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Abstract
Neuroblastoma (NB), the most common extracranial cancer in childhood, exhibits neuroendocrine (NE) differentiation. Two
well-established NEmarkers, chromogranin A (CgA) and synaptophysin (syn), are used in the histopathological diagnostics. Our
aims were to explore if the NE markers synaptic vesicle protein 2 (SV2) and vesicular monoamine transporter 1 (VMAT1) and 2
(VMAT2) also are expressed in human NB and if so, evaluate their usefulness in NB histopathological diagnostics. Tumor
specimens from 21 NB patients, before and/or after chemotherapy, were immunostained for CgA, syn, SV2, VMAT1, and
VMAT2. Clinical data was extracted from patients’ records. SV2 was highly expressed in NB, as was CgAwhile syn was less
frequently expressed compared to the other two. Both VMATs were expressed in several NB, VMAT2 in more cases than
VMAT1 and its expression was similar to syn. Chemotherapy did not affect the immunoreactivity in an obvious way. SV2
was highly expressed in NB and can thus be useful marker in NB diagnostics. VMAT1 and VMAT2 were also expressed in NB
but similar to syn less reliable as tumor markers.
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Introduction

Neuroblastoma (NB) is the most common extracranial tumor
in children, originating from cells of the adrenal medulla or the
sympathetic nervous system. NB exhibits a unique biological
and clinical heterogeneity—some tumors may differentiate or
even regress spontaneously, and others progress or relapse
despite aggressive, multimodal therapy.

NB shows neuroendocrine (NE) properties. A NE pheno-
type can be assessed by the expression of general and specific
NE markers. Chromogranin A (CgA), a general NE marker,
and the more specific markers vesicular monoamine transport-
er 1 and 2 (VMAT1 and VMAT2) are associated with large
dense core vesicles. Other general markers, e.g.,
synaptophysin (syn) and synaptic vesicle protein 2 (SV2),
correspond to small synaptic-like vesicles [1–5]. CgA and
syn are cornerstones in the histopathological diagnostics of
neuroendocrine tumors (NETs) including NB [6]. Another
broad spectrum NEmarker, INSM1, has been used frequently
in the past 4 years for the workup of NETs [7]. This biomarker
has been reported to stain NB [8].

SV2s are a family of three membrane proteoglycans
(SV2A, B, and C), specifically found in the secretory vesicles
of neural and NE cells [9]. SV2A is localized in the pancreas,
anterior pituitary lobe, and adrenal medulla where the relative
incidence of immunoreactive cells is higher compared to syn
immunoreactive cells. They have both been used for the im-
munohistochemical identification of NETs [10–12].

VMAT1 and 2 are acidic glycoproteins and part of a larger
family of transporters termed as toxin-extruding antiporter
system. Both VMATs are responsible for the uptake and stor-
age of the monoamines dopamine, noradrenalin, adrenalin,
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and 5-hydroxytryptophane/serotonin in synaptic/secretory
vesicles [2, 3]. VMAT1 is expressed in the enterochromaffin
cells of the gastrointestinal tract and in the chromaffin cells of
the adrenal medulla [13] while VMAT2 is found in endocrine
(e .g . , chromaff in ce l l s of the adrena l medul la ,
enterochromaffin-like cells, ghrelin/obestatin cells, and pan-
creatic β cells), as well as in non-endocrine cells (e.g., mast
cells) [13–15].

In NB, immunostaining for CgA and syn are usually in-
cluded in the routine histopathological diagnostics. Blood
concentrations of CgA are also frequently elevated in patients
with NB and CgA can thus be used as a circulating biomarker
[16–19].

The aims of this study were to investigate the immunohis-
tochemical expression of the general NE markers CgA, syn,
SV2 and the more specific markers monoamine transporters
VMAT1 and VMAT2 in NB, and to evaluate these markers’
usefulness in the histopathological diagnostics. We also stud-
ied whether or not chemotherapy affects the immunoreactivity
(IR).

Material and Methods

Patients and Tumors

Thirty-six tumor samples from 21 patients with NB, who were
diagnosed at Uppsala University Hospital, were included.
Clinical data of the patients are shown in Table 1. Two sam-
ples were excluded due to poor quality; thus, finally, 34 sam-
ples were immunostained. In 10 patients, the tumor sample
before chemotherapy was obtained by surgery, in five by
ultrasound-guided cutting needle biopsy. Resected tumor sam-
ples after chemotherapy were available in eight patients. In

four patients, more than one tumor sample was available:
One patient had two, one three, one five, and one had seven
different tumor samples available. In four patients, tumor sam-
ples were available both before and after chemotherapy.

