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Abstract

Many cancers cause malignant effusions. The presence of malignant cells in effusions has
implications in diagnosis, tumour staging and prognosis. The detection of malignant cells
currently presents a challenge for cytopathologists. New adjunctive methods are needed.
Although the effusions provide excellent materials for molecular assay, the available molecular
markers are extremely limited, which hinders its clinical application. MN/CA9 has proved to be
a valuable marker in many cancers such as lung, breast, colon, kidney, etc. The present study
was to evaluate MN/CA9 as a new molecular marker for the detection of cancer cells in pleural
effusions. Seventy-one pleural effusions including 59 malignant effusions from patients with
cancer, and 12 patients with benign diseases as a control, were subjected to RT-PCR for
detection of MN/CA9 gene expression. MN/CA9 gene expression was detected in 53/59
(89.8%) pleural effusions from cancer patients (15/16 for breast cancers, 10/11 for lung cancers,
4/4 for ovary cancers, 2/3 for colon—rectal cancers, 5/6 for cancers of unknown site, 7/8 for
mesothelioma and 10/11 for other cancers). Furthermore, MN/CA9 was positive in 13/18
(72.2%) of cytologically negative effusions of cancer patients. MN/CA9 was detected in only
1/12 (8.3%) effusions from the control patients (p <0.01). The sensitivity and specificity of
MNY/CAO9 gene expression were, respectively, 89.8% and 91.7%. Our preliminary results suggest
that MN/CA9 could be a potential marker for the detection of malignant cells in effusions.
A large-scale study is needed to confirm these results.
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Introduction

Serous effusions can often be found in patients with cancer (Monte et al. 1987).
Malignant effusion, where malignant cells are found, is distinguished from benign
effusion which is mainly composed of lymphocytes, macrophages and several rare
mesothelial cells. The effusion may be the first manifestation of malignancy of
unknown primary sites (Monte et al. 1987). The presence of malignant cells in

Correspondence: G. Li, Laboratoire d’Immunologie Clinique, Hopital Nord, CHU de Saint Etienne,
42055 Saint-Etienne Cedex 2, France. Tel: +33-(0)-4-77-82-88 14. Fax: +33-(0)-4-77-12-05-52.
E-mail: grli2001@yahoo.fr

*G. Li, K. Passebosc-Faure and G. Feng contributed equally to this work.

ISSN 1354-750X print/ISSN 1366-5804 online © 2007 Informa UK Ltd.
DOI: 10.1080/13547500601068192

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

MNI/CA for cancer cells in effusions 215

effusions of cancer patients indicates a metastatic disease or a relapse with very poor
prognosis and often implies an aggressive treatment such as chemotherapy. Therefore,
detection of malignant cells in effusion has importance in diagnosis, disease staging
and prognosis. It is clearly important to detect any malignant cells in the fluid with the
greatest sensitivity and specificity. The search for malignant cells in effusions is routine
work. However, this work is often difficult for the cytologists, either because of
scarceness of cells or because of the delicate distinction between malignant cells and
inflammatory cells (Bedrossian 1998). The detection of malignant cells currently
presents a challenge for cytologists. In about 40% of cases, cytology does not provide a
decisive answer as to whether a pleural effusion from a cancer patient is malignant or
not (Porcel et al. 2004, Fetsch & Abati 2001). Thus, additional new methods have
been evaluated in order to improve the diagnostic sensitivity and accuracy (Fetsch &
Abati 2001, Mohanty & Dey 2003).

Recently, the polymerase chain reaction (PCR) technique has been intensively
studied for the detection of cancer cells in blood, bone and lymph nodes and it was
thought to be more sensitive than the conventional techniques such as cytology and
immunocytochemistry (Gerhard et al. 1994, Mori et al. 1998). However, PCR has
been less intensively studied in serous effusions, although effusions provide excellent
material for PCR analysis. Several studies that have used the PCR technique for the
detection of cancer cells in serous effusions have demonstrated it to be a beneficial
adjunct to conventional techniques as it generally increases the detection sensitivity of
tumour cells in effusions (Okamoto et al. 1998, Yang et al. 1998, Yu et al. 2001, Nagel
et al. 2003, Fiegl et al. 2004). However, the available markers are very limited, which
hinders clinical applications.

