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Bcl2L.12 with a BH3-like domain in regulating apoptosis
and TMZ-induced autophagy: A prospective combination
of ABT-737 and TMZ. for treating glioma
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Abstract. Bcl2L12 as a new member of the Bcl2 family, which
contains a BH2 domain and shares a lower amino acid simi-
larity with other Bcl2 family proteins. Bcl2L12 is reported
to be involved in apoptosis regulation, but this role remains
controversial in different cancer type. Temozolomide (TMZ)
is currently used to intervene glioma multiforme (GBM), but
an acquired chemotherapeutic resistance maybe occurred
due to undesired autophagy. Previous studies uncovered that
Bcl2L12 may interact with Bcl-xL and may harbor a BH3-like
domain. Therefore, we investigated whether this BH3-like
domain is responsible for the Bcl2L12 anti-apoptotic prop-
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erty. Moreover, we tested whether ABT-737, a BH3 mimetic
agent, can be combined with TMZ to treat GBM. We aligned
Bcl2L12 with Bcl2 family members, compared interacting
pattern of BH3 domain and their protein 3D structure. We
identified that Bcl2L12 interacts with Bcl-xL and Bcl2 in
yeast two-hybrid system. Bcl2L12,4, ,,, Wwas a minimal region
for Bcl2L12-Bcl-xL interaction. Five-point mutations with
respect to hydrophobic and charge residues were generated
to test whether they are the key residue of BH3-like domain.
Our data showed that both h1 (L213) and h2 residue (LL.217)
are essential for Bcl2L12 interacting with Bcl2 family
proteins. Ectopically expressed hl or h2 mutant in U§7MG
cell line resulted in reactivation of cleaved-PARP, caspase-3
and cytochrome c releasing compared to Bcl2L12 wt group.
Implementing ABT-737 combined with TMZ provided a supe-
rior effect on apoptosis induction in Bcl2L12 wt group, which
effectively reactivated apoptotic markers. Altogether, our
findings indicated that Bcl2L12 retains a BH3-like domain,
which is important for the Bcl2L12 anti-apoptotic property
and TMZ-induced autophagy. Our results basically support
the idea of using ABT-737 to counteract the anti-apoptotic role
of Bcl2L12 and sensitize drug response of the GBM cells to
TMZ.

Introduction

Glioblastoma (GBM) is a most aggressive glioma, and it
is the most common brain tumor in adult and second most
common in children. Survival rate remains poor although it
has improved over the last five years (1, 2), is usually associ-
ated with a 2-year survival rate of only 10-25% (3). One major
strategy to anticancer growth is to induce tumor apoptosis.
Multiple apoptotic signals involved in the intrinsic pathway
may result in alterations of permeability of the mitochondrial
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outer membrane (MOM) and cause the release of apopto-
genic factors, including cytochrome ¢ (4). By following,
cytochrome ¢ can promote formation of apoptosomes. Once
the initiator caspase-9 is activated by apoptosome, effector
caspase (caspase-3/7) will be activated to launch apoptosis.
The signaling posterior to death receptor and ligand binding
is further transducing and activates initiator caspase-8 to
trans-activate effector caspases (5). The intrinsic pathway
is controlled by interactions of Bcl2 family members (6).
According to the protein structure, the Bcl2 family members
have at least one of the Bcl2 homology (BH) domains (7).
Moreover, proteins in Bcl2 family can be divided into three
functional groups based on their domain composition. One
is the anti-apoptotic group, such as Bcl2, Bel-xL, Bcl-W,
Mcl-1 and Al, containing BH1-4 domains. These proteins
can sequester pro-apoptotic protein or BH3-only activator
to facilitate their anti-apoptosis function. The pro-apoptotic
group, Bax and Bak, containing BH1-3 and transmembrane
(TM) domain. These groups of proteins are essential effec-
tors responsible for controlling permeability of MOM. The
third group is the BH3-only group that proteins harbor only
BH3 domain. The BH3-only proteins can be subdivided into
activators (e.g., Bid and Bim) and sensitizers (e.g., Bad, Bik,
Bmf, Hrk, Noxa and PUMA) (8).

Upon apoptosis, the BH3s activate Bax and Bak to
mediate cytochrome c efflux, leading to caspase activa-
tion (9-14). Conversely, the anti-apoptotic Bcl2, Bel-xL,
and Mcl-1 sequester Bax/Bak or activator BH3s into inert
complexes, thus preventing Bax/Bak activation (9,11,14,15).
The remaining BH3s do not activate Bax/Bak directly but
instead prevent the anti-apoptotic Bcl2 members from
sequestering the Bax/Bak or the activator BH3s (11,14-18).
A stepwise activation model of Bax and Bak is driven by
activator BH3s. The al helix of Bax stabilizes and thereby
controls the engagement of the a9 helix in the dimerization
pocket. Activator BH3s bind transiently to the al helix of
Bax to unleash auto-inhibition, which allows for the struc-
tural reorganization by exposing both N and C terminus. The
C-terminal transmembrane domain hence becomes available
for insertion into the MOM. The activator BH3s remain
associated with the N-terminally exposed Bax to drive the
homo-oligomerization of mitochondrial localized Bax. Bak,
an integral mitochondrial membrane protein, constitutively
exposes its al helix and requires activator BH3s to trigger
its homo-oligomerization. The homo-oligomerization of
Bax or Bak appears to involve the interaction between the
BH3 domain of one molecule and the canonical dimerization
pocket of the other monomer (19). Mutations in BH3 domain
abolish their homo-oligomerization, and the same strategy is
utilized for the heterodimerization between BH3s and anti-
apoptotic Bcl2 members (20,21).

