
Abstract. The cytological dilemma of distinguishing
malignant cells from proliferating mesothelium has generated
volumes of research but no clear consensus regarding an
optimal staining panel. nm23 has been frequently described
in malignant cells as a metastasis suppressor, but its mechanism
of action and the relationship between nm23 expression,
metastases, and prognosis is controversial. This is the first study
to apply nm23 immunostaining in the setting of effusion
cytology. One hundred samples of effusions (56 malignant and
44 benign) were immunostained with nm23 using the biotin-
avidin technique and diaminobenzidine as a chromogen.
Additionally, a mucicarmine stain was performed on most
samples, all of which were evaluated for nm23 expression
and mucin in a blinded fashion. After all the samples were
reviewed, the diagnoses were disclosed and staining patterns
evaluated. From the malignant cases, 51 of 56 cases were
positive for nm23 in at least 5% of malignant cells, while 27
of 44 reactive mesothelium cases were also positive in at
least 5% of cells. Of the malignant cases, all non-adeno-
carcinomas expressed nm23. We conclude that nm23 is a
highly sensitive marker for detecting malignant cells. Its
relatively high rate of expression in reactive mesothelium
supports previous studies that suggest nm23 is expressed in
proliferating cells.

Introduction

The cytologic detection of the carcinoma in serous effusions
is typically a straightforward diagnosis, but difficulties can
arise in the setting of reactive or inflamed mesothelium.
Numerous studies have been published in an attempt to
define an optimal immunostain or immunostain panel to help

resolve difficult cases. To date, no consensus has been
reached in this regard (1-4). Other diagnostic adjuncts such
as in situ hybridization and electron microscopy have also
been studied with no widespread acceptance (5-7).

Nucleoside diphosphate kinases are a family of enzymes
engaged in the production of nucleoside triphosphates other
than ATP. One such enzyme is nucleoside diphosphotase A or
nm23. nm23, particularly the H1 isoform, is also considered
both as a metastasis suppressor gene and as a cell growth
regulatory gene. The enzyme also performs several other roles
in the cell function but not all of its substrates have been
identified. It is unclear exactly how metastases are inhibited
by nm23, but suppression may be linked to the down regulation
of cell growth of metastatic deposits (8). The expression of
this enzyme has been inconsistently associated with survival,
incidence of lymph node metastasis or cell proliferation in
breast and head and neck carcinomas (8-11). There are also
conflicting reports regarding metastasis suppression and nm23
expression in other common carcinomas including those of
the lung and colon (12,13). Another item of interest is the
differential expression of nm23 between benign and malignant
tissue and its role in cell proliferation. For example, as
detected by immunocytochemistry, ovarian malignancies
express nm23 more often than their benign counterparts.
However, both tumor types will express nm23 and this antigen
is not a means of discriminating benign from malignant ovarian
tumors (14,15).

There is one study which has examined the expression of
nm23 in ascites fluid from patients with ovarian carcinoma and
other ovarian neoplasms (14). However, no study has
specifically addressed the potential of the nm23 immunostain
for detecting malignant cells in serous effusions. We examined
nm23 as a diagnostic adjunct in this cytologic setting.

Materials and methods

One hundred cases were selected from the archives of the
Presbyterian Medical Center and the Hospital of the
University of Pennsylvania from 1998 to 2003. Many of
these cases have been reported previously (16-19). Forty-four
cases were diagnosed as benign reactive mesothelium; the
remaining 56 cases were malignant. The malignant cases
were primarily adenocarcinomas with a small number of
other carcinomas and mesotheliomas. The case distribution is
outlined in Table I.
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All cases were selected using the following criteria: an
unequivocal diagnosis of malignancy or benignity, patients
with a benign diagnosis had no history, clinical or radiological
suspicion of malignancy (diagnoses were rendered based on
cellular morphology correlated, when possible, with previous
surgical pathology material), and that a cellular cell block
containing diagnostic cells on the last H&E slide cut from the
block with adequate material remaining in the block was

available. All specimens were fixed in formaldehyde prior to
embedding in paraffin. 

