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Background.The distinction betweenmalignant and benign pleural effusions is a diagnostic challenge today andmeasuring soluble
biomarkers could add to the diagnostic accuracy. Syndecan-1 is a proteoglycan involved in various cellular functions and is cleaved
from the cell surface in a regulatedmanner.The shed fragment, which can be recovered in effusion supernatant and in serum, retains
its binding capacities, but often with different functions and signalling properties than the cell-bound form. Aim. This study aimed
to investigate the diagnostic and prognostic value of soluble syndecan-1 in pleural effusions and sera from patients with pleural
malignancies. Study Design. Using two cohorts of patients, we assessed the diagnostic and prognostic value of soluble syndecan-1
in pleural effusions and sera, using enzyme-linked immunosorbent assays. Results. In pleural effusions, syndecan-1 distinguished
malignant and benign diseases, with an odds ratio of 8.59 (95% CI 3.67 to 20.09). Furthermore, syndecan-1 in pleural effusions
predicted a survival difference for patients with pleural metastatic disease and malignant mesothelioma of 11.2 and 9.2 months,
respectively. However, no such effects were seen when syndecan-1 was measured in serum. Conclusion. Soluble syndecan-1 is a
promising candidate biomarker for the cytopathological diagnosis and prognostication of malignant pleural effusions.

1. Introduction

Pleural effusion is a common symptom of cancers in the
pleural cavities. Accumulation of pleural fluid is caused partly
by an increase in vascular permeability and tissue leakage
and can limit lung expansion and impede breathing. The
effusion is withdrawn, and malignant cells from pleural
effusions are often available for cytopathological diagnosis
long before biopsies are obtained [1]. Pleural effusions are in
these cases often the first material available for the diagnosis
[2, 3]. Tumours affecting the pleural space include metastatic
adenocarcinomas from the lung (36%), breast (25%), ovary
and gastric cancer (5%), andmalignant lymphomas (10%) [4–
6]. The primary tumour of the pleura is malignant mesothe-
lioma; however, it is overall less frequent than metastatic
cancers [6, 7].

The cytological diagnosis of malignant disease in the
pleura is supported by ancillary methods such as immuno-
cytochemistry, fluorescent in situ hybridization (FISH), elec-
tron microscopy, and biomarker analyses [8, 9]. Among pro-
posed biomarkers, the secreted phosphoprotein osteopontin
is secreted by several different tumour types [10–18]. When a
definite diagnosis is not reached by these methods, clinical
and radiological findings may motivate a more invasive
sampling of tissue [19]. However, these invasive procedures
would preferably be avoided when the diagnosis can be
reached by less invasive methods [6].

Syndecan-1 (CD138), a cell surface proteoglycan, has been
proposed as a cellular marker for distinguishing adenocarci-
noma from mesothelioma [20–22]. This proteoglycan regu-
lates various biological processes including cell proliferation,
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Table 1: Demographic data.

Pleural effusions Number of patients Male (%) Female (%) Age, median (IQR)
Benign 93 63 (68) 30 (32) 68 (54–80)
Malignant 74 23 (31) 51 (69) 68 (62–78)

Lung cancer 43 14 (33) 29 (67) 70 (62–79)
Breast cancer 8 1 (12) 7 (88) 64 (47–80)
Ovarian and fallopian cancers 5 0 (0) 5 (100) 70 (66–78)
Other malignancies 8 3 (37) 5 (63) 65 (63–77)
Cancer of unknown primary 10 5 (50) 5 (50) 68 (52–80)

Malignant mesothelioma 89 79 (89) 10 (11) 70 (63–78)
Sera Number of patients Male (%) Female (%) Age, median (IQR)
Benign 66 52 (79) 14 (21) 59 (48–71)

Benign asbestos pleuritis 24 23 (96) 1 (4) 62 (54–73)
Malignant 74 44 (59) 30 (41) 61 (54–69)

Lung cancer 44 34 (77) 10 (23) 63 (57–70)
Breast cancer 9 1 (11) 8 (89) 56 (48–71)
Ovarian and fallopian cancers 3 0 (0) 3 (100) 57 (45–64)
Other malignancies 16 9 (56) 7 (44) 62 (52–72)
Cancer of unknown primary 2 1 (50) 1 (50) 56 (50–61)

Malignant mesothelioma 91 34 (37) 57 (63) 65 (56–69)
Epithelioid 62 23 (37) 39 (63) 65 (54–71)
Biphasic 13 4 (31) 9 (69) 57 (55–69)
Sarcomatoid 10 8 (80) 2 (20) 63 (61–65)
Undetermined 6 2 (33) 4 (66) 64 (55–70)

Age (IQR: interquartile range) and patient subgrouping in the two analysed materials. The high proportion of female mesothelioma patients in the serum
material ismost likely due to environmental asbestos and erionite exposure, which relates to geographical distribution and has also been reported by others [36].

differentiation, invasion, migration, and angiogenesis. These
processes are largely regulated by syndecan-1 through the
interactions with growth factors, growth factor receptors,
and several integrins [23–26]. The extracellular domain of
syndecan-1 is proteolytically cleaved by metalloproteinases
[27, 28] and thereby is shed to body fluids. The ratio of
membrane-bound and shed syndecan-1 is altered in certain
pathological conditions, including cancer andmetastasis [29,
30]. However, it is noteworthy that, depending on tumour
type, syndecan-1 has shown to be either a tumour suppressor
or a tumour promoter [31]. The presence of syndecan-1 on
mesothelioma cells is associated with favourable prognosis
[32], while high levels of syndecan-1 in breast cancer indicate
poor prognosis [33]. Similarly, high level of soluble syndecan-
1 in serum indicates poor prognosis for patients withmultiple
myeloma [34] and lung cancer [35]. This dual effect of
syndecan-1 seems to depend on the source and forms of
syndecan-1: whether it is tumour cell-derived or synthesized
by the stroma and whether it is cell surface-bound or shed.

