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Glioblastoma multiforme (GBM), a grade-IV glioma, is resistant to TNF-a induced apoptosis. CLIPR-59 modulates
ubiquitination of RIP1, thus promoting Caspase-8 activation to induce apoptosis by TNF-a. Here we reported that CLIPR-
59 was down-regulated in GBM cells and high-grade glioma tumor samples, which was associated with decreased
cancer-free survival. In GBM cells, CLIPR-59 interacts with Spy1, resulting in its decreased association with CYLD, a de-
ubiquitinating enzyme. Moreover, experimental reduction of Spy1 levels decreased GBM cells viability, while increased
the lysine-63-dependent de-ubiquitinating activity of RIP1 via enhancing the binding ability of CLIPR-59 and CYLD in
GBM, thus promoting Caspase-8 and Caspase-3 activation to induce apoptosis by TNF-a. These findings have identified
a novel Spy1-CLIPR-59 interplay in GBM cell’s resistance to TNF-a-induced apoptosis revealing a potential target in the
intervention of malignant brain tumors.

Introduction

Suppression of apoptosis has been recognized as a key element
in cancer progression over the past decade, and therapies designed
to relieve the apoptosis blockade in cancer cells are currently
undergoing clinical trials.1 Despite its ability to induce apoptosis,
several tumors are resistant to TNF-a-mediated apoptosis.2 Gli-
oma is the most common primary tumor of the brain, and glio-
blastoma is largely resistant to current therapeutic regimens.3-5

Human Speedy A1 (Spy1), as a member of the Speedy/
RINGO family, was found to be able to prevent apoptosis in
response to UV dependent upon p53.6 We and others have
recently shown that high expression of Spy1 correlates with high
glioma cell viability, and Spy1 is highly expressed in GBM.7 We

suspect that the GBM cell’s resistance to TNF-a-induced apo-
ptosis may be attributed to the high expression of Spy1.

TNF-a mediates an aggregate of TNF-receptor-type 1
(TNFR1) and induces a Complex-I formation by recruiting adap-
tor proteins TNF receptor-associated death domain protein
(TRADD) and receptor-interacting protein 1 (RIP1) to TNFR1.
Nevertheless, the dissociation of these proteins from Complex-I
initiates an formation of a second protein complex (Complex-II)-
containing Fas-associated protein with death domain (FADD)
and Caspase-8.8-11 Besides, apoptotic signaling mediated through
the transition from Complex-I to Complex-II is tightly regulated
by de-ubiquitination of RIP1.11,12 CLIP-170-related 59 kDa pro-
tein (CLIPR-59)-a protein important for cell apoptosis and activa-
tion of caspases in the context of TNF-a signaling, is 547 amino
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acids long and consists of 3 ankyrin repeats near its N-terminus
and 2 CAP-Gly domains (also referred as the microtubule binding
domain) in the middle of the molecule.12,13 CLIPR-59 scaffolds a
de-ubiquitinating enzyme-CYLD into the complex containing
RIP1 and facilitates de-ubiquitination on RIP1 in TNF-a signal-
ing, thus resulting in the transition from Complex-I to Complex-
II. Because of their proapoptotic property, CLIPR-59 can be con-
sidered a tumor suppressor.12 Recent work has shown that
CLIPR-59 gene expression is epigenetically silenced in tumor-con-
ditioned human umbilicalvein endothelial cells.14

Accordingly, in this work, we investigated whether overexpres-
sion of Spy1 could confer resistance to TNF-a-induced apoptosis
in glioma cells. We found that CLIPR-59 was downregulated in
malignant glioma cells and high-grade glioma tumor samples,
which was associated with decreased cancer-free survival. Spy1
interacts with CLIPR-59, which leads to the inhibition of inter-
action of CLIPR-59 with CYLD in a competitive manner
thereby attenuating the lysine-63-dependent de-ubiquitinating
activity of RIP1. Consequently, TNF-a-induced apoptosis of gli-
oma cells is suppressed. Therefore, our data have identified a
novel Spy1-CLIPR-59 interplay in GBM cell’s resistance to
TNF-a-induced apoptosis revealing a potential target in the
intervention of malignant brain tumors.

