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Pleural effusions may result from various inflamma-
tory, hemodynamic, or neoplastic conditions. A com-
mon diagnostic problem lies in distinguishing malig-
nant from benign pleural effusions using routine
cytological evaluation. We studied pleural fluid sam-
ples obtained from 14 patients with histologically
confirmed malignancy and from 6 patients with be-
nign pleural effusions using 12 microsatellite mark-
ers from 8 different chromosomal regions. Superna-
tants and cellular sediments of all 20 pleural fluid
samples were analyzed. Routine cytological examina-
tion was 100% specific for malignancy but was only
57% sensitive. Microsatellite analyses of pleural fluid
supernatants showed genetic alterations in tumor pa-
tients only. However, 50% of pleural effusions that
were considered negative for malignancy by routine
cytological analysis showed either loss of heterozy-
gosity or microsatellite instability. The sensitivity of
pleural fluid examination rose to 79% when routine
cytological assessment was supplemented by molec-
ular studies. Our data suggest that microsatellite anal-
ysis increases the sensitivity of cytological pleural
fluid examination in assessing potential malignancy
and that combining cytological and molecular meth-
ods may improve yield and certainty in diagnostically
challenging cases. (J Mol Diagn 2005, 7:517–524)

Pleural effusion is a common manifestation of various
underlying inflammatory, hemodynamic, or neoplastic
diseases. In healthy individuals, no more than 15 ml of
serous, paucicellular, clear fluid lubricates the pleural
surface. Accumulation of pleural fluid may occur through
several mechanisms: 1) increased hydrostatic pressure
in congestive heart failure; 2) increased vascular perme-

ability in inflammation; 3) decreased oncotic pressure in
renal disease; 4) decreased intrapleural pressure in at-
electasis; and 5) increased fluid production coupled with
decreased lymphatic drainage in tumors.1 About 20% of
pleural effusions are due to malignancy, and 50% of
these are due to primary lung cancer. Pleural carcinoma-
tosis is frequently seen in lung and breast cancer, and a
common clinical problem is the distinction between be-
nign and malignant pleural effusions.2,3 Advanced tu-
mors may involve the pleura by direct extension or
through lymphatic and hematogenous spread. Serous or
serosanguineous pleural effusion can be seen in both
malignant and infectious/inflammatory conditions, under-
scoring the diagnostic value of fluid cytological
examination.

Diagnostic accuracy of pleural effusion cytology de-
pends on the volume of liquid examined, the type of
preparation and staining, the experience of the examiner,
and the number of sufficient specimens investigated.
However, the cytological interpretation of pleural fluids
can be challenging, and its diagnostic accuracy is limit-
ed.4,5 The sensitivity of conventional cytology ranges
from 43%6 to 71%7 with an average of 58%.8

To supplement the morphological examination of
doubtful cytological effusions, immunocytochemistry
and a variety of molecular methods have frequently
been applied.9,10 The use of flow cytometry or image
analysis11,12 in the diagnosis of malignant effusions
were evaluated in several studies. Generally, the sen-
sitivity and specificity of that was not superior to cur-
rent immunocytochemistry.13

The use of fluorescence in situ hybridization allows the
detection of aneuploidy. Approximately one-fourth of the
cytologically negative effusions was fluorescence in situ
hybridization (FISH) positive and vice versa. From the
initially FISH-negative effusions, 18.9% could subse-
quently be classified positive with dual-color FISH by
visualization of intranuclear chromosomal complexity in
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rare aneuploid cells. Thus, “overall FISH analysis,” in-
cluding dual-color evaluation, identified tumor cells in
significantly more effusions than conventional cytology,
implying greater sensitivity.14

Using reverse transcription polymerase chain reaction,
other authors have described higher sensitivity than in
conventional routine cytology (72 versus 52%). Different
expression levels of glycoprotein MUC 1 and MUC 5
were used to discriminate between benign and malignant
effusions.15

Studies of peritoneal washing and pleural effusion in-
vestigating telomerase activity reported a high sensitivity
and specificity for tumor detection (91 versus 94%). How-
ever, most studies for telomerase activity did not show
results that surpass routine cytology, and one study re-
ported frequent false-positive results in benign effusions,
thereby questioning the validity of this test for effusion
diagnostics.16 Especially the detection of specific muta-
tions in tumor-associated genes like p53 is very sensitive
in detection cells with this specific genetic alter-
ation.9,17,18 However this method is restricted to cases
with certain mutations in the tumor.