The Bcl2-like 12 (Bcl2L12) gene was discovered and
cloned by Scorilas ef al (22) in 2001, as a newly identified
member of the Bcl2 family, containing a highly conserved
BH2 domain, a BH3-like domain and a proline-rich region.
Currently, two functional splicing variants of the Bcl2L12
gene are known: one consisting of seven coding exons and
producing a 334-amino acid protein with a molecular mass
of 36.8 kDa and another one resulting from alternative
splicing and giving rise to a protein of 176 amino acids, a
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splice variant called Bcl2L12A which lacks exon 3 (143 bp)
(22). Expression of the full-length mRNA transcript has been
observed in many tissues, including breast, thymus, prostate,
fetal liver, colon, placenta, pancreas, small intestine, spinal
cord, kidney and bone marrow, whereas the Bcl2L12A
is mainly expressed in fetal liver, spinal cord and skeletal
muscle (22). Previous studies showed that Bcl2L12 localized
in both nucleus and the cytosol (23,24). The biological role
of Bcl2L12 is yet completely understood. Bcl2L12 exhibits
pro-apoptotic activity in breast tumor and gastric cancer
(25-27). A 3-fold increase of Bcl2L12 levels was demon-
strated in non-cancerous compared to cancerous stomach
tissues (27). In breast cancer, both proteins highly expressed
in normal breast tissue, and it was documented that Bcl2L12
as a favorable prognosis marker and the knock down of its
expression leads to a cisplatin-resistance of a breast cancer
line MDA-MB231 (25). In nasopharyngeal cancer, Bcl2L12
expression status was also found to be positively associated
with the presence of distant metastases. Moreover, Bcl2L12
expression is an unfavorable and independent prognostic
indicator of short-term relapse in nasopharyngeal carcinoma,
indicating that Bcl2L12 mRNA expression may constitute a
novel biomarker for the prediction of short-term relapse in
nasopharyngeal carcinoma (?). In contrast, both two Bcl2L.12
are ubiquitously overexpressed in primary human GBMs and
may be associated with the resistance to chemotherapeutic
agent-induced apoptosis that is an important hallmark of this
disease (24). Furthermore, it has been reported that Bcl2L12
is an inhibitor of post-mitochondrial effector caspase activa-
tion, as it binds to and inhibits caspase-7 and upregulates
the caspase-3-specific inhibitor aB-crystallin (CRYAB).
Bcl2L12 attenuates endogenous p53-directed transcriptomic
changes after genotoxic stress and inhibits p53-dependent
DNA damage-induced apoptosis (24).

Gliomas have been shown to exhibit disrupted intrinsic
and extrinsic apoptosis signaling pathways, and the resul-
tant inefficient caspase activation is thought to contribute
to gliomagenesis and chemo-/radiotherapy resistance (28).
Using TMZ, it was reported that ROS-dependent autophagy
induction may abrogate its effectiveness in triggering apop-
tosis in glioma (29). On the other hand, GBM overexpressed
with Bcl2L12 also creates an unfavorable environment to
be intervened by DNA damaging agents. In this study, we
explored whether Bcl2L12 orchestrates its anti-apoptosis
function through its interacting with Bcl2 family members
by the BH3-like domain. Besides, ABT-737, a BH3 mimetic
agent, was tested for its possible combination with TMZ to
provide a better outcome of glioma treatment.

Materials and methods

Cloning. For vector construction of Bcl2L12, Bcl-xL, Bcl2,
Bax into pACT2/pAS2-1 for yeast two-hybrid assay or
pEGFP-CI1 for overexpression, PCR was used to generate
DNA fragments containing desired genes using the primer
containing Xhol and BamHI restriction enzyme recognition
site. For gene-specific PCR, 100 ng genomic DNA was used
as template, 2.5 pl, 10X reaction buffer (Takara Bio Inc.,
Shiga, Japan), 4 pl, 2.5 mM dNTPs (Takara Bio Inc.), 0.2 ul
DNA polymerase (5 U/ul) (Takara Bio Inc.), 1 ul of 10 yuM
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primers were added into a 25-ul reaction mix. The PCR condi-
tions were denaturation at 95°C, 30 sec; followed by 30 sec
annealing, extension at 72°C for 35 cycles on GeneAmp 9700
PCR System (Applied Biosystems, Foster City, CA, USA).
The PCR products were separated on 2.0% agarose gel and
visualized by staining with 0.5 zg/ml ethidium bromide. The
PCR products with correct sizes were further purified using
PCR clean-up kit (GeneMark Technology Co., Ltd., Tainan,
Taiwan) and subjected to restriction enzyme digestion.
Plasmid DNA was also double-strand sequenced to confirm
its correctness (Mission Biotech, Taipei, Taiwan).