This study aimed to evaluate the diagnostic and prognos-
tic performance of soluble syndecan-1 in patients’ serum and
pleural effusions.

2. Materials and Methods

2.1. Study Participants. In this study, 256 pleural effusions (74
carcinoma, 89 malignant mesothelioma, and 93 benign effu-
sions) and 231 serum samples (74 carcinoma, 91 malignant
mesothelioma, and 66 benign conditions) were analysed for
syndecan-1 and compared to their osteopontin levels. Pleural

effusions were prospectively and consecutively collected in
different time periods at the Department of Pathology and
Cytology, Karolinska University Hospital in Huddinge, Swe-
den, between the years 2005 and 2011. Late time periods only
included patients with lung cancer or malignant mesothe-
lioma. Serum samples were prospectively and consecutively
collected at the Chest Diseases Department of Eskisehir
Osmangazi University in Eskisehir, Turkey, between the years
2002 and 2004. Serum samples were collected as part of a
parallel study that evaluates the diagnostic effect of seven
different biomarkers (including syndecan-1) and their com-
bined diagnostic value for amalignant pleural mesothelioma.
All samples were collected before any treatment was given.
Samples were centrifuged for 1,700 g for 10 minutes without
delay. Acellular supernatants were stored without additives at
−20∘C (effusions) or −80∘C (sera). For patient demographics,
see Table 1.

Inclusion criteria have been previously described [37]. In
brief, all included effusions from malignant involvement of
the pleura containedmalignant cells. Diagnoses of malignant
mesothelioma were further verified on histopathology sup-
ported by immunohistochemistry or on electron microscopy
of effusion cell pellets. Metastatic pleural malignancies were
diagnosed by histopathology and/or cytolopathology sup-
ported by immunocytochemistry with at least 4 antibodies.
Patients diagnosed with nonmalignant disease were followed
up for at least one year and excluded if they were diagnosed
with any type of malignancy or were deceased, within a
year from sampling. No attempt was done to distinguish
exudates from transudates. Patients thought to have benign
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asbestos pleurisy were monitored by thoracoscopy with
biopsies showing fibrinous pleuritis.

Metastatic pleural disease correlates with an advanced
stage, while information of stage formalignantmesothelioma
patients was not available for this study. For this reason
we measured vascular endothelial growth factor (VEGF) in
a subset of pleural effusions from patients with malignant
mesothelioma (𝑛 = 16), since VEGF has been described as
a surrogate marker for stage in this disease [38].

In order to evaluate the relation between cell-bound and
shed syndecan-1, a separate cohort of additional 18 pleural
effusions, containing well-preserved malignant cells, was
collected from 2012 to 2013 at Karolinska University Hospital
in Huddinge. These samples were compared simultaneously
for their pleural effusion concentrations of soluble syndecan-
1 and their expression of membrane-bound syndecan-1 on
tumour cells.

2.2. Enzyme-Linked Immunosorbent Assay (ELISA). Synde-
can-1 and VEGF were measured using ELISA: Human
CD138 (syndecan-1) from Gen-Probe Diaclone, France (cat.
number 950.640.192) and Human VEGF Quantikine ELISA
from R&D Systems, UK (cat. number DVE00), respectively.
ELISAs were performed according to the manufacturer’s
instructions. Effusions were diluted 1 : 3 for syndecan-1 analy-
sis and 1 : 5, 1 : 10, or 1 : 25 for VEGF analysis using kit-dilution
buffers as blanks. Optical densities were determined using a
spectrophotometer (BioTek’s PowerWave HT, Winooski, VT,
USA) at 450 nm. Patient samples were analysed in duplicates
by investigators blind to patients’ diagnoses and survival
times.

2.3. Immunocytochemistry. To investigate the relationship
between soluble and cell-bound syndecan-1, the latter was
assessed by immunocytochemistry on tumour cells from the
pleural effusion paired with their ELISA readout of shed
syndecan-1 levels in the corresponding effusion supernatant.
For immunocytochemistry, the pleural effusions were cen-
trifuged for 10min at 8,000 g and if necessary, erythrocytes
were lysed using ammonium chloride (BD Pharm Lyse, BD
Biosciences, CA, USA). Cells were immobilized on Super-
Frost Plus Slides (Thermo Fisher Scientific Inc., Waltham,
MA, USA), using cytospin preparations. Immunostaining
was performed using a Lecia BOND-III automated IHC.
Epitope retrieval was done by pretreating the slides in a
citrate buffer, pH 6.0 (Bond Epitope Retrieval Solution 1,
LeicaMicrosystemsGmbH). Endogenous peroxidase activity
was blocked with 3% H

2
O
2
followed by incubation with

syndecan-1 primary antibody (CD138, clone MI15, diluted
1 : 100, IgG1, DakoCytomation, CA, USA). Bound antibodies
were demonstratedwith theBondPolymerRefinedDetection
kit (Leica DS 9800), and the cells were counterstained with
haematoxylin.