Promotor hypermethylation is now accepted as a fur-
ther very frequent occurring mechanism of tumor sup-
pression genes. Ahrendt et al19 could show that methyl-
ation assays were more sensitive than microsatellite
analysis. However, methylation-specific polymerase
chain reaction needs an initial step of amplified bisulfite-
modified DNA with flanking polymerase chain reaction.20

In our hands, this method was very problematic when
investigating biological samples with minute amounts of
DNA or only degraded DNA. Because only small
amounts of DNA were detectable in cell-free superna-
tants, we chose as first method microsatellite analysis,
which was very robust in this study.

Loss of heterozygosity (LOH) is a further widely ac-
cepted molecular hallmark of malignancy, progressively
accumulating during carcinogenesis at various chromo-
somal regions,21 but less agreement exists on the impor-
tance and frequency of microsatellite instability (MSI) in
cancers.22 An increased frequency of microsatellite al-
terations has been observed in various cancers. These
elevated microsatellite alterations at selected tetranucle-
otide repeat markers were related to high frequency of
p53 mutations and do not seem to display a defect mis-
matched repair.22,23 These frequent microsatellite alter-
ations were found predominantly in advanced tumor
stages24 and patients with lymph node metastasis.25

Molecular detection of malignancy in body fluids
through microsatellite analysis is promising (reviewed in
26), but reliable detection of cancer-related LOH or MSI
typically requires 60 to 80% tumor content.27,28 Pleural
effusion samples usually contain only a few epithelial
cells and show significant numbers of reactive mesothe-
lium and inflammatory cells. Density gradient separation
may improve this ratio in favor of epithelial cells, resulting
in slightly higher detection rates of LOH in tumor patients
(63 versus 58%).29 Increased levels of free DNA and
cancer-related genomic alterations have been described
in cell-free plasma30 and serum31,32 of cancer patients.33

To clarify whether molecular analysis of cell-free pleu-
ral supernatants could improve diagnostic utility and
identification of malignant effusions, we compared the
frequency of microsatellite instability of the pleural sedi-
ment and supernatants with results of the conventional
cytological examination and molecular alterations in the
matched tumor tissue samples by using 12 microsatellite
markers at 8 different chromosomal regions.