MN/CA9 has proved to be a useful tumour marker. MN/CAD9 is not expressed in
most normal cells but is expressed in most malignant cells due to a hypoxic reaction in
most cancers such as breast, lung, colon, kidney, etc. These cancers are the main
cause of the malignant pleural effusions. Therefore, we hypothesise that MN/CA9
might be a new marker for the detection of malignant cells in pleural effusions.

Materials and methods
Patients and diagnosis of pleural effusions

Pleural effusions from 71 patients were prospectively collected from the Departments
of Pneumology and Oncology at the University Hospital Centre of Saint Etienne and
the Department of Pneumology at the University Hospital Centre of Lyon, France.
All effusions had a reliable diagnosis, documented by cytological analysis, histological
analysis of the pleural biopsy (if carried out), and a review of the clinical history and
follow-up of the patients. All effusions were subjected to routine cytology examination
by Papanicolaou staining. A single experienced cytopathologist performed the
examination. The effusions were diagnosed as benign/reactive or malignant by using
well-established clinical criteria. A pleural effusion was classified as malignant if
malignant cells were demonstrated in the fluid or pleural biopsy. Finally, there were 59
malignant effusions from cancer patients and 12 benign effusions from non-malignant
disease caused by infection or cardiac failure, which served as controls. Among the 59
malignant effusions from cancer patients, 18 were cytologically negative. The cancer
primary sites of the 59 patients with pleural effusions are given in Table 1. This study
was approved by an institutional ethics committee.
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Table I. Expression of MN/CAO9 in pleural effusions.

Diagnosis Number of effusions MN/CA
Malignant

Breast 16 15/16 (93.7%)
Lung 11 10/11 (90.9%)
Ovary 4 4/4 (100%)
Colorectal 3 2/3 (66.7%)
Unknown 6 5/6 (83.3%)
Mesothelioma 8 7/8 (87.5%)
Other® 11 10/11 (90.9%)
Total 59 53/59 (89.8%)
Benign 12 1/12 (8.3%)

#Other cancers included kidney (2 =1), prostate (z =1), stomach (z =1), pancreas (2 =2), sarcoma (n =2),
nasopharyngeal (z=2) and lymphoma (n =2).

Preparation of cells from effusions

Each fluid sample was centrifuged in 50-ml tubes at 300 ¢ for 10 min at room
temperature. Then, pellets were pooled together, washed once and resuspended in
RPMI 1640 medium with 10% fetal calf serum (FCS). Fractions of 900 pl were
distributed in 1.5-ml cryotubes containing 100 pl of dimethyl sulfoxide (DMSO) and
stored in liquid nitrogen until use. When needed, aliquots were thawed in a water bath
at 37°C, then washed once with Ca®>*/Mg? " free NaCl solution (0.01 M), and a cell
count was performed.

RNA extraction

Total RNA was extracted by using the RNABIe® extraction solution (Eurobio, Les
Ulis, France) following the manufacturer’s instructions. Briefly, 0.2 ml of RNABIe
was used for a total of 10° cells. Cell pellets were homogenised with the RNABIe
solution (containing guanidium isothiocyanate and phenol), then total RNA was
extracted by adding 0.1 volume of chloroform and was precipitated by using 1 volume
of isopropanol. Then, samples were washed twice in 75% ethanol and resuspended in
RNase-free water. Total RNA was quantified spectrophotometrically at A,ep.

RT-PCR

Reverse transcription was performed with the SuperScript'™ First-Strand Synthesis
System for RT-PCR (Invitrogen, Paisley, UK), using 0.5 pg of total RNA and
following the manufacturer’s instructions.