Immunohistochemistry

NB Specimens

All tissue samples were fixed in 10% buffered neutral forma-
lin and processed to paraffin wax. Adjacent sections, approx.
4 μm thick, were attached to positively charged glass slides
(Superfrost®+; Menzel Gläser, Braunschweig, Germany).
Hematoxylin-eosin was used as routine staining.

For immunostaining, the avidin–biotin–peroxidase com-
plex technique (Vectastain ABC kit; Vector Laboratories
Inc., Burlingame, CA) was used with diaminobenzidine as
chromogen. All the sections were pretreated in a microwave
oven twice for 5 min at 750W, with a Tris-buffered saline (pH
8.0) as retrieval solution. Endogenous peroxidase activity was
quenched by incubating the sections for 20 min with 2% hy-
drogen peroxide in phosphate-buffered saline, pH 7.4.

All sections were then incubated at room temperature for
30 min with serum from the same species as the secondary
antibody was raised in, before applying the primary antibody.
The serum, diluted 1:5 with phosphate-buffered saline, was
either normal horse serum (S-2000, Vector) or normal goat
serum (S-1000 Vector).

The primary antibodies applied were mouse monoclonal
vs. CgA (LK2H10, 1199021, Boehringer, Mannheim,
Germany, dilution 1:16000) and vs. SV2 (NCL-SV2, 15E11,
NovoCastra, Newcastle upon Tyne, UK, 1:50); rabbit poly-
clonal vs. syn (A0010, DakoCytomation, Glostrup, Denmark,
1:400) and VMAT2 (AB1767, Chemicon International,

Table 1 Clinical data on patients
Gender (boys/girls) 13/8

Total number of specimens examined 36

Specimens obtained biopsy/surgery 11/25*

Specimens before/after chemotherapy 21/15*

Age at diagnosis (range) 1 week–10 years and 9 months

Age at diagnosis (median in months) 21

INSS stage 1/2/3/4/4S 2/7/2/9/1

Site of tumor: retroperitoneal/thoracic/neck/pelvic 10/7/2/2

Survivors follow-up (range in years) 9–24

Survivors follow-up (median in years) 19

MYCN amplification 6

Deaths 8

INSS The International Neuroblastoma Staging System,MYCN avian MYeloCytomatosis and human neuroblas-
toma derived homolog

*Two of the 36 specimens were excluded due to poor quality. One specimen per patient was used for semiquan-
titative calculation of immunoreactive cells. The specimen with the highest immunoreactivity was selected for the
analysis
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Temecula, CA, 1:2400); and finally, goat polyclonal vs.
VMAT1 (C-19, sc-7718, Santa Cruz Biotechnology®, Santa
Cruz, CA, 1:4000). Sections were incubated with the primary
antibody overnight at room temperature.

The secondary biotinylated antibodies were horse vs.
mouse IgG (H+L) (BA-2000 Vector Laboratories Inc.,
1:100), horse vs. goat IgG (H+L) (BA-9500 Vector
Laboratories Inc., 1:100), and goat vs. rabbit IgG (H+L)
(BA-1000) Vector Laboratories Inc., 1:100).

Control Tissue

Tissue sections from macro- and microscopically normal hu-
man gastric corpus and antral mucosa from a stomach resected
due to adenocarcinoma was used as positive controls.
Negative controls were generated by replacement of the pri-
mary antibody in question with non-immune serum at the
same dilution with the same diluent. The non-immune sera
used were mouse serum IgG1 X0931, DakoCytomation;
mouse IgG1 kappa, MG1-45, Abcam®, Cambridge, UK; rab-
bit IgG, I-1000, Vector, and normal goat IgG, sc-2028, Santa
Cruz Biotechnology®. A positive control section was includ-
ed in every staining batch.

A neutralization test for VMAT1 and VMAT2 was per-
formed. The primary antiserum was incubated with the rele-
vant antigen (VMAT1 or VMAT2 at 10 nmol/mL diluted an-
tibody solution) at + 4 C for 24 h before application to the
sections. The peptides used for the neutralization test were:
VMAT1, C-19, sc-7718, Santa Cruz Biotechnology® and
VMAT2, AG263, Chemicon International.

Semiquantitative Calculation of Immunoreactive Cells

A semiquantitative assessment of the frequency of immu-
noreactive tumor cells was performed in adjacent sections
by light microscopy. The frequency of the immunoreactive
cells was expressed in percent intervals of the total num-
ber of tumor cells. The assessment was performed by one
of the authors (LG).