Materials and Methods

Patients

This study was approved by the Institutional Review
Board. Twenty individuals (4 female and 16 male) who
were treated for pleural effusion from 2003 to 2004 at the
University Hospital Regensburg were included. The me-
dian age was 67 years of age (range, 45–84). Fourteen
patients had a histologically confirmed pulmonary malig-
nancy (median age, 66 years; range, 59–84 years), in-
cluding non-small-cell lung cancer (n � 6), small-cell
lung cancer (n � 1), and metastatic nonpulmonary car-
cinoma (n � 7). All patients had a long-term smoking
history; in one tumor patient, an asbestos exposure was
documented. The control group with benign pleural effu-
sions (pleuritis (n � 3) and congestive heart failure (n �
3)) included patients with a median age of 64 years
(range, 45–79 years). Five patients had a long-term
smoking history (mean, 35 pack years). One patient was
nonsmoker. Only eight malignancy-associated pleural ef-
fusions were cytologically positive for tumor cells,
whereas all six patients with benign pleural effusions
were diagnosed correctly as negative for malignant cells
in routinely prepared cytology specimens by two inde-
pendent experienced cytopathologists (Table 1). In all 14
patients, the malignancy was histologically confirmed by
biopsies (seven primary intrathoracic cancers: six non-
small cell lung cancers (NSCLC) and one small cell lung
cancer (SCLC); seven primary extrathoracic cancers:
metastasis of one gastric carcinoma, two prostate can-
cer, one bladder cancer, one breast cancer, one larynx
carcinoma, and one thyroid carcinoma). In all patients
with malignant diseases, recurrent pleural effusions were
diagnosed. In 57% (8 of 14 patients), a positive cytology
sample confirmed the suspicion of malignant pleural ef-
fusion. In six patients, there was no positive cytology in
repeated pleural samples. During the clinical course in all
six patients with underlying malignant disease (two pa-
tients with primary intrathoracic cancer and four patients
with primary extrathoracic cancer), distant metastases
were diagnosed by CT or X-ray. The clinical diagnosis of
recurrent pleural effusions without therapeutic response
in patients with multiple distant metastases strongly sug-
gests the malignancy of the pleural effusions of these
patients.34 However, there was no final proof of this. In
the six patients of the control group, there was never a
consideration of malignancy during the clinical course
and radiological controls. In one patient, an additionally
performed biopsy confirmed only a pneumonic
infiltration.
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Cytological Samples and DNA Isolation

Pleural fluid was centrifuged (1200 � g for 10 minutes) at
4°C. The two paired fractions, cellular pellet and corre-
sponding supernatant, were used for DNA isolation.
Matched control DNA either was isolated from peripheral
blood (EDTA blood) or from benign archival tissue (nor-
mal tissue) of each patient as described previously,35

using the MagNa Pure LC DNA Isolation kit (Roche Di-
agnostics GmbH, Mannheim, Germany) according to the
manufacturer’s instructions.

Histological Samples and DNA Isolation

Although the malignancy was histologically confirmed in
all 14 patients by biopsies in 2 patients, sufficient paraffin
embedded tumor tissue was not available to perform
further molecular examinations. All available 12 matched
tumor tissues were examined by the same 12 microsat-
ellite markers. DNA was isolated from matched formalin-

fixed paraffin-embedded tissue sections as described
previously.36 Deparaffinized tissue sections (5 �m) were
stained with methylene blue for 15 seconds and subse-
quently microdissected either manually or by laser micro-
dissection (P.A.L.M., Laser Microdissection System, Mi-
crolaser Technologies AG, Bernried, Germany) by a
pathologist (M.W.). DNA was extracted using the MagNa
Pure LC DNA Isolation kit II and the MagNa Pure LC with
corresponding software 2.0 (Roche Diagnostics) follow-
ing the manufacturer’s instructions. As control, DNA was
isolated from peripheral blood (EDTA blood) or from be-
nign archival tissue (normal tissue) of each patient.

Microsatellite Markers, Polymerase Chain
Reaction (PCR) Protocol, and
Microsatellite Analysis

LOH and MSI were evaluated using 12 fluorescence-
labeled primer pairs chosen from the Genome Database

Table 1. Clinical and Histopathological Data and Results of Microsatellite Analyses of Pleural Supernatants and Corresponding
Tumor Samples

Clinical data
Patient ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Sex* m m m m m m m f f m f m m m m f m m m m
Age at diagnosis (years) 64 59 65 46 67 66 70 71 75 65 68 69 84 56 79 45 69 64 79 48
Cases with histological confirmed malignancy† 1‡ 1§ 1¶ 1§ 1§ 1§ 1� 1** 1†† 1§ 1‡‡ 1¶ 1§§ 1§ 0 0 0 0 0 0
Cytologic classification¶¶ 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0

