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Summary We developed a sensitive and specific method for the detection of epithelial cancer cells in effusions with a two-stage molecular-
based assay which combined enrichment for cancer cells by immunomagnetic bead selection and reverse transcriptase polymerase chain
reaction (RT-PCR) detection of epithelial glycoprotein 2 (EGP-2) RNA. Preliminary experiments indicated that immunobead selection was
essential to avoid occasional false-positive RT-PCR results, and this method detected ten breast cancer cells electively added to 107

cytologically negative effusion cells. We studied 110 cases of pleural (n = 68) and peritoneal (n = 42) effusions (30 from patients with known
carcinoma and 80 from those without known carcinoma), and the results were compared with cytological findings. Of 18 effusions that were
cytologically positive or suspicious for malignant cells, 17 (94%) were positive for EGP-2 RNA (the one negative sample was from a patient
who recently received combination chemotherapy). Of 92 cytologically negative samples, 11 (12%) were positive for EGP-2, including six
patients with a history of previous or current carcinoma. Our method appears to be highly specific and increases the sensitivity of detection of
malignant cells; it may be a useful adjunct to routine cytopathological examination.
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Table 1 Clinical diagnoses of patient population (n = 110)

Patients with known carcinoma Patients without known carcinoma
(cytologically positivea/total) (cytologically positive/total)

Lung carcinoma 5/10 Chronic hepatic disease 0/13
Breast carcinoma 3/7 Heart failure 0/5
Ovarian carcinoma 3/4 Lymphoma 0/5
Colorectal carcinoma 1/3 Pneumonia 0/2
Prostatic carcinoma 0/2 Renal failure 0/2
Laryngeal carcinoma 0/1 Gastric ulcer 0/2
Renal cell carcinoma 0/1 Benign ovarian tumour 0/2
Skin carcinomas (multiple) 0/1 Pancreatitis 0/1
Pancreatic carcinoma 0/1 AIDS 0/1

Effusion of unknown cause 6/47

aThese figures include two cases cytologically diagnosed as ‘suspicious for malignant cells’. Of the 110 samples received for testing, 68 were pleural effusions
(11 of which were cytologically positive and two ‘suspicious’), whereas 42 were ascites (five of which were cytologically positive).
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Table 2 EGP-2 cell-surface protein expression by cell lines as determined
by flow cytometric analysis

Cell line No. positive/ Mean
no. tested fluorescence

(%) channela

B-lymphoblastoid 0/10 (0) (< 5)
Breast carcinoma 9/10 (90) 272
Colon carcinoma 12/13 (92) 570
Non-small-cell lung carcinoma 6/10 (60) 348
Small-cell lung carcinoma 8/9 (89) 230

All carcinomas 35/42 (83) 382

aMean value of positive samples. A sample was considered positive if the
mean fluorescence of the test sample was five or more channels greater than
the isotype control.
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Figure 1 Immunobead selection of carcinoma cells. Cells in a cytologically positiv
magnetic selection. With the use of antibody (A and B), cancer cells were selected,
(magnification A, × 120; B and C, × 30)
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e pleural effusion were incubated with or without Ber-EP4 followed by
 whereas no cells were visible when antibody was excluded (C).
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Figure 2 Comparison of K19 and EGP-2 RT-PCR with or without
immunobead selection. Both of the RT-PCR products with (+) and without (–)
immunobead selection of two cytologically positive samples (sample nos. 1
and 2) and negative samples (sample nos. 3–7) were electrophoresed in
parallel
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Table 3 Comparison between cytopathological examination and RT-PCR
for K19 and EGP-2 for the detection of carcinoma cells in effusions

Cytological RT-PCR results
diagnosis (n)

K19 positive EGP-2 positive
(%) (%)

Patients Positive (11) 11 (100) 10 (91)
with known Suspicious (2) 2 (100) 2 (100)
carcinoma (n = 30) Negative (17) 13 (76) 6 (35)

Patients without known Positive (5) 5 (100) 5 (100)
carcinoma (n = 80) Negative (75) 40 (53) 5a (7)

Total subjects Positive (16) 16 (100) 15 (94)
analysed (n = 110) Suspicious (2) 2 (100) 2 (100)

Negative (92) 53 (58) 11 (12)

aOne subject diagnosed with metastatic carcinoma of unknown origin 1
month later.
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Expression of EGP-2 RNA and protein by cultured
carcinoma cells
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EGP-2 515 bp

10 102 P1030 N

Figure 3 EGP-2 RT-PCR after immunobead enrichment. No, 10, 102 and
103 breast cancer cells were spiked into 1 × 107 cells prepared from a
cytologically negative pleural effusion. Positive (P) and negative (N) controls
were 100 pg of RNA from MCF-7 and water blank for RT respectively
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K19 and EGP-2 expression in clinical samples
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