Immunohistochemistry was performed using the avidin-
biotin complex method on an Optimax Plus automated
immunostainer (BioGenex, San Ramon, CA). Briefly, four
micron sections on coated slides were deparaffinized in
xylene for 10 min, and rehydrated in 100% and 95% alcohol.
Endogenous peroxidase activity was blocked using a
hydrogen peroxide block (Dako, Carpenteria, CA) for 10 min.
The nm23 antibody (pre-dilute, BioGenex) was incubated at
room temperature for 60 min in a humidified environment. A
polymer labeled secondary antibody (Dako) was applied for
30 min followed by incubation with diaminobenzidine
(Dako) as a chromogen and then counterstained with
hematoxylin. Breast carcinoma samples provided by the Co-
operative Human Tissue Network (a division of the National
Cancer Institute) served as a positive control. Mucin staining
was also performed in 36 malignant cases and 28 benign cases
using the Mayer's mucicarmine staining technique.

Slides were graded in a blinded fashion for diffuse
cytoplasmic staining that was distinct and clearly stronger
than background staining. Identifying such staining in at least
5% of tumor cells rendered the case positive. Staining that
was not unequivocally distinct from background staining was
considered negative, as this was likely to be residual
endogenous peroxidase activity.

Results

All cases were successfully stained for nm23. Of the adeno-
carcinomas, including renal cell carcinomas, 41 of 46 (89%)
exhibited immunoreactivity for nm23 in at least 5% of
identified cells. Also, 18 of these same 46 (39%) adeno-
carcinomas were positive for mucin. Together, the combination
of nm23 and mucin identified 45 of the 46 (98%) adeno-
carcinomas studied. Also, all six mesotheliomas, both
neuroendocrine carcinomas and both squamous cell
carcinomas were positive for nm23 (Fig. 1A). Overall, nm23
was expressed in 51 of 56 (91%) malignant effusions. In
contrast, 27 of the 44 (61%) cases of benign reactive
mesothelium also exhibited immunoreactivity for nm23 with
a range of five to 90% of mesothelial cells staining (Fig. 1B).
None of the benign cases exhibited intracellular mucin.
These results are summarized in Table II.

Of the adenocarcinomas, 10 of 11 (91%) lung samples
were positive for nm23 with a range of 40-90% of tumor
cells staining. Breast carcinoma samples exhibited the fewest
number of positive cases with three of five (60%) samples
being positive with a range of 60-90% of the cells staining.
The observation that all malignancies that were not adeno-
carcinomas exhibited positive staining for nm23 was of
interest.

Discussion

Typically, the cytomorphology of mesothelial and carcino-
matous cells is sufficiently different from each other to
permit an accurate distinction between the two. In the clinical
setting of reactive or inflamed mesothelial cells, this
distinction can be lost. Reactive mesothelial cells can acquire
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Table I. Distribution of cases studied with the nm23
immunostain by diagnosis and source.
–––––––––––––––––––––––––––––––––––––––––––––––––

Anatomic source of specimen
–––––––––––––––––––––––––

Diagnosis (number) Pleural Peritoneal Pericardial
–––––––––––––––––––––––––––––––––––––––––––––––––
Benign conditions 

Heart  (8) 5 1 2
Lung  (3) 3 0 0
Gastrointestinal  (3) 3 0 0
Other  (6) 4 0 2
None/unknown  (24) 16 8 0

Total benign  (44) 31 9 4

Adenocarcinoma 
Breast  (5) 4 1 0
Lung  (11) 8 1 2
Renal cell  (4) 3 1 0
Other  (12) 7 5 0
Unknown  (14) 9 3 2
Total  (46) 31 11 4