Microsatellite analysis of cell-free pleural supernatant
D2S1266 � na � � � � � � � � � � � � � � � � � �
D2S424 � � � � � � � na na na na na na na na � na na na �
D3S1300 � na na � na � na � � � � � na � � � � � � �
D3S2304 � na � � � � � � � � � � � � � � � � � �
D3S4597 � � � � � � � � � � � � � � � � � � � �
D3S4623 � na � � � � na � � � � � � � � � � � � �
D3S1539 � na � � � � � na na na na na na na na � na na na �
D12S363 � � � � � � � � � � Œ � � � � � � � na �
D12S827 � � na � � � � na � � na � � � � � � � na �
D12S335 � na na � � � na na � � � � na � � � � � na �
D5S346 � � � � � � � � � � Œ � � � � � � � � �
TP53.Alu � na na � � � na � � � � � � � � � � � na �
Total number of markers showing LOH/MSI 0 4 3 1 1 2 2 1 1 1 2 0 0 0 0 0 0 0 0 0

Microsatellite analysis of corresponding tumor samples
D2S1266 Œ � � � Œ � na � � � � � � na
D2S424 � � � � � � na na na � na na � na
D3S1300 na � � Œ na � na � � � na � na na
D3S2304 � � na � � � na � � � � � na na
D3S4597 Œ � na � na � na � � � � � na na
D3S4623 na � � Œ Œ � na � � � � � na na
D3S1539 � na na � � � na na na na na � na na
D12S363 Œ � na � � � na na � � Œ Œ � na
D12S827 na � Œ � na � na � � � na na na na
D12S335 na Œ � � � � na � � � na na na na
D5S346 Œ � � � � � na � � � na � � na
TP53.Alu na � � � � � na � � � na � � na
Total number of markers showing LOH/MSI 5 4 3 3 2 2 na 2 4 1 2 1 0 na

�, LOH; �, noninformative; Œ, MSI; �, no microsatellite alteration; na, data not available.
*m, male; f, female.
†0, nonmalignant; 1, histological confirmed malignancy.
‡¶�**††§§Lung metastasis of gastric, prostate, bladder, breast, thyroid, and larynx carcinoma, respectively.
§Primary NSCLC.
‡‡Primary SCLC.
¶¶0, negative cytological result; 1, positive cytological result.
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(http://www.gdb.org) and manufactured by metaBIOn
GmbH (Martinsried, Germany). The microsatellite repeat
polymorphisms were located at eight chromosomal
regions: 2q35-36 (D2S424 and D2S1266), 3p14
(D3S1300), 3p21 (D3S2304, D3S4597, and D3S4623),
3p25 (D3S1539), 12p12 (D12S363 and D12S827), 12q14
(D12S335), 5q21-q22 (D3S346 at the APC gene), and
17p13 (TP53.Alu at the p53 gene) (Table 2). Paired DNA
samples were amplified by PCR in a final volume of 25 �l
containing 1.5 mmol/L MgCl2, 10 mmol/L dNTPs, 15
�mol/L primer, and 0.2 U of Taq polymerase (Roche
Diagnostics), using 2 �l of isolated DNA as template. The
reaction mixture was denatured 3 minutes at 94°C, fol-
lowed by 40 cycles at 94°C, at specific annealing tem-
perature (Table 2), and at 72°C for 1 minute each. A final
extension step (72°C for 8 minutes) was included. One
microliter of labeled amplified DNA was mixed with for-
mamide and GeneScan Rox-400 size standard (Applied
Biosystems, Warrington, UK). The samples were dena-
tured for 2 minutes at 95°C and subsequently analyzed
by capillary electrophoresis using an ABI Prism 3100
Genetic Analyzer and GeneScan Analysis software 3.7
(Applied Biosystems, Foster City, CA). LOH was deter-
mined by comparing the calculated allele ratios of normal
tissue (EDTA blood, normal tissue), supernatant, and cell
pellet in each pleural effusion sample (Figure 1). LOH
was determined by calculating the ratio of quotient 1
((peak height of normal allele 2)/(peak height of normal
allele 1)) and quotient 2 ((peak height of abnormal allele
2)/(peak height of abnormal allele 1)). LOH was defined
by a ratio of less than 0.5 or greater than 2.0.

