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Detection of the CD56+/CD45− immunophenotype by
flow cytometry in neuroendocrine malignancies
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Aims: Antibodies against CD56 are primarily used in flow
cytometric studies to detect natural killer cells. However,
they may be useful in the identification of neuroendocrine
malignancies, especially if the cells do not express CD45,
indicating a non-leucocyte origin.
Methods: A retrospective review was conducted on all
solid tissue flow cytometric studies performed between
January 1997 and September 2001, to identify all cases
with a CD56+/CD45− immunophenotype.
Results: Twelve neuroendocrine malignancies (five meta-
static small cell carcinomas, three Merkel cell carcinomas,
two metastatic undifferentiated neuroendocrine carcino-
mas, one metastatic pancreatic neuroendocrine carci-
noma, and one neuroblastoma) were identified.
Conclusions: CD56+/CD45− neuroendocrine malig-
nancies are only rarely detected in the flow cytometric
analysis of solid tissue samples. However, the recognition
of this immunophenotype is important to avoid their
misclassification as natural killer cell malignancies.
Furthermore, flow cytometry assists in the rapid identifica-
tion of such cases, so that appropriate immunohisto-
chemical studies can be performed to facilitate their correct
diagnosis.

CD56 is the cluster differentiation (CD) assignment for the
neural cell adhesion antigen, a membrane glycoprotein
containing immunoglobulin-like domains.1–3 CD56 is

widely expressed throughout the molecular and granular layers
of the cerebellum and cerebral cortex, and is strongly expressed
throughout the grey and white matter of the spinal cord.1 NK
cells principally express the 140 kDa isoform of CD56.1

The use of anti-CD56 antibodies, in immunohistochemical
studies, has been reported to be of value in the diagnosis of
neuroendocrine4 5 (for example, neuroblastoma, Merkel cell,
and small cell carcinoma) and neuroectodermal5 (for example,
Ewing’s sarcoma) malignancies. In contrast, anti-CD56
antibodies are primarily used in flow cytometric studies to
detect NK cells, although their usefulness in the detection of
neuroectodermal malignancies,6 and their binding to small
cell carcinoma cell lines7 have been reported.

CD59 is expressed on a variety of cell types including
natural killer cells, certain T cell subsets, large granular
lymphocyte leukaemias, some myeloid leukaemias, and
cells of neural origin.1 2

We now report a characteristic CD56+/CD45− immunophe-

notype in 12 neuroendocrine malignancies, with the absence of

CD45 expression consistent with their non-leucocyte origin.8

METHODS
Since 1997, the immunology laboratory of Queensland Health

Pathology Services at the Royal Brisbane Hospital has used

anti-CD56 antibodies conjugated to phycoerythrin (anti-

CD56–PE) in the flow cytometric evaluation of tissue

specimens for suspected lymphoma. Anti-CD56–PE, derived

from the N901 (NKH-1) clone,9 was used in the following

three colour fluorochrome combination on a Beckman Coulter

XL (Beckman Coulter, Miami, Florida, USA) flow cytometer:

anti-CD56-PE, anti-CD3-FITC (fluorescein isothiocyanate)

and anti-CD45-PECY5 (phycoerythrin-cyanin 5 tandem). All

three conjugated monoclonal antibodies were supplied by

Beckman Coulter.

A retrospective review was conducted of all such studies

performed between January 1997 and September 2001 to

identify all cases with a CD56+/CD45− immunophenotype.

RESULTS
From approximately 2000 studies, we identified 12 specimens

that expressed the CD56+/CD45− immunophenotype (table

1). All cases were neuroendocrine malignancies, comprising

five metastatic small cell carcinomas (four from an unknown

primary, one from a lung primary), three Merkel cell carcino-

mas, two metastatic undifferentiated neuroendocrine carcino-

mas, one metastatic pancreatic neuroendocrine carcinoma,

and one neuroblastoma.

All 12 cases demonstrated the same immunophenotype,

with expression of CD56 but no expression of T cell antigens

(CD3, CD5, CD7), B cell antigens (CD19, CD20), or the
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Abbreviations: CD, cluster differentiation; FITC, fluorescein
isothiocyanate; NK, natural killer; PE, phycoerythrin; PECY5,
phycoerythrin-cyanin 5 tandem

Table 1 Final histological diagnoses of the
CD56+/CD45− malignancies

Case Specimen Final diagnosis

1 Lymph node Merkel cell carcinoma
2 Parotid gland Metastatic small cell carcinoma (unknown

primary)
3 Lymph node Metastatic small cell carcinoma (unknown

primary)
4 Lymph node Metastatic undifferentiated neuroendocrine

carcinoma
5 Lymph node Metastatic pancreatic neuroendocrine

carcinoma
6 Lymph node Merkel cell carcinoma
7 Lymph node Metastatic undifferentiated neuroendocrine

carcinoma
8 Lymph node Merkel cell carcinoma
9 Lymph node Metastatic small cell carcinoma (lung primary)
10 Lymph node Metastatic small cell carcinoma (unknown

primary)
11 Chest wall

mass
Metastatic small cell carcinoma (unknown
primary)