Yeast two-hybrid assay. Yeast (YRG2) was inoculated into
5 ml YPD medium and grown at 28°C, 240 rpm for 20 h.
YPD medium (45 ml) was added into original yeast culture
to refresh its growth and further incubated for 4 h. To detect
whether gene A interacts with gene B, the pACT?2 vector/
gene A (1.2 ug) was pre-mixed with pAS2-1 vector/gene B
(1.2 ug) then further added with 10 ul boiled salmon sperm and
800 pl of aforementioned yeast solution. Thereafter, the reac-
tion was vortex completely and incubated at 28°C, 240 rpm
for 30 min, then added with 80 yl DMSO (Sigma-Aldrich
Corp., St. Louis, MO, USA), the reaction was heat-shocked at
42°C for 15 min then placed on ice for 2-5 min. The reaction
was centrifuged at 3,000 rpm, for 3 min and the superna-
tant was discarded. Sterilized water (200 ul) was used to
re-suspend the transformed yeast pellet, then 100 ul of the
reaction mixture was spread on nutritional deficiency plates
G2 and G3, respectively. The G2 or G3 plates were incubated
at 28°C for colony growing. Sterilized filter papers were used
to cover the G2/G3 plates. The filter papers attached the yeast
colonies and were further dipped into liquid nitrogen for
40 sec to break cell walls of the attached yeast. A 1,600 pl of
X-gal solution was added onto another filter and incubated at
28°C for detecting whether bait protein would interact with
prey protein.

Site-directed mutagenesis. The specific primers containing
desired mutations [hl, h2, h3, charge and h4, partly as
designated as previous report (30)] and the complementary
sequences surrounding to mutation sites were designed and
synthesized. After PCR amplification, 1.5 pl Dpnl (10 U/
pl) was added for digestion at 37°C for 10 min. Dpnl treated
DNA (2 pl) was transferred into 45 pl of prepared competent
cells. After incubation on ice for 30 min, heat shock was
carried out at 42°C water bath for 30 sec. Then the reaction
mixture was left on ice for 2 min. Then 500 pl LB medium
was added and incubated at 37°C, 200 rpm for 1 h. After
incubation, bacterial cultures were spread on selective plates
containing antibiotics and incubated at 37°C for 16-18 h.
Several colonies were picked up for plasmid preparation,
restriction enzyme digestion and sequencing to confirm the
desired mutations.

Protein structure prediction. I-TASSER server is a web-based
program for protein structural and functional predictions.
It allows users to automatically generate predictions of
3D structure and biological function of protein molecules
from their amino acid sequences. When an amino acid
sequence is submitted, the server tries to retrieve template
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proteins of similar folds (or super-secondary structures)
from the PDB library by LOMETS, a locally installed meta-
threading approach (31). Therefore, we combined the amino
acid sequences with Bcl2L12, Bcel2, Bel-xL and Bax, to
obtain protein secondary and 3D structure for cross-sectional
comparisons.

Cell culture, transfection and treatments. Human glioblas-
toma U87MG (HTB-14) and T98G (CRL-1690) cell lines
were purchased from American Type Culture Collection
(ATCC). Cells were cultured using o-MEM and MEM
supplemented with 10% FBS and penicillin with streptomycin
(100 TU/1) at 37°C, 5% CO, in air atmosphere. For transient
transfections, cells were seeded into 100-mm diameter culture
dishes (Becton-Dickinson, San Jose, CA, USA) at a density
of 1x107 cells per dish. DNA was transfected into cells
using Lipofectamine 2000 transfection reagent (Invitrogen,
Carlsbad, CA, USA). For apoptosis induction, STS (Sigma-
Aldrich Corp.) and TMZ were used. After transfection for
12-16 h,0.5 uM STS and 400 uM TMZ were added into culture
dish and incubated for another 24 h (STS) or 48 h (TMZ) to
trigger apoptosis (STS was the positive control of apoptosis
induction).

Quantitative PCR. cDNA was synthesized from total RNA
for each of the studied groups using an Impron II reverse
transcriptase kit (Promega Corp., Madison, WI, USA).
All primer pairs with respect to Bcl2L12, LC3B, Beclin-1
and GAPDH were designed using a web-based program
provided by GeneScript.com. All were qualified and
demonstrated: i) high amplification efficiency (>96%)
across a wide range of cDNA dilutions; ii) specific single
products in dissociation curve analysis; and iii) melting
temperatures similar to those predicted by oligonucleotide
software. Quantitative PCR was performed with Power SYBR
Green dye and an ABI StepOne Plus Real-Time PCR system
(Applied Biosystems). The difference in the cycle threshold
(dCT) for target gene (LC3B, Beclin-1 and Bcl2L.12) mRNA
expression was calculated by subtracting the geometric mean
of the cycle threshold for the reference gene (GAPDH) from
the cycle threshold of the target gene mRNA. Because this
dCT represents the log>-transformed expression ratio of the
target transcript to the geometric mean of the reference gene,
the relative expression level of the target gene mRNA was
determined as 2-dCT. The relative target gene expression of
the studied groups is shown as a fold increasing pattern with
standard deviations.

