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Figure 2 Expression of BMCCI mRNA. (a) Differential expression of BMCCI in favorable and unfavorable neuroblastomas. mRINA
expression patterns for BMCC/ and BNIP gene family members were detected by semiquantitative RT-PCR. procedure. Results for eight
favorable and eight unfavorable NBLs are shown. The expression of GAPDH is also shown as a control. Lanes 1-8: favorable NBLs (F;
stage | or 2, with a single copy of MYCN), lanes 9-6: unfavorable NBLs (UF; stage 3 or 4, with MYCN amplification}. (b) Expression of
BMCCI mRNA in nevroblastoma cell lines. In all, 11 NBL cell lines with MYCN amplification and six cell lines with a single copy of
MYCN were used for semiquantitative RT-PCR as templates. () Semiquantitative RT-PCR of BMCC/ in multiple human tigsues. Total
RNA of 25 adult tissues and two fetat tissues were purchased from Clontech Co. Ltd. As a control, same cDINA templates were amplified
by GAPDH primers. {d) Expression of BMCC/ mRNA in the other cancer cell lines. Semiquantitative RT-PCR analysis was performed
using cDNA primers and control GAPDH primers. Tumor origins were shown on the top. {e) The changes in expression of BMCCT at the
cell cycle stages. HeLa cells were synchronized by treatment with 400 M mimosine for 18h (Gl-phase arrest), with 2mM thymidine for
20h (S-phase arrest), or with 0.6 ug/ml nocodazole for 18 h (G2/M-phase arrest) and collected for RNA isolation. Semiquantitative RT—
PCR was conducted by using BAMCC! primers and GAPDH conirol primers.
coma, melanoma and some osteosarcoma cell lines, pharyngeal arches which are derived from neural crest.
whereas only low levels of expression were found in  The expression of BMCCI seemed to be more restricted in
cancer cell lines of liver, breast, thyroid and colon  the later stages of development (Figure 3). In E12.5 mouse
(Figure 2d). We further examined the cell cycle-  embryo (Figure 3d), BMCCI was expressed in spinal cord,
dependent expression of BMCCJ] mRNA in Hela cells  hindbrain, midbrain, forebrain and dorsal root ganglia
by using semiquantitative RT-PCR. As shown in  (DRG). Although the expressions of BMCCI in E14.5
Figure 2e, BMCC! was predominantly expressed in  mouse embryos (Figure 3a and b) were similar to those
G1 phase of the cell cycle. in E12.5, the regions expressing BMCC! in hindbrain
(Figure 3a), spinal cord and forebrain at E14.5 (Figure 3b)
. o ] were more dorsally restricted than at E12.5.
In situ Aybridization of BMCCI in mouse embryo
In sitn hybridization in mouse embryo showed that
BMCCI was specifically expressed in neural tube and  Immunohistochemical staining of BMCC1 in primary NBLs
neural crest-related tissues. In E10.5 mouse embryo, The favorable NBLs occasionally expressed BMCCI in
BMCCI was highly expressed in neural tube and  the cytoplasm of the tumor cells (Figure 4b). In contrast,
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Figure 3 Section in situ hybridization of embryos with the
BMCCI probe. Sagitial sections of embryos at El4.5 (a—¢) and
E12.5 (d) were prepared and the BMCC/ expression was examined
by section in situ hybridization. {a), (b) and (d) Antisense probes.
{c} Sense probe (control). The BMCCI probe used is described in
the Experimental procedures, DRG, dorsal root ganghion; sp,
spinal cord; hb, hindbrain; b, heart. Scale bar, 200 pm.

in the unfavorable neuroblastomas the tumor cells were
entirely negative for BMCCI or only a few positive cells
were observed (Figure 4d).

Prognostic significance of BMCCl mRNA expression in
humnan NBLs

The levels of BMCCI mRNA expression were measured
in 98 primary NBLs by using quantitative real-time RT-
PCR. The high levels of BMCCI expression were
significantly associated with favorable NBL in stages
I, 2 and 4 (Figure 4e). The high levels of BMCCI{
expression was significantly associated with young
age (P<0.00005), favorable stages (P<0.00005), high
expression of TrkA mRNA (P <0.00005), single copy
of MYCN (P <0.000035), tumors found by mass screen-
ing (MS) (P<0.00005), nonadrenal origin (F==0.0025)
according to the Student’s z-test. The log-rank test
showed that the high expression of BMCCI was signifi-
cantly correlated with a favorable outcome (P =0.0008)
as shown in the Kaplan-Meier cumulative survival
curves (Table I and Figure 4f).

The multivariate Cox regression analysis also demon-
strated that BMCCI expression (high vs low), age (<1
year vs =1 year), MYCN copy number (1 copy vs >1
copy), and MS$ (positive tumors vs sporadic tumors} had
prognostic significance (P<0.0005) (Table 2). BMCCI
expression was significantly related to survival
(P =0.007) after controlling age (P =0.018}. However,
it lost significance in a model including jointly with
MYCN amplification or MS. Furthermore, BMCCI
expression was significantly related to  survival
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(P =10.027) after controlling age (P=0.014) and origin
{P=0403).

Changes in BMCCL mRNA expression during neuronal
differentiation and apoptosis

To examine whether exogenous expression of BMCCI1
affects the cell growth of neuronal PCl2 cells, a rat
pheochromocytoma cell line, we transfected the cells
with a full-length BMCCI cDNA. The overexpression
of BMCC]1 appeared to decrease the cell growth but the
result was not statistically significant {data not shown).
We then tested if expression of BMCC! mRNA was
changed during neuronal differentiation and/or apop-
tosis. For that purpose, we used three different neuronal
cell lines. The NT2 cell line, which was established from
human immature teratocarcinoma and the cefls show
astrocytic differentiation after treatment with retinoic
acid (RA) (Moasser et al., 1996). The CHP134 NBIL
cells undergo apoptosis after 3 days of the treatment
with RA (Islam et ol., 2000). On the other hand, the
RTBMI1 human NBL cells are induced to differentiate
after the treatment with RA (Nakamura et af., 1998).
We have confirmed that caspase 3 expression was
increased in CHP134 cells but decreased in RTBM]
cells at day 7 after treatment with RA by semiquanti-
tative RT-PCR. On the other hand, nestin expression
was not changed in the former and slightly increased in
the latter (Figure 5a). Expression of BMCCI mRNA
was downregulated during RA-induced neuronal differ-
entiation in both NTZ2 and RTBM1 cells, whereas it was
rather upregulated in CHP134 cells on day 7 after the
treatment with RA when many cells were undergoing
apoptosis (Figure 5a).

To further confirm the above observation seen in
neuronal cell lines, we examined the changes in BMCCJ
expression in superior cervical ganglion (SCG) neurons
obtained from newborn mice in primary culture. The
cultured cells were treated with 50 ng/ml NGV for 5 days
(induction of peuronal differentiation) and then
depleted NGF from the medium and added anti-NGF
antibodies to induce neuronal apoptosis. As shown
in Figure 5b, induction of differentiation by NGF
decreased expression of BMCC!, whereas the NGF-
depletion-induced apoptosis was accompanied with
increase in BMCC/! expression. This was very similar
to the changes in expression of c-jun and Bim which had
already been reported (Whitfield er /., 2001). Thus, the
levels of BMCC! mRNA are changed during neuronal
differentiation and apoptosis in an opposite manner.

Enhanced NGF-depletion-induced apoptosis in SCG
neurons obtained from BMCCI transgenic mice