PCR was performed in 50 pl reaction mixture containing 1 pl of cDNA, 5 pl 10X
PCR buffer, 1 pl of 10 mM dNTP mix, 1.5 pl of 50 mM MgCl,, 100 ng of both sense
and antisense primers, and 1.25 U of 7ag polymerase (Eppendorf). We designed two
specific primers: B-actin and MN/CA9. The primers for B-actin (507 base pairs) were
as follows: sense primer 5-TAC CAC TGG CAT CGT GAT GGA CT-3’, antisense
primer 5-TCC TTC TGC ATC CTG TCG GCA AT-3’; for MN/CA9 (386 base
pairs): sense primer 5-GGA CAA AGA AGG GGA TGA CC-3’, antisense primer
5-AAA GGC GGT GCT GAG GTG AA-3'. These primers were designed to span
the splice junction so that genomic DNA contamination could be monitored. Primers
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for B-actin were also used in order to check RNA integrity and the efficiency of the RT
step. Positive (SKRC-52 cell line) and negative controls (PCR mix without cDNA)
were included in each round of PCR. After a denaturing step at 94°C for 3 min, PCR
was performed with denaturing temperature at 94°C for 1 min, annealing temperature
at 57°C for 1 min and extension at 72°C for 1 min. Thirty-five cycles were performed.
PCR products were separated by electrophoresis on a 1.5% agarose gel. DNA
fragments were visualised and photographed under UV light with ethidium bromide
staining. The expected band for MN/CA9 and f-actin was identified by a co-
migration of a DNA marker ladder electrophoresed in an adjacent lane. In addition,
the fidelity of PCR amplification was confirmed by the sequencing of representative
PCR products.

Statistical analysis

MN/CA9 gene expression between the effusions of cancer patients and control
patients was compared by using the Fisher’s exact test. The level of statistical
significance was set at p <0.05. Diagnostic performance of cytology and MN/CA9
gene expression was assessed by sensitivity and specificity.

Results

Results of MN/CA9 expression in the whole population of effusions are shown in
Table I. Positive MN/CA9 gene expression is demonstrated in Figure 1. MN/CA9
gene expression was detected in 53/59 (89.8%) pleural effusions from cancer patients
(15/16 for breast cancers, 10/11 for lung cancers, 4/4 for ovary cancers, 2/3 for
colorectal cancers, 5/6 for cancers of unknown sites, 7/8 for mesothelioma and 10/11
for other cancers). MN/CA9 was only detected in 1/12 (8.1%) effusions from control
patients (p <0.01).

Eighteen serous effusions were negative for the tumour cell by cytological
examination. Fourteen (72.2%) of these effusions was positive for MN/CA9 gene
expression.

The sensitivity and specificity of MN/CA9 were, respectively, 89.8% and 91.7%.
The sensitivity and specificity of cytology were, respectively, 70% and 100%.
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Figure 1. MN/CA9 gene expression in effusions. M, molecular marker; A, B-actin; B, MN/CA9;
1, a positive control; 2, a negative control; 3, 4, 5, 6, four different effusions of a cancer patient positive
for MN/CADO.
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Discussion

Serous effusions provide excellent material for RT-PCR assay. The choice of
molecular markers is critical for this assay. We aimed to evaluate MN/CA9 as a
marker that could improve cytological diagnosis in pleural effusions. Thus, we focused
our study on a rapid, easy, inexpensive and sensitive technique that could be
performed in most hospital laboratories. Basic RI-PCR strategy seemed to be the best
choice in terms of sensitivity, specificity, flexibility and cost (To et al. 2003).