Alternative LOH criteria (ratios of �0.6 or �0.7, and
�1.67 or �1.43, respectively) were tested as well.37,38

MSI was defined as the occurrence of additional peaks
compared with control DNA. Loci with MSI were not

scored for LOH. All samples showing either LOH or MSI
were confirmed in an independent PCR reaction to ex-
clude false-positive results due to preferential amplifica-
tion of one allele during the PCR reaction.

Statistical Analyses

Statistical analyses were performed using SPSS version
10.0 (SPSS, Chicago, IL), using a P values of �0.05 as
the significance level. For simple testing procedures, P
values were analyzed in relation to clinical and patholog-
ical data using the two-sided Fisher’s exact test. The
McNemar test for dependent variables was used to com-
pare results of cytology and LOH analysis and to com-

Table 2. Microsatellite Markers

Chromosomal location Marker Primer sequence (5� to 3�) PCR-Tm (°C) bp

2q35 D2S424 s: Hex-TGGTGGAGATGTTTAAAGGC 56 �177
a: GGGCAGGAAAAGGATTGTAT

D2S1266 s: Fam-GACGTAAATGTAAGACACCAA 58 �254
a: TCAGGATATTTAGGGTATCCA

3p14.2 D3S1300 s: Ned-AGCTCACATTCTAGTCAGCCT 52 �217–241
a: GCCAATTCCCCAGATG

3p21.3 D3S4597 s: Fam-TGTTCCCTTCCCTATAAACAGAT 53 �167
a: GAAAGCAAGGAAGGCACATG

D3S4623 s: Hex-GGCAGTGTTTGAGCTTACATGGG 69 �172
a: CAGGCTCTGGAAACCAAGC

D3S2304 s: Hex-GCGACACAGCGAGACTCTA 56 �113
a: AATATGGGGGTGGGAGGCA

3p25 D3S1539 s: Hex-CTTTCCATTACTCTCTCCATA 53 �285
a: CCAGTGCTGTTTTAGCTTC

12p12.3 D12S827 s: Hex-GCTAAGGTGGGAGGATCAC 56 �255
a: TCTGGACTGATGCTCGCTT

D12S363 s: Fam-GAGGGGTGGCATCTCT 56 �208
a: CTCAAATGAAATCAGCATAAA

12q14.1 D12S335 s: Fam-TCATCCAGGCTTCACC 57 �255
a: TGGCAAGGACAGACACA

5q21-q22 D5S346 s: Hex-ACTCACTCTAGTGATAAATCGGG 55 �96–122
(APC) a: AGCAGATAAGACAGTATTACTAGTT

17p13.1 TP53.Alu s: Hex-TCGAGGAGGTTGCAGTAAGCGGA 59 �150
a. AACAGCTCCTTTAATGGCAG

Figure 1. Examples demonstrating LOH in pleural supernatants; E, DNA
from EDTA blood samples; Pl-s, pleural supernatant; Pl-p, pleural cellular
pellet.
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pare the molecular analysis of pleural effusion samples
with tumor tissue samples.

Results

Cytological Examination of Benign and
Malignant Pleural Effusions

A positive cytology sample was seen in 8 of 14 cases with
histologically confirmed pulmonary malignancy. All six
patients with benign disease were cytologically negative
for malignant cells. The specificity of pleural fluid cytol-
ogy was 100% with a sensitivity of only 57%.

Microsatellite and LOH Analyses in the
Cellular Sediment of Pleural Effusions

Only one tumor-associated case showed LOH with the
microsatellite markers D2S1266, D3S4623, and D12S363
in the cellular pellet fraction of the pleural effusion, trans-
lating into a specificity of 100% and a sensitivity of 7% (1
of 14). The corresponding cytological examination was
positive for malignant cells.