We next generated BMCCJ transgenic mice by using the
expression construct with the tyrosine hydroxylase
promoter-driven promoter to examine the functional
role of BMCCI in the sympathetic neurons. The SCG
neurons obtained from either control or transgenic
newborn mice were subjected to primary culture. The
integration of the BMCC] in the mouse genome and its
overexpression in SCG neurons were confirmed by both
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Figure 4 Immunohistochemistry and prognostic significance of BMCC1 expression in primary neuroblastomas. (a) and (b) In the
favorable neuroblastoma without MYCH amplification, the tumor cells are occasionally positive for BMCCI in the cytoplasm. (¢) and
(d) The unfavorable neuroblastoma with M ¥YCN amplification is regative for BMCCI. (a) and (¢) Hematoxylin—eosin staining, (b) and
{(d) BMCCI immunostaining. {e) Low expression of BMCC] is associated with poor prognosis of the patients with neuroblastoma.
Real-time quantitative RT-PCR avalysis of BMCCI in 98 tumor samples from patients with nenroblastomas according to tumor
stage. The levels of expression of BMCC! were normalized to that of G4APDH. Horizontal lines; group means, open circles; patients
alive, solid circles, patients deceased. (f) Cumulative survival curves of patients with neuroblastoma, according to expression of
BMCC! mRNA. The Kaplan-Meier curves show the probability of survival in terms of the level of expression of BAfCCI. The
survival curves were analysed by the Mantel-Haenszel log-rank test.
RT-PCR (Figure 6a) and Western blot (data not  with the adenovirus E1B 19-kDa protein. The E1B
shown). The treatment of the transgenic SCG neurons  protein protects the cells from apoptosis induced by
with NGF in primary culture induced neurite extension  viral infection or other proapoptotic stimuli (Gooding
similarly to control celis, but induction of apoptosis et al., 1991; Hashimoto et al., 1991; White et al., 1992;
after depleting NGF was significantly enhanced in the  Boyd e al,, 1994). Bcl-2 and its related antiapoptotic
cells overexpressing BMCCI1 (Figure 6b-d). This sug-  proteins can functionally substitute for the E1B 19-kDa
gested that BMCCI overexpression may function as  protein and bind to BNIP2. Therefore, it has been
proapoptotic in neuwronal celfls. suggested that BNIP2 is a potential proapoptotic
protein {(Subramanian et al., 1995).
On the other hand, Cdc42 regulates the activation of
Discussion the c-Jun amino-terminal kinase (JNK) in various cells
(Bagrodia er af., 1995; Coso ef al., 1995; Zhang et al,,
The presence of the highly conserved BCH domain in 1995). Cdc42 induces an apoptosis mediated by the
BMCCI suggests its role in the regulation of apoptosis. ~ JNK-MAP kinase cascade in Jurkat T lymphocytes
BNIP2, which shares the BCH domain with BMCC1, (Chuang es al., 1997). The apoptosis is prevented by
has originally been identified as a molecule interacting  inhibitors of caspases, suggesting that activation of the
Oncogene
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TFable 1 Prognostic significance of BMCCI expression, age, stage, Trkd expression, M YCN amplification, mass screening and tumor origin in
primary neuroblastomas (log-rank tests}
Variable t-tests Log-rank tests
Number of patients Mean+s.em. P-vaiue Number of deaths Number of P-value
{BMCCI exp.) expected deaths

BMCC! expression 0.0008

Low 49 17 9.39

High 49 4 11.61
Age {year) <0.00005

<l 63 1.824-0.23 <0.00005 5 14.55

=l 35 0.64+4+0.15 16 6.45
Tumor stage <0.00005

1,2, 4s 59 [.974+0.23 < 0.00005 0 14.57

3,4 39 0.55+0.13 21 6.43
TrkA expression <0.00005

Low 44 0.9140.22 <0.00005 21 7.75

High 54 1.8140.25 0 13.25
MYCN copy number* <0.00005

Amplified 27 0.304-0.10 < (.00005 18 4.14

Single 70 1.80+0.20 3 16.86
Mass screening <(.00005

Positive 33 i.8740.22 < (.0025 1 13.32

Negative 43 0.80+0.22 20 7.68
Origin 0.061

Adrenal gland 62 1.11+0.20 <0.00005 17 12.82

Others 36 1.91+0.25 4 8.18
*One patient who had missing MYCHN information was excluded from analysis.
JNK pathway by Cde42 is regulated by caspases. The  is developmentally regulated during the maturation of
interactive regulation between activation of JNK path-  rat brain (Zou er al., 1997). The recent reports suggest
way and that of caspase cascade has also been reported  that expression of BNIPZ is downregulated by the
in other biological systems (Cahill ef al., 1996; Juo ef al.,  treatment of NBL cells with estrogen {Garnier ef al.,
1997; Lenczowski et al., 1997; Seimiya et al., 1997). 1997), and that both estrogen and progesterone promote
Cdc42 is also known to function as an initiator of  survival of NBL cells through the BNIP2 function
neuronal cell death by activating a c-Jun-regulated  during the apoptoesis induced by TNF-u (Vegeto et al.,
transcriptional machinery (Bazenet er al, 1998). 1999). Furthermore, BNIP2 has been identified to be a
Cdcd2GAP is a Cdcd2-activating protein and, like  putative downstream substrate of the FGF receptor
Cdc42, binds to BNIP2 through the BCH domain when  tyrosine kinase signaling and possesses GTPase-activat-
it is dephosphorylated at the tyrosine residue. Thus, the  ing activity to Cded2, Thus, BNIPZ as well as
proteins with the BCH domain including BMCCI seem  Cdcd2GAP seems to play a role in controlling the
to function in the regulation of apoptosis. The ‘EYV’  intracellular signals of neuronal differentiation and
motif in the BCH domain, which is necessary for  apoptosis.
binding BNIP2 and Cdc42, is also conserved in the same However, our present results show that, among the
domain of BMCCI1. The role of P-loop in the regula-  molecules with the BCH domain, only BMCC/, but not
tion of apoptosis may also be important. Recently, it has ~ BNIPZ or Cde42GAP, is differentially expressed among
been reported that ARTS (apoptosis-related protein in  the NBL subsets, significantly at higher levels in
the TGF-§ signaling pathway) mediates apoptosis  favorable tumors than the aggressive ones. This suggests
through its P-loop motif. ARTS is a member of the that BMCCI, rather than BNIP2 or Cded42GAP, is
septin family, localizes in cellular mitochondria and  functioning in vive in favorable NBLs undergoing
plays a role in repulating apoptosis. The P-loop  neuronal differentiation and/or programmed cell death.
consensus sequence is found in the proapoptotic protein,  The importance of BMCCI in NBL cell death has also
Apaf-1/CED-4 (Yuan and Horvitz, 1992; Zou et dl, been demonstrated in the study using neuronal cell lines.
1997; Larisch et al., 2000). It is interesting that BMCC1 The RaA-induced apoptosis of CHP134 NBL cells is
also possesses a P-loop motif, also suggesting its  accompanied with increased expression of BMCCI,
preoapoptotic function. while induction of differentiation in RTBM1 cells rather

The biological importance of BNIP2 has been  decreases its mRNA level. In the former system, the
reported in the neuronal system. Expression of BNIP2  RA-triggered apoptosis induced upregulation of both
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Table2 Cox regression models using BMCC! expression and dichotomous factors of age, MYCN amplification, mass screening and tumor origin
(n="98)
Model Variable Povalue HR {95% CI) Variable P-value HR Variable P-value HR
(95% CI} (95% CI)
A BMCCI exp. (log) <0.0005
0.53 (0.40, 0.70)
B Age (=1 vs <1 year) <0.0005
7.5 {2.72, 20.7)
C MYCN <0.0005
{1 copy vs >1 copy)
0.035 (0.0099, 0.12)
D Mass screening <0.0005
(+ vs =) 0.028 (0.0037, 0.21)
E Origin (adrenal vs 0.072
others)
2.7 (0.91, 8.08)
F BMCC] exp. (log) 0.007 Age (21 vs <1 year) 0.018
0.55 (0.47, 0.839) 3.9 (1.26, 12.0)
G BMCCI exp. (log) 0.72 MYCHN (1 copy vs >1 <0.0005
copy)
1.05 (0.77, 1.47) 0.03 (0.0071, 0.13)
H BMCCI exp. (log) 0.079 Mass screening 0.003
0.77 (0.57, 1.03) (+ vs =} 0.04 (0.0053, 0.34)
1 BMCCI exp. (log) <0.0005 QOrigin {(adrenal vs 0.59
others)
0.55 (0.41, 0.74) 1.38 (0.42, 4.46)
] BMCCI exp. (log) 0.027 Age (=1 vs <1 year) 0.014 Origin 0.403
0.59 (0.49, 0.96) 4.1(1.33,129)  (adrenal vs others) 1.5 {0.51, 5.32)
*One patient who had missing MYCN information excluded from the analysis. All variables were grouped into two categories, except BMCC!
expression {iog). HR, hazard ratio; 95% CI, confidence interval.
p2I"F and caspase-3, and downregulation of survivin. lated in favorable NBLs and downregulated in unfavor-
The downregulation and upregulation of BMCC/  able, advanced stages of NBLs. The similar pattern of
expression was also observed in the newborn mouse  expression in NBLs has also been reported in Trkd
SCG cells undergoing NGF-induced differentiation and ~ (Nakagawara er al, 1993, 1994; Nakagawara, 1998,
NGPF-depletion-induced apoptosis in primary culture, 2001), c-Ha-Ras (Tanaka et al., 1998), CD44 (Favrot
respectively. Furthermore, in SCG neurons obtained  ef al., 1993) and pleiotrophin (Nakagawara et al., 1995).
from newborn transgenic mice for BMCCI, NGF- Here, we have added expression of BMCCI, at either
depletion-induced apoptosis was significantly enhanced.  mRNA or protein level, as a new prognostic indicator of
Thus, these results strongly suggest that BMCC! is  favorable NBLs. Furthermore, our preliminary result
stimulated or acts as a proapoptotic factor when the  has suggested that activated TrkA physically interacts
neuronal cell death is induced. with BMCC]1, which in turn regulates the downstream
BMCCI mRNA is induced at Glphase of the cell  signaling to control growth, differentiation and survival
cycle. The physiological significance of the cell cycle-  of neuronal cells (unpublished data). Therefore,
dependent expression of BMCCI is currently unclear.  BMCCI could be a key regulator of TrkA-activation-
However, activated Cde42, a BMCCl-related molecule,  mediated intracellular signaling pathway in favorable
also induces G1 cell cycle progression in quiescent Swiss ~ NBLs, that is defective in aggressive tumors such as
3T3 fibroblasts (Yamamoto et af., 1993; Olson et al., those with MYCN amplification. Thus, BMCC1 might
1995) and upregulates E2F transcriptional activity in ~ be an important molecular tool to develop new
NIH3T3 cells to induce accumulation of cyclin DI and  therapeutic strategy against aggressive NBLs.
hyperphosphorylation of RB protein {Gjoerup et al.,
1998). BMCCI may also p_Iay a role in Gl-phase Materials and methods
progression of the cell cycle via unknown mechanism.
Our statistical analysis has strongly suggested the  pgiionss
importance of BMCCI expression- in predicting the  We studied tumors from 98 children with NBL which had been
prognosis of NBLs. The BMCC! expression is upregu- diagnosed between 1995 and 1999. In all, 55 patients were
Oncogene
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Figure 5 Expression of BMCCI! during differentiation and
apoptosis on neuronal cells. (a) The changes in BMCCI expression
during induction of differentiation and apoptosis in neuronal cell
lines. Two neuroblastoma cell lines (CHP134 and RTBM1) and
teratocarcinoma cell line NT2 were treated with 5uM all-trans
retinoic acid (RA) or were cultured in the serum-free RPMIL640
medium for 7 days. Semiquantitative RT-PCR was performed
using BMCC! primers and control GAPDH primers. (b} The
changes in mRNA expression of mouse BMCC! during NGF-
induced differentiation and NGF-depletion-induced apoptosis.
Mouse superior cervical ganglion (SCG) cells were cultured with
NGF for 5 days and were further cuttured with or without NGF
for indicated iatervals (12, 24 and 48h) (see Figure 6b, upper
panels). Twubulin primers were used for standardization of the
cDNA concentration for semiquantitative RT-PCR. ¢-jurt and Bim
were also used for positive controls.