Western blotting. Lysis buffer was used to prepare the total
lysates from cultured cells. For detecting cytochrome c efflux,
the cytosolic fraction was prepared by Mitochondria/Cytosol
Fractionation kit (Merck Millipore, Billerica, MA, USA)
according to the manufacturer's protocol. Protein concentra-
tion was determined using Protein Assay reagent (Bio-Rad,
Hercules, CA, USA). Protein lysates were separated on
12% SDS-PAGE and then transferred onto methanol-treated
PVDF membrane. The transferred membranes were blocked
by 5% (w/v) non-fat dry milk in TBST with gentle shaking
for 1 h. Then the membrane was incubated with primary
antibodies: anti-LC3B, anti-Atg5, anti-Beclin-1, anti-full



YANG et al: Bcl2L12 IS INVOLVED IN APOPTOSIS AND TMZ-INDUCED AUTOPHAGY

Table I. The results of yeast two hybrid system to detect the
minimal region responsible for interaction with BclxL, Bel2
and Bax.

Protein interaction with indicated
construct in BD vector pAS2-1

Bcl2L12 fragments  BclxL, ., Bcl2,,,, Bax,,; pAS2-1
in AD vector pACT2

Bcl2LL124 534 B* B* B*

Bcl2L12, 546 B* B* B* -
Bcl2L12 54 B* B* B* -
Bcl2LL12y 550 B* B* B* -
Bcl2L12y B* B* B*

Bcl2L12,, ) - - -

Bcl2L12, 5, - - - -
Bcl2L12, 1o, - - - -
BeI2L12,0; 240 B B B* -
pACT-2 - - - -

The full-length of Bcl2L12 is unable to bind with Bcl-xL, Bcl2 and
Bax. B*, interaction; -, no interaction.

1307

length PARP, anti-PARP (cleaved form), anti-caspase-9/-3
(cleaved form), anti-cytochrome c, anti-Bax and anti-Bcl-xLL
(Cell Signaling Technology, Beverly, MA, USA), anti-GFP,
and anti-p-actin (Santa Cruz Biotechnology, Santa Cruz, CA,
USA). The primary antibodies were used in 1% non-fat dry
milk or 5% BSA dilute with TBST. The PVDF membranes
were washed 5 times in TBST, 5 min each. Then secondary
antibodies conjugated with horseradish peroxidase were
added in 1% non-fat dry milk and incubated at room tempera-
ture for another 1 h, followed by 5 washes with TBST. The
protein signaling was developed using ECL reagent (GE
Healthcare, Piscataway, NJ, USA). The chemiluminescence
signal was recorded on X-ray film (Fuji, Tokyo, Japan) and
imaging using developer and fixer agents (Kodak, Rochester,
NY, USA).

Statistical analysis. Data are expressed as mean + standard
deviation. Statistical significance between the groups was
examined by either Student's t-test or Wilcoxon's Rank-Sum
test. P-values <0.05 were considered as a statistically signifi-
cant difference.

Figure 1. The structural simulation of Bcl2L12 and comparison of BH3 Domain of studied Bcl2 family proteins. (A) The predicted protein 3D struc-
ture of Bcl2L12. The N-terminal protein of Bcl2L12 (homology modeling, 1-173 amino residues) (orange), harboring a unique folding pattern with
extra coiled-coiled domain compared to others Bcl2 family proteins; in addition, this region was suspected to be involved in Bcl2L12 biofunction.
The BH3 domain of Bcl2L12 (BH3 domain, 211-226th amino residues) (red). The region spanning from residues 174 to 334 (green). N, N-terminus,
C, C-terminus. (B) The whole protein structure of studied Bcl2 family proteins were homologically overlapped, it was observed that Bcl2L12 only
restrictedly overlapped with Bcl2, Bel-xL and Bax in its C-terminal region. (C) The structure simulation of four Bcl2 family proteins using the amino
acid residues corresponding to a2 or a9 helix. The core residues of BH3 domain of BAX [PDB ID, 1F16, 54-71 amino residues (37)] (blue), the
BH3 domain of Bcl-xL [PDB ID, 1R2D, 90-98 amino residues (44)] (colored in magentas), the BH3 domain of Bcl2 [PDB ID, 2XA0, 93-108 amino
residues (36)] (yellow) and the BH3 domain of Bcl2L12 [homology modeling, 211-226 amino residues as BH3-like motif as previously described (6)]
(red). (D) The closed view of Bcl2L12 BH3-like domain revealed that it is comprised of approximately seven turns a-helix structure (red).
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Table II. Comparing the domain structure of Bcl2 family proteins in this study.