Two experienced cytopathologists (KD and AH) eval-
uated all slides independently and were blinded to clini-
cal diagnosis and levels of soluble syndecan-1. Cell-bound
syndecan-1 expression was assessed by semiquantitative scor-
ing which includes (i) the percentage of syndecan-1 positive

tumour cells (0–100%) and (ii) the signal intensity (4-point
scale). The scoring for signal intensity corresponded to 0,
negative; 1, weak staining; 2, moderate positive; and 3, strong
positive staining.The semiquantitative immunocytochemical
(ICC) score for the cell-bound syndecan-1 expression level
was provided by the multiplication of the percentage (0–
100%) of syndecan-1 positive staining by the factor (1–4)
corresponding to the staining intensity of the tumour cells.

2.4. Statistical Analyses

2.4.1. Analyses of Biomarker Expression in Pleural Effusions
and Sera. Levels of soluble syndecan-1 and osteopontin were
compared between patients with cancer and those without,
using the Mann-Whitney test calculating two-tailed exact 𝑃
values. Nonparametric tests were used since biomarkers were
not normally distributed (D’Agostino and Pearson omnibus
normality test; data not shown). Analyses of syndecan-1
levels between multiple patient subgroups were performed
using the nonparametric Kruskal-Wallis one-way analysis,
with Dunn’s post hoc test comparing mean rank of each
patient’s group to themean rank of the benign patients’ group.
Correlation between soluble syndecan-1 in paired effusion
and serum samples was analysed using Spearman correlation.
Osteopontin levels were extracted from an earlier study [37]
and used as a reference biomarker for malignancy [10–
18]. Correlation between soluble syndecan-1 and osteopontin
levels, in either pleural effusions or sera, was analysed using
Spearman correlation. Statistical analyses were performed
using GraphPad Prism software (v. 6.01, GraphPad Software
Inc.).

2.4.2. Logistic Regression. Logistic regression was used to
create a predictive model for each biomarker, with cancer or
without cancer as outcome, coded as 1 and 0, respectively.
Univariate odds ratios were calculated. Model calibration is
recommended by several studies [39, 40]. Model calibration
was assessed by graphical inspection as well as calculation of
Nagelkerke’s 𝑟2. Goodness of fit was quantified using the le
Cessie-van Houwelingen-Copas-Hosmer unweighted sum of
squares test [41] using the R software v. 3.0.1.

2.4.3. Receiver Operator Characteristic (ROC) Analyses. ROC
plots with areas under the curves (AUC) and their 95%
confidence intervals were made with the GraphPad Prism
software. The calculations of sensitivity, specificity, positive
predictive value, and negative predictive value were calcu-
lated with cutoffs from maximum sensitivity × specificity
from ROC curves.

2.4.4. Discrimination Slopes. Discrimination slopes are rec-
ommended by several studies [39, 40]. Discrimination plots
were constructed to assess the predicted probability for each
biomarker of a malignant pleural effusion. Discrimination
slope (DS) is the difference between predicted probabilities;
in this study it is the probability that syndecan-1 or osteopon-
tin predicts malignant effusions over a benign. Analyses were
performed using the R software v. 3.0.1 and visualized using
GraphPad Prism software.
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Figure 1: Levels of syndecan-1 and osteopontin are higher in pleural effusions from malignant tumours than from benign conditions.
Syndecan-1 and osteopontin expression levels in benign and malignant pleural effusions, as measured by ELISA. 𝑃 values are from Mann-
Whitney tests, with Dunn’s post hoc tests. Lines represent mean and error bars represent standard error of the mean (SEM).

2.4.5. Survival Analysis. Survival analysis was performed
with cutoff values based on the highest and most significant
hazard ratio [42]. Survival times were available for a subset
of patients; thus, survival data for patients providing serum
samples was available for 19 patients, which is too few to
extract a hazard ratio based cutoffs. So, for comparisons
in sera the median was instead used as a dichotomizing
value. With determined cutoffs, the prognostic information
was estimated using the Kaplan-Meier survival analysis. The
log-rank (Mantel-Cox) test compared survival curves and
estimated hazard ratios and 𝑃 values. Survival analyses were
performed and graphs were created using the GraphPad
Prism software.

2.4.6. Correlation between Soluble and Cell-Bound Syndecan-1
Levels in Paired Pleural Effusion and Cytospin Samples. Spear-
man correlation analysis was used to assess the relationship
between soluble syndecan-1 in effusions and corresponding

cell-bound syndecan-1 in patients suffering from various
pleura malignancies. Analyses were performed and graphs
were created using the GraphPad Prism software.

2.5. Ethical Permits. This study was approved by the ethical
review board of Stockholm, Sweden (2009/1138-31/3), and
the ethical review board of Eskisehir University, Turkey. All
patients had given informed consent.