identified by a MS program started in 1985. The selection of
tumors for this study was solely based on the availability of a
sufficient amount of tumor tissue, from which DNA and RNA
could be prepared for the analyses described below. The
diagnosis of NBL was confirmed by histologic assessment of
the tumor specimen obtained at surgery according to the
Shimada’s classification (Shimada et af, 1984). The tumors
were staged according to the International NBL Staging
System (INSS) (Brodeur et af., 1993). In all, 39 tumors were
stage 1, 15 stage 2, five stage 4, 10 stage 3 and 29 stage 4. The
patients were treated according to the protocols previously
described (Kaneko er al., 1998).

Tumor samples and cell lines

Fresh, frozen tumorous tissues were sent to the Division of
Biochemistry, Chiba Cancer Center Research Institute, from
various hospitals in Japan with informed consent from the
patients’ parents. All samples were obtained by surgery (or
biopsy) and stored at —80°C. Studies were approved by the
Institutional Review Board of the Chiba Cancer Center.
Human cell lines which we used, except for COS-7, HEK 293
and Hela cells, were cultured in the RPMI1640 medium
(Nissui Pharmaceutical Co. Ltd, Tokyo, Japan) with 10%
fetal bovine serum (FBS, Invitrogen Corp.) and 50 ug/ml
penicillin/streptomycin (Invitrogen Corp.) at humidified 5%
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CO,f/95% air at 37°C. COS-7, HEK 293, and HeLa cells
were grown in Dulbecco’s modified Fagle’s medium (DMEM)
supplemented with 10% (v/v) FBS, 2mM L-glutamine (Nissui
Pharmaceutical Co. Ltd), 50 U/mi penicillin, and 50 ug/m}
streptomycin.

Treatment of cell lines with RA

NT2, CHP134 and RTBM1 were seeded at a density of | x 10¢
cells per 10cm tissue culture dish in the presence of 5uM RA
on the day of induction. The celis were grown for 7 days with
substituting for culture medium with RA every other day.
Total cellular RNA for preparing the RT-PCR templates was
extracted after culturing for 7 days.

Cell cycle analysis

Approximately 50-70% confluent of HeLa cells were treated
each by 400 uM mimosine for 18 h (G1 arrest), 2 mM thymidine
for 20h (S arrest), and 0.6 ug/m! nocodazole for 18h (G2/M
arrest). After confirmation of a synchrenization of cultured
cells by FACS, total RNA was extracted and the expression of
BMCCI was examined by RT-PCR.

Northern blot analysiz

Total RNA (25 ug) prepared from cell lines was electrophos-
ased in 1% agarose-formaldehyde gels and transferred to a
nylon membrane. For the hybridization probe, 1.5 kb fragment
in 3 part of BMCC! was used. Hybridization and washing
were performed as described previousty (Nagai et al., 2000),

Transfection and antibodies

Cells at 90% confluence in 60-mm plates were transfected with
indicated plasmids using FuGENE 6 transfection reagent
{Roche)} for COS-7 and Lipofectamine 2000 reagent (Invitro-
gen) for HEK 293 cells according to their manufacturer’s
instructions. To generate the BMCC-1-specific aniibody,
rabbit antiserun was raised against the peptides individually
(residues 31-59, 836-858, 993-1022, 1378-1402, 1719-1737,
2180-2209, 2693-2714) of human BMCCIL. The antibody
specific to C-terminal end of BMCC] is crossreacted to human
(transfectants), mouse (Neuro 2A} and rat (PC12) BMCC-1.
Antiactin IgG (polyclonal) was purchased from Sigma, St
Louis, MO, USA.

Semiquantitative RT-PCR

For semiquantitative RT-PCR analysis, 5 ug of total RNAs
were converted to cDNA using random primers by Superscript
II reverse transcriptase (Gibco-BRL). In all, 24 of the 100-
fold dilution of ¢cDNA was subjected to PCR. The 204 of
PCR reaction mixture contained IuM forward and reverse
primer specific for BMCCI, 250 uM deoxynucleotide tripho-
sphates (dNTPs}, 50mM KCl, 10mM Tris-HCL (pH 8.0},
1.5mmM MgCly and 0.5U Tag DNA polymerase (TAKARA,
Otsu, Japan). The PCR amplification was carried out for 35
cycles (preheat at 95°C for 2 min, denature at 95°C for 155,
annealing at 58°C for 155, and extension at 72°C for 20s) in
thermooycler (Perkin-Elmer Cetus, Foster City, CA, USA).
The PCR products were electrophorased in 2.5% agarose gel,
and visualized by UV illuminator. BMCC/! primer sequences
were as follows; forward: 5-CGTTTATTTGCCGGTAGG
AG-¥, reverse: 5¥-GCTCAGGCTCTTTGGTAGGA-3. As a
control, GAPDH primers {forward primer; 5¥-CTGCACCAA
CAATATCCC-3, reverse primer; 5-GTAGAGACAGGG
TTTCAC-3") were also used with reduced cycle (28 cycies).
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Figure 6 Increased apoptosis in superior cervical neurons obtained from newborn mice transgenic with the tyrosine hydroxylase
promoter-driven human BMCC! in primary culture. (a) Expression of humar BMCCI in SCG neurcns obtained from BMCCI
transgenic mice. SCG from both side of submandibular region was dissected from P, mice of wild-type and transgenic mice within 24 h
after birth (described in Materials and methods). mRNA was purified from SCGs by using Trizol solution and RT-PCR was
performed to confirm BMCC1 expression. Genotyping by PCR is shown in left panel. (b) and {c} Morphological changes in SCG
neurons after treating with NGF and withdrawal of NGF. The SCG cells were obtained from wild-type (b) and BMCC1 transgenic {c)
aewborn mice. The cells were cultured in the presence of 50 ng/ml NGF for 5 days and were continuously treated with or without
50ng/ml NGF for the following 2 days as described in Materials and methods. (d} Enhanced apoptosis in BMCCJ transgenic SCG
neurons after depletion of NGF. Mumbers of survived SCG cells were counted at 36 and 48 h after NGF depletion. Values are shown
as the means+s.e.m. from triplicate cultures. Similar results were obtained in two additional independent experiments.

Quantitative real-time PCR analysis

For quantification of BMCCI in primary NBL, cDNA was
synthesized with random primers by Superseript IT reverse
transcriptase (Gibco-BRL) from 15pg of primary tumor
total RNA. The following primers and probe were used;
forward primer 5-GGACAGTGGTCATTGGAGAACA-Y,
reverse primer 5-TTAGACCGTCCCCATAGTATCCTC-3,
probe ¥-FAM-ACATGAAGGTCATCGAGCCCTACAGG
AGAG-TAMRA-3'. GAPDH primers and probes for control
were purchased from Applied Biosystems. Quantitative real-
time PCR analysis was performed by ABI7700 Prism sequence
detector {Applied Biosystems), according to manufacturer's
instructions using 1 x TagMan Universal PCR Master Mix.