Results

Low CLIPR-59 expression level in high grade glioma biopsy
samples

Though the antitumor activity of CLIPR-59 has been
reported,12 nothing is known about the status of CLIPR-59 in
human glioma samples. We investigated that CLIPR-59 expres-
sion was significantly lower in malignant glioma cells (e.g.,
U87MG) than in less aggressive glioma cells (e.g., H4) (Fig. 1A).
Importantly, CLIPR-59 levels were reduced in high-grade glioma
samples as opposed to low-grade glioma and normal tissue
(Fig. 1A, Table 1). Immunohistochemistry (IHC) also con-
firmed the results of western blot analysis. CLIPR-59 immunore-
activity was predominantly located in the cytoplasm in a variable
number of glial cells (Fig. 1B). CLIPR-59 does not correlate
with patients’ age, gender, KPS score, tumor location, type of
surgery, tumor diameter, and vessel density (Table 1). However,
CLIPR-59 was significantly associated with pathologic stage of
the glioma (Table 1). We further suggested that Spy1 expression
is negatively associated with CLIPR-59 (Spearman’s g D
¡0.872, P D 0.000) in all 70 cases of glioma analyzed (Fig. 1C).
Furthermore, Kaplan-Meier survival curves indicated that low
CLIPR-59 expression related to a poor survival with statistical
significance (Fig. 1Da). And patients with the phenotype of
Spy1(0–3)/CLIPR-59(4–7) have even longer overall survival
than others (Fig. 1Db). Therefore, low CLIPR-59 expression is
clearly associated with a highly aggressive phenotype of glioma.

Spy1 interacts with CLIPR-59 in GBM cells
Because Spy1 is overexpressed in malignant gliomas and criti-

cally regulates the proliferation of glioma cells,7 and we observed

that Spy1 expression is negatively associated with CLIPR-59 in
glioma analyzed, we sought to tackle the possible relationship
between Spy1 and CLIPR-59. Spy1 was found to interact with
CLIPR-59 in reciprocal coimmunoprecipitations in HEK293T
cells transfected with hemag-glutinin (HA)-tagged Spy1 and
myc-tagged CLIPR-59 (Fig. 2A). More importantly, endoge-
nous Spy1 and CLIPR-59 could interact with each other in H4
and U87MG cells (Fig. 2B). The interaction between Spy1 and
CLIPR-59 was further supported by the co-localization of these
2 proteins in H4 and U87MG cells by immunofluorescence
microscopy (Fig. 2C).

Next, to identify the domain that is involved in the interac-
tion, we generated different deletion constructs of Spy1 and
CLIPR-59. As shown in Figure 2D, the Speedy/Ringo box and
amino-terminal domains seemed to be required for Spy1 to inter-
act with CLIPR-59, as deletion of the domain abrogated the
interaction. Conversely, the C-terminal domain of CLIPR-59
mediated the Spy1 and CLIPR-59 interaction, whereas the
amino-terminal, ANK and MTB domains were neither sufficient
nor necessary (Fig. 2E).

Spy1 does not affect the amount of the transduction proteins
while supresses the interaction of CLIPR-59 with CYLD
during TNF-a signaling

Previous work has shown that CLIPR-59 is important for
controlling cell apoptosis in the TNF-a signal transduction path-
way,12 and we observed that CLIPR-59 expression is significantly
lower in GBM, whereas Spy1 is overexpressed in malignant glio-
mas. Though CLIPR-59 trigger apoptosis through the formation
of Complex-I and II, containing TNFR1, CYLD, RIP1, FADD,
and Caspase-8,12 CLIPR-59 does not affect the amount of these
proteins in the TNF-a signal transduction pathway. CLIPR-59
regulates TNF-a-induced apoptosis by controlling ubiquitina-
tion of RIP1. Similarly, we found that Spy1 also has no effect on
the expression of these proteins in H4 and U87MG glioma cells,
including CLIPR-59. Neither down-regulation nor overexpres-
sion of CLIPR-59 did affect the expression of Spy1 (Fig. 3A).
These results suggest that it does not display a clear upstream-
downstream relationship between Spy1 and CLIPR-59 in this
experiment. We concluded that the way of Spy1 participated in
the development of GBM is not by regulating the amount of
these mediators.