Anti-apoptotic

Pro-apoptotic

Bcel-xLL Bcl2 Bax Bcel2LL12
BH-domain Location of BH-domain Location of BH-domain Location of
a-helix (a.a.) a-helix (a.a.) a-helix (a.a.)
al 12-15
a2 20-31
ol 37-41
od 84-91
oS 95-110
a6 127-146
o7 160-163
ol BH4 4-19 11-26 22-37 BH4-like o8 175-190
domain?
a2 BH3 84-99 91-106 BH3 57-72 BH3-like o9 211-226
o3 104-112 111-119 77-85 all 22-235
o4 BHI 120-132 127-139 BH1 89-101 BHI1-like all 243-255
domain?
oS 137-156 144-163 107-126 al2 260-279
oab 162-176 169-183 132-146 al3 285-299
o7 BH2 180-183 187-190 BH2 150-153 BH2 ald 303-306
o8 188-195 195-202 158-165 als 311-322
™ 213-231 219-237 169-188 al6 326-328
Results corresponded to residue of 211-226. Moreover, we homologi-

Bcl2L12 can interact with Bcel-xL and Bcel2; in addition,
Bcl2L12,,, 5,, may be important to its interaction with Bcl-xL.
According to results from yeast two-hybrid system shown in
Table I, we revealed that Bcl2LL12,, 55, can interact with Bcl-xLL
and Bcl2. To narrow down the region responsible for these
interactions on Bcl2L.12, different truncated Bcl2L12 frag-
ments were generated to determine whether they can interact
with either Bcl-xL or Bcl2 or both. As shown in Table I,
Bcl2L12,g,,40 interacts with Bcl-xL, but not Bcl2L12, q,.
Bcl2L124,,,, also interacts with Bcl-xL; therefore, it is
assumed that Bcl2L12,,, ,,, may be not critical for its interac-
tion with Bcl-xL. Shorter Bcl2L12 truncated fragment (e.g.,
Bcl2L12,y,.,4) showed weaker interaction compared to that
of the long Bcl2L12 truncated fragments (e.g., Bcl2L12, 534).
Altogether, it was revealed that Bcl2L12,y, ,,, as a minimal
region may play an important role involved in the interaction
between Bcl2L12 and Bel-xL.

Bcl2L12,,, 5, may contain a BH3-like domain, which is
response for the interactions with Bcl-xL and Bcl2. Using a
web-based program identifying protein-protein interaction
sites (ISIS) (32), we preferentially predicted the possible
crucial residues within the Bcl2L12,y, ,,, that are responsible
for protein-protein interactions. In addition, we predicted the
protein 3D structure of Bcl2L12 (Fig. 1A). The residue of
1-173 contains seven a-helixes, whereas residue of 174-334
contains nine a-helixes. The predicted BH3-like domain

cally overlapped the whole protein structure of the studied
Bcl2 family proteins (Fig. 1B), it was observed that Bcl2L.12
was only restrictedly overlapped with Bcl2, Bel-xL and
Bax in its C-terminal region. Hence, we further magnified
the overlapped region of BH3 domain of these four proteins
(Fig. 1C). As a result, BH3-like domain of Bcl2L12 can
homologically be overlapped with Bcl-xL and Bax, but not
Bcl2. The closed view of Bcl2L12 BH3-like domain revealed
that it comprised of an approximately seven-turn a-helix
structure (Fig. 1D). Based on multiple sequence alignment
and the protein structural simulations, we conclude the region
corresponding to a9 helix of Bcl2L12 may be important and
highly similar to the hydrophobic region (a2 helix, BH3
domain) of the other Bcl2 family proteins (Table IT). Further,
we narrowed the region down to Bcl2L12,,,,,, as BH3-like
domain (20) of Bcl2L12 and LXXXAE as core motif other
than canonical LXXXXD (33). We suspected this region may
be important and/or mediate the interactions with respect to
Bcl-xL and Bcl2 as shown in Fig. 2.

For delineating whether Bc12L12 BH3-like domain serves
its function similarly to Bax BH3 domain, we performed
site-directed mutagenesis on several residues within the
helix interacting surface (hl, h2, h3 and h4) (34) and we
firstly predicted interacting residue (20) corresponding to
Bax BH3 domain since mutations on these residues in Bax
have been reported to reduce Bax-Bcl-xL interaction. We
compared the interacting patterns of Bcl2L12 wild-type (wt)
and mutants with respect to Bcl-xL and Bcl2; in addition,
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Protein interaction with indicated
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[ Wt B* B
L213A hl - _
Bel2L1270-266 12174 h2 _ _
E220A h3 B* B
E222A charge B+ B
- 12244 h4 - _

Figure 2. Sequence of Bcl2L12 BH3-like domain was aligned with BH3 domain of Bcl2 family proteins and the interacting patterns between Bcl2L12 wt and
Bcl2L12 mutants were compared using yeast two-hybrid system. (A) Bcl2L12 harbors BH2 and BH3-like domain, and the domain composition is different
from other members in Bcl2 family. However, the amino acid sequence of BH3-like domain shares a certain level of similarity to BH3 domain of different
Bcl2 family proteins. The core motif of LXXXAE is similar to LXXXXD. The chosen residues for performing site-directed mutagenesis were indicated as
1213 (hl), L217 (h2), L220 (h3), E222 (charge) and E224 (h4). Of note, pro-apoptotic Bcl2 members usually sequestered by anti-apoptotic members through
the interactions of their BH3 domain with hydrophobic groove of anti-apoptotic Bcl2 family proteins. (B) Bcl2L12,,4 Was used to perform site-directed
mutagenesis at the above sites, which correspond to hl, h2, h3, charge and h4 in the BH3-like domain to determine whether, and which site, is crucial for
Bcl2L12 interacting with Bel-xL and Bcl2 using the yeast two hybrid system. B*, positive interaction; -, no interaction.