Oncogene

After denaturing at 95°C for [0min, PCR amplification
followed by 40 cycles of denaturation at 95°C for 15s and
annealingfextension at 60°C for lmin. A quantification of
BMCCI mRNA in each samples was carried out by comparing
with a standard curve, which was generated by reacting the
plasmid containing BMCCI. Furthermore, GAPDH mRNA
quantification was also performed for a standardization of the
initial RNA content of each samples.

Exon prediction and bicinformatics
BLAST search against genome database revealed that 5'-
region of Nble00219 was matched to the genome sequence of a
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BAC clone RP11-146P9 (GenBank accession no. AL161625).
We used GENESCAN algorithm (Burge and Karlin, 1997,
1998), and FGENESH algorithm (Solovyev and Salamov,
1999) to predict ORF from the genome sequence, and
designed primers from each deduced exons. Using these
primers and primers from 5'-region of Nbia00219 cDNA,
RT-PCR was performed to confirm the real exons. All PCR
products were sequenced by the ABI automatic DNA
sequencer (Perkin-Elmer Cetus) and resulting sequence were
assembled to the full-length BMCC! cDNA. Bioinformatic
analysis was performed using the PSORTII algorithm (Horton
and Nakai, 1996), the SOPM algorithm and the TM pred
algorithm against the predicted amino-acid sequences of
BMCCL.

In situ hybridization

Section in situ hybridization was carried out as described
previously (Takihara er al., 1997). The embryos were collected
from pregnant females, and the morning the vaginal plug was
detected was recorded as EC.5. A riboprobe was synthesized
with digoxygenin-UTP and T3 or T7 polymerase (Roche
Molecular Biochemicals). The alkaline phosphatase reaction
was performed with NBT-BCIP (Roche Molecular Bio-
chemicals). The riboprobes used for the section in situ
hybridization were transcripts of the genomic DNA fragments
of the BMCCI gene, a 835bp PCR product of exon 3: the
primers used are 5-GAGATACTGGAGTTAGAAGAAG-3'
and ¥-TTCGGTCTTGGCTTTCTGGGTC-3.

Immunohistochemistry

NBLs of favorable histology (Shimada system) without
MYCN amplification and those of unfavorable histology with
MYCN amplification were analysed. Anti-BMCCI antibody
was diluted to 1:50 and applied to the immunostaining. After
deparaffinization, the sections were treated with 0.05%
pronase solution for Smin at room temperature., The biotin-
streptoavidin method (Nichirei, Tokyo, Japan) was performed,
and the reaction was visualized with diaminobenzidine
solution.

Generation of BMCCI transgenic mice

The full-length ¢DNA encoding human BMCCI was sub-
cloned into the FcoRlI site of the multicloning site region of the
transgenic expression vector pCAGGS. The resulting plasmid,
pCAGGS-BMCCI, was digested by Alwd4l to isolate the
transgenic cassette consisting of the CMYV enhancer, the
chicken S-actin promoter, the BMCCI cDNA, and the rabbit
[-globin poly{A) sequence. The isolated region was purified for
pronuclear injection into mouse embryos from FVB mice
{Charles River Japan Inc.). Mouse embryos (fertilized one-cefl
zygotes) were injected and implanted in female CD-1 mice
(Charles River Japan Inc.) at Japan SLC Inc. (Shizuoka,
Japan). BMCC! transgenic mice were identified by slot blot
analysis using genomic DNA. prepared from mouse tails.
BMCCI-positive founder transgenic mice then were back-
crossed at least three times with C57BL/6 mice. Positive mice
comprising the F, generation were subjected to SCG analyses.

Primary culture of newborn mice SCG cells

Primary cultures of sympathetic neurons were generated
from dissociated SCG of postnatal-day 1 wild-type and
transgenic mice as described previously (Lee e al, 19807
The cells were plated onto collagen-coated 24-well dishes at a
density of around two ganglia per well and maintained
in Modified Eagle’s Medium supplemented with 10% heat-
inactivated donor serum and 50ng of mouse NGF per ml

increased expression of BMCCI in favorable neuroblastoma
T Machida et af

A mixture of uridine and S5-flucrodeoxyuridine (10 uM
each) was added on the following day to eliminate non-
neuronal cells.

Statistical analysis

The Student’s t-tests were used to explore possible associations
between BMCCI expression and other factors, such as age.
Since the values of the BMCCT expression were skewed, a log
transformation was used to achieve the normality when using
t-test and Cox regression. The distinction between high and
low levels of BMCC1 was based on the median value of the
real-time PCR data (low, BMCCI <0.86d.u.; high, BMCC!
>0.86d.1.), regardless of tumor stage, MYCN copy, or
survival. Kaplan-Meier survival curves were calculated, and
survival distributions were compared using the log-rank test.
Cox regression models were used to explore associations
between BMCCI, age, MYCN, MS, origin and survival
Statistical significance was declared if the P-value was <0.05.
Statistical analysis was performed using Stata 6.0. (Stata Corp.
1998. Stata Statistical Software: Release 6.0 College Station,
TX: Stata Corporation).
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Abstract Neuroblastoma (NBL), derived from the sympathetic
precursor cells, is one of the most common pediatric solid tu-
mors. The expression of N-acetylglucosaminyltransferase V
and IX (GnT-V and GnT-IX) mRNA in 126 primary NBLs were
quantitatively analyzed and higher expression levels of GnT-V
were found to be associated with favorable stages (1, 2 and
4s). Conversely, the downregulation of GnT-V expression by
small interfering RNA resulted in a decrease in the susceptibility
to cell apoptosis induced by retinoic acid in NBL cells accompa-
nied by morphological change. These results suggest that GnT-V
is associated with prognesis by modulating the sensitivity of
NBLs to apeptosis.

© 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.

Keywords: Neuroblastoma; GnT-V; GnT-IX; Retinoic acid;
Apoptosis

1. Introduction

Aberrant glycosylation occurs in nearly all types of cancers,
and has been implicated in the malignancy that is characteristic
of the disease [1]. N-acetylglucosaminyltransferase V {GnT-V}
is one of the most relevant glycosyltransferases to tumor Inva-
sion and metastasis, and catalyzes the formation of B1,6Glc-
NAc branching on N-glycans, which is closely associated
with malignant transformations [2-6]. Recently, our group
and Pierce’s group independently reported on a new N-acetyl-
glucosaminyltransferase IX (GnT-IX, also referred to as GnT-
VB), a GaT-V homolog, that is specifically expressed in the
brain [7,8]. GoT-IX transcripts are exclusively expressed in
the brain and testis, while GnT-V is expressed ubiquitously
in human and mouse tissues. Since both glycosyltransferases
are expressed in the mouse brain in a region-specific manner
(unpublished data), it is possible that they may have discrete
hiological functions in the brain. On the other hand, GnT-V
and GnT-IX are both highly expressed in both the adult and

'_Corresponding author. Fax: +81 6 6879 3429,
E-mail address: jpu@hbicchem.med.osaka-u.acjp (3. Gu).

Abbreviations: NBL, neuroblastoma; GnT-V, N-acetylglucosaminyl-
transferase V; GOnT-IX, N-acetylglucosaminyltransferase IX; RT,
reverse transcription; PARP, poly(ADP-ribose) palymerase

fetal brain [7,9], as well as in several human neuroblastoma
{NBL) cell lines (this study and unpublished data). This
prompted us to examine the expression of GnT-V and GnT-
IX in primary NBL tissues.

NBL is a tumor derived from primitive cells of the sympa-
thetic nervous system and is the most common solid tumor
in childhood [10). Interestingly, most NBLs in infants regress
spontaneously or mature into a benign ganglioncuroma.
These tumors usually express high levels of TrkA, and as
a result, have a tendency to either undergo apoptosis or dif-
ferentiation, depending on whether nerve growth factor is
present or absent in their microenvironment. On the other
hand, in most patients over 1 year of age who have meta-
static disease, the tumor grows aggressively and their prog-
nosis is usually poor.

In this study, we carried out a guantitative analysis of the
gene expression of these glycosyltransferases by real-time
PCR, and the findings indicate that a higher expression of
GuT-V is correlated with a favorable prognosis for NBL pa-
tients. Furthermore, to explote the underlying molecular
mechanism, we devised a knockdown approach, in which
small interfering RNA (siRNA)-directed against GnT-V
mRNA was used to investigate the susceptibility to cell
apoptosis induced by retinoic acid in NBL cells. The results
clearly showed that the expression levels of GuT-V are asso-
ciated with a favorable prognosis, possibly through sensitiz-
ing to apoptotic signals.