Previous work suggested that CLIPR-59 scaffolds CYLD into
the complex containing RIP1 and thus facilitates de-ubiquitina-
tion of RIP1 in TNF-a signaling.12 CLIPR-59 regulates TNF-
a-induced apoptosis by controlling ubiquitination of RIP1. Co-
IP assays showed that the binding ability of CLIPR-59 and
CYLD was decreased when Spy1 was overexpressedwhile
increased when Spy1 was knockdown in HEK293T cells trans-
fected with myc-CYLD and Flag-CLIPR-59 (Fig. 3B and C).
The corresponding results were obtained in vivo using U87MG
and H4 cells. However, overexpression of Spy1 did not impair
CLIPR-59 binding to RIP1 (Fig. 3D and E). This indicated that
Spy1 may supress the binding ability of CLIPR-59 and CYLD
during TNF-a signaling in vitro and vivo.
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Spy1 inhibits the lysine-63-dependent ubiquitination of
RIP1 by suppressing the association of CLIPR-59 and CYLD

Interestingly, ubiquitination of RIP1 switches its function
from pro-apoptotic to anti-apoptotic.15,16 Constitutive RIP1
ubiquitination is detected in several tumor cell lines, but was not

observed in primary cells such as MEFs.17 CLIPR-59 appears to
interact with CYLD and modulates de-ubiquitination of RIP1.12

For an ubiquitination assay HA-Ub and Flag-RIP1 were trans-
fected together with/without GFP-CLIPR-59 and myc-Spy1 or
SiSpy1 in HEK293T cells. Western blotting against all

Figure 1. CLIPR-59 directly correlates with the grade of glioma and confers a better survival. (A) a. Western blots of brain normal tissue samples from 3
subjects and samples of glioma tissues (grades II, III, and IV) from 9 subjects and 4 glioma cell lines (U87MG, T98G, A172 and H4) using antibodies against
CLIPR-59 and Spy1. GAPDH was used as a control for protein load and integrity. b. Relative density of immunoblotting bands was determined using a gel
documentation system. Data were normalized to GAPDH. The data are means § SD. (B) Immunohistochemical staining for CLIPR-59, Spy1 and ki-67 was
performed as described in materials and methods. (C) Graphic representation of relationship between CLIPR-59 and Spy1 expression in glioma by Spear-
man’s analysis. (D) Kaplan-Meier analysis of the correlation between CLIPR-59 and Spy1 expression and the overall survival of glioma patients. a. Patients
in the low expression CLIPR-59 group were significantly associated with short overall survival. b. Patients with the phenotype of Spy1(0–3)/CLIPR-59(4–7)
have even shorter overall survival than others.
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HA-ubiquitin conjugated proteins in whole cell lysates revealed
that, in the group cells overexpressing Spy1 remarkably decreased
de-ubiquitination of RIP1 compared with the other groups
(Fig. 4A). On the other hands, in the cells treated with small
interfering RNAs (siRNAs) against Spy1 (SiSpy1), the ubiquiti-
nation of RIP1 was low as the conrol group (Fig. 4B). We also
obtained the similar results in TNF-a treated U87MG glioma
cells which highly expressed Spy1 and found that the level of de-
ubiquitination of RIP1 reversed when Spy1 and CLIPR-59 were
simultaneously knockout (Fig. 4E). These findings suggested
that Spy1 may supress the de-ubiquitination of RIP1 via
CLIPR-59 in GBM.