Many previous studies have been published concerning tumour markers in the
differential diagnosis of pleural effusions. The traditional tumour markers (CEA,
CA15-3, CA19-9, CA125) have gained some attention in pleural effusions in several
recent studies (Porcel et al. 2004, Shitrit et al. 2005). They concluded that the
addition of tumour markers was useful for the diagnosis of malignancy (Porcel et al.
2004, Shitrit et al. 2005, Light 2004). Telomerase was studied for the diagnosis of
malignant pleural effusions (Yang et al. 1998). However, contamination of lympho-
cytes, which could express the telomerase, may weaken its diagnostic value (Lee
2005). New markers such as human mammaglobin/mammaglobin B and mucin were
explored for the detection of malignant cells in effusions (Yu et al. 2001, Fiegl et al.
2004). More recently, we found that some new markers (Ep-CAM, E-cadherin and
MGB1) could be useful for the detection of cancer cells in effusions (Passebosc-Faure
et al. 2005). However, the major problem with these markers is the lack of sensitivity
when the marker is used alone. The combination of a panel of markers is required to
attain a relatively high sensitivity (Porcel et al. 2004, Passebosc-Faure et al. 2005,
Shitrit et al. 2005). The search for a powerful marker is needed. MN/CA9 gene
expression has been documented in many cancers and MN/CA9 is considered as a
cancer-related marker (Potter & Harris 2003). MN/CA9 is expressed in cancer cells
due to hypoxic conditions, allowing cancer cells to survive and retain their clonogenic
potential. MN/CA9 has been intensively studied as a promising diagnostic and
prognostic marker in lung, breast, colon, kidney, uterus and cervical cancers, etc.
(Liao et al. 1997, Chia et al. 2001, Ivanov et al. 2001, Hedley et al. 2003, Kim et al.
2004, Kivela et al. 2005, Kowalewska et al. 2005). These cancers are the major cause
of malignant pleural effusions. MN/CA9 was also used to detect cancer cells in lymph
nodes and in the circulation (McKiernan et al. 1999, Li et al. 2001). Therefore, to test
this marker for the detection of cancer cells in effusions is theoretically reasonable.

We found that about 89.8% of pleural effusions of cancer patients were positive for
the MN/CA9 marker. The sensitivity was superior even to cytology. However, we
experienced a weak positivity in the control group that could be due to possible weak
expression of MN/CA9 of some kinds of cells in effusions. Our results suggest that
MN/CA9 may be a highly sensitive and rather specific marker for malignant cells in
pleural effusions. Compared with the previous findings of traditional markers, MN/
CAD9 is among those that present highest sensitivities. For example, the sensitivity of
CEA ranged from 35 to 63.6% (Shitrit et al. 2005). This may be explained by the fact
that MN/CA9 is a specific marker for diagnosing malignancy in many kinds of
tumours while some traditional markers like CEA were relatively limited to a specific
organ. The sensitivity of traditional markers depends on the origin of the cancer site.
Moreover, the RT-PCR technique is more sensitive than the traditional techniques.

We are interested in the RT-PCR technique of determining MN/CAJ9 in cytological
samples (Li et al. 2006). Recent data suggest that the molecular detection of cancer
cells in effusions could have a prognostic value (Buhr et al. 1997, Lloyd et al. 2006).
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We studied MN/CA9 expression in a subgroup of cytologically negative effusions of
cancer patients. We found that 72.2% of cytologically negative malignant effusions
were positive for MN/CADO9. Fiegl et al. found 30.9% positivity in cytologically negative
effusions when mammaglobin was used, while the positivity increased to 39% when
mammaglobin-B was used (Fiegl et al. 2004). The differences were influenced by the
choice of molecular markers. We agree that the molecular assay can significantly
increase the detectability of malignancy in effusion specimens of cancer patients. As
pointed out by Light, the marker may help to select the patients with cytologically
negative effusion for further invasive examination (Light 2004). In the meantime,
these patients may also benefit from adjunctive treatment since the presence of
malignant cells in effusion indicates a metastatic disease. Our preliminary results
suggest that the MN/CA9 mRNA assay could be considered as a potential new clinical
field of application for the analysis of pleural effusions.

Conclusion

This study demonstrates that MN/CA9 is a potential marker for the detection of
malignant cells in pleural effusions, and that a RT-PCR test of MN/CA9 could be a
helpful adjunct to cytological examination for the diagnosis of malignancy in effusion.

Acknowledgements

We thank C. Ruesch, MD, P. Sagnol, MD and J. M. Vergnon, MD, PhD for providing
pleural effusions. This work was supported by a grant from la Ligue Contre le Cancer,
Comité Régional de la Loire and by the French Ministry of Health (PHRC).