2. Materials and methods

2.1. RNA isolation from primary NBLs

Fresh, frozen tumor tissues were sent to the Division of Biochemis-
try, Chiba Cancer Center Research Institute, from various hospitals in
Japan with informed consent from the patients’ parents. AH samples
were obtained by surgery or biopsy and had been stored at 80 °C.
The RNA samples obtained from 126 patients with NBL were sub-
jected to semiquantitative and quantitative real-time reverse transcerip-
tion-PCR (RT-PCR} analyses. All of the patients were diagnosed
clinically as well as pathologically and were tested for [ONA ploidy,
MYCN amplification, and TrkA expression. The tumors were staged
according to the crterda of the International Neuroblastoma Staging
System [11].

2.2. Semiguantitative RT-PCR analysis of primary NBLs

The preparation of total RINA from NBL tissues and the synthesis of
the first-strand cDNA were performed as described previously [12).
The cDNA was diluted to a 1:20 solution and then amplified in a final

(014-5793/$32.00 © 2006 Federation of European Biochemical Societies. Published by Elsevier B.V. Al rights reserved.
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velume of 10 pf of reaction mixture containing 200 uM of dNTPs, ix
PCR buffer, 0.5 pM of each primer and 0.2 U of rTaq DNA polymer-
ase (Takara Bio, Chtsu, Japan). The following primer sets were used:
GuT-V, 5-GACCTGCAGTTCCTTICTITCG-3 and 5'-CCATGGCA-
GAAGTCCTGTTT-3,; GnT-1X, 5-CATGGCACCGTGTACTAC-¥
and 5-TCTGGAGCTCTGCAGAAG-3. PCR templates were stan-
dardized by their GAPDH expression before performing the RT-PCR
experiments.

2.3. Quantitative real-time PCR analysis of primary NBLs

2pk of cDNA prepared as above, either a 100-fold dilution for
GrT-V or a 20-fold dilution for Gn'F-IX, was amplified in 2 volume
of 20 ul with Assay-on-Demand Gene Expression Products (Applied
Biosystems) consisting of primers and a TagMan probe (Assay ID:
GnT-V, Hs00159136_ml; GnT-IX, Hs01586304 g1). The thermal
cycling conditions and the normalization of the data using GAPDH
expression were performed as described previously [12]. All experi-
ments were carried out in triplicate for each data point.

2.4. Assay of GleNAc transferase activity

The activities of GoT-V and GnT-II in whole cell lysates or
microsomal fractions were determined using a pyridylaminated bian-
tennary sugar chain as an acceptor substrate, as described previously
{7,13).

2.5. Construction of siRNA vector and retroviral infection

Small interfering oligonucleotides specific for Gn'l-Y were designed
on the Takara Bio website (htep://fwww.takara-bio.co.jp/) and the oligo-
nucleotide sequences nsed in the construction of the siRNA. vector were
as follows: 5-GATCCGTTCATTGGCGGAAATTCGTTTCAAGA-
GAACGAATTTCCGCCAATGAACTTTTITAT-3' and 5-CGA-
TAAAAAAGTTCATTGGCGGAAATTCGTTCTCTTGAAACGA-
ATTTCCGCCAATGAACG-3. The oligonucleotides were annealed
and then ligated into BamBI/Clal sites of the pSINsi-hU6 vector (Ta-
kara Bio). A retroviral supernatant was obtained by transfection of
human embryonic kidney 293 cells using a Retrovirus Packaging Kit
Ampho (Takara Bio} according to the manufacturer's protocol.
CHP134 cells, a human NBL cell line, were infected with the viral super-
natant, and the cells were then selected with 0.5 mg/ml G418 for 2-3
weeks, Stable GnT-V-knockdown clones were selected and confirmed
by GnT-V activity and gene expression. Quantitative real-time PCR
analyses of GnT-V mRNA expression in these clones were performed
with a Smart Cycler II System and the SYBR premix Taq (Takara
Bio). RT was carmtied out at 42 °C for 10 min, followed by 95 °C for
2 min using random primers, followed by PCR for 50 cycles at 95 °C
for 55 and 60°C for 20s with the following primers: 5-AAG-
CAGGTGTGCCAGGAGAG-3' and 5-GTCAAAGGAGGGCAC-
CAGGA-3'. Normalization of the data was performed using the
GAPDH mRNA levels.

2.6, Analysis of retinoic acid-induced apoptosis

Parent, mock, and GnT-V- knockdowu CHP134 cells were plated
on 10 em culture dishes at 5x 10° cells in RPMI1640 supplemented
with 10% fetal bovine serum, 100 U/ml penicillin, and 0.1 mg/ml
streptomycin. After incubation for 24 h, the conditioned media were
changed with fresh medium containing various concentrations of
all-trans retinoic acid (Sigma). The cefls were washed twice with
PBS and harvested at the indicated times. Retinoic acid-induced
apoptosis was estimated by detecting the cleavage of poly ADPi-
bose polymerase (PARP)} in whole cell lysates by Western blot
analysis using a human specific anti-cleaved PARP {Asp214) anti-
body (Cell Signaling Technology). As a loading control, anti-
ERKI1/2 (p44/42 MAP Kinase Ant:body, Cell Signaling Technology)
was used.

2.7. Viability assay of retinoic acid-treated cells

The parent, mock, and GoT-V-knockdown CHP134 cells were
seeded on a 96-well plate at 3 x 10° cells/well for 24 h prior to the ret-
inoic acid treatment. The cefls were then incubated with or without ret-
inoic acid at the indicated concentrations for 3 days. Cell viability was
assayed using a Cell Counting Kit-8 (Dojindo, Kumamoto, Japan)
according to the manufacture’s instructions. All experiments were car-
ried out in triplicate for each data point.

K.-i Inamori et al. | FEBS Letters 580 (2006} 627632

3. Results

3.1. Association between higher expression levels of GnT-V
mRNA and favorable prognosis in primary NBLs

To assess the association between GuT-V or GnT-IX
mRNA expression and the prognosis of the NBLs, we first per-
formed semiquantitative RT-PCR analyses using 16 favorable
and 16 unfavorable NBLs. As shown in Fig. 1, GnT-V was
preferentially expressed in most of the favorable NBLs, while
no obvious difference in GnT-IX expression was found
between favorable and unfavorable NBLs. Table I shows
quantitative data for GnT-V and GnT-IX mRNA in 126 pri-
mary NBLs with tumor stages (1, 2, 4s versus 3, 4). GnT-V
expression was significantly increased in NBLs at favorable
stages (P = 0.021), and was correlated well with higher expres-
sion of TrkA (P = 0.010). On the other hand, GnT-IX expres-
sion was marginally associated with the stages.

3.2. GnT-V activities in various human NBL cell lines

To determine whether the expression level of GnT-V is also
increased in NBL cells, the activities of GnT-V in various hu-
man NBL cell lines were examined. As shown in Fig. 2ZA, each
cell line expressed GnT-V activity at distinct levels. The
CHP134 cells showed the highest GuT-V activity among the
10 NBL cell lines used in this study. It is known that the cell
line is highly sensitive to the induction of apoptosis by all-trans
retinoic acid [14,15]. In fact, it is thought that favorable NBLs
usually express higher levels of TrkA, and tend to regress spon-
taneously due to apoptosis. As shown in Fig. 2B, in CHP134
ceils that had been treated with retinoic acid at a concentration
of 1 uM or 5 pM, PARP cleavage, a marker for apoptosis, oc-
curred, which is one of the main cleavage targets of caspase-3

Favorable NBLs
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

GnT-vV
GnT-1X

Unfavorable NBLs

10
GnT-v ?
GnT-1X

Fig. 1. Semiquantitative RT-PCR analysis of favorable and unfavor-
able subsets of NBL, Sixteen favorable cases were in stage 1 with no
MYCN amplification and a high TrkA expression, while 16 unfavor-
able cases were in stage 3 or 4 with MYCN amplification and a low
TrkA expression.

Table 1
Association of tumor stages and TrkA expression in NBL patients with
GuT-V or GnT-IX mRNA expression levels

n GnT-v* P GoT-IX* P
Tumeor stage
1,2, 45 57 22310.29 0.021 1.78 £0.25 0.21
3,4 69 148 +0.16 223 +0.25
TrkA expression
High 59 211 £ 027 0.010 1.86 £ 0.17 0.75
Low 48 1.33 £0.13 1.98 £ 0.34
*Means + S E.M.
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Fig. 2. GnT-V activities in various NBL cell lines and retinoic acid-
induced apoptosis of CHP134 cells. (A) GnT-V activity of each of the
NBL cells was measured using a whole cell fysate as an enzyme source.
(B) Western blot of whole cell lysate of CHP134 cells, Cell apoptosis
was observed by staining of cleaved PARP after treatment of retinoic
acid (RA) at indicated concentrations and times, The expression levels
of ERK1/2 were confirmed as a loading control.

in vivo [16,17]. Thus, we chose this cell line for further analysis
of the effects of GnT-V on apoptosis.