For further analysis, we used different deletion constructs of
Spy1 in HEK293T cells suffering similar treatment as Figure 4A
and B to determine the mechanism through which Spy1 regulates
the de-ubiquitination of RIP1. Fragment 69–199 of Spy1
decreased de-ubiquitination of RIP1 compared with the other
Spy1 fragments (Fig. 4C). In addition, fragment 488–547 of
CLIPR-59 is needed for regulating de-ubiquitination of RIP1 in
TNF-a signaling.12 We noticed a marked reduction in RIP1 de-
ubiquitination in the group of cells transfected with fragment
69–199 of Spy1 and 488–547 of CLIPR-59 compared with
group of the fragment 488–547 of CLIPR-59 lonely (Fig. 4D),
indicating that the effect of Spy1 on de-ubiquitination of RIP1

was mediated by the interaction of Spy1 with CLIPR-59. Similar
results were also obtained in TNF-a treated H4 glioma cells
which highly expressed CLIPR-59 as shown in Figure 4F.

CLIPR-59 should specifically regulate lysine-63-dependent
ubiquitination on RIP1, and once K63 ubiquitinated, RIP1
functions as a scaffold that assembles signaling complexes that
activate prosurvival signaling pathways.18-20 Next we investigated
the influence of Spy1 in this signaling pathway by using ubiqui-
tin mutant, K63R or K48R (lysine at the position 63 or 48 is
mutated to arginine) respectively. In agreement with the data,
Spy1 should specifically supress lysine-63-dependent de-ubiquiti-
nation of RIP1 (Fig. 4G). Taken together, our results indicated
that the interaction between Spy1 and CLIPR-59 may specifically
regulate the lysine-63-dependent ubiquitination of RIP1 by sup-
pressing the association of CLIPR-59 and CYLD.

Spy1 regulates glioma cell viability and confers resistance
to TNF-a-induced apoptosis possiblely by suppressing
the association of CLIPR-59 and CYLD

U87MG cells are resistant to TNF-a-mediated apoptosis,
while H4 and T98G glioma cells are not.21 As Spy1 levels were
elevated in GBM samples, we investigated its role in glioma cell
survival and resistance to apoptosis. Treatment with TNF-a
alone increased the viability of U87MG cells, while co-treatment

Table 1. Correlation between CLIPR-59 and Spy1 expression and clinicopathologic variables

CLIPR-59 expression Spy1 expression

Variable Total 0–3,(n) % 4–7,(n) % P* 0–3,(n) % 4–7,(n) % P*

Gender
Female 31 13 (41.94) 18 (58.06) 0.148 15 (48.39) 16 (51.61) 0.228
Male 39 24 (61.54) 15 (38.46) 13 (33.33) 26 (66.67)

Age
<40 26 12 (46.15) 14 (53.85) 0.461 14 (53.85) 12 (46.15) 0.082
�40 44 25 (56.82) 19 (43.18) 14 (31.82) 30 (68.18)

KPS
<80 16 9 (56.25) 7 (43.75) 0.886 6 (37.50) 10 (62.50) 0.973
�80 49 25 (51.02) 24 (48.98) 20 (40.82) 29 (59.18)
Unknown 5 3 (60.00) 2 (40.00) 2 (40.00) 3 (60.00)

Tumor location
Frontal 26 15 (57.69) 11 (42.31) 0.688 9 (34.62) 17 (65.38) 0.186
Parietal 6 2 (33.33) 4 (66.67) 3 (50.00) 3 (50.00)
Occipital 3 1 (33.33) 2 (66.67) 3 (100.00) 0 (0.00)
Temporal 15 7 (46.67) 8 (53.33) 7 (46.67) 8 (53.33)
Unknown 20 12 (60.00) 8 (40.00) 6 (30.00) 14 (70.00)

Surgery
Biopsy 12 6 (50.00) 6 (50.00) 0.465 4 (33.33) 8 (66.67) 0.670
Partial resection 21 9 (42.86) 12 (57.14) 10 (47.62) 11 (52.38)
Gross total resection 37 22 (59.46) 15 (40.54) 14 (37.84) 23 (62.16)

Vessel density
Normal 39 25 (64.10) 14 (35.90) 0.053 14 (35.90) 25 (64.10) 0.470
Increased 31 12 (38.71) 19 (61.29) 14 (45.16) 17 (54.84)