3. Results

3.1. Expression Levels of Syndecan-1 and Osteopontin. Synde-
can-1 and osteopontin levels were both significantly higher in
malignant pleural effusions than in those with benign condi-
tions, the difference being more pronounced with syndecan-
1. However, neither soluble syndecan-1 nor osteopontin
differentiated patient groups in sera (Figure 1). The pleural
effusion levels of syndecan-1 were highest in carcinomas,
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Figure 2: Soluble syndecan-1 levels in various malignant tumours. Significantly elevated soluble syndecan-1 levels were measured in several
malignant tumours compared to benign disease. 𝑃 values are derived from Kruskal-Wallis tests, with Dunn’s post hoc tests. Benign asbestos
pleuritis (BAP) and cancer of unknown primary (CUP).Where no𝑃 values are stated, it indicates a nonsignificant association. Lines represent
mean and error bars represent standard error of the mean (SEM).

Table 2: Cut-offs were derived from the maximum sensitivity × specificity in respective receiver operator characteristic curve.

Biomarker Fluid Cut-off (ng/mL) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Syndecan-1 Pl. effs 65.7 74.9 61.3 0.77 0.57
Syndecan-1 Sera 151.6 46.1 59.1 0.70 0.27
Osteopontin Pl. effs 2034.0 65.5 61.1 0.60 0.65
Osteopontin Sera 217.3 52.7 60.6 0.77 0.34
Pl. effs: pleural effusions; PPV: positive predictive value; NPV: negative predictive value.

although patients diagnosed with malignant mesothelioma
also had significantly elevated levels compared to benign
disease (Figure 2). Paired pleural effusion and serum samples
showedmoderate correlation of soluble syndecan-1 (𝑟 = 0.45,
𝑃 = 0.05). Furthermore, syndecan-1 and osteopontin levels
correlated in both pleural effusions (𝑟 = 0.18, 𝑃 = 0.019)
and sera (𝑟 = 0.25, 𝑃 < 0.0001; see Supplementary Figure
S1 in Supplementary Material available online at http://
dx.doi.org/10.1155/2014/419853). ELISA results for syndecan-
1 and osteopontin of all patients can be downloaded from the
Dryad online repository (doi: 10.5061/dryad.c42t7).

3.2. Diagnostic Performance of Syndecan-1 and Osteopontin.
Syndecan-1 levels in pleural effusions significantly predicted
malignant disease (odds ratio 8.59, 95% CI 3.67 to 20.09).
Area under the ROC curve was 0.71 (95% CI 0.65, 0.78),
model calibration was acceptable (Nagelkerke’s 𝑟2 = 0.29),

and goodness of fit was good (𝑃 = 0.99). Discrimination
slope was 0.24 (Figures 3(a), 3(c), and 3(e)). Syndecan-1 had
a sensitivity of 74.9% and specificity of 61.3% at the cutoff of
65.7 ng/mL (Table 2). However, in sera, syndecan-1 showed
poor prediction of a malignant disease (odds ratio 1.31, 95%
CI 0.26 to 6.65; AUC 0.51, 95% CI 0.43 to 0.59 (Figure 3(a));
Nagelkerke’s 𝑟2 < 0.01; goodness of fit = 0.54; discrimination
slope < 0.01).

Osteopontin in effusions also significantly predicted a
malignant disease (odds ratio 1.39, 95% CI 1.03, 1.88). Area
under the ROC curve was 0.65 (95% CI 0.57 to 0.73), the
model calibration was poor (Nagelkerke’s 𝑟2 = 0.06), and
goodness of fit was poor although not below the usual 0.05
threshold for rejection (𝑃 = 0.09). Discrimination slope
was 0.04 (Figures 3(b), 3(d), and 3(f)). Osteopontin had a
sensitivity of 65.5% and specificity of 61.1% at the cutoff of
2034.0 ng/mL. Sensitivities, specificities, positive predictive
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Figure 3: Soluble syndecan-1 has a diagnostic value for malignancy in pleural effusions. ROC plots for syndecan-1 in pleural effusions
and serum (a) and osteopontin in pleural effusions and serum (b). Figures (c) to (f) only pertain to pleural effusions. Calibration curves
evaluate the relation between the predicted and actual probabilities for soluble syndecan-1 and osteopontin, panels (c) and (d), respectively.
Nagelkerke’s 𝑟2 is displayed in Figures (c) and (d). Box plots of predicted risks show a greater discrimination between malignant and benign
effusions when using syndecan-1 as opposed to osteopontin (e, f). Discrimination slopes (DS; dotted lines) are calculated as the difference
between mean predicted risks (+). Boxes show median and interquartile ranges, while whiskers represent the 5th to 95th percentile. Outliers
are presented as black dots.

values, and negative predictive values are represented in
Table 2. Serum osteopontin also showed poor prediction
for a malignant disease (odds ratio 1.99, 95% CI 0.87 to
4.58; AUC 0.56, 95% CI 0.48 to 0.64 (Figure 3(b)); Nagelk-
erke’s 𝑟2 = 0.02; goodness of fit = 0.58; discrimination
slope = 0.01).