3.3. Knockdown of GnT-V expression in CHP134 cells

We prepared a retroviral siRNA vector containing a small
hairpin construct capable of generating a duplex RNAI oligo-
nucleotide corresponding to human GnT-V. After retroviral
infection, CHP134 cells were selected based on their resistance
to G418, and clones with decreased GnT-V activities were cho-
sen. The GnT-V activities were effectively downregulated by
80%, compared with those in parent or mock cells (Fig. 3A),
while GnT-III activity, as a control, showed no significant
changes between those cells. A quantitative real-time PCR
analysis also indicated the downregulation of RNAi-directed

12

Relative activity

Pa Mo KDt KD2

Relative expression of GnT-V mRNA @

629

GnT-V mRNA expression in these cells (Fig. 3B). It is note-
worthy that the cells in GnT-V-knockdown clones showed
more spreading on the culture dishes, rather than the spindle
shapes of the parent and mock cells (Fig. 4), suggesting that
GnT-V may affect cellular cytoskeletal formation. In fact,
Guo et al. teported that the overexpression of GnT-V in hu-
man HT1080 cells resulted in a decrease in cell adhesion on
fibronectin [18].

3.4. Decreased susceptibility to retinoic acid-induced apoptosis in
GnT-V-knoclkdown cells

To evaluate the effects of GnT-V expression on susceptibility
to apoptosis induction in CHP134 cells, we examined cell
viabilities in the presence of retinoic acid. After treatment with
different concentrations of retinoic acid, we found that GnT-V-
knockdown cells (KD1 and KD2 in Fig. 5A) had a tendency to
be resistant to stimulation by retinoic acid. We further assessed
the apoptosis level in retinoic acid-treated cells by PARP
cleavage. The GnT-V-knockdown cells showed dramatically
reduced levels of PARP cleavage (Fig. 5B). Collectively, these
results suggest that GnT-V may sensitize cells to apoptotic sig-
nals, which partly contribute to the favorable prognosis of
NBL.

4. Discussion

Previous studies demonstrated that an increased amount of
Bi,6-branched oligosaccharides, formed by the action of
GnT-V, are correlated with metastatic potential [2], and this
has been shown to be a marker of tumor progression in human
breast and colon neoplasia [19], and a prognostic marker in
human colorectal carcinoma [20,21]. However, it is not always
the case, as evidenced by the fact that Dosaka-Akita et al.
reported that the lower expression of GnT-V is associated with
a shorter survival and a poor prognosis in non-small cell lung
cancers [22]. The present study also suggested that a higher
expression of GnT-V is related to a favorable prognosis in
NBLs.

GnT-V and GnT-IX, two closely related glycosyltransfe-
rases, are expressed in both the adult and fetal brain [7,9].
GnT-V expression is upregulated in E9.5 embryos, and is then

1.4

Pa Mo KBP1 KD2

Fig. 3. Enzyme activities and mRNA expression levels in siRNA-mediated GnT-V-knockdown cells. (A) GnT-V activities of GnT-V-knockdown
CHP134 cells. The microsomal fraction was used as an enzyme source in the assay. (B) mRNA expression of GnT-V in knockdown cells.
Quantitative analysis was performed by real-time PCR. Pa, parent cells; Mo, mock cells; KD1 and KD2, GnT-V-knockdown cells.
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Fig. 4. Morphological changes in GuT-V-knockdown cells, Parent (Pa), mock (Mo), and GnT-V-knockdown CHP134 cells (KD1, KD2) were plated
on cuiture dishes and incubated for 24 h in cuiture media. Cell shapes were observed by phase contrast Microscopy.
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Fig. 5. Cell viabilities and PARP cleavage in retinoic acid-treated GuT-V-knockdown cells. Cell viabilities of parent {Pa), mock (Mo), and GnT-V-
knockdown cells (KD1, KDDZ) were performed as described in Section 2 (A). Cells were treated with retinoic acid at the indicated concentrations for 3
days. * P < 0.05. (B) Western blot of cleaved PARP in a cell lysate using an anti-cleaved PARP antibody. Cells were harvested for analysis 24 h after

retinoic acid-treatment.

restricted to regions comprised of several specialized epithelial
cell layers and the neuroepithelium of the developing central
nervous system [9]. On the other hand, GnT-IX is dominantly
expressed in the human and mouse brain [7,23]. Thus, we at-
tempted to examine the expressions of GnT-V and GnT-IX
in primary NBL tissues.

The frequent gain of the chromosoine 17q has been reported
to be associated with a poor prognosis [24], and the preferen-
tial gain of the region from 17422-qter indicated a dosage effect
that provides a selective advantage to be aggressive NBLs [25].

The gene responsible for the selective advantage is unknown,
but a candidate gene that is a member of the inhibitor of apop-
tosis proteins, survivin, which is mapped to 17q25, has been re-
ported [14]. Although the GnT-IX gene is also mapped to
17925 [7], an unequivocal correlation with prognosis was not
observed in this study. Interestingly, a significant asscciation
between expression levels of GnT-V mRNA and the prognosis
of 126 NBL patients was observed by real-time PCR analysis.
Several human NBL cell lines also consisténtly express GnT-V.
To understand the molecular mechanism associated with the
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higher expression levels of GnT-V in the favorable prognosis
of NBLs, we selected CHP134 cellis as a cell model. Since the
cell line is highly sensitive to retinoic acid-induced apoptosis
[14,15], we compared the effects of retinoic acid on apoptosis
between parent cells and GnT-V-knockdown cells.

In fact, GnT-V-knockdown cells showed a tendency to es-
cape from retinoic acid-induced apoptosis, as confirmed by a
cell viability assay and the extent of cleaved PARP, supporting
the notion that a higher expression of GnT-V is correlated with
a favorable prognosis of NBLs. It is noteworthy that a prom-
inent morphological alteration with increased spreading was
observed in the GnT-V-knockdown cells. The altered charac-
teristic of GnT-V-knockdown CHP134 cells observed in this
study is consistent with those of previous studies [3,18,26,27].
The overexpression of GnT-V enhances the metastatic poten-
tial in several cell types with reduced cell-matrix adhesion
and increased motility [3,18,26]. Furthermore, GnT-V expres-
sion in human glioma cell line U-373 MG sensitizes these cells
to drag-induced apoptosis [28). Conversely, GnT-V null mouse
embryonic fibroblasts exhibited an enhanced adhesion and
spreading with associated reduced cell migration [27). In addi-
tion, no significant effect of GnT-V overexpression was ob-
served on apoptotic behavior in fibrosarcoma HT1080 cells,
a fibroblast cell line, but a similar phenotypic change with re-
gard to adhesion and migration has been reported [18]. In gen-
eral, the adhesion of epithelial cells to extracellular matrices is
weaker than that of fibroblast cells, and such adhesion is
thought to be synergized with the signals of growth factor
receptors for modulating cell proliferation and apoptosis.
Therefore, we speculate that the GnT-V-induced decrease in
cell adhesion could be a plausible factor resgonsible for the
favorable prognosis in NBLs.

In conclusion, a correlation between higher expression levels
of GnT-V with a favorable prognosis of NBL patients was
found, and GnT-V may cause these tumors to regress by
increasing their susceptibility to apoptosis.
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Bcl-2 is a key regulator for the retinoic acid-induced apoptotic cell death

in neuroblastoma
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Retineic acid (RA) has been shown to induce neuronal
differentiation andfor apoptosis, and is widely used as a
chemotherapeutic agent for treating the patients with
neuroblastoma. However, the therapeutic effect of RA is
still limited. To wunveil the molecular mechanism(s)
inducing differentiation and apoptosis in neuroblastoma
cells, we compared CHP134 and NB-39-nu cell lines, in
which all-trans-RA (ATRA) induces apoptosis, with LA-
N-5 and RTBM1 cell lines, in which it induces neuronal
differentiation. Here, we found that Bcl-2 was strengly
downregulated in CHP134 and NB-39-nu cells, whereas it
was abundantly expressed in LA-N-5 and RTBM]1 cells.
ATRA-mediated apoptosis in CHP134 and NB-39-nu
cells was associated with a significant activation of
caspase-9 and caspase-3 as well as cytoplasmic release
of eytochrome ¢ from mitochendria in a p53-independent
manner. Enforced expression of Bcl-2 significantly
inhibited ATRA-mediated apoptosis in CIHP134 cells. In
addition, treatment of RTBM1 cells with a Bcl-2
inhibitor, HA14-1, enhanced apoptotic response induced
by ATRA. Of note, two out of 10 sporadic neuroblasto-
mas expressed bel-2 at undetectable levels and underwent
cell death in response to ATRA in priinary cultures, Thus,
our present results suggest that overexpression of Bcl-2 is
one of the key mechanisms to give neuroblastoma cells the
resistance against ATRA-mediated apoptosis. This may
provide a new therapeutic strategy against the ATRA-
resistant and aggressive neuroblastomas by combining
treatment with ATRA and a Bel-2 inhibitor.
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Introduction