Results

Histopathology of Neuroblastoma Tissue Specimens

All tumors were poorly differentiated (Schwannian stroma-
poor subtype). Two of the tumors were classified as
ganglioneuroblastoma but only the neuroblastic cell compo-
nent was analyzed. The mitotic index was high (> 20 mitoses/
10 high power fields) in all cases before chemotherapy.
Necrosis was present in most tumors and calcifications were
occasionally found.

Expression of General NE Markers

Seventeen of the tumors were immunostained for all
three general NE markers. Thirteen of these tumor sam-
ples were stained before and five after chemotherapy. In
one case (patient no. 20), immunostained sections were
available both before and after chemotherapy (Table 2
and Fig. 1a–c).

Before Chemotherapy

CgA and SV2 were expressed in 90% or more tumors cells in
nine of the 13 tumor samples, syn in five. The frequency of
CgA and SV2 immunoreactive cells exceeded 50% in all 13
samples, syn in eight. One case did not reveal any syn IR
(Table 2).

After Chemotherapy

CgA and SV2 were expressed in 90% or more tumor
cells in four of the five tumor samples, syn in two. The
frequency of CgA immunorective cells exceeded 50% in
all tumor samples. The corresponding frequency for
SV2 and syn was observed in four and three samples,
respectively (Table 2).

Monoamine Transporters VMAT1 and 2

Nineteen cases were immunostained for both VMAT1
and 2. Ten of the cases contained VMAT1 immunore-
active cells, 17 cases VMAT2 (Table 2, Fig. 1d, e). In
two cases, immunostained sections were available both
before and after chemotherapy (patients no. 13 and 20,
Table 2).

Before Chemotherapy

VMAT1 IR was expressed in nine of 14 tumor samples before
chemotherapy and VMAT2 in 13. Six tumors had 90% or
more immunoreactive cells for VMAT2 while no tumor
showed such a high IR for VMAT1 (Table 2).

After Chemotherapy

VMAT1 was expressed in two of seven tumors, VMAT2 in
five (Table 2). The frequency of VMAT1 immunoreactive
cells was 90% or more in one of the tumors and for VMAT2
in two (Table 2).
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Comparison of the Immunoreactivity Between All
Studied Neuroendocrine Markers

Immunostained sections with the general markers and the
monoamine transporters were available in 15 cases, 12 before
and four after chemotherapy. In one case, immunostained sec-
tions were available both before and after chemotherapy. CgA
and SV2 were more frequently expressed in the samples than
syn. VMAT1 was less expressed than the other markers. Syn
and VMAT2 showed a similar staining frequency (Table 3).

Controls

Immunoreactive cells corresponding to the three general
markers and the monoamine transporters were represented in
the gastric mucosa. More CgA, syn, and SV2 immunoreactive
cells were seen than VMAT1 and 2 immunoreactive cells.

Negative controls exhibited no IR. All immunostaining was
cytoplasmic.

Discussion

We have shown that IR for SV2 is a useful marker for
identifying NE differentiation in NB, a property it shares
with CgA. Syn was somewhat inferior to identify NE tu-
mor cells compared to the other two general markers. In a
previous study of NB, syn was suggested to be a better NE
marker than CgA [16]. The difference between our and
their study may depend on tissue processing and choice
of antibodies. They used frozen sections and a monoclonal
antibody while we used formalin-fixed, deparaffinized sec-
tions and a polyclonal antibody.

Table 2 The expression of neuroendocrine markers in neuroblastoma before and after chemotherapy