3.3. Prognostic Value of Soluble Syndecan-1 and Osteopontin.
Cutoff values derived from highest and most significant haz-
ard ratios for pleural effusions are reported in Supplementary
Figure S2. Median survival time of patients with pleural
metastases and an effusion syndecan-1 level <235.1 ng/mL
was 12.9 months, compared to only 1.7 months in patients
with higher syndecan-1 levels (hazard ratio 2.38, 95% CI

1.56 to 5.44). Stratifying malignant mesothelioma patients
in “low” and “high” syndecan-1 level using a cutoff of
100.2 ng/mL resulted in median survival times of 17.0 and
7.8 months, respectively (hazard ratio 2.77, 95% CI 1.35
to 5.68; Figure 4). Pleural effusion osteopontin levels also
predicted survival time; at the cutoff level of 6.14 𝜇g/mL,
the median survival differed from 5.1 to 2.2 months for
patients with metastatic pleural disease between “low” and
“high” expression, respectively (hazard ratio 2.05, 95% CI
1.19 to 6.12). For patients with malignant mesothelioma, the
effusion osteopontin cutoff of 1.6𝜇g/mL resulted in median
survival times of 29.0 and 13.0 months, for “low” and “high”
expression, respectively (hazard ratio 2.16, 95%CI 1.16 to 4.15;
Figure 4).
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Figure 4: Both soluble syndecan-1 and osteopontin have prognostic roles for patients with malignant mesothelioma or metastatic pleural
disease. Cutoffs for “high” and “low” syndecan-1 expression were identified by the online web application Cutoff Finder [42]. The effect of
each marker on a time-to-event outcome is presented in corresponding Kaplan-Meier plots. 𝑃 values are based on log-rank (Mantel-Cox)
tests.

Among mesothelioma patients with serum syndecan-
1 levels higher than the median (144 ng/mL), the median
survival time was 9.0 months, while in those with lower
serum levels, it was 11.0 months; however, this difference was
not statistically significant (hazard ratio 1.43, 95% CI 0.63

to 3.98; Figure 4). The median osteopontin level in serum
(185 ng/mL) separated mesothelioma patients in those with
“low” and “high” expression, showing median survival times
of 12.5 and 6.0months, respectively (hazard ratio 2.45, 95%CI
1.36 to 10.32; Figure 4). There was no significant difference in
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Figure 5: Strong cellular immune-reactivity for syndecan-1 on
malignant cells correlates with higher levels of soluble syndecan-
1 in pleural effusions. Spearman correlation was used to test the
goodness of fit between levels of soluble syndecan-1 and cell bound
syndecan-1 intensity times the percentage of positive tumour cells
(semiquantitative ICC score; 𝑟 = 0.36; 𝑃 = 0.14). ICC =
immunocytochemistry.

VEGF, age, or gender between any of the analysed groups of
“low” and “high” expression levels (Mann-Whitney test; data
not shown).

3.4. Relation between Cell-Bound and Soluble Syndecan-1.
To assess the relationship between cell-bound and soluble
syndecan-1, we performed immunocytochemistry on cells in
pleural effusion samples paired with their ELISA readout of
soluble syndecan-1 levels (𝑛 = 18). Linear regression of stain-
ing intensity times percentage syndecan-1 reactive tumour
cells (semiquantitative ICC score) and pleural effusion levels
indicate a positive correlation (𝑟 = 0.36, 𝑃 = 0.14; Figure 5).

4. Discussion

The importance of the syndecan proteoglycan family has
been implicated in several aspects of cancer [20–22, 25, 43–
45]. Particularly in epithelial cancers, syndecan-1 has been
associated with angiogenesis, invasion, proliferation, differ-
entiation as well as diagnosis, and patient survival [23–25,
30, 46–48]. In malignant mesothelioma, Kumar-Singh et al.
have shown that the membrane associated form of syndecan-
1 is a good prognostic factor, where high tissue levels of
syndecan-1 correlate with longer survival [32]. Furthermore,
syndecan-1 has higher expression in epithelioid cell lines
as compared to sarcomatoid cell lines [32], a phenotypic
correlation that can explain part of the prognostic findings.
Overexpression of syndecan-1 induces epithelial morphology
and inhibits proliferation in mesothelioma cell lines [49],
indicating a syndecan-1 dependent differentiation along the
epithelial mesenchymal transition axis in this cancer. In
this study we analyse the role of soluble syndecan-1 for its
diagnostic and prognostic importance in pleural effusions

and serum from patients with malignant diseases. The levels
of shed syndecan-1 were elevated in pleural effusions from
both metastatic carcinomas and malignant mesothelioma
compared to patients with nonmalignant disease. As demon-
strated by higher odds ratios, increased AUCs, better cali-
bration, and better discrimination, soluble syndecan-1 had
better diagnostic accuracy for a pleuralmalignancy compared
to the reference biomarker osteopontin. The obtained AUCs
indicate that effusion contents of these two compounds could
be of diagnostic use if combined with other biomarkers in a
battery, while their importance in serum seems to be more
limited.

Stratifying the patients into disease subgroups, the high-
est levels were seen in effusions due to metastases from lung
cancer, breast cancer, and gastric cancer, possibly reflecting
their epithelial origin. Syndecan-1 levels were also higher
in effusions from patients with mesothelioma. This suggests
a more general pathophysiological role of syndecan-1 in
cancers.