Neuroblastoma, which originates from the sympathoa-
drenal lineage of the neural crest, is one of the most
common solid tumors in childhood and has distinct
biological properties in different prognostic subsets
(Schor, 1999). For example, tumors in patients less than
1 year of age often regress spontaneously and have a
favorable prognosis. In contrast, tumors that occur over
I year of age display an extensive and metastatic disease
at diagnosis, and are often aggressive with an unfavor-
able prognosis despite an intensive therapy (Brodeur
and Nakagawara, 1992). Each of those subsets shows
various distinct genetic features including the ploidy
status, MYCN amplification, allelic loss of the distal
part of chromosome lp and the gain of chromosome
17q (Brodeur, 2003). Additionally, high expression
levels of neurotrophin receptors TrkA and TrkB are
favorable and unfavorable prognostic indicators of
neuroblastomas, respectively (Nakagawara et al., 1993,
1994). Several lines of evidence suggest that the
spontaneous regression of the favorable neuroblastomas
is attributed at least in part to the developmentally
programmed neuronal cell death and/or neuronal
differentiation (Nakagawara, 1998). Indeed, the depri-
vation of nerve growth factor led to the massive cell
death through apoptosis of neuroblastoma cells expres-
sing TrkA (Nakagawara et af., 1993).

Retinoic acids (RAs), which appear to be involved in
vertebrate morphogenesis, are natural and synthetic
derivatives of vitamin A (Maden, 2001; McCaffery
et al., 2003), and exert their biological functions through
nuclear receptors including RA receptors (RARs) and
retinoid X receptors (RXRs) (Lippman and Lotan,
2000). In response to RA binding, RAR/RXR hetero-
dimers regulate the transcription of a number of target
genes by binding to the specific DNA response clements
(Balmer and Blomhoff, 2002). Retinoic acids have
antitumor effects on neuroblastoma-derived cell lines
accompanied by a marked decrease in the expression
levels of MYCN (Thiele et al., 1985). Studies utilizing
cell lines also have revealed that neuroblastoma cell lines
exposed to all-zrans-RA (ATRA) undergo neuronal
differentiation, cell cycle arrest and/or apoptosis (Me-
lino et al., 1997; van Noesel and Versteeg, 2004). Recent
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works offer insights into the molecular mechanisms by
which ATRA exerts its biological effects on neuroblas-
tomas. All-#frans-retinoic acid activates phosphatidyli-
nositol 3'-kinase-Akt pathway that plays an important
role in neuronal differentiation (Encinas et al., 1999;
Lopez-Carballo et al, 2002), and it reduces the
expression levels of MYCN (Thiele e af., 1985) and
upregulates the cyclin-dependent kinase (CDK) inhibi-
tor p27*™®! in association with the ATRA-induced cell
cycle arrest in neuroblastoma cells (Lee ef al., 1996;
Nakamura et ., 2003). In addition, certain neuroblas-
toma cells underwent apoptosis in response to ATRA
(Piacentini et al., 1992; Takada et al., 2001; Nagai ef al.,
2004). Consistent with these observations, 13-c¢is-RA
treatment after intensive chemotherapy improved an
eveni-free survival rate of the patients with aggressive
neuroblastomas with 17% increase (Villablanca er al.,
1995; Matthay et al., 15999). Although the antitumor
effects of RA alone on aggressive neuroblastoma are
limited, RA treatment has an advantage that it carries
no severe side effects. Thus, it is important to enhance
the antitumor effects of RA on neuroblastoma cells, and
thereby inducing apoptosis.

In the present study, we have found that the ATRA
treatment induces neuronal differentiation in neuroblas-
toma-derived LA-N-5 and RTBMI1 cells, whereas
CHP134 and NB-39-mu cells undergo p53-independent
apoptotic cell death in response to ATRA. Extensive
expression studies revealed that the antiapoptotic Bel-2
was constitutively expressed at high levels in LA-N-5
and RTBMI cells, whereas CHP134 and NB-39-nu cells
expressed Bcl-2 at extremely low levels. Enforced
expression of Bel-2 in CHP134 cells led to a significant
inhibition of the ATRA-mediated apoptosis. In accor-
dance with these results, the treatment with Bcl-2
inhibitor in RTBM1 cells resulted in an increased
sensitivity to ATRA. Moreover, two out of 10 sporadic
neuroblastomas in primary cultures with undetectable
bel-2 underwent cell death in response to ATRA,
whereas seven tumors out of the remaining eight cases
expressed high levels of bel-2. These results suggest that
Bcl-2 might be a key regulator for the ATRA-mediated
apoptotic cell death in neuroblastomas.

Results

ATRA-induced growth inhibition, differentiation and cell
death in human neuroblastoma cell lines

To examine the possible effects of ATRA on growth and
viability of neuroblastoma cells, human neuroblastoma-
derived LA-N-5, RTBM1, CHP134 and NB-39-nu cells
were cultured with or without 5 uM of ATRA, and the
numbers of viable cells were counted at the indicated
time points after the exposure to ATRA. As shown in
Figure la, ATRA effectively inhibited proliferation of
these neuroblastoma cells. Among them, the growth of
CHP134 and NB-39-nu cells was much more suppressed
in the presence of ATRA. To monitor morphological
changes induced by ATRA, ATRA-treated cells were

Retinoic acid-induced apoptosis in neuroblastoma
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checked by phase-contrast microscopy. As shown in
Figure 1b, a neurite outgrowth was evident in ATRA-
treated LA-N-5, RTBM1 and CHP134 cells, whereas it
was marginal in NB-39-nu cells. Of note, ATRA-
induced cell death was detectable in CHP134 and NB-
39-nu cells, but not in LA-N-5 and RTBM1 cells. To
confirm whether ATRA could induce the apoptotic cell
death in CHP134 and NB-39-nu cells, we examined the
changes in the number of cells with sub-Gl DNA
content in response to ATRA. As shown in Figure lc
and d, the flow cytometric analysis revealed that the
number of CHP134 cells with sub-G1 DNA content was
significantly increased in response to ATRA. Similarly,
ATRA promoted the apoptotic cell death in NB-39-nu
cells, albeit to a lesser degree than CHP134 cells. Under
our experimental conditions, ATRA failed to induce the
apoptotic cell death in LA-N-5 and RTBM1 cells (data
not shown).

ATRA-induced apoptotic cell death in neuroblastoma cells
To elucidate the molecular mechanism(s) underlying the
ATRA-mediated apoptotic cell death in neuroblastoma
cells, we examined whether the procaspases could be
proteolytically cleaved to be activated in response to
ATRA. To this end, whole-cell lysates prepared from
the indicated neuroblastoma cells exposed to 5SuM of
ATRA for 0, 2, 4 and 6 days were subjected to
immunoblotting with the indicated antibodies. As
shown in Figure 2a, the time-dependent proteolytic
cleavage of caspase-9 and caspase-3 was observed in
CHP134 and NB-39-nu cells, but not in LA-N-5
and RTBM! cells. Consistent with these results, one of
the physiological substrates of the activated caspase-3,
poly-ADP-ribose polymerase (PARP), was cleaved in
ATRA-treated CHPi134 and NB-39-nu celis. In a
good agreement with the previous observations showing
that caspase-8 is epigenetically silenced in a high
percentage of neurcblastoma cells (Teitz ef al,, 2000;
van Noesel et al., 2003), caspase-8 was undetectable
in LA-N-5, RTBMI1 and CHP134 cells. In contrast,
NB-39-nu cells expressed a large amount of procaspase-
8. Procaspase-12, which is involved in the endo-
plasmic reticulum-stress-induced apoptosis (Nakagawa
et al., 2000; Morishima et al, 2002), was readily
detectable in all of the neuroblastoma cell lines that
we examined, and did not respond to ATRA. Under our
experimental conditions, ATRA had negligible effects
on proteolytic cleavage of caspase-§ and caspase-12
{data not shown).