References

Bedrossian CWM. Diagnostic problems in serous effusions. 1998. Diagnostic Cytopathology 19:131-137.

Bubhr J, Berghauser KH, Gonner S, Kelm C, Burkhardt E, Padberg WM. 1997. The prognostic significance
of tumor cell detection in intraoperative pleural lavage and lung tissue culture with lung cancer. Journal of
Thorac Cardiovascular Surgery 113:683—-690.

Chia SK, Wykoff CC, Watson PH, Han C, Leek RD, Pastorek J, Gatter KC, Ratcliffe P, Harris AL. 2001.
Prognostic significance of a novel hypoxia-regulated marker, carbonic anhydrase IX, in invasive breast
carcinoma. Journal of Clinical Oncology 19:3660—-3668.

Fetsch PA, Abati A. 2001. Immunocytochemistry in effusion cytology: a contemporary review. Cancer
93:293-308.

Fiegl M, Haun M, Massoner A, Krugmann J, Muller-Holzner E, Hack R, et al. 2004. Combination of
cytology, fluorescence in situ hybridization for aneuploidy, and reverse-transcriptase polymerase chain
reaction for human mammaglobin/mammaglobin B expression improves diagnosis of malignant
effusions. Journal of Clinical Oncology 22:474—483.

Gerhard M, Juhl H, Kalthoff H, Schreiber HW, Wagener C, et al. 1994. Specific detection of
carcinoembryonic antigen-expressing tumor cells in bone marrow aspirates by polymerase chain reaction.
Journal of Clinical Oncology 12:725-729.

Hedley D, Pintilie M, Woo J, Morrison A, Birle D, Fyles A, et al. 2003. Carbonic anhydrase IX expression,
hypoxia, and prognosis in patients with uterine cervical carcinomas. Clinical Cancer Research 9:5666—
5674.

Ivanov S, Liao SY, Ivanova A, Danilkovitch-Miagkova A, Tarasova N, Weirich G, et al. 2001. Expression of
hypoxia-inducible cell-surface transmembrane carbonic anhydrases in human cancer. American Journal
of Pathology 158:905-919.

Kim SJ, Rabbani ZN, Vollmer RT, Schreiber EG, Oosterwijk E, Dewhirst MW, et al. 2004. Carbonic
anhydrase IX in early-stage non-small cell lung cancer. Clinical Cancer Research 10:7925-7933.

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

220 G. Li, K. Passebosc-Faure, G. Feng et al.

Kivela AJ, Parkkila S, Saarnio J, Karttunen TJ, Kivela J, Parkila AK, et al. 2005. Expression of von
Hippel-Lindau tumor suppressor and tumor-associated carbonic anhydrases IX and XII in normal and
neoplastic colorectal mucosa. World Journal of Gastroenterology 11:2616—2625.

Kowalewska M, Radziszewski J, Kulik J, Barathova M, Nasierowska-Guttmajer A, Bidzinski M, et al. 2005.
Detection of carbonic anhydrase 9-expressing tumor cells in the lymph nodes of vulvar carcinoma
patients by RT-PCR. International Journal of Cancer 116:957-962.

Lee WY. 2005. Limitations of detection of malignancy in pleural effusions using ELISA-based TRAP assay:
comparison with cytological examination. Cytopathology 16:227-232.

Li G, Cuilleron M, Cottier M, Gentil-Perret A, Lambert C, Genin C, et al. 2006. The use of MN/CA9 gene
expression in identifying malignant solid renal tumors. European Urology 49:401—-405.

Li G, Passebosc-Faure K, Lambert C, Gentil-Perret A, Blanc F, Oosterwijk E, et al. 2001. The expression of
G250/MN/CA9 antigen by flow cytometry: its possible implication for detection of micrometastatic renal
cancer cells. Clinical Cancer Research 7:89-92.