Effusion and serum levels of syndecan-1 correlated mod-
erately, but the diagnostic value of syndecan-1 could not be
demonstrated in sera. Here the differences between anal-
ysed patient groups are smaller, as is the dynamic range
within groups. Pleural effusions have been shown to carry
higher diagnostic accuracy than serum for several malignant
mesothelioma biomarkers, a phenomenon that has been
attributed to less interference by liver metabolism or elimi-
nation by the kidneys [50, 51]. The lack of diagnostic value in
serum could also be explained, in part, by the contribution
from other body fluids into this medium.

We further show that soluble syndecan-1 in pleural
effusions carry strong prognostic value for patients with
pleural malignancies. Low levels of shed syndecan-1 predict
a more favourable prognosis, showing more than 11 months
increased median survival for patients with pleural metas-
tases and 9.2 months for malignant mesothelioma; both are
diseases with average median survival times of around, or
less than, one year. This trend is also seen in the two main
subgroups of metastatic tumours—that is, lung and breast
adenocarcinoma—although both these subgroups are too
small to show statistical significance. These findings are in
concordance with earlier studies on multiple myeloma [34]
and lung cancer [35], in both elevated levels of syndecan-1
in sera predicted poor prognosis. There are several possible
explanations for the prognostic properties of syndecan-1. In
the malignant cell, syndecan-1 participates in the regulation
of basic functions such as proliferation and cell migration,
thereby possibly influencing the cancer progression and
ultimately patient survival. One caveat to keep inmind is that
although all pleural metastases represent advanced stages, it
could still be that the increase in soluble syndecan-1 merely
reflects tumour burden and thereby can be linked to shorter
survival.

Structurally, the extracellular domain of syndecan-1 car-
ries attachment sites for heparan sulfate and chondroitin
sulfate chains. Since heparan sulfate chains act as binding sites
for several ligands such as growth factors and chemokines,
proteolytic shedding of the extracellular domain is crucial in
regulating various signaling pathways [52–54].
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In our cohorts, higher levels of soluble syndecan-1
corresponded to stronger immunocytochemical staining of
syndecan-1. It seems that the soluble fraction increased
proportionally to the expression of syndecan-1 on these
cells. We cannot, however, exclude a concomitant increase
in protease activity and syndecan-1 ectodomain shedding
in the same cells. Such shedding has been associated with
cancer progression, risk for recurrence, and prognosis [27,
28, 55–57]. It can, however, not be excluded that some
of the released syndecan-1 is the result of cellular lysis
or tumour derived exosomes containing this proteoglycan
[58].

Several studies suggest elevated pretreatment soluble
serum syndecan-1 level as a predictor of poor prognosis and
impaired effect of chemotherapy [59, 60]. Furthermore, low
serum syndecan-1 level can predict sensitivity to anticancer
therapy in larynx and hypopharynx cancer, whereas high
posttreatment level is an indicator of relapse [61].

In this studywe showapossible diagnostic andprognostic
role for soluble syndecan-1 in effusion cytology. The use of
this proteoglycan as an effusion biomarker could be helpful
in the evaluation of effusions. Similar to most established
biomarkers—immunological or immunocytochemical—the
discriminatory power of this analysis is insufficient to use
as a sole diagnostic marker in the individual case. The
combination of this parameter with other biomarkers in
logistic models remains to be studied. This, however, should
then warrant further studies on the mechanisms behind
the release of syndecan-1 as well as possible predictive
effects and effects on epithelial mesenchymal transition in
tumours.

5. Conclusion

In summary, this study describes the clinical value of
analysing soluble syndecan-1 in serum and pleural effusions.
Syndecan-1 separates malignant and benign conditions when
measured in pleural effusion supernatants. Furthermore, we
show a striking correlation between syndecan-1 levels and
patients’ survival, which is of interest for future predictive
translational research. Hence, the inclusion of measuring
syndecan-1 could be a valuable clinical tool, whether on its
own or in a panel of soluble biomarkers.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

This work received financial support from AFA Insurance,
the Swedish Research Council (VR), the Swedish Society
of Medicine, and the Swedish Cancer Society. AFA is a
nonprofit insurance company that is jointly owned by the
Swedish Labour Organization and the Swedish Employers
Organization.

References

[1] C. Mortensen, R. Bhatnagar, and A. J. Edey, “Imaging the
pleura,” British Journal of Hospital Medicine, vol. 73, no. 11, pp.
626–632, 2012.

[2] J. Kassis, J. Klominek, and E. C. Kohn, “Tumor microenviron-
ment: what can effusions teach us?” Diagnostic Cytopathology,
vol. 33, no. 5, pp. 316–319, 2005.

[3] S. Bielsa, A. Salud,M.Mart́ınez et al., “Prognostic significance of
pleural fluid data in patients withmalignant effusion,” European
Journal of Internal Medicine, vol. 19, no. 5, pp. 334–339, 2008.

[4] I. S. Fentiman, R. Millis, S. Sexton, and J. L. Hayward, “Pleural
effusion in breast cancer: a review of 105 cases,” Cancer, vol. 47,
no. 8, pp. 2087–2092, 1981.