Tumor diameter
<4 cm 36 19 (52.78) 17 (47.22) 1.000 13 (36.11) 23 (63.89) 0.626
�4 cm 34 18 (52.94) 16 (47.06) 15 (44.12) 19 (55.88)

WHO grade
II 34 11 (32.35) 23 (67.65) 0.004 22 (64.71) 12 (35.29) 0.000
III 24 17 (70.83) 7 (29.17) 5 (20.83) 19 (79.17)
IV 12 9 (75.00) 3 (25.00) 1 (8.33) 11 (91.67)

*Correlation was analyzed by use of Fisher’s exact test. KPS Kar-nofsky performance scale, CLIPR-59 CLIP-170-related 59 kDa protein.
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Figure 2. For figure legend, see page 6.
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with SiSpy1 resulted in approximately 51–83% decrease in via-
bility of U87MG cells, as compared with control (Fig. 5A). To
further assess the effects of Spy1 on apoptosis in TNF-a signal-
ing, FACS assay was performed. The 1.62% increase in apoptosis
cells observed upon Spy1 inhibited was further elevated to
10.55% when Spy1 inhibited was co-administered with TNF-a
treated for 24 h in U87MG cells (Fig. 5B and C). This ability of
Spy1 inhibited to reverse TNF-a mediated resistance to

apoptosis indicated the involvement of Spy1 in CLIPR-59-
induced cell apoptosis in TNF-a signaling. In addition, SiSpy1-
treatment induced the activation of Caspase-8 and the following
activation of Caspase-3 (Fig. 5D) stimulated by TNF-a, further
suggesting that Spy1 confers resistance to TNF-a-induced apo-
ptosis. Thus, Spy1 expression is required for the resistance to
TNF-a-induced apoptosis, and this process may be mediated by
suppressing the association of CLIPR-59 and CYLD.

Figure 2 (See previous page). Spy1 interacts with CLIPR-59 in vivo and in vitro. (A) HA-Spy1 and myc-CLIPR-59 vectors (1.5 mg each) were co-transfected
into HEK293T cells. Extracts with equal amount of protein were immunoprecipitated with anti-HA or anti-myc antibody and analyzed by Western Blot. (B)
U87MG and H4 cells were lysed and equal amount of lysates were co-immunoprecipitated with anti-CLIPR-59 or anti-Spy1 antibody. The normal rabbit
IgG was used as a negative control. (C) U87MG and H4 cells were fixed and immunofluorescence microscopy was performed using indicated antibodies
to show co-localization of endogenous CLIPR-59 and Spy1. The nucleus was counterstained by DAPI. Scale BarD25 mm. (D) Spy1 contains a amino-termi-
nal domain (1–68), a Speedy/Ringo box domain (69–199), and a C-terminal domain (200–313). HEK293T cells were transfected with myc-CLIPR-59 and
HA-Spy1 mutants (1.5 mg each). Cell lysates were immunoprecipitated with anti-HA antibody and analyzed by Western. (E) CLIPR-59 contains a ANK
domain (1–241), a MTB (242–487) domain, and a C-terminal domain (488–547). HEK293T cells were transfected with myc-CLIPR-59 mutants and HA-Spy1
(1.5 mg each). Cell lysates were immunoprecipitated with anti-myc antibody and analyzed by western blot.

Figure 3. Spy1 did not affect the amount of the transduction proteins while supress the interaction of CLIPR-59 with CYLD during TNF-a signaling. (A) To
determine which was the specificity target of Spy1 in the present study, U87MG and H4 glioma cells were transfected with the control vector (Con053),
Spy1 siRNA (SiSpy1) or HA-Spy1 expression vector as indicated. At 72 hr after the transfection, cells were lysed and analyzed by SDS-PAGE and immuno-
blot using the indicated antibodies. (B, C) HEK293T cells were co-transfected with Flag-CLIPR-59, myc-RIP1, HA-Spy1 or SiSpy1 vector. Cell lysates were
immunoprecipitated with anti-Flag antibody and analyzed by Western as indicated. (D, E) H4 cells were transfected with HA empty vector (HA), HA-Spy1
expression vector (D), and U87MG cells were transfected with the control vector (Con053), SiSpy1 vector (E). Cells were lysed and immunoprecpitated
using anti-CLIPR-59-specific Ab. Precipitated materials were analyzed by IB using the indicated Abs.
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Figure 4. For figure legend, see page 8.
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Discussion