As caspase-9 1s activated in response to the cytoplas-
mic release of cytochrome ¢ from mitochondria, leading
to the activation of caspase-3 (Degterev et al., 2003), we
sought to examine whether cytochrome ¢ could be
released in response to ATRA. To this end, CHP134
cells were treated with 5 M of ATRA or left untreated,
and cells were incubated with the antibody against
cylochrome ¢ or with the control immunoglobulin
(Ig)G. Cell nuclei were stained with 4,6-diamidino-2-
phenylindole (DAPI). Microscopic images demon-
strated that cytochrome ¢ staining displays a punctuate

5047

Oncogene

— 253 —



@ Retinoic acid-induced apoptosis in neuroblastoma

H Niizuma et af
5048
cytoplasmic pattern in the absence of ATRA (Figure 2b,  treatment for 4 days induced redistribution of cyto-
left). This staining pattern was almost identical to  chrome ¢ to a diffused cytoplasmic pattern in cells
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Figure 2 Caspase-9 and caspase-3 are cleaved during the all-frans retinoic acid (ATRA)-mediated apoptosis in CHP134 and NB-39-
nu cells. (a) Immunoblot analysis for various caspases and poly-ADP-ribose polymerase (PARP) in response to ATRA. The indicated
neuroblastoma cell lines were treated with 5uM of ATRA or left untreated, At the indicated time points after the treatment with
ATRA, whole-cell Iysates were prepared, and analysed by immunoblotting with indicated antibodies. Actin expression was used as a
loading control (bottom). (b) ATRA-induced cytoplasmic release of cytochrome ¢ in CHP134 cells. CHP134 cells were seeded onto
coverslips, and cultured in the presence or absence of 5 uM of ATRA. Four days after the treatment with ATRA, cells were fixed and
stained with a monoclonal antibody against cytochrome ¢ (top, left and middle) or with a normal mouse IgG (top, right). The cell
nuclei were stained with 4,6-diamidino-2-phenylindole (DAPT) (bottom). The arrows indicate apoptotic cells with condensed and
fragmented nuclei. (¢) Expression levels of p53 and its direct target gene products in response to ATRA. At the indicated time periods
after the treatment with ATRA, whale-cell lysates were prepared, and subjected to immunoblotting with antibodies against p53, Bax,
Puma, p2I¥*! and actin. Immunoblotting for actin is shown as a controf for protein loading (bottom).

Figure 1 Effects of all-zrans retinoic acid (ATRA) on cell proliferation of LA-N-5, RTBMI, CHP134 and NB-39-nu neuroblastoma-
derived cell lines. {a) Growth curves of the indicated neuroblastoma cell lines in the presence or absence of ATRA. Cells were grown in the
standard culture medium, and treated with 5uM of ATRA. At the indicated ime points after the treatment with ATRA, cells were
trypsinized, harvested and number of viable cells was counted in triplicate. () ATR A-induced morphological changes of neuroblastoma
cell fines. Cells were exposed to ATRA at a final concentration of 5 uM or left untreated. Six days after the treatment with ATRA, cells
were examined by phase-contrast microscopy. (¢ and d) ATRA-induced cell death through apoptosis in CHP134 and NB-39-nu cefls.
Cells were treated with the indicated conceatrations of ATRA or left unfreated, and incubated for up to 6 days. At the indicated time
points after the treatment with ATRA, cells were colletted, fixed and stained with propidium iodide (PI). The DNA content of the cells
was then examined by flow cytometry (). The number of cells with sub-G1 DINA content was counted in triplicate (d).
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that cytochrome ¢ release from mitochondria might
play an important role in ATRA-induced apoptotic cell
death in neuroblastoma cells.

As the neuroblastoma cell lines that we examined
carry wild-type p53 (data not shown), we investigated
whether p53 could contribute to the ATRA-mediated
apoptotic cell death. For this purpose, whole-cell lysates
prepared from the indicated neuroblastoma cells ex-
posed to 5uM of ATRA for 0, 2, 4 and 6 days were
processed for immunoblotting with the indicated anti-
bodies. As shown in Figure 2¢, the amounts of p53
remained unchanged or slightly decreased after ATRA
treatment. In accordance with these results, ATRA had
undetectable effects on the expression levels of p53-
responsible Bax, Puma and p21%AF, which are impli-
cated in the p53-dependent apoptosis and/or cell cycle
arrest (Culmsee and Mattson, 2005). In addition, ATRA
failed to induce the phosphorylation of p53 at Ser-15
{data not shown). Thus, it is likely that ATRA-mediated
apoptotic cell death in neuroblastoma cells may be
regulated in a p33-independent manner.

Differential expression of antiapoptotic Bel-2 in
neuroblastoma cells

To investigate the regulatory mechanisms of apoptotic
response to ATRA in neuroblastoma cells, we examined
the expression levels of Bcl-2 family proteins, which
directly control the mitochondrial pathway of apoptosis.
It is worth noting that antiapoptotic Bel-2 was
constitutively expressed at high levels in LA-N-5 as well
as RTBM1 cells, whereas CHP134 and NB-3%-nu cells
expressed Bcl-2 at extremely low levels (Figure 3a).
Antiapoptotic Bel-xp was expressed at low levels in all
cell lines examined. In accordance with the previous
observations showing that proapoptotic Bim and Bmf
are highly expressed in neurcnal cells (Puthalakath
et al., 2001; Okuno et ¢l., 2004; Shi e¢ al., 2004), Bim and
Bmf were expressed at high levels in all of the cell lines
that we examined, but their expression levels remained
unchanged in the presence of ATRA.

To determine whether Bel-2 could contribute to the
acquisition of the ATRA-resistant phenotype of neuro-
blastoma cells, CHP134 cells were transfected with the
expression plasmid for Bel-2 or with the empty plasmid,
and their sensitivity to ATRA was examined by flow
cytometry. As shown in Figure 3b, Bcl-2 was success-
fully overexpressed in CHP134 cells as examined by
immunoblotting. Interestingly, enforced expression of
Bcl-2 inhibited the ATRA-mediated proteolytic cleavage
of caspase-3. Consistent with these results, flow cyto-
metric analysis demonstrated that ectopic expression of
Bel-2 significantly reduced the number of cells with sub-
G1 DNA content induced by ATRA treatment (Figure
3c and d), suggesting that Bel-2 might play a critical role
in the regulation of apoptotic cell death in neuroblas-
toma cells.

To further confirm this possibility, we examined the
effects of the Bcl-2 inhibitor HA14-1 (Wang et al., 2000)
on the ATRA-mediated apoptotic response of neuro-
blastoma cells. RTBM1 cells were treated with 5 puM of
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ATRA or left untreated for 6 days, and then incubated
in the presence or absence of HA14-1 (15, 30 or 50 um)
for 3 h. Phase-contrast microscopic analysis showed that
the incubation with ATRA followed by HAl4-1
treatment significantly enhanced the apoptotic response
of RTBM1 cells, whereas HA14-1 treatment alone
increased the number of apoptotic cells to a lesser
degree (Figure 4a). Similar results were also obtained by
flow cytometric analysis (Figure 4b and c). To examine
whether the ATRA-mediated apoptosis in RTBMI cells
induced by HA14-1 treatment could be associated with
the activation of the mitochondria-dependent apoptotic
pathway, we performed immunoblot analysis. As shown
in Figure 4d, HA14-1 treatment at 30 uM or less did not
promote the activation of caspase-9 and caspase-3,
whereas a small amount of the cleaved caspase-9 and
caspase-3 were detectable in RTBMI cells exposed to
50 uM of HA14-1 alone. Intriguingly, pre-treatment of
RTBMI1 cells with ATRA enhanced the proteolytic
cleavage of caspase-9 and caspase-3 induced by HA14-1
at a final concentration of 50 uM.

To ask whether Bel-2 could play an important role
in ATRA-mediated apoptotic response in primary
neuroblastomas, 10 sporadically found neuroblastomas
were subjected to both primary culture and reverse
transcriptase-polymerase chain reaction (RT-PCR)
analysis for bel-2. In five cases, ATRA treatment
induced strong outgrowth of neurites as compared
with control culture (Figure 5a, left). In the other three
cases, ATRA had undetectable effects (data not shown).
It is worth noting that many cells underwent cell
death after ATRA treatment in the remaining two cases
(Figure 5a, right). We also examined the expression
levels of bel-2 of these 10 primary neuroblastoma
samples and four neuroblastoma-derived cell lines by
RT-PCR. LA-N-5 and RTBMI cells abundantly
expressed bcl-2, whereas CHP134 and NB-39-nu did
not (Figure 5b), which was consistent with immuno-
blotting as shown in Figure 3a. Of particular interest,
RT-PCR analysis revealed that two primary cases
that underwent cell death in response to ATRA (N-9
and N-10) expressed bel-2 at undetectable levels
(Figure 5c). In a sharp contrast, the expression of bel-2
was detected in the remaining cases, except N-3. Taken
together, our present results strongly suggest that Bel-2
is a key regulator for ATRA-mediated apoptotic cell
death in neuroblastoma cells.

Discussion

Retinoic acid is one of the potent antitumor agents that
has been used successfully to freat certain human
tumors including neuroblastomas (Freemantle et ai.,
2003). Indeed, neuroblastoma patients treated with RA
have increased survival rate without severe side effects
(Villablanca et al, 1995, Matthay et al, 1999).
Accumulating evidences suggest that RA plays an
important role in the regulation of neuroblastoma
apoptosis as well as differentiation (Meline et al.,
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