the interacting pattern of Bax BH3 mutant was investigated
and compared. As expected, the interacting patterns between
Bax BH3 domain and Bcl2L.12 BH3-like domain did show
high similarity (Table III), but Bcl2L12 may have different
binding manner between Bcl-xL and Bcl2, indicating that
BH3 domain may not be equally responsible for Bcl2L12-
BclxL and Bax-Bcel-xL interaction (Table III, BclxL 4
L90A in lines 1 and 3 compare to Bcl2,,,, L97A in lines 1

and 3). Moreover, it was revealed that h2 residue in BH3-like
domain is important for Bc2LL12,, ¢, interacting with Bcl-xL,.
209 and possibly with Bcl,, ,,,. Besides, the h2 residue is also
crucial for Bax, ;, interacting with Bcl,, ,,,. It is of note that
when expressed these proteins, in yeast colonies took 3-5 days
to grow to an appropriate size for filter assay. The colonies also
showed a high variety in growth speed and we presumed this
phenomenon may due to, in part, either to weaker interactions
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Figure 3. The BH3-like domain of Bcl2L12 is involved in regulating apoptosis. Overexpressed Bcl2L12 wt and its h1 mutant in US7MG cell line lead to
different expression of apoptotic markers under different treatments (STS and TMZ). Overexpressed L213A mutant resulted in reactivation of apoptotic
markers, including cleaved-PARP and cleaved caspase-3. The lower panel is the bar chart indicating that expression levels with respect to cleaved-PARP and
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Table III. Yeast two hybrid system detection of the critical
residue affecting Bcl2L12 and/or Bax interaction with BelxL
and Bcl2.

BeIXL 509 BelxLys0 Belypy Belyoy

L90A L97A
Bel2L125) 6 B B B -
Bcl2L12, 6 L213A - - - -
Bax,, B* B* B* -
Bax,,, L63A - ] ] )

B*, interaction; -, no interaction.

of tested proteins or a negative side effect of yeast growth.
The 3D structure simulation showed that structure computer-
ized using sequences from Bcl2L12 BH3-like to BH2 domain

was similar to that of Bcl-xL, Bcl2 and Bax (35-37), indicating
that BH3-like domain may have the same function as BH3
domain of Bcl2 family proteins, especially Bax.

Bcl2LI2 L213A and L217A mutant can abolish its anti-apop-
tosis role and cause re-activations of apoptotic markers in
GBM cell line. US7TMG cell line with expression of GFP alone,
GFP-Bcl2L12 wt and GFP-Bcl2L12 L213A (hl mutant),
were treated with either STS (0.5 uM) or TMZ (400 uM) for
24 and 48 h, respectively, to induce apoptosis. Regardless of
the treatment drug, Bcl2L12 wt showed a lower activation
of cleaved-PARP than other groups. When overexpressed
Bcl2L12 L213A, apoptotic markers were significantly reac-
tivated during treatment with either STS or TMZ (Fig. 3).
This result is consistent with the reported anti-apoptotic role
of Bcl2L12 in GBM. Additionally, mutation on one of the
residues (L213) of core motif did abolish anti-apoptotic role
of Bcl2L12, which caused a significant elevation of apoptotic
markers including cleaved-PARP and capase-3 in US7TMG
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(Fig. 3). No inter-group difference was found between
Bcl2L12 wt and L213 mutant group in expression levels with
respect to Bcl-xL, Bax and ratio of Bax/Bcl-xL. To confirm
this finding, we further overexpressed another BH3-like
mutant domain, h2 mutant (L217A) in US7MG cells of
appropriate size. As shown in Fig. 4, without drug treatment,
both mutant groups already showed a significantly higher
expression of cleaved-PARP compared to Bcl2L12 wt group.
However, only hl mutant showed an evidently higher expres-
sion of cytochrome c efflux in untreated control. Using either
STS or TMZ caused severe activation of apoptotic markers
including cleaved-PARP and cytochrome c, but not caspase-3
in GFP alone group. In contrast, overexpressed Bcl2L12 wt
prohibited activation of these apoptotic markers. Further, as

expectated, overexpression of either hl or h2 mutant exhib-
ited a reactivation of cleaved-PARP and cytochrome c efflux
compared to Bcl2L12 wt group (Fig. 4, lower panel) while
Beclin-1 expression in each group seems unaltered.