MSI and LOH Analyses in Supernatants of
Pleural Effusions

The frequency of LOH at the investigated markers ranged
from 20% (4 of 20; D5S346) to 6% (1 of 18; D3S4623).
Four markers (D2S1266, D3S1300, D3S1539, and
D12S335) did not show any molecular alterations (Table
1). Patients with pulmonary malignancy showed signifi-
cantly more molecular alterations in the cell-free super-
natant compared with patients with benign underlying
disease (P � 0.014). LOH and MSI were detectable in
supernatants in 71% (10 of 14) of malignant cases. Sixty-
four percent (9 of 14) showed LOH only, whereas one
patient showed MSI with two markers (D5S346 and
D12S363). Cases with positive tumor cytology showed
LOH in 87% (7 of 8), and four cases showed allelic losses
at two or more chromosomal loci. Fifty percent (3 of 6) of
tumor patients with negative pleural fluid cytology re-
vealed LOH and MSI. One of those cases was found to
be cytologically positive for tumor cells during a follow-up
visit. In three patients with histologically confirmed malig-
nancy, both cytological examination and molecular anal-
yses revealed normal results. No microsatellite alterations
were seen in a single case with positive tumor cytology.
All nonmalignancy-associated cases revealed negative
results in molecular examinations. Molecular examination
revealed a specificity of 100% and a sensitivity of 71%
using all 12 markers. Consolidating the test panel to only
five frequently affected markers (D3S2304, D3S4597,
D12S363, D5S346, and TP53.Alu) did not decrease sen-
sitivity. We also tested previously published alternative
LOH cut-off criteria (ratios of �0.6 and �1.67),37,38 which
improved the sensitivity of the molecular analysis to 79%,
while retaining a 100% specificity. Application of less
stringent criteria for LOH (ratio of �0.7 and �1.43) re-

sulted in increased sensitivity (86%), but the specificity
decreased to 83%. Combination of routine cytological
and molecular analyses increased the sensitivity to 79%
and did not change the 100% specificity.

Microsatellite and LOH Analyses in
Matched Histological Samples

Although the malignancy was histologically confirmed in
all 14 patients by biopsies in 2 patients, paraffin-embed-
ded tumor tissue was not sufficiently available to perform
further molecular examinations. All 12 matched tumor
tissues were examined by applying the same 12 micro-
satellite markers (Table 1). The percentage of marker-
detectable molecular alterations (LOH and/or MSI) in
matched paraffin-embedded tumor tissue samples
ranged from 41% (5 of 12; D11S2364) to 8.3% (1 of 12;
D12S335). The marker D2S424 did not show any molec-
ular alterations. In 11 of 12 tumors (91.6%), allelic imbal-
ances were detectable, including 100% of the primary
intrathoracic tumors (6 of 6) and 83% (5 of 6) of the
primary extrathoracic tumors. An accumulation of two or
more LOH/MSI in various chromosomal regions was
found in 75% (9 of 12) of the tumor samples.

Comparison between Microsatellite and
LOH Analyses in Matched Histological Samples
and Pleural Effusion Samples

Comparing the results of microsatellite analysis with the
molecular analysis of the pleural supernatants statistically
using the McNemar test for dependent variables, we
found no significant differences between the frequency of
molecular alterations in the matched probes (P � 1.0). In
five primary NSCLCs, at least some of the mutations
detectable in the tumor tissue and the matched superna-
tants of pleural effusions overlapped. Comparing the tu-
mor tissue of primary extrathoracic cancers with the
matched cell-free pleural supernatants revealed different
molecular alterations.

Discussion

Pleural effusions are the result of various underlying con-
ditions such as congestion, inflammation, and cancer.
Cytological examination is of considerable diagnostic
value to distinguish between benign and malignant pleu-
ral effusions, but interpretation can be challenging if in-
flammation or reactive mesothelial cells obscure the sam-
ple. The sensitivity of conventional cytology is described
with an average of 58%.8 In our study, conventional cy-
tological examination of pleural fluid detected tumor cells
with a sensitivity of 57%.

