAIL affects the
development and progression of cancer [5]. The present results
show that TRAF2 affects the development and progression of
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Figure 8. Schematic diagram portraying the roles of TRAF2 in regulating TRAIL-induced apoptosis in prostate cancer. Upregulation of
TRAF2 was found in prostate cancer and might affect tumor development and progression, which could be associated with
the effects of TRAF2 on regulating TRAIL-induced apoptosis in prostate cancer cells. Furthermore, TRAF2 can affect TRAIL-
induced apoptosis in prostate cancer via regulating c-Flip/Caspase-8 signalling.

prostate cancer though regulating TRAIL-induced apoptosis in
prostate cancer cells.

It was reported that c-Flip/Caspase-8 signalling plays a vital
role in regulating the extrinsic apoptosis pathway [19,39]. Our
results indicate that TRAF2 overexpression inhibits Caspase-8
activation in TRAIL-treated DU-145 cells, and TRAF2 overex-
pression upregulates c-Flip expression in TRAIL-treated DU-145
cells. Furthermore, TRAF2 knockdown in DU-145 cells shows
consistent results. Hence, it is further confirmed that TRAF2
regulates TRAIL-induced apoptosis in TRAIL-treated human
prostate cancer cells via c-Flip/Caspase-8 signalling (Figure 8).
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Conclusions

The present study firstly shows that TRAF2 may be a valu-
able prognostic biomarker for predicting recurrence-free sur-
vival of prostate cancer patients, which might be associated
with the effects of TRAF2 on regulating TRAIL-induced apop-
tosis in prostate cancer. In addition, we found that TRAF2 reg-
ulates TRAIL-induced apoptosis via c-Flip/Caspase-8 signalling
in prostate cancer cells.

Conflicts of interest

None declared.

3. Chen W: Cancer statistics: Updated cancer burden in China. Chin J Cancer
Res, 2015; 27: 1

4. Smyth MJ, Dunn GP, Schreiber RD: Cancer immunosurveillance and immu-
noediting: the roles of immunity in suppressing tumor development and
shaping tumor immunogenicity. Adv Immunol, 2006; 90: 1-50

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]  [Index Copernicus]



LAB/IN VITRO RESEARCH

5

o

~

o

o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Falschlehner C, Schaefer U, Walczak H: Following TRAIL’s path in the im-

mune system. Immunology, 2009; 127: 145-54

. Swann JB, Smyth MJ: Immune surveillance of tumors. J Clin Invest, 2007;

117: 1137-46

. Zitvogel L, Tesniere A, Kroemer G: Cancer despite immunosurveillance:

Immunoselection and immunosubversion. Nat Rev Immunol, 2006; 6: 715-27

. Ashkenazi A, Pai RC, Fong S et al: Safety and antitumor activity of recom-

binant soluble Apo2 ligand. J Clin Invest, 1999; 104: 155-62

. Kischkel FC, Lawrence DA, Chuntharapai A et al: Apo2L/TRAIL-dependent

recruitment of endogenous FADD and caspase-8 to death receptors 4 and
5. Immunity, 2000; 12: 611-20

Kim SW, Lee JH, Moon JH et al: Niacin alleviates TRAIL-mediated colon can-
cer cell death via autophagy flux activation. Oncotarget, 2016; 7: 4356-68

Abdulghani J, El-Deiry WS: TRAIL receptor signaling and therapeutics. Expert
Opin Ther Targets, 2010; 14: 1091-108

Sedger LM, Shows DM, Blanton RA et al: IFN-gamma mediates a novel an-
tiviral activity through dynamic modulation of TRAIL and TRAIL receptor
expression. J Immunol, 1999; 163: 920-26

Takeda K, Smyth MJ, Cretney E et al: Critical role for tumor necrosis fac-
tor-related apoptosis-inducing ligand in immune surveillance against tu-
mor development. J Exp Med, 2002; 195: 161-69

Takeda K, Smyth MJ, Cretney E et al: Involvement of tumor ne-
crosis factor-related apoptosis-inducing ligand in NK cell-mediated and
IFN-gamma-dependent suppression of subcutaneous tumor growth. Cell
Immunol, 2001; 214: 194-200

Zerafa N, Westwood JA, Cretney E et al: Cutting edge: TRAIL deficiency ac-
celerates hematological malignancies. J Immunol, 2005; 175: 5586-90.