Pat. no. Age at diagnosis Stage Localization Surgery/
biopsy

Outcome CgA Syn SV2 VMAT1 VMAT2

Before chemotherapy

1 2 m III Thoracic Surgery Alive ++++ ++ ++++ 0 +++

2 11 m II Thoracic Surgery Alive +++++ +++++ +++++ ++ +++++

3 1 m II Thoracic Surgery Alive +++++ +++++ +++++ ++++ ++++

4 2 y and 6 m II Thoracic Surgery Alive +++++ +++++ +++++ ++ ++++

5 8 mo I Thoracic Surgery Alive ++++ + ++++ + ++++

6 1 y and 2 m II Neck/thoracic Surgery Alive +++++ ++++ +++++ + +++++

7 2 m I Retroperitoneal Surgery Alive +++++ ++ +++++ ++++ +++++

9 2 y and 1 m II Thoracic Surgery Alive +++++ +++++ +++++ ++++ +++++

10 1 w IVS Retroperitoneal Surgery Alive +++++ 0 +++++ +++ +++++

11 7 y 8 m IV Thoracic Surgery Alive +++++ ++++ +++++ 0 ++

13 4 y IV Retroperitoneal Biopsy Dead Missing Missing +++++ +++ ++++

15 7 m III Pelvic Biopsy Alive +++++ +++++ +++++ Missing Missing

18 10 y and 9 m IV Retroperitoneal Biopsy Dead ++++ ++++ ++++ 0 +++++

20 3 y and 1 m IV Retroperitoneal Biopsy Dead ++++ ++ ++++ 0 0

21 1 y IV Retroperitoneal Biopsy Dead ++ missing +++++ 0 ++++

After chemotherapy

8 4 y and 1 m IV Retroperitoneal Surgery Dead +++++ +++++ +++++ 0 0

12 3 y and 1 m IV Retroperitoneal Surgery Dead Missing Missing Missing 0 +

13 4 y IV Retroperitoneal Surgery Dead Missing +++++ +++++ +++++ +++++

14 4 y and 8 m III Retroperitoneal Surgery Dead Missing ++++ +++++ 0 +++

16 1 y IV Retroperitoneal Surgery Dead +++++ ++++ +++++ 0 0

17 7 y and 5 m IV Neck/thoracic Surgery Alive +++++ +++++ +++++ ++++ +++++

19 1 y and 10 m II Pelvic Surgery Alive +++ + ++ Missing Missing

20 3 y and 1 m IV Retroperitoneal Surgery Dead +++++ ++ +++++ 0 ++

The frequency of immunoreactive cells is expressed in percent intervals of the total number of tumor cells. If two ormore sections were assessed from the
same case at the same location, the highest value is presented. In one case, tissue samples were available both before and after chemotherapy

+++++, ≥ 90%; ++++, 70–< 90%; +++, 50–< 70%; ++, 10–< 50%; +, < 10%; 0, no reactive cells

CgA chromogranin A, syn synaptophysin, SV2 synaptic vesicle protein 2, VMAT1 vesicular monoamine transporter 1, VMAT 2 vesicular monoamine
transporter 2, y year(s), m months, w week
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SV2 has earlier been reported to identify most NE cell
types and NE tumors. It is thus an important NE marker,
comparable to CgA [10, 11]. Portela-Gomes et al. showed that
SV2 identified most NE cell and tumor types in different or-
gans, a property it shared with CgA and syn. There are even
NETs (e.g., rectal NETs, L-cell type) where SV2 is more reli-
able diagnostically than both CgA and syn. Similar staining
results were reported by Jakobsen et al. who studied the ex-
pression of Sv2 and CgA in endocrine tumors of the gastroin-
testinal tract and pancreas. However, none of these studies
included NB.

We also studied whether or not chemotherapy influ-
enced the marker IR. Our findings showed that chemo-
therapy had no obvious such effect, possibly with the
exception of VMAT1. This latter marker showed a larger
proportion of immunoreactive cells before than after che-
motherapy. There were, however, too few cases to make
any certain conclusions.

In a previous study of 76 children with high risk, metastatic
NB, the expression of VMAT1 and VMAT2was analyzed and
the number of tumor cases expressing VMAT2 exceeded that
of VMAT1 (75% vs. 62%) [20]. We found similar result to
theirs, 84% vs. 57%, respectively. Our study included patients
of all stages with or without metastases.

A limitation of the present study is the scant number of
cases included due to the paucity of the disease.
Furthermore, not all the cases were immunostained for
markers in question because there was no more available ma-
terial at the pathology department.

We conclude that SV2 is a useful general NE marker for
NB, similar to CgA. Syn was somewhat inferior as general
marker for NB compared to the other two. Tissue processing
and choice of antibody may contribute to this difference.
VMAT1 and VMAT2 were expressed in several NB; more
NB expressed VMAT2 than VMAT1. Also in the individual
cases, the fraction of VMAT2 immunoreactive cells usually

Fig. 1 Immunohistochemical
demonstration of a;
chromogranin a, b;
synaptophysin, c; SV2, d;
VMAT1, e; VMAT2 in a
neuroblastoma (pat. no. 4).
Almost all tumor cells display
strong immunoreactivity to the
general neuroendocrine markers
and VMAT2. Few tumor cells
show VMAT1 immunoreactivity.
The bar in picture A is 50 μm
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exceeded that of VMAT1. VMAT2 was similar to syn as a NE
marker. Chemotherapy did not influence the IR in an obvious
way. Since our cohort was small, our findings should be con-
firmed in larger, prospective studies. Furthermore, our results
could be compared to other NE markers expressed in NB.
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