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Apoptosis of Neuroblastoma

B o
NSC 92 2314 B 002 273
92 8 1 93 7 31

O 0o g

93 8 25



NS@ 2314 B 002 273

92 8
Calreticulin(CRT)
CRT
CRT calnexin T
GRP7 8 mNc 68
cal nexin 32 CRE
Tr k- A 40 GRP78
CRT Trk-A GRP738
(P<0.001)myc N-
CRT Tr&RPA7 8
CRT my- ¢
CRT Tr k-mycN-
GRP78
Calreticulin
Cal nexi n,
Abstract:

Previous studies showed that calreticulin (CRT)
played an important role in the differentiation and
apoptosis of neuroblastoma (NB). However, the
mechanism it might be involved in these processes are
not clear. This study showed that in 68 NBs, all
expressed calnexin, 32 expressed CRT, 35 expressed
Trk-A, and 40 expressed GRP78. The expression of
CRT strongly correlated with Trk-A and GRP78, but
inversely correlated with N-myc amplification. There
is a synergistic effect between CRT and Trk-A and
GRP78 on the patient survival. CRT might be
involved in the signaling pathway of Trk-A and N-myc
of NB. CRT might also share a common role with
GRP78 in NB.
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Background and Pur pose:

Calreticulin (CRT) is an endoplasmic reticulum
protein with two major functions: molecular
chaperoning and regulation of Ca®" homeostasis." CRT
can also modulate cell adhesion, integrin-dependent
Ca’"  signaling' and steroid sensitive gene
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expression.”” Evidence suggests that CRT is linked to
the biology of neuroblastoma (NB). CRT has been
found on the surface of NB cells and it is essential for
neurite formation when the cells are induced to
differentiate.*” CRT has also been found to affect cell
ie it_ivj&y to apoptosis and to be over-expressed in
ighly apoptotic regions of the embryo.® In addition,
CRT_has been shown to be essential for neural
eve%o ment in mice.” These lines of evidence give

18y € rise toNthe intriguing possibility that CRT may

contribute to the differentiation and apoptosis of NB,

( P=0. 0 Oaxdthus may have a role in the tumor behavior of this

cancer. Our previous immunohistochemistry study
showed that CRT expression in NB strongly correlated
with the histologic grade of differentiation and was an
independent favorable prognostic factor of NB.
However, the exact role of CRT in NB remained
unknown.

The aim of this study is to explore the possible
mechanisms that CRT may be involved in the

Tr k mf ¢ GRRyifrSentiNion and apoptosis of NB cells. CRT is

basically a chaperon protein and a stress protein.' Two
proteins, calnexin (a chaperone protein) and GRP78 (a
stress protein), are chosen to evaluate possible
associated changes with CRT. Calnexin is the major
chaperone protein in the ER,® if CRT plays a role in
NB cells via its chaperone function, there might be
associated changes of calnexin with CRT. Likewise, if
CRT plays a role via its function as a stress protein,
then GRP78, another major stress protein,” might have
associated changes. In addition, since the expression
of CRT is associated with the differentiaton and
regression of NB, it may have some relationship with
another well-known prognostic proteins of NB, Trk-A
(a nerve growth factor receptor).'’

Materials and M ethods:

Patientsand Treatment:

Sixty-cight NB patients treated at the National
Taiwan University Hospital from January 1991 to
December 2002 were included in this study. Eight of
these NB patients were identified by mass screening of
urinary vanillyl-mandelic acid for infants. There were
36 males and 32 females. The median age at diagnosis
was 2.5 years (range, 0 - 11.5 years). Adrenal gland
(37 cases) was the most common primary tumor site,
followed by retroperitoneum (18 cases), mediastinum
(6 cases), neck (4 cases) and pelvis (3 cases). The
histologic features of NB were classified into



undifferentiated NB (including poorly differentiated
subtype, 34 cases), differentiating NB (20 cases), and
ganglioneuroblastoma (GNB, 14 cases) according to
the percentage and degree of differentiation of the NB
cells."" Six patients had stage 1 tumors, 13 had stage 2
tumors, 10 had stage 3 tumors, 34 had stage 4 tumors
and 5 had stage 4S tumors according to the
International NB Staging System (INSS)."* All stage 1
tumors were treated by surgery alone, whereas the
other tumors were treated with a combination of
surgery and chemotherapy with or without autologous
bone marrow transplantation according to the patient’s
risk grouping."® The median follow-up after diagnosis
was 38 months (range, 1-144 months). The overall
5-year survival was 52.6%.

Immunohistochemistry:

Formalin-fixed and paraffin-embedded tissue
sections (5 pm) of tumors are deparaffinized and
rehydrated, and endogenous peroxidase activity is
blocked by incubation in 3% H,0, for 15 minutes.
Slides are microwaved for 15 minutes in 100 mM
sodium citrate, pH 6.0. A rabbit anti-human CRT
polyclonal antibody (Upstate, New York) is then
applied at a dilution of 1:150 overnight at 4°C. After
rinsing with PBS, the N-Histofine Simple Stain
MAXPO (Nichirei, Tokyo, Japan) is applied for 30
minutes at room temperature. Diaminobenzidine is
used for visualization. One GN tumor with consistent
CRT expression by immunohistochemistry is used as a
positive control in each staining. The omission of the
primary CRT antibody is used as a negative control.
Tumors with various differentiating histologies are
included in each staining. The immmunoreactivity of
CRT and differentiating states of NB are assessed by 2
independent observers who are blinded to the clinical
backgrounds of the patients. The immunoreactivity of
CRT is recorded as follows: “negative” indicated no
staining or weak staining of single neuroblastic cells
(less than 5% of NB or ganglion cells), and “positive”
indicated that at least 6% of the neuroblastic cells are
stained. The immunohistochemical analysis of
calnexin, GRP78, and Trk-A is performed with the
similar procedures as described above except the
primary antibodies are substituted with antibodies to
calnexin, GRP78, and Trk-A(Upstate, New York).