Finnberg N, Klein-Szanto AJ, El-Deiry WS: TRAIL-R deficiency in mice pro-
motes susceptibility to chronic inflammation and tumorigenesis. J Clin
Invest, 2008; 118: 111-23

Scaffidi C, Schmitz I, Krammer PH et al: The role of c-FLIP in modulation of
CD95-induced apoptosis. ) Biol Chem, 1999; 274: 1541-48

Irmler M, Thome M, Hahne M et al: Inhibition of death receptor signals by
cellular FLIP. Nature, 1997; 388: 190-95

Hughes MA, Powley IR, Jukes-Jones R et al: Co-operative and hierarchical
binding of c-FLIP and Caspase-8: A unified model defines how c-FLIP iso-
forms differentially control cell fate. Mol Cell, 2016; 61: 834-49

Spencer SL, Gaudet S, Albeck JG et al: Non-genetic origins of cell-to-cell
variability in TRAIL-induced apoptosis. Nature, 2009; 459: 428-32

Singh K, Sharma A, Mir MC et al: Autophagic flux determines cell death
and survival in response to Apo2L/TRAIL (dulanermin). Mol Cancer, 2014;
13: 70

Michalczyk I, Toporkiewicz M, Dubielecka PM et al: PKC-theta is a negative
regulator of TRAIL-induced and FADD-mediated apoptotic spectrin aggre-
gation. Folia Histochem Cytobiol, 2016; 54: 1-13

Xie P: TRAF molecules in cell signaling and in human diseases. J Mol Signal,
2013; 8: 7

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

24.

2

[

26.

2

~

28.

29.

30.

3

—_

3

N

3

w

34.

3

(%

36.

3

~N

38.

39.

Wei B. et al.:
TRAF2 is a prognostic biomarker in prostate cancer
© Med Sci Monit, 2017; 23: 4192-4204

Zhang J, Dai WJ, Yang XZ: Methylation status of TRAF2 is associated with
the diagnosis and prognosis of gastric cancer. Int J Clin Exp Pathol, 2015;
8: 14228-34

. Zhao ZJ, Ren HY, Yang F et al: Expression, correlation, and prognostic val-

ue of TRAF2 and TRAF4 expression in malignant plural effusion cells in hu-
man breast cancer. Diagn Cytopathol, 2015; 43: 897-903

Liu AY: Differential expression of cell surface molecules in prostate cancer
cells. Cancer Res, 2000; 60: 3429-34

. FuYM, Yu ZX, Lin H et al: Selective amino acid restriction differentially af-

fects the motility and directionality of DU145 and PC3 prostate cancer cells.
J Cell Physiol, 2008; 217: 184-93

Choi YJ, Choi YK, Lee KM et al: SHO03 induces apoptosis of DU145 prostate
cancer cells by inhibiting ERK-involved pathway. BMC Complement Altern
Med, 2016; 16: 507

Rodriguez-Berriguete G, Sanchez-Espiridion B, Cansino JR et al: Clinical sig-
nificance of both tumor and stromal expression of components of the IL-1
and TNF-alpha signaling pathways in prostate cancer. Cytokine, 2013; 64:
555-63

Cheng L, Montironi R, Bostwick DG et al: Staging of prostate cancer.
Histopathology, 2012; 60: 87-117

. Epstein JI, Allsbrook WC Jr., Amin MB et al: The 2005 International Society

of Urological Pathology (ISUP) Consensus Conference on Gleason Grading
of Prostatic Carcinoma. Am J Surg Pathol, 2005; 29: 1228-42

. Wang YQ, Cao Q, Wang F et al: SIRT1 protects against oxidative stress-

induced endothelial progenitor cells apoptosis by inhibiting FOXO3a via
FOX03a ubiquitination and degradation. J Cell Physiol, 2015; 230: 2098-107

. MiY, Yu M, Zhang L et al: COPB2 is upregulated in prostate cancer and reg-

ulates PC-3 cell proliferation, cell cycle, and apoptosis. Arch Med Res, 2016;
47:411-18

Wang W, Liu M, Guan Y et al: Hypoxia-responsive mir-301a and mir-301b
promote radioresistance of prostate cancer cells via downregulating NDRG2.
Med Sci Monit, 2016; 22: 2126-32

. Cannistraci A, Federici G, Addario A et al: C-Met/miR-130b axis as nov-

el mechanism and biomarker for castration resistance state acquisition.
Oncogene, 2017 [Epub ahead of print]
Shen H, Zhang L, Zhou J et al: Epidermal growth factor-containing fibulin-

like extracellular matrix protein 1 (EFEMP1) acts as a potential diagnostic
biomarker for prostate cancer. Med Sci Monit, 2017; 23: 216-22

. Alshalalfa M, Verhaegh GW, Gibb EA et al: Low PCA3 expression is a mark-

er of poor differentiation in localized prostate tumors: Exploratory analy-
sis from 12,076 patients. Oncotarget, 2017 [Epub ahead of print]

Deng QK, Lei YG, Lin YL et al: Prognostic value of protocadherin10 (PCDH10)
methylation in serum of prostate cancer patients. Med Sci Monit, 2016; 22:
516-21

Paiva C, Godbersen JC, Rowland T et al: Pevonedistat, a Nedd8-activating
enzyme inhibitor, sensitizes neoplastic B-cells to death receptor-mediated
apoptosis. Oncotarget, 2017 [Epub ahead of print]

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]
[Index Copernicus]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