Deregulation of apoptosis in cancer promotes disease progres-
sion, and drugs that restore apoptotic signaling pathways may
have substantial therapeutic benefit. GBM is the most common
primary malignant brain tumor in adults and is resistant to
TNF-a induced apoptosis.22,23 Our data as summarized here
allude to the interplay between Spy1 and CLIPR-59 as a key
determinant of resistance of glioma cells to TNF-a induced apo-
ptosis, thus shedding light on the understanding of the pathogen-
esis of GBM.

CLIPR-59 has been shown to promote Caspase-8/Caspase-3
activation, sensitizing tumor cells to TNF-a-induced cell apopto-
sis.12 Moreover, we indicated that CLIPR-59 is low-expressed in
high-grade glioma samples as compared with low-grade glioma
and normal tissues, and confers a preferable prognosis in this dis-
ease. Spy1 enhances mammalian cell survival in response to a
number of genotoxic agents, including UV irradiation where it
prevents caspase activation and apoptosis dependent on the gene
regulatory protein p53.6,24,25 Our previous investigation has also
demonstrated that aberrant Spy1 expression directly affects the
proliferation of human gliomas.7 Interestingly, here we show that
CLIPR-59 interacts with Spy1 via the C-terminal domain in gli-
oma, which is needed for de-ubiquitinating function of CLIPR-
59.12 We show that inhibition of Spy1 increases the association
of CLIPR-59 with CYLD and reduces the ubiquitination of
RIP1. However, overexpression of Spy1 did not impair CLIPR-
59 binding to RIP1. It has been broadly vertified that the C-ter-
minal region of CLIPR-59 is essential for its interaction with
CYLD whereas it did not destroy the combination with RIP1. 12

Our results are coincident with the viewpoint.
Loss of RIP1 ubiquitination, allows RIP1 to bind caspase-8,

and thereby activates apoptosis.15,17 In this study, we have shown
that Spy1 is constitutively high expressed in GBMs and is attenu-
ated by treatment with SiSpy1. Spy1 interrupts the de-ubiquiti-
nation of RIP1 mediated by CLIPR-59. We also showed that
increased de-ubiquitination of RIP1 evoked by SiSpy1 deterio-
rates GBM’s resistance to TNF-a–induced apoptosis and
reported that SiSpy1-induced activation of a caspase 8- caspase 3
cascade is required for its apoptotic activity. We conclude that
the interaction between Spy1 and CLIPR-59 is the central mech-
anism participated in GBM’s resistance to TNF-a–induced apo-

ptosis. Besides, the low expression of CLIPR-59 which hinted a
better survival may be related to GBM’s resistance to TNF-
a–induced apoptosis. Accordingly, future investigations exploit-
ing the more precise mechanism will be likely needed.

Materials and Methods

Processing of tissue and IHC
The study was conducted after informed consent was obtained

from all subjects and the protocol was approved by the Partners
Human Research Committee at the Affiliated Hospital of Nan-
tong University. IHC was performed on tissue samples collected
from patients with histologically confirmed gliomas to determine
Spy1 and CLIPR-59 expression as described.26,27 Non-neoplastic
brain tissue were acquired from patients undergoing surgery for
epilepsy and were reviewed to verify the absence of tumor.

Cell culture and treatment
The human glioma cell lines U87MG, A172, T98G and H4,

which were derived from patients with glioblastoma, HEK293T
is a human embryonic kidney cell line with stably incorporated
SV40 large T antigen. All cell lines were cultured in DMEM
(GibCo BRL, Grand Island, NY, USA) with 10% fetal bovine
serum, 2 mM L-glutamine, 100 U/mL penicillin–streptomycin
mixture (GibCo BRL) at 37�C with 5% CO2. Transient trans-
fections were performed using lipofectamine 2000 following
manufacturer’s recommendation. For the creation of stable cells,
transfected cells were exposed to 0.5mg/ml neomycin (for over-
expression vector) or 0.01 mg/ml blasticidin (for siRNA vector)
for 2 weeks.