[5] H. Nasser and T. J. Kuntzman, “Pleural effusion in women
with a known adenocarcinoma: the role of immunostains in
uncovering another hidden primary tumor,” Acta Cytologica,
vol. 55, no. 5, pp. 438–444, 2011.

[6] G. Lombardi, F. Zustovich, M. O. Nicoletto, M. Donach, G.
Artioli, and D. Pastorelli, “Diagnosis and treatment of malig-
nant pleural effusion: a systematic literature review and new
approaches,” American Journal of Clinical Oncology: Cancer
Clinical Trials, vol. 33, no. 4, pp. 420–423, 2010.

[7] N. Usami, S. Iwano, and K. Yokoi, “Solitary fibrous tumor of
the pleura: evaluation of the origin with 3D CT angiography,”
Journal of Thoracic Oncology, vol. 2, no. 12, pp. 1124–1125, 2007.

[8] V. B. Antony, R. Loddenkemper, P. Astoul et al., “Management
of malignant pleural effusions,” European Respiratory Journal,
vol. 18, no. 2, pp. 402–419, 2001.

[9] R. Loddenkemper, “Thoracoscopy—state of the art,” European
Respiratory Journal, vol. 11, no. 1, pp. 213–221, 1998.

[10] P. Y. Wai and P. C. Kuo, “The role of osteopontin in tumor
metastasis,” Journal of Surgical Research, vol. 121, no. 2, pp. 228–
241, 2004.

[11] H. I. Pass, D. Lott, F. Lonardo et al., “Asbestos exposure, pleural
mesothelioma, and serum osteopontin levels,”TheNew England
Journal of Medicine, vol. 353, no. 15, pp. 1564–1573, 2005.

[12] P. Y. Wai and P. C. Kuo, “Osteopontin: regulation in tumor
metastasis,” Cancer and Metastasis Reviews, vol. 27, no. 1, pp.
103–118, 2008.

[13] L. A. Shevde, S. Das, D. W. Clark, and R. S. Samant, “Osteo-
pontin: an effector and an effect of tumor metastasis,” Current
Molecular Medicine, vol. 10, no. 1, pp. 71–81, 2010.

[14] G. F. Weber, “The cancer biomarker osteopontin: combination
with other markers,” Cancer Genomics and Proteomics, vol. 8,
no. 6, pp. 263–288, 2011.

[15] S. Van Der Bij, E. Schaake, H. Koffijberg, J. A. Burgers, B. A. J.
M. DeMol, and K. G. M.Moons, “Markers for the non-invasive
diagnosis of mesothelioma: a systematic review,” British Journal
of Cancer, vol. 104, no. 8, pp. 1325–1333, 2011.

[16] S. C. Kao, G. Reid, N. van Zandwijk, D. W. Henderson, and S.
Klebe, “Molecular biomarkers inmalignantmesothelioma: state
of the art,” Pathology, vol. 43, no. 3, pp. 201–212, 2011.

[17] K. Hollevoet, K. Nackaerts, R. Gosselin et al., “Solublemesothe-
lin, megakaryocyte potentiating factor, and osteopontin as
markers of patient response and outcome in mesothelioma,”
Journal of Thoracic Oncology, vol. 6, no. 11, pp. 1930–1937, 2011.

[18] D. X. Cao, Z. Li, X. Jiang et al., “Osteopontin as potential
biomarker and therapeutic target in gastric and liver cancers,”
World Journal of Gastroenterology, vol. 18, no. 30, pp. 3923–3930,
2012.



10 BioMed Research International

[19] A. N. Husain, T. Colby, N. Ordonez et al., “Guidelines for
pathologic diagnosis of malignant mesothelioma: 2012 update
of the consensus statement from the International Mesothe-
lioma Interest Group,” Archives of Pathology and Laboratory
Medicine, vol. 137, no. 5, pp. 647–667, 2013.

[20] P. G. Chu, D. A. Arber, and L. M. Weiss, “Expression of T/NK-
cell and plasma cell antigens in nonhematopoietic epithelioid
neoplasms: an immunohistochemical study of 447 cases,” The
American Journal of Clinical Pathology, vol. 120, no. 1, pp. 64–
70, 2003.

[21] A. Saqi, S. S. Yun, G. H. Yu et al., “Utility of CD138 (Syndecan-1)
in distinguishing carcinomas from mesotheliomas,” Diagnostic
Cytopathology, vol. 33, no. 2, pp. 65–70, 2005.

[22] F. P. O’Connell, J. L. Pinkus, and G. S. Pinkus, “CD138
(syndecan-1), a plasma cell marker immunohistochemical pro-
file in hematopoietic and nonhematopoietic neoplasms,” Amer-
ican Journal of Clinical Pathology, vol. 121, no. 2, pp. 254–263,
2004.

[23] A. C. Rapraeger, B. J. Ell, M. Roy et al., “Vascular endothelial-
cadherin stimulates syndecan-1-coupled insulin-like growth
factor-1 receptor and cross-talk between 𝛼v𝛽3 integrin and
vascular endothelial growth factor receptor 2 at the onset
of endothelial cell dissemination during angiogenesis,” FEBS
Journal, vol. 280, no. 10, pp. 2194–2206, 2013.