Mesothelioma  (6) 4 2 0

Neuroendocrine  (2) 2 0 0

Squamous cell  (2) 2 0 0

Total malignant  (56) 39 13 4
–––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Staining characteristics of serous effusions
immunostained with nm23.
–––––––––––––––––––––––––––––––––––––––––––––––––
Diagnosis (number) nm23 positive Mucin positive

(%) (%)
–––––––––––––––––––––––––––––––––––––––––––––––––
Benign  (44) 27 (61) 0

Adenocarcinoma  (46) 41 (89) 18 (39)
Breast  (5) 3 (60) 2 (40)
Lung  (11) 10 (91) 4 (36)
Renal cell  (4) 4 (100) 0
Other  (12) 10 (83) 2 (29)
Unknown  (13) 11 (85) 9 (69)

Mesothelioma  (6) 6 (100) 0

Neuroendocrine  (2) 2 (100) 0

Squamous cell  (2) 2 (100) 0
–––––––––––––––––––––––––––––––––––––––––––––––––
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nuclear morphologic features difficult to reliably discriminate
from malignant cells. To overcome this diagnostic dilemma,
multiple immunostains and other diagnostic adjuncts have
been investigated. To date, no firm consensus has been reached
regarding an optimal technique or panel.

nm23 is one of several different metastasis suppressor
genes; its mechanism of action is not fully understood but nm23
may down regulate the cell growth of metastases. The
expression of nm23 in primary tumors has been associated
with improved survival in carcinomas of the ovary and head
and neck (9). However, there is conflicting data regarding the
expression of nm23 in breast carcinoma and its influence on
tumor growth (10,11). The expression of nm23 in other
carcinomas also shows no consistency between expression
and prognosis. Simone et al and Harlozinska et al have
examined nm23 expression in the ascitic fluid of patients

with ovarian neoplasms (14,15). Data from these studies
suggest that nm23 is detected in benign ascitic fluid as well as
that containing ovarian carcinoma. However, these data are
confounded by the presence of benign ovarian neoplasms in
cases with benign ascites; benign ovarian neoplasms can
express nm23 and may have exfoliated such cells into the
ascitic fluid (14,15). No other studies have been identified
that address the expression of nm23 in serous fluids or its
clinical utility in this cytologic setting.

Data presented here suggest that nm23 is usually
expressed in a variety of malignancies, and frequently
expressed in reactive mesothelium. When combined with mucin
staining, nm23 proved to be a highly sensitive immunostain
for the detection of adenocarcinomas. As a single stain, nm23
was expressed in all cases of mesotheliomas, renal cell
carcinomas, squamous cell carcinomas, and neuroendocrine
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Figure 1. (A) Squamous carcinoma exhibiting immunoreactivity to nm23. Original magnification x200. (B) Reactive mesothelium from a patient with cardiac
disease also immunoreactive to nm23. Original magnification x200.
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carcinomas. However, the number of tumors such as
mesotheliomas or squamous cell carcinomas studied here
was small and an additional study is needed to properly
document nm23 expression. Additionally, nm23 was
detected in 61% of benign reactive effusions. Data presented
here are consistent with the study conducted by Cipollini and
others who reported that nm23 expression correlates with cell
proliferation (11,14,15). These data also suggest that nm23
plays a role in mesothelial proliferation as well as in
epithelial proliferation.

The rate of nm23 expression is higher than the rates
reported in primary or metastatic tumors and in reactive
mesothelium. One reason is that the study by Simone et al
used a cut-off point of 15% of cells staining before
considering a case positive, as opposed to 5% for the data
presented here. For clinical use, nm23 is not specific enough
to discriminate benign from malignant cells. However, these
data suggest that nm23 may play a role in cell proliferation in
both benign and malignant tissue. 

In conclusion, nm23 is frequently expressed in reactive
mesothelium and a variety of malignant cells in serous
effusions; thus, nm23 is not useful for detecting malignant
cells in such specimens. nm23 may play a role in the
proliferation of benign and malignant cells.
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