Analysis of N-myc amplification by Fluorescence in
situ hybridization (FISH)

The FISH procedure was performed using
paraffin sections (4-6pum) as described elsewhere with
modification.'* Briefly, the tissue sections were
deparaffinized with Hemo-DE (Fisher Scientific,
Pittsburgh, Pennsylvania, USA) and pretreated with
0.2 N HCL and protease. The nuclei on the slide was
fixed with formalin and denatured in 70%
formamide(Sigma, Missouri, USA)/2x standard saline
citrate (SSC) (aMersco, Solon, Ohio, USA) at 75°C
for 30 minutes, and was then dehydrated through an
ethanol series of 70%, 100% for 5 minutes. The
hybridization buffer containing 10 ng aliquot of

N-myc probe (spectrum orange, Vysis Inc., Downers
Grove, Illinois, USA) was denatured for 5 minutes at
75°C, chilled on ice, and then applied on the slide.
Hybridization was performed overnight at 37°C under
sealed coverslip. The slide was then washed in 0.4x
SSC/0.3% NP-40 (Vysis Inc.) at 73°C for 2 minutes,
followed by 2x SSC/0.1% NP-40 for 1 minute. The
slide was counterstained with 10 ul DAPI (0.5g/ml
4’6-diamidino-2-phenyl indole dihydrochloride, Vysis
Inc.) to reveal the morphology of nuclei by blue
fluorescent signals. The signals representing the
N-myc gene were counted for 100 cells on one slide.
Cells with clusters or more than 6 grains of red
fluorescence were designated as N-myc amplification.
Tissues were analyzed in 3 separate experiments using
different lots of N-myc probe. Leukocytes from a
normal male donor were used as controls for FISH.

Results:

Among the 68 NB tumors, 68 (100%) tumors showed
positive calnexin expression, 32 (47.1%) showed
positive CRT expression, 35 (51.5%) showed positive
Trk-A expression, 40 (58.8%) showed positive GRP78
expression, and 15 tumors showed N-myc
amplification. CRT expression strongly correlated
with the Trk-A and GRP78 expression (both P<0.001),
but inversely correlated with N-myc amplification (P =
0.003). CRT, Trk-A, and GRP78 expression predicted
a favorable outcome in NB patients (all P<0.001),
whereas N-myc amplification predicted a very poor
outcome (P<0.001). CRT and Trk-A or GRP78
expression had synergistic effect on the NB patient
survival (Figure 1 and 2). In addition, CRT expression
distinguished those with favorable outcomes from
those with unfavorable outcomes in patients without
N-myc amplification (Figure 3)
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Figure 1. Cumulative survival curve according to the
factors of CRT and Trk-A
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Figure 2. Cumulative survival curve according to the
factors of CRT and GRP78.
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Figure 3. Cumulative survival curve according the
factor of CRT in patients without N-myc amplification.

Discussion:

Favorable prognostic factors of NB are usually
associated with the differentiation or death of the NB
cells, such as Trk-A and Ras.'"" Interestingly, there
are synergistic effects of these two factors on the NB
cell death and the prognosis of this tumor,'® reflecting
both factors being involved in a common signaling
pathway in the NB cells. NB cells expressing Trk-A, a
nerve growth factor (NGF) receptor, may go to
differentiation in the presence of NGF and death in its
absence.'’ Trk-A, after activation by NGF, may
promote intracellular signaling cascades, including the
Ras/ERK protein kinase pathway, the PI3K/Akt kinase
pathway, and PLC-yl."” Activated PLC-yl acts to
hydrolyze  phosphatidylinositides to  generate
diacylglycerol, which may further activate the
PKC-8." PKC-§ in turn is required for activation of
the ERK cascade and for neurite outgrowth."”
Interestingly, it has been shown that CRT is a substrate
and binding protein for all PKC isoforms, suggesting
that CRT plays an important role in the common PKC
activated signaling pathway.'® Thus, it is conceivable
that CRT may participate in the process of Trk-A
mediated NB cell differentiation and death just like
Ras. Our study showed that CRT expression strongly
correlated with the expression of Trk-A, in addition
there was a synergistic effect of these two factors on

patient survival. These evidence supports that CRT is
involved in the Trk-A pathway.

All tumors in this study showed positive calnexin
expression, suggesting that calnexin is required for all
cells for survival. The differential expression of CRT
was then not correlated with calnexin, which suggested
that CRT played its role in NB probably not through
its role of chaperone. On the contrary, CRT expression
strongly correlated with GRP78 expression, in
addition, both factors had synergistic effect on patient
survival, suggesting that CRT might played its role in
the differentiation of NB by its role as a stress protein
as GRP78.

N-myc amplification is a  well-known prognostic
factor of NB." Nevertheless only 22% (15/68) of
patients were found to have tumors with N-myc
amplification. In addition, since not all patients whose
tumors had no N-myc amplification had very good
prognoses, this category of patients was actually large
groups of patients with clinical heterogeneity.
Additional factors were required to further distinguish
the prognoses of these patients. Our results showed
that among patients with tumors without N-myc
amplification, positive CRT expression distinguished
the patients with favorable prognoses from those with
unfavorable prognoses. These results indicate that
immunohistochemical study of CRT may provide
complementary prognostic information, which in turn
may be helpful to the determination of the most
appropriate intensity of therapy. In addition, the
inverse correlationship between CRT and N-myc may
also suggest that tumors with N-myc ampilification
probably loss their ability to upregulate CRT and
hence a rapid progressive behavior. It would be very
intresting to further study the association between
CRT and N-myc.
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