Immunoprecipitation and protein gel blotting
The interaction between Spy1 and CLIPR-59 was assessed by

co-immunoprecipitation assays as previously reported.28 Briefly,
cells were collected in PBS and lysed by RAPI buffer. After pre-
clearing with protein G sepharose beads, cell lysates were incu-
bated with specific antibody bound to either protein A/G sephar-
ose beads (Roche) for 12 hours at 4�C. Precipitated immune-
complexes were washed with RIPA buffer 4 times, eluted by boil-
ing in 2£SDS sample buffer, resloved by SDS-PAGE gel, and
analyzed by immunoblotting as previously reported.29

Figure 4 (See previous page). Spy1 inhibits the lysine-63-dependent de-ubiquitination of RIP1 by suppressing the association of CLIPR-59 and CYLD. (A,
B) HEK293T cells were transfected with/without the expression plasmids for GFP, GFP-CLIPR-59, myc, myc-Spy1, the control vector (Con053) or SiSpy1
vector (1 mg/well) with the combination of the plasmids for FLAG-RIP1 (1 mg/well) and HA-ubiquitin WT (HA-Ub; 0.1 mg/well) followed by treatment
with or without MG132 (50 mM) for 2 hours. At 24 h after transfection, cell lysates were immunoprecipitated with anti-Flag antibody and analyzed by
Western as indicated. (C) HEK293T cells were transfected with the expression plasmids for myc-Spy1 mutants (1–199, 69–199, 200–313, respectively;
1 mg/well) with the combination of the plasmids for GFP-CLIPR-59, FLAG-RIP1 (1 mg/well) and HA-ubiquitin WT (HA-Ub; 0.1 mg/well). Cells were analyzed
as described in Figure 4A, B. (D) HEK293T cells were transfected with/without the expression plasmids for myc-Spy1 WT, myc-Spy1 mutants (69–199),
GFP-CLIPR-59 WT or GFP-CLIPR-59 mutants (1–487, 488–547, respectively; 1 mg/wel) with the combination of the plasmids for FLAG-RIP1 (1 mg/well)
and HA-ubiquitin WT (HA-Ub; 0.1 mg/well). Cells were analyzed as described in Figure 4A, B. (E, F) U87MG and H4 cells transfected with/without SiSpy1,
myc-CLIPR-59, myc-Spy1 WT, myc-Spy1 mutants (69–199) or CLIPR-59 siRNA (SiCLIPR-59) were pretreated with proteasome inhibitor MG132 (21 mM) for
10 min before stimulation with TNF-a (10 ng/ml) or medium for additional 10 min. After cell lysing, the cell lysates were subjected to sequential IP meth-
ods for detecting ubiquitination of RIP1. (G) HEK293T cells were transfected with/without the expression plasmids for myc, myc-Spy1, Con053 or SiSpy1
(1 mg/well) with the combination of the plasmids for GFP-CLIPR-59 (1 mg/well), FLAG-RIP1 (1 mg/well) and HA-ubiquitin K63R or K48R mutant (K48R or
K63R, respectively; 0.1 mg/well). Cells were analyzed as described in Figure 4A, B.
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Immunofluorescence staining
H4 and U87MG cells were seeded on coverslips in 24-well

plate and cultured overnight. Subsequently cells were washed
with PBS, fixed with 4% paraformaldehyde (1 hours), permeabi-
lized with 0.1% Triton X-100 (15 minutes), and blocked for
nonspecific binding in phosphate-buffered saline (PBS), 3% milk

for 30 minutes. H4 and U87MG were incubated with a primary
antibody at 4�C overnight. After three washes with PBS, samples
were incubating with secondary antibody for 30 minutes at
37�C. For DNA staining, samples were incubated with Hoechst
33342 dye (1 mg/ml, 10 minutes) after incubation with second-
ary antibodies. The fluorescence was detected by use of a Leica