Combination of TMZ and ABT-737 exerts a superior apop-
tosis triggering effect in the glioma cell line. For the purpose
of evaluating whether Bc12L12 is promising for target therapy,
we introduced ABT-737, a BH3 mimetic agent, to counteract
the anti-apoptotic role of BcI2L12 in glioma since: i) glioma
was usually detected with overexpression of Bcl2L12; ii) we
speculated Bcl2L.12 harbors a functional BH3-like domain,
and may play a role similar to that reported for hydrophobic
groove of anti-apoptotic members in Bcl2 family. The results
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in Fig. 5, indicate no inter-group difference. Consistently,
using either TMZ or ABT-737, overexpressed h2 mutant
caused an elevated expression of cleaved-PARP compared to
Bcl2L12 wt group. However, using ABT-737 alone, it success-
fully triggered cleaved caspase-3 expression although it had
not reached significant level. The combination with TMZ and
ABT-737, it activated approximately 2- and 3-fold enhance-
ment of cleaved-PARP and cleaved caspase-3 expression,
respectively. When compared to single drug treatment, it
triggered significantly higher activation of apoptotic markers
compared to other Bcl2L12 wt overexpressing groups. These
data revealed that mutation on L217 may partially destroy the
linked functionalities of BH3-like domain of Bcl2L12 through
a dominant-negative machinery resulting in marginal benefit

on re-activation of apoptotic markers when treated with TMZ.
Implicating ABT-737 may supply another tool to minimize the
functional consequences of BH3-like domain of Bcl2L12 as
well as the hydrophobic groove of others anti-apoptotic Bcl2
members. The combination of TMZ and ABT-737 provide a
good microenvironment of ABT-737 and TMZ to take action
resulting in the best outcome of triggering apoptosis in the
U8TMG cell line.

Discussion
In this study, we demonstrated, for the first time, that Bcl2LL.12

plays an anti-apoptotic role in a glioma cell line partly due to
harboring a BH3-like domain and through its interaction with
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Bcl-xL and Bel2. This finding is independent of the previously
reported mechanisms of p53-dependent or caspase-3/7 inac-
tivation (24,38-40). Mutagenesis on either hl or h2 residue of
BH3-like domain within the hydrophobic groove of Bcl2L12
caused re-activation of apoptotic markers in US§7MG cell
line with or without treatment with STS or TMZ. These data
may provide a new strategy to intervene in those GBM with
highly expressing Bcl2L12 through attenuating its BH3-like
domain, such as implying the BH3 mimetic agent ABT-737,
ABT-263 and analogs corresponding to the Bcl2L12,,, 5.
The possible interaction between Bcl2L12, Bel-xL and Bcel2
may be important to the anti-apoptotic the role of Bcl2L12;
however, this event is unable to deny that p53 may associated
with role playing of Bcl2L12 since the reactivation of apop-
totic markers of hl mutant is more evident in US7MG cells
(with wild-type p53) than in T98G cells (with p53 codon 237
homozygous mutant) (data not shown). Our finding of hl, h2
and h4 as important residues in the core motif (position -4,
0, and +7) of BH3-like domain of Bcl2L.12 may reflect that
they serve to interact with Bcl-xL and Bcl2. Interestingly,
mutations on corresponding residues of Bax also disrupted
the interaction with Bcl2 pro-survival members leading to
failure in inducing apoptosis (30).
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According to results from the yeast two-hybrid system,
full-length Bcl2L12 was unable to interact with Bel-xL, Bel2
and Bax until depleting residues 1-70 of its N-terminal. The
failure of interaction may be attributed to the Bcl2L12 stereo
structural barrier, which similarly to the situation of Bcl2L12
interacts with GSK3p (23). This region of Bcl2L12, ,, perhaps
has some regulatory role on controlling the Bcl2L12 activity
and/or interaction. In this study, we did not examine all the
interactions between Bcl2L12, Bcel-xL, Bel2 and Bax due
to problems attributed to secondary generation yeast two-
hybrid assay. Some of the proteins, such as Bcl-xL and Bcl2,
can only be cloned into BD vector and further tested with
other proteins. When cloned into the AD vector, the ability of
some proteins was reported to be decreased significantly. The
problems of directional specific interaction of some proteins
should be noted when performing yeast two-hybrid system
to avoid both false-negative and -positive results (41). The
incomplete evaluation of the interaction between Bcl2L12,
Bcl-xL, Bcel2 and Bax remains as an experimental limitation
in this study.

Protein levels with respect to Bcl-xL and Bax did not show
a consistent result with apoptotic markers in our western blot-
ting, and these results may be attributed to the mechanism
of STS. STS is the broad-spectrum kinase inhibitor that is
frequently used as apoptosis inducer in the cell-based assay.
However, it may inhibit the phosphorylation on Bcl2 family
members to affect the level of these proteins. Moreover, STS
induce more abundantly caspase-dependent apoptotic events
in the primary cortical neurons (42). This can be part of the
reason why the effect attributed to protein-protein interaction
of Bcl2 family proteins is lacking. Therefore, other apoptosis
inducer may be used to study variations on the Bcl2 family
protein level consequent on overexpressed Bcl2L12 wt and
BH3-like domain mutants.