12 Temple mass Neuroblastoma
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common leucocyte antigen CD45. Figure 1 shows a represen-

tative flow cytometric study from case 10 (metastatic small

cell carcinoma) demonstrating the CD56+/CD45− immu-

nophenotype. It is important to note that significant

autofluorescence/non-specific staining is often exhibited by

non-haematopoietic malignancies (fig 1B). Therefore, care

should be taken not to misinterpret such autofluorescence/

non-specific staining as weak CD45 expression (fig 1C,E).

DISCUSSION
In our laboratory, CD56+/CD45− neuroendocrine malig-

nancies are only rarely detected in solid tissue specimens, with

Figure 1 Flow cytometric dot plots of a metastatic small cell carcinoma of unknown primary (case 10), demonstrating CD56 expression in the
absence of CD45 expression. The lymphoid (red) and small cell carcinoma populations (green) were colour backgated from the log 90° side
scatter versus anti-CD45–PECY5 (phycoerythrin-cyanin 5 tandem) plot (see (C) below). (A) Log 90° side scatter (SS) versus forward scatter (FS):
the lymphoid population (red) overlaps the small cell carcinoma population (green). (B) FITC (fluorescein isothiocyanate) versus PE
(phycoerythrin) isotype controls: demonstrating the presence of significant autofluorescence/non-specific staining (blue) in this sample. (C) Log
90° side scatter versus anti-CD45–PECY5: the lymphoid population (red) is clearly CD45+ whereas the small cell carcinoma population (green)
is CD45−, although autofluorescence/non-specific staining results in apparent weak CD45 expression. (D) Anti-CD3–FITC versus anti-CD56–PE:
the small cell carcinoma population (green) is CD56+/CD3− (autofluorescence/non-specific staining again results in apparent weak CD3
expression) and clearly distinct from the lymphocytes (red). (E) Anti-CD56–PE versus anti-CD45–PECY5: the small cell carcinoma population
(green) is CD56+/CD45− (apparent weak CD45 expression as a result of autofluorescence/non-specific staining), whereas the lymphocytes
(red) are CD45+.
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only 12 cases seen in approximately 2000 specimens (0.6%)

over five and three quarter years. However, this figure is prob-

ably an underestimate, because the anti-CD56–PE/anti-CD3–

FITC/anti-CD45–PC5 combination was not used in studies

where the number of retrieved cells was limited—for example,

small biopsy specimens.

Anti-CD56 antibodies have been reported to be of value in

the identification of neuroendocrine malignancies by

immunohistochemical studies.4 5 Our cases illustrate that

anti-CD56 antibodies can also be used in flow cytometric

studies to identify these malignancies, with the added advan-

tage that the concurrent use of anti-CD45 and anti-CD56

antibodies in three (or more) colour fluorochrome antibody

panels also enables demonstration of the non-leucocyte

lineage (negative CD45 expression)8 of these malignancies.

Three of the 12 CD56+/CD45− malignancies were Merkel

cell carcinomas, sometimes referred to as primary neuroendo-

crine carcinomas of the skin.5 These uncommon malignancies

exhibit the following immunohistochemical characteristics:

staining for keratin 20 (approximately 90% of cases), chromo-

granin A (approximately 33% of cases), CD57 (approximately

15% of cases), and synaptophysin in a minority of cases.5 Our

study demonstrates the usefulness of the CD56+/CD45−
immunophenotype in raising the possibility of Merkel cell

carcinoma, although this immunophenotype is not specific for

this particular neuroendocrine malignancy.

“Our study demonstrates the usefulness of the CD56+/
CD45− immunophenotype in raising the possibility of
Merkel cell carcinoma”

The detection of CD56 and CD57 expression on neuroecto-

dermal malignancies by flow cytometry has been reported

previously,6 but the expression of CD45 in these cases was not

mentioned, probably because only two colour flow cytometric

studies were performed. However, because neuroectodermal

malignancies are not routinely sent to our department for flow

cytometric studies, we were unable to determine whether

these malignancies would also demonstrate the CD56+/

CD45− immunophenotype. Furthermore, because we do not

routinely test for CD57 expression, we are unable to comment

on whether the 12 neuroendocrine malignancies in our series

would have also expressed CD57.

Our study highlights the usefulness and importance of

including anti-CD56 antibodies in flow cytometric studies of

solid tissue specimens wherever possible. Furthermore,

the recognition of this CD56+/CD45− immunophenotype

is important to avoid the potential misclassification of

such specimens as NK cell malignancies, especially if

autofluorescence/non-specific staining is misinterpreted as

weak CD45 expression.

