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The Quantitative mRNA Detection of Podoplanin in Body Cavity Fluids
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Abstract

OBJECTIVE : The aim of this study was to evaluate whether podoplanin mRNA expression in body cavity fluids
can be used as an adjunctive tool for cytological diagnosis.

METHODS : Twenty-two body cavity fluids, including 9 pleural fluids, 11 ascitic fluids, 1 peritoneal washig,
and 1 pericardial fluid were obtained from 22 patients. The podop/anin gene expression was assessed by real-
time quantitative reverse transcription-polymerase chain reaction (RT-PCR).

RESULTS : The podoplanin expression level of negative samples of cytological diagnosis (meadian; 0.134,
range; 0.002 - 0.542) was not significant from that of positive samples of cytological diagnosis (meadian ;
0.048, range; 0.009 - 0.102).

CONCLUSIONS : Although further examination is necessary, mRNA expression of podoplanin in body cavity
fluids assessed by real-time quantitative RT-PCR will be useful in improving the accuracy of cytological diag-
nosis.

Key words : body cavity fluids, podoplanin, mRNA expression

Introduction thelioma. It was originally detected on the surface of rat
glomerular epithelial cells (podocytes) and was found to

In cytological preparations, reactive mesothelial be linked to the flattening of the foot processes in puromy-

cells in body cavity fluids are sometimes difficult to distin- cin-induced nephrosis®. Recently, Kimura etal. ) reported

guish from adenocarcinoma cells. Since Wangetal. ' in- that positive immunoreactivity for podoplanin were found

dicated that carcinoembryonic antigen (CEA) could be in 5 of 5 epithelioid mesotheliomas, but in none of 93 vari-

served as an immunohistochemical marker in the diagnosis ous adenocarcinomas, and suggested that this marker could

of mesothelioma. Although a number of other markers assist in distinguishing between reactive mesothelial cell

have been found to be helpful in cytological diagnosis, up and adenocarcinoma.

todate, agood sensitive and specific marker for mesothel- In the present study, we examined the mRNA ex-

ial cells has not yet been recognized. Accordingly, the pression of podoplanin using the real-time quantitative re-

immunocytochemical distinction of mesothelial cell from verse transcription-polymerase chain reaction (RT-PCR)

adenocarcinoma cell largely depends on the combined use in body cavity fluids, in order to assess whether the gene

of several markers, which are frequently expressed in me- expression of podoplanin can discriminate the reactive me-

sothelial cell (anti-human mesothelial cell : HBME-1, sothelial cell from adenocarcinoma cell.

Calretinin, thrombomodulin) and in carcinomas (epithelial

specific antigen : MOC-1, CEA, anti-human epithelial Materials and methods
antigen : Ber-Ep4), respectively.
Podoplanin, an approximately 38-kd membrane Cytology Specimens

mucoprotein, is recently recognized as a marker of meso- From November 2005 to January 2006, body cavity
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Table 1 Clinicopathologic data in body cavity fluids

Case Specimen source Cytologic diagnosis Histological diagnosis Podoplanin expression level
1 Pleural fluid Negative, inflammatory cell N/A 0.004
2 Ascitie fluid Negative, inflammatory cell N/A 0.091
3 Ascitie fluid Negative, inflammatory cell N/A 0.133
4 Ascitie fluid Negative, inflammatory cell N/A 0419
5 Pleural fluid Negative, inflammatory cell N/A 0.134
6 Pleural fluid Negative, inflammatory cell N/A 0.542
7 Pleural fluid Negative, inflammatory cell N/A 0.300
8 Ascitic fluid Negative, inflammatory cell N/A 0.013
9 Pleural fluid Negative, inflammatory cell N/A 0.008
10 Ascitie fluid Negative, inflammatory cell N/A 0.002
11 Pleural fluid Negative, inflammatory cell N/A 0.145
12 Pleural fluid Negative, inflammatory cell N/A 0.003
13  Peritoneal washing Negative N/A 0.145
14 Ascitic fluid Negative, reactive mesothelial cell N/A 0.459
15 Ascitic fluid Positive, adenocarcinoma Pancreatic cancer 0.102
16 Ascitie fluid Positive, adenocarcinoma Ovarian cancer 0.009
17 Pericardial fluid Positive, adenocarcinoma Lung cancer 0.071
18 Ascitie fluid Positive, adenocarcinoma Ovarian cancer 0.009
19 Ascitic fluid Positive, adenocarcinoma Gastric cancer 0.035
20 Ascitic fluid Positive, adenocarcinoma Gastric cancer 0.023
21 Pleural fluid Positive, adenocarcinoma Lung cancer 0.066
22 Pleural fluid Positive, adenocarcinoma Lung cancer 0.061

fluids submitted for cytological examination were collec-
ted at the Shikoku Cytopathologic Institute, Kagawa, Ja-
pan. We evaluated 22 cytological specimens of serous ef-
fusions (9 pleural, 11 peritoneal, 1 peritoneal washing
and 1 pericardial). These specimens were collected from
metastatic adenocarcinoma (n=8), inflammatory cells and
reactive mesothelial cell (n=14), respectively. The primary
sites of metastatic adenocarcinoma were the lung cancer
(n=3), gastric cancer (n=2), pancreatic cancer (n=1),
and ovarian cancer (n=2) (Table 1).
diagnosis was later confirmed by clinical or pathological

In all cases, the

findings. Specimens for remnant cytological examination
were stored at -80°C.