Allelic losses at chromosomes 339 (3p21.3, 3p14.2,
and 3p25), 5q21-q22,40 and at 17p13.141,42 have been
described as further early genetic changes in various
pulmonary malignancies, such as lung cancer,36,43 met-
astatic breast cancer,44 or other cancers.45–47 Confirm-
ing this, we found molecular alterations in 91.6% of the
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matched tumor tissue samples, and in 75%, an accumu-
lation of two or more LOH/MSI in each case. Statistically
comparing the microsatellite analysis of tumor samples
with matched pleural supernatants by using the McNe-
mar test for dependent variables did not show significant
differences between the frequency of molecular alter-
ations in the matched probes (P � 1,0). However, there
were not the same specific mutations in pleural superna-
tants like in the matched tumor tissue detectable in every
case. Differences in molecular alterations between cells
in solid tumors and body fluids were also reported be-
fore.48–51 Besides the same specific mutations in cyto-
logical smears as those found in resected paraffin-
embedded tissue, Yuichi et al52 observed additional
molecular alterations in tumor tissue in comparison with
pleural fluid. On the other hand Nara de Matos Grania et
al53 found more frequent LOHs in pleural effusions than in
the matched tumor tissues in breast cancer patients. In
contrast, in our study, patients with various malignant
extra- and intrathoracic cancers were included. Even
though we found similar specific alterations in all primary
NSCLCs and matched supernatants of pleural effusions,
we also found different single mutations especially in
primary extrathoracic cancers with manifestation of ma-
lignant pleural effusion. These inconsistent results in
pleural effusions and matched tumors could be caused
by tumor heterogeneity during progression and distant
spread of tumor cells.54,55

Using our microsatellite marker panel, we were able to
detect molecular alterations in 91.6% of the matched
tumor tissue samples and in 71% of the malignant pleu-
ral supernatants. Four markers (D2S1266, D3S1300,
D3S1539, and D12S335) did not show any molecular
alterations in pleural supernatants. In one matched tumor
tissue sample, we found no corresponding LOH/MSI.
One of this markers (D3S1539) was noninformative in the
majority of cases (six cases with tumor and two benign),
and two others (D3S1300 and D2S335) were only infor-
mative in 70 to 75% of the cases. Therefore the molecular
analysis could be optimized by using further microsatel-
lite markers at chromosomal loci 3p25, 3p14.2, and
12q14.1. The most frequently affected markers in our
study include D3S2304, D3S4597, D12S363, D5S346,
and TP53.Alu. Considering the fact that malignant cells in
effusions accumulate metastatic attributes, the use of
further microsatellite markers that are involved in cell
adhesion and infiltration could be added.53

Besides allelic losses, other mechanisms than
aberrant promoter hypermethylation are accepted for si-
lencing of tumor suppressor genes. However, methyla-
tion-specific polymerase chain reaction needs bisulfite-
modified DNA as template. Because we have only small
amounts of DNA in cell-free supernatants and microsat-
ellite analysis has no intermediary further modifying step
like bisulfite-modification, we used microsatellite analysis
with various microsatellite markers for molecular detec-
tion of cancer-related alterations. By increasing the sen-
sitivity of a PCR approach to detect methylated DNA
sequences, Palmisano et al56,57 demonstrated that aber-
rant methylation of the p16 and/or O6-methyl-guanine-
DNA methyltransferase promoters can be detected in

small DNA samples. The use of aberrant gene methyl-
ation as a molecular marker system seems to offer a
potentially powerful additional target for following studies.

In our study, the molecular analysis of the cellular sedi-
ment revealed a sensitivity of only 7%, far below the sensi-
tivity level of conventional cytology. This is likely to reflect
the need of large numbers of intrapleural tumor cells for
successful microsatellite analysis, whereas only few malig-
nant cells are required for a positive cytological diagnosis.
Lee et al29 increased the sensitivity of molecular examina-
tion of cell pellets up to 63% using extensive cell segrega-
tion by density gradient separation. The sensitivity of pleural
effusion cytology also depends on the number of sufficient
specimens investigated. Whereas 53% tumor-cell positive
effusions were detected examining one specimen, the sen-
sitivity increased to 73% when three specimens were ex-
amined. Other studies reported that immunocytochemical
detection of Ber-EP4 and CD44 in doubtful cases could
improve the sensitivity of cytology up to 78%8 and 83%.58,59

This suggests that an additionally performed molecular di-
agnostic test should ideally not fractionate the cell pellets,
which could diminish the likelihood to detect few tumor cells
in cytological examinations.