Liao SY, Aurelio ON, Jan K, Zavada ], Stanbridge EJ. 1997. Identification of the MN/CA9 protein as a
reliable diagnostic biomarker of clear cell carcinoma of the kidney. Cancer Research 57:2827—-2833.

Light RW. 2004. Tumor markers in undiagnosed pleural effusions. Chest 126:1721-1722.

Lloyd JM, Mclver CM, Stephenson SA, Hewett PJ, Rieger N, Hardingham JE. 2006. Identification of early-
stage colorectal cancer patients at risk of relapse post-resection by immunobead reverse transcription-
PCR analysis of peritoneal lavage fluid for malignant cells. Clinical Cancer Research 12:417—423.

McKiernan JM, Buttyan R, de la Taille A, Stifelman MD, Emanuel ER, Bagiella E, et al. 1999. The
detection of renal carcinoma cells in the peripheral blood with an enhanced reverse transcriptase
polymerase chain reaction assay for MN/CA9. Cancer 86:492—-497.

Mohanty SK, Dey P. 2003. Serous effusions: diagnosis of malignancy beyond cytomorphology. An analytic
review. Postgraduate Medical Journal 79:569-574.

Monte SA, Ehya H, Lang WR. 1987. Positive effusion cytology as the initial presentation of malignancy.
Acta Cytologica 31:448-452.

Mori M, Mimori K, Ueo H, Tsuj K, Shiraishi T, Barnard GF, et al. 1998. Clinical significance of molecular
detection of carcinoma cells in lymph nodes and peripheral blood by reverse transcription-polymerase
chain reaction in patients with gastrointestinal or breast carcinomas. Journal of Clinical Oncology
16:128-132.

Nagel H, Werner C, Hemmerlein B. 2003. Real-time reverse transcription-polymerase chain reaction assay
for GA733-2 m RNA in the detection of metastatic carcinoma cells in serous effusions. American Journal
of Clinical Pathology 120:888—-901.

Okamoto I, Morisaki T, Sasaki J, Miyake H, Matsumoto M, Suga M, et al. 1998. Molecular detection of
cancer cells by competitive reverse transcription-polymerase chain reaction analysis of specific CD44
variant RNAs. Journal of the National Cancer Institute 90:307—-315.

Passebosc-Faure K, Li G, Lambert C, Cottier M, Gentil-Perret A, Fournel P, et al. 2005. Evaluation of a
panel of molecular markers for the diagnosis of malignant serous effusions. Clinical Cancer Research
11:6862-6867.

Porcel JM, Vives M, Esquerdas A, Salud A, Perez B, Rodriguez-Panadero F. 2004. Use of a panel of tumor
markers (carcinoembryonic antigen, cancer antigen 125, carbohydrate antigen 15-3, and cytokeratin 19
fragments) in pleural fluid for the differential diagnosis of malignant and benign effusions). Chest
126:1757-1763.

Potter CP, Harris AJ. 2003. Diagnostic, prognostic and therapeutic implications of carbonic anhydrases in
cancer. British Journal of Cancer 89:2-7.

Shitrit D, Zingerman B, Bar-Gil Shitrit A, Shlomi D, Kramer MR. 2005. Diagnostic value of CYFRA 21-1,
CEA, CA19-9, CA 15-3, and CA 125 assays in pleural effusions: analysis of 116 cases and review of the
literature. The Oncologists 10:501-507.

To EM, Chan WY, Chow C, Ng EK, Chung SC. 2003. Gastric cancer cell detection in peritoneal washing:
cytology versus RT-PCR for CEA transcripts. Diagnostic Molecular Pathology 12:88—95.

Yang CT, Lee MH, Lan RS, Chen JK. 1998. Telomerase activity in pleural effusions: diagnostic
significance. Journal of Clinical Oncology 16:567—573.

Yu CJ, Shew JY, Liaw YS, Kuo SH, Luh KT, et al. 2001. Application of mucin quantitative competitive
reverse transcription polymerase chain reaction in assisting the diagnosis of malignant pleural effusion.
American Journal of Respiratory and Critical Care Medicine 164:1312-1318.

RIGHTES

Wy