[24] K. J. McQuade and A. C. Rapraeger, “Syndecan-1 transmem-
brane and extracellular domains have unique and distinct roles
in cell spreading,”The Journal of Biological Chemistry, vol. 278,
no. 47, pp. 46607–46615, 2003.

[25] D. M. Beauvais, B. J. Ell, A. R. McWhorter, and A. C. Rapraeger,
“Syndecan-1 regulates 𝛼 v𝛽 3 and 𝛼 v𝛽 5 integrin activation
during angiogenesis and is blocked by synstatin, a novel peptide
inhibitor,” Journal of Experimental Medicine, vol. 206, no. 3, pp.
691–705, 2009.

[26] D. J. Carey, “Syndecans: multifunctional cell-surface co-
receptors,” Biochemical Journal, vol. 327, part 1, pp. 1–16, 1997.

[27] S. Brule, N. Charnaux, A. Sutton et al., “The shedding of
syndecan-4 and syndecan-1 from HeLa cells and human
primary macrophages is accelerated by SDF-1/CXCL12 and
mediated by the matrix metalloproteinase-9,” Glycobiology, vol.
16, no. 6, pp. 488–501, 2006.

[28] G. Su, S. A. Blaine, D. Qiao, and A. Friedl, “Membrane
type 1 matrix metalloproteinase-mediated stromal syndecan-1
shedding stimulates breast carcinoma cell proliferation,”Cancer
Research, vol. 68, no. 22, pp. 9558–9565, 2008.

[29] R. D. Sanderson, “Heparan sulfate proteoglycans in invasion
and metastasis,” Seminars in Cell and Developmental Biology,
vol. 12, no. 2, pp. 89–98, 2001.

[30] V. C. Ramani, A. Purushothaman, M. D. Stewart et al., “The
heparanase/syndecan-1 axis in cancer: mechanisms and thera-
pies,” FEBS Journal, vol. 280, no. 10, pp. 2294–2306, 2013.

[31] E. Garusi, S. Rossi, and R. Perris, “Antithetic roles of proteogly-
cans in cancer,” Cellular and Molecular Life Sciences, vol. 69, no.
4, pp. 553–579, 2012.

[32] S. Kumar-Singh, W. Jacobs, K. Dhaene et al., “Syndecan-1
expression in malignant mesothelioma: correlation with cell
differentiation, WT1 expression, and clinical outcome,” The
Journal of Pathology, vol. 186, no. 3, pp. 300–305, 1998.

[33] T. L. Nguyen, W. E. Grizzle, K. Zhang, O. Hameed, G. P.
Siegal, and S. Wei, “Syndecan-1 overexpression is associated
with nonluminal subtypes and poor prognosis in advanced
breast cancer,” American Journal of Clinical Pathology, vol. 140,
no. 4, pp. 468–474, 2013.

[34] C. Seidel, A. Sundan,M.Hjorth et al., “Serum syndecan-1: a new
independent prognostic marker in multiple myeloma,” Blood,
vol. 95, no. 2, pp. 388–392, 2000.

[35] H. Joensuu, A. Anttonen, M. Eriksson et al., “Soluble syndecan-
1 and serum basic fibroblast growth factor are new prognostic
factors in lung cancer,”Cancer Research, vol. 62, no. 18, pp. 5210–
5217, 2002.

[36] M. Metintas, G. Hillerdal, S. Metintas, and P. Dumortier,
“Endemic malignant mesothelioma: exposure to erionite is
more important than genetic factors,”Archives of Environmental
and Occupational Health, vol. 65, no. 2, pp. 86–93, 2010.

[37] F. Mundt, G. Nilsonne, S. Arslan et al., “Hyaluronan and N-
ERC/mesothelin as key biomarkers in a specific two-stepmodel
to predict pleural malignant mesothelioma,” PLoS ONE, vol. 8,
no. 8, Article ID e72030, 2013.

[38] N. Hirayama, C. Tabata, R. Tabata et al., “Pleural effusionVEGF
levels as a prognostic factor of malignant pleural mesothe-
lioma,” Respiratory Medicine, vol. 105, no. 1, pp. 137–142, 2011.

[39] M. J. Pencina, S. D’Agostino, and R. S. Vasan, “Evaluating the
added predictive ability of a new marker: from area under
the ROC curve to reclassification and beyond,” Statistics in
Medicine, vol. 27, no. 2, pp. 157–172, 2008.

[40] E. W. Steyerberg, A. J. Vickers, N. R. Cook et al., “Assessing the
performance of prediction models: a framework for traditional
and novel measures,” Epidemiology, vol. 21, no. 1, pp. 128–138,
2010.

[41] D. W. Hosmer, T. Hosmer, S. Le Cessie, and S. Lemeshow, “A
comparison of goodness-of-fit tests for the logistic regression
model,” Statistics in Medicine, vol. 16, no. 9, pp. 965–980, 1997.

[42] J. Budczies, F. Klauschen, B. V. Sinn et al., “Cutoff finder: a
comprehensive and straightforward web application enabling
rapid biomarker cutoff optimization,” PLoS ONE, vol. 7, no. 12,
Article ID e51862, 2012.
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