RNA preparation and quantitative real-time PCR
procedure

Total RNA was isolated from body cavity fluids
using TRIZOL reagent ( Invitrogen Life Technology, Car-
Isbad, CA). The 5pg of total RNA was used for the syn-
thesis of single-strand complementary DNA (cDNA) with
random primer and reverse transcriptase (RT ; promega
Corp., Madison, WI) intotal volume 0of20 x€, and then
3 4 was used as a template for real-time PCR.

We performed real-time quantitative PCR using the
TagMan system ( Applied Biosystems, Foster City, CA.).
The expression levels of podoplanin and internal reference
GAPDH were measured by multiplex PCR using TagMan
probes labeled with 6-carboxyfluorescein (FAM) or VIC,
respectively. The podoplanin and GAPDH primer/probe
set were purchased from Applied Biosystems. Real-time
PCR amplification and product detection were performed
using an ABI PRISM 7300 sequence system (Applied Bio-

N/A= not available

systems), following the recommended protocol from manu-
facture. The simultaneous measurement of podoplanin
gene-FAM and GAPDH-VIC permitted normalization of
the amount of cDNA added per sample. The quantity of
c¢DNA for podoplanin gene was normalized to the quantity
of GAPDH cDNA in each sample. Relative expression was
determined by using the /] /]Ct method according to the
manufacturer's protocol (User Bulletin #2). Each assay
included a standard curve sample in duplicate, a no-tem-
plate control and a cDNA sample for fluid specimen in trip-
licate. Samples with a coefficient of variance higher than
10 % were retested.
Statistical analysis

Mann-Whitney U test was used as appropriate for
the evaluation of significant differences between end-poin-
ts. P <0.05 was considered significant.

Results

Each podoplanin expression level in each specimen
was shown in Table 1. The podoplanin expression level of
negative samples of cytological diagnosis (meadian; 0.134,
range; 0.002 - 0.542) was not significant from that of posi-
tive samples of cytological diagnosis (meadian ; 0.048,
range ; 0.009 - 0.102).

Discussion

The distinction of reactive mesothelial cell from
metastatic adenocarcinomas to the serosal membranes is
sometimes very difficult in cytological diagnosis. Various
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markers such as HBME-1, MOC-31, Ber-
EP4, and BG8 have been used to distinguish them. How-
ever, cyotochemical stains are relatively insensitive and

calretinin,

lack of specificity +7.
Politi et al. ® assessed the usefulness of the anti-
bodies HBME-1, calretinin, MOC-31, Ber-EP4, and

BGS. Statistical significance was found with HBME-1,
calretinin, MOC-31 and Ber-EP4 in the differential diag-
nosis of reactive mesothelial cell proliferations, malignant
mesothelioma, and metastatic adenocarcinoma from 134
serous effusions. The sensitivity of HBME-1 and calretinin
for mesothelial cells was 98% and 100%, and the specifi-
city was 71% and 80%, respectively. Both antibodies sta-
ined reactive mesothelial cells as well as malignant meso-
thelioma cells, with calretinin showing a stronger intensity
of immunostaining. The sensitivity of the stain for aden-
ocarcinoma was 86.3% for MOC-31, 77.5% for Ber-EP4,
and 67.5% for BG8, and when those stains were combined,
the sensitivity was 100%. These data suggest that immun-
ocytochemical studies performed on Papanicolaou-stained
cytological smears with HBME-1, calretinin, MOC-31,
Ber-EP4, and BGS proved to be useful in the differentiation
between metastatic adenocarcinoma and mesothelial pro-
liferation ®. Politi etal. ® concluded that no single diag-
nostic technique alone can establish the diagnosis in all
cases of body cavity fluid, either malignant or benign. In
difficult cases, which immunocytochemistry is necessary,
we believe that the combination of various markers may
significantly improve the diagnostic accuracy.

Recently, Kimuraetal. ¥ showed the podoplanin
is a usefull maker of mesothelial cell. They performed im-
munohistochemical staining of podoplanin in 5 malignant
mesotheliomas and 118 other tumors, including 93 aden-
ocarcinomas, 4 squamous cell carcinomas, 6 gastrointest-
inal stromal tumors and 5 endocrine tumors. Immunoreac-
tivity for podoplanin was demonstrated positive on the
All the
other tumors were negative for podoplanin. Among many

membrane of tumor cells in all mesotheliomas.

markers used for differential diagnosis of malignant meso-
thelioma, podoplanin has the potential to be an excellent
tumor marker in both specificity and sensitivity.

We examined the podoplanin mRNA expression in
body cavity fluids using quantitative real-time RT-PCR,
and noted that the negative samples of cytological diag-
nosis had higher mRNA expression of podoplanin compar-
ed to the positive samples of cytological diagnosis, how-
ever statistical significance was not observed. This result
might present a new insight to use podoplanin as a useful
marker to distinguish reactive mesothelial cells from aden-
ocarcimnoma cells. Podoplanin gene expression assessed
by quantitative real-time RT-PCR combined with various

At

tumor markers suchas MOC-1, CEA, and Ber-Ep4 might
significantly improve the diagnostic accuracy. The mRNA
expression of podoplanin assessed by real-time quantitative
RT-PCR paves the way for further investigation to improve
the accuracy of the cytological diagnosis.
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