We assumed that, in GBM, the Bcl2L12 is overexpressed
and plays an anti-apoptotic role due to, in part, through inter-
acting with Bcl-xL and Bcl2 via a novel BH3-like domain (in
this study) to reinforce the integrity of the mitochondria outer
membrane. A previous study mentioned that TMZ treatment
in GBM may cause autophagy and high ROS production due to
ERKI signaling-mediated autophagy induction (29). We have
repeated this phenomenon, and assumed that TMZ-induced
both apoptosis and autophagy in a time-dependent manner,
but with a cell type specificity as shown in Fig. 6. In U§7MG
cell line, the elevated expression of Beclin-1 and LC3B was
detected at 12 and 24 h, respectively. The expression level
of Bcl-xL also gradually accumulated from 12 to 72 h. In
contrast, the expression level of cleaved-PARP and cleaved
caspase-9 was enhanced until 36 h. The TMZ-induced
autophagy to apoptosis shift can be observed in US7TMG cell
line, but not in T98G when treated with TMZ. To confirm
this finding, we perform time-course treatment of TMZ
using U87MG cell line, and the TMZ-induced autophagy
to apoptosis shift was robustly demonstrated (Fig. 7, upper
panel), in which ATGS5, Beclin-1 and LC3B all induced
expression at early period from 12 to 36 h, but cleaved-PARP
was gradually activated beyond 24 h and highest expressed at
72 h. In addition, we checked mRNA expression pattern with
respect to LC3B, Beclin-1 and Bcl2L12 during the trajectory
of TMZ treatment showing a consistent rhythm (Fig. 7, lower
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panel), which reached the highest expression at 36 h. These
data indicated that Bcl2L12 may be involve in TMZ-induced
autophagy. In contrast to previous finding, overexpressed
Bcl2L12 wt may cause elevation of Beclin-1 and LC3B, but
not cleaved caspase-9 (Fig. 8). Moreover, this phenomenon
of autophagic marker induction can be reversed by Bcl2L.12
hl and h2 mutant (Fig. 8), which indicated that BH3-like
domain, in addition to apoptosis regulation, was also involved
in TMZ-induced autophagy.

In this study, we tested the beneficial outcome for the
combination of TMZ and ABT-737. As expected, it provided
a superior apoptosis triggering effect than used alone.
Moreover, it successfully counteracted that Bcl2L12 wt
overexpressing background and produced the best result.
Our above data demonstrated that h2 mutant may partially
destroy the linked functionalities of BH3-like domain
of Bcl2L12 through a dominant-negative machinery,
which probably raised a functional competition with the
endogenous Bcl2L12. When treated with ABT-737, the
functionality of BH3-like domain of Bcl2L12, hydrophobic
groove of other Bcl2 family protein or BH3 targets may be
blocked, and thus an advanced apoptosis inducing effect was
observed. The combination of TMZ and ABT-737 provides
a good microenvironment to take actions resulting in the
best outcome of triggering apoptosis in the US7TMG cell
line. This phenomenon can be rationalized as follows: i) in
U87MG cell line with high Bcl2L12 expression, the TMZ
may not work well due to: a) Bcl2L12 helps glioma cells to
abrogate the pS3-dependent DNA damaging apoptosis event,
b) Bcl2L12 is involved in TMZ-induced autophagy and lead
to an acquired resistance of TMZ, and c) Bcl2L12 mediates
shut-down of caspase-3/-7 activation and upregulated the
expression of CRYAB, and thus the caspase-dependent apop-
tosis might not be easy to launch. However, we found that
TMZ can decrease the expression Mcl-1 (data not shown),
which alternatively created a good environment for ABT-737
to take action without interfering. The extent of the high
Mcl-1 expression would restrict the therapeutic effect of
ABT-737 as described (43). Likewise, siRNA-based knock
down Mcl-1 expression or implicated pharmaceutical-based
(using platinum agent) drug all improved ABT-737 resis-
tance; ii) ABT-737 as BH3 mimetic agent, may be suitable
to counteract an anti-apoptotic role of Bcl2L.12 in glioma
that retains an acquired resistance to TMZ. Abolishing the
self-defence of glioma due to Bcl2L12 overexpression, it
would be beneficial for TMZ to damage the tumor genome;
iii) ABT-737 is broadly antagonists to BH3 targets through
blocking the interaction between anti-apoptotic Bcl2 family
proteins and BH3 provides advantages in triggering more
dominant apoptosis. Altogether, the special characteristics of
GBM overexpressing Bcl2L12 retain an acquired resistance
of TMZ providing ideal conditions for combination use of
TMZ and ABT-737. Nonetheless, further insight into the
Bcl2L12 multifaceted role in GBM is still needed since it is
involved in regulation of apoptosis and autophagy. Eventually,
a practical and effective regimen can be developed based on
better knowledge of Bcl2L12.

In conclusion, we demonstrated that Bcl2L12 has a
BH3-like domain, and it functions similarly to BH3 domain of
Bcl2 family proteins in binding. Interrupted Bcl2L12 interac-
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tion with Bcl2 family members can modulate its anti-apoptotic
role based on re-activation of apoptotic markers in GBM cell
line. The combination TMZ and ABT-737 exerts a better
apoptosis induction than each used alone. We conclude that
ABT-737 has potential in combination with TMZ to sensitize
the drug responsiveness of glioma.
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