In conclusion, we report that flow cytometric detection of

the CD56+/CD45− immunophenotype is a useful rapid

indicator for the presence of neuroendocrine malignancies,

thus leading to the appropriate immunohistochemical studies

necessary to facilitate their correct diagnosis.
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Take home messages

• Anti-CD56 antibodies should be included in flow
cytometric studies of solid tissue specimens wherever
possible

• Recognition of the CD56+/CD45− immunophenotype
can help avoid the potential misclassification of such
specimens as natural killer cell malignancies, especially
if autofluorescence/non-specific staining is misinter-
preted as weak CD45 expression

• The CD56+/CD45− immunophenotype is a useful rapid
indicator for the presence of neuroendocrine malig-
nancies, thus leading to the appropriate immunohisto-
chemical studies necessary to facilitate their correct
diagnosis
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CORRESPONDENCE

Acute erythremic myelosis (true
erythroleukaemia): a variant of
AML FAB-M6
Our group has been actively researching the
acute erythroleukaemias since the late 1980s,
during which time, we have developed and
extensively published our classification1–5:

• acute erythroleukaemia, M6a (traditional

FAB-M6, DiGuglielmo’s syndrome, 1917)

• acute erythroleukaemia, M6b (pure eryth-

roleukaemia, DiGuglielmo’s disease, 1926)

• acute erythroleukaemia, M6c (mixed

erythroleukaemia).

We have also published abstracts and
presented this classification at meetings of the
International Academy of Pathology, Inter-
national Society of Haematology, and the
American Society of Haematology, and our
recommendations have also been cited in the
recent literature. Therefore, we are surprised
to find the M6b subtype now “discovered”
and re-named in the article by Hasserjian et
al,6 and the M6c subtype completely over-
looked. Although we suspect this incongruity
to be an oversight, we believe it is important to
set the record straight.

This established classification of the acute

erythroleukaemias is based partly on the old

FAB criteria and also upon morphological,

cytochemical, and immunophenotypical

criteria.2 All bone marrow aspirates demon-

strate > 50% erythrocytic precursors, with

erythroid dysplasia. Dysplasia of the granulo-

cytic and megakaryocytic cell lines may or

may not be present. The M6a subtype is

defined as > 30% blasts of the non-

erythrocytic component (FAB exclusion cri-

teria); the M6b subtype is defined as > 30%

pronormoblasts of the erythrocytic elements;

and the M6c subtype has > 30% blasts and

> 30% pronormoblasts by the aforemen-

tioned exclusion criteria. Because the dys-

plastic changes may, at times, make definitive

characterisation of the blasts as erythrocytic

versus non-erythrocytic difficult, the mor-

phological features must always be con-

firmed by cytochemical stains, immunohisto-

chemical stains, and/or flow cytometric

analysis.

These three separate subtypes must be dis-

tinguished from one another to provide

useful prognostic information for the clini-

cian and the patient. When treated with the

standard myeloid protocol, the M6a and M6c

subtypes demonstrate a very high remission

rate, whereas most patients with the M6b

subtype remain refractory to treatment.

Notably, patients with the M6c subtype

remain in remission for a significantly

shorter time than the M6a group. Mean sur-

vival for these subtypes is: M6a, 31.4 (SD, 32)

months; M6b, 3.15 (SD, 4.2) months; M6c,

10.5 (SD, 12.7) months.

The malignant clonal cell of origin

manifesting as acute erythroleukaemia of

any subtype appears to be a multipotential

stem cell,3 which shows varying degrees

of erythrocytic and granulocytic lineage

maturation. Therefore, the three distinct

subtypes of acute erythroleukaemia are not

three separate diseases, but rather represent a

spectrum of the same disease. The

poor remission rate and short survival

charac-

teristic of this disorder5 are dependent upon:
(1) a high pronormoblast to myeloblast ratio
within diagnostic bone marrow aspirates, (2)
a high proliferative index, (3) “unfavourable”
cytogenetic aberrations, and (4) a high

incidence of P-glycoprotein expression (the
multidrug resistance phenotype).

F M Mazzella
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30912–3605 Georgia, USA;
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University of Cincinnati Medical Centre, Cincinnati,

45367 Ohio, USA
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CORRECTIONS

A comparison of 13 guinea pig and
human anti-tissue transglutaminase
antibody ELISA kits. Wong RCW, Wilson
RJ, Steele RH, et al. J Clin Pathol 2002;55:488–
95. The affiliation of Dr RH Steele should be
South Western Area Pathology Service.

Detection of the CD56+/CD45− immu-
nophenotype by flow cytometry in neu-
roendocrine malignancies. Bryson GJ, Lear
D, Williamson R, et al. J Clin Pathol
2002;55:535–7. The quotation on page 535
was inadvertently cut out of the first para-
graph (it should have remained there as the
second sentence) and should begin with
CD56 not CD59.
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