Figure 5. Spy1 regulates glioma cell viability and confers resistance to TNF-a–induced apoptosis in vitro and vivo. (A) Viability of glioma cells stably
transfected with/without SiSpy1, SiCLIPR-59, myc-CLIPR-59 or HA-Spy1 in the presence or absence of TNF-a was determined by CCK8 assay. The graphs
represent the viable glioma cells, percentage of control, upon treatment with 10 ng/ml TNF-a for 24 h. *^**^^***^^^, P < 0.05, are identified in compari-
son with the control group. Only one of 3 representative experiments is shown here. Error bars represent SEM. (B, C) Stably transfected glioma cells were
treated as indicated and cultured in a humidified (37�C, 5% CO2) incubator. Cells were then harvested and measured for apoptosis using Annexin V-FITC
apoptosis detection kit followed by flow cytometry analysis. * ^ ** ^^, P < 0.05, are identified in comparison with the control group. Only one of 3 repre-
sentative experiments is shown here. Error bars represent SEM. (D) Increase in caspase-3 and caspase-8 activity in glioma cells treated with both SiSpy1
and TNF-a, as determined by western.
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fluorescence microscope (Germany). All assays were performed
3 times in duplicate.

Ubiquitination assays and protein purification
Various plasmids coding for Spy1, CLIPR-59, Flag-RIP1,

HA-ubiquitin (WT), HA-ubiquitin (K48) or HA-ubiquitin
(K63) were transfected in HEK293T, U87MG and H4 cells.
24 h post-transfection, cells were treated with MG132 or with
TNF-a. Cells were harvested, lysed and boiled 5 min in 1%
SDS (v/v) to remove all non-covalently associated proteins.
Lysates were diluted 1 :10 in RIPA buffer supplemented by 2£
protease inhibitor mixture (Sigma). Flag-RIP1 or RIP1 was
immunoprecipitated using an anti-Flag (Sigma; F7425) or an
anti-RIP1 antibody (Abcam; ab42125) as described above. Pro-
teins bound to the beads were then eluted in Laemmli buffer and
subjected to immunoblot analysis. All antibodies for Western
were used at a dilution ratio of 1:1000.

Cell viability assay
To evaluate cell viability, cells were seeded on a 96-well cell

culture cluster (Corning Inc., Corning, NY, USA) at a concent
ration of 2 £ 104/well in a volume of 100 mL. Twenty-four
hours later, each well was transfected for different times. Cell
numbers were measured colorimetrically using the Cell Counting
Kit (Dojindo, Kumamoto, Japan) by ImmunoMini NJ-2300 (NJ
InterMed, Tokyo, Japan) at a test wave length of 450 nm.

Quantification of cell apoptosis
Cells treated as indicated were washed 3 times in ice-cold

PBS, resuspended in lysis buffer (0.1% sodium citrate and 0.1%
Triton X-100 in PBS) and incubated with Annexin V-FITC
(Bestbio, China) for 15 min at 4�C in the dark, according to the
manufacturer’s instructions. After staining, cells were incubated
with propidium iodide (PI, Sigma, 20 mg/ml) for 5 min at 4�C

in the dark and then analyzed using a flow cytometer (Beckman,
USA).

Statistical analysis
All comparisons between groups were performed using 2-

tailed paired student’s t-test. All numerical data were described as
mean § SEM. All P-values less than 0.05 were taken as signifi-
cant. All experiments were repeated at least 3 times. The non-
parametric Spearman’s rank correlation coefficient was applied to
evaluate the strength of the relationship between Spy1 and
CLIPR-59 expression. x2 and Fisher’s exact tests were used to
compare the expression of all proteins as groups (positive versus
negative) with various clinicopathological parameters. Survival
analysis was undertaken using the Kaplan-Meier method, and
curves were compared using the log-rank test. All computations
were carried outusing the SPSS 13.0 (SPSS, Inc., Chicago, IL)
statistical programs.
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