Immunocytochemistry is helpful in cytologically doubt-
ful cases. We did not compare immunocytochemistry
with molecular detection in this study, because after cy-
tology and DNA isolation, no additional material was
available for further studies. However, the combination of
cytology and immunocytochemistry on the cells in the
specimens and microsatellite analyses using the free
DNA could potentially complement each other and im-
prove the sensitivity of tumor detection in pleural fluid.

The current study used a new finding that tumor DNA
is also detectable in cell-free body fluid.60 Extensive re-
search has been undertaken to diagnose bladder cancer
by DNA analysis of exfoliated tumors cells in urine sam-
ples. Eisenberger et al61 reported detection of tumor
DNA in urine samples in 76% of their patients with renal
cell carcinoma but did not separate urinary fluid from
cells. It is unclear whether cellular or cell-free tumor-DNA
in the urine accounted for their positive test results. Ut-
tinger et al62 described that microsatellite analysis of
cell-free urinary supernatants might identify more cancer
cases than analysis of urine cell sediments, consistent
with results of the current study. Wang et al63,64 could
also improve the detection for p53 mutations with high
cancer specificity by analyzing the supernatants of pure
pancreatic juice. It is possible that in supernatants, the
percentage of tumor DNA is larger when compared with
“contaminating” normal DNA from benign inflammatory or
mesothelial cells, thus making LOH more detectable. The
higher concentration of free nucleic acid of tumor cells in
cell-free pleural supernatants can be explained by the
selective growth advances of tumor cells, possible pas-
sive leakage of tumor DNA, or active secretion during
tumor progression.65 Coulet et al66 have discussed PCR
artifacts attributable to limited amounts of template DNA.
However, our study detected PCR products in all cases,
and an independent amplification was performed in all
positive cases to avoid false-positive results due to pref-
erential amplification of one allele.
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The standard criterion for LOH analysis using the ABI
Prism Genetic Analyzer was a reproducible ratio of �0.5 or
�2.0.67 Other studies examining free nuclear acids by cap-
illary electrophoresis did not always apply this commonly
used ratio. We also tested previously published alternative
LOH cut-off criteria (ratios of �0.6 and �1.67),37,38 which
improved the sensitivity of the molecular analysis to 79%,
while retaining a 100% specificity. Decreasing the strin-
gency of LOH criteria to a ratio of �0.7 and �1.43 resulted
in further increased sensitivity of 86%. However, the spec-
ificity decreased to 83%, which is not desirable in clinical
practice. Five microsatellite markers (D3S2304, D3S4597,
TP53, D5S346, and D12S363) detected tumor-associated
molecular alterations most frequently, consistent with previ-
ously described allelic losses at 3p21.3 (RASSF1), 3p25,
and 17p13.1 (TP53) in breast carcinomas, non-small-cell
lung cancers,68 and squamous cell cancers of the head
and neck.39 LOH at 5q21-22 (APC) is frequent in gastroin-
testinal and other cancers.69,70 MGP, located at chromo-
some 12p12.3-p13.1, is an important regulating gene
during the process of embryonic lung branching morpho-
genesis and has recently been considered a tumor sup-
pressor gene in colon cancer.71–73 The current study found
LOH at the chromosomal region of MGP. In summary, com-
bining molecular analysis of supernatants of pleural effu-
sions and cytological examination might be a useful diag-
nostic tool in the assessment of pleural fluid for malignancy,
significantly increasing sensitivity without jeopardizing
specificity. Further studies involving larger patient cohorts
are needed to confirm our findings.
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