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Abstract
28 synovial effusions (SE) were obtained from 24 patients, paired samples of peripheral blood
(PB) from 10 of these patients, and PB from 36 healthy individuals for analysis of CD146 on T-
lymphocytes by flow cytometry. CD146+ or CD146− T-lymphocytes were sorted from 3 SE to
study gene expression profiles and selected genes revalidated using QPCR assays. We found more
CD3+CD146+ and CD4+CD146+ T-lymphocytes in PB from patients compared to PB of healthy
individuals (4.71%±2.48% vs 2.53%±1.08%, p=0.028) and (6.29%±2.74% vs 2.41%±0.96%,
p=0.0017) respectively, whereas CD8+CD146+ T-lymphocytes were not significantly different
(2.55%±1.65% vs 3.18%±2.59%, p=0.5008). SE displayed CD146 staining on 16.32%±6.06% of
CD3+ cells. This expression was skewed towards CD4+ T-lymphocytes, with CD146 present on
24.06%±8.20% of the CD4+ T-lymphocytes compared to 6.19%±5.22% of the CD8+ T-
lymphocytes. CD146 on CD3+, CD4+ and CD8+ T-lymphocytes in SE was significantly higher
compared to PB in patients (p<0.0001, p<0.0001 and p=0.0036 respectively). Gene expression
profiles of sorted CD146+CD4+CD3+ vs CD146−CD4+CD3+ T-lymphocytes (n=2) and
CD2+CD146+ vs CD2+CD146− (n=1) from SE, displayed increased CD146, LAIR2, CXCL13,
CD109, IL6ST, IL6R, TNFRsf18, and TNFRsf4 genes, whereas decreased CCR7, CCL5, and
cytotoxicity-associated genes including granzymes b, h and k, perforin were found with the
CD146− T-lymphocytes. By QPCR higher mRNA expression of CXCL13, CD146 and CD109
was also noted in the CD146+ subset, compared to the CD146− subset, in PB of healthy
individuals and in PB and SE from patients. Our study establishes increased CD146+ T-
lymphocytes in diseases with joint effusions, and demonstrates pro-inflammatory gene profiles in
these cells.

INTRODUCTION
CD146 is an adhesion molecule expressed on endothelial cells, as well as a limited number
of other cell types including activated lymphocytes (1–4). Although the function of this
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molecule on endothelial cells has been well-described, its role in lymphocyte biology has
not been examined in depth. Recent studies suggest that this molecule plays a role in
lymphocyte binding to the endothelium (5,6). Lymphocytes from healthy individuals
expressing CD146 have an effector memory phenotype and display proinflammatory gene
profiling characteristics (5).

Synovial fluid from healthy individuals contains fewer than two hundred cells, consisting
primarily of synoviocytes. The number of cells increases in inflammatory states such as
rheumatoid arthritis, and, in inflammatory conditions, lymphocytes infiltrate into the
inflamed synovia. These infiltrating lymphocytes have been repeatedly described but much
remains unknown about the recruitment, regulation, and pathogenesis of these synovial
lymphocytes (7–8).

The expression of CD146 on lymphocytes in synovial fluids has been previously studied,
but the data are inconsistent, and often contradictory. Pickl and colleagues (3) reported the
presence of CD146+ T lymphocytes in synovial fluid from rheumatoid arthritis patients, but
a subsequent study by Neidhart reported no substantial CD146 expression on mononuclear
infiltrates in RA synovium (9). However, the latter study described high levels of soluble
CD146 in these synovial fluids and ascribed this to increased activity of endothelial cells
and angiogenesis. Using immunohistochemistry, Middleton and colleagues reported some
weak staining of CD146 in mononuclear infiltrates of RA synovia but did not offer further
characterization (10).

The current study was undertaken to definitively establish whether or not T lymphocytes in
synovial fluids express CD146 and, if so, to better understand the nature of these cells. To
these ends, synovial fluids from a variety of different diseases, and in several instances,
peripheral blood from the same patients, were studied.

METHODS AND MATERIALS
Specimens

Twenty eight synovial effusions from twenty four patients with both inflammatory and
noninflammatory joint effusions were studied for the expression of CD146 on T
lymphocytes (Table 1). Peripheral blood was drawn from 10 patients at the same times the
synovial effusion was obtained, including 6 patients with RA, 1 with polyarthritis, 1 with a
meniscal tear, 1 with SLE, and 1 with sarcoid. Additionally, peripheral blood was drawn
from 36 healthy volunteers. Specimens were obtained under protocols approved by the
NHLBI and NIAMS Institutional Review Boards.

Flow Cytometry
The synovial effusion samples were processed within two hours after collection for flow
cytometry. Samples were centrifuged at 540×g for 5 min and supernatants were removed.
Cells were stained immediately. The cells were incubated in the following antibodies (all
from Becton Dickinson, San Jose, CA): anti-CD3, anti-CD146, anti-CD45, anti-CD4, anti-
CD8, anti-CD45RA, anti-CD45RO, anti-CCR7, anti-CD62L, anti-CCR5 (CD195), and anti-
CXCR4 (CD184). The fluorochromes used varied with the experiment performed, however,
these use of PE CD146 remained invariant. Mouse anti-isotypic (IgG1) antibodies were used
as controls. After 30 min incubation, the cells were placed in lysing suspension (Cat No.
349202, FACSLyse, Becton Dickinson). After 10 min incubation, cells were centrifuged
then supernatants were discarded. The cell pellet was washed in phosphate buffered saline
(Cat No. 10010, Invitrogen). The cells were pelleted again, the supernatant discarded and the
cells resuspended by vortexing and fixed with 1% formaldehyde/PBS before analysis.
Peripheral blood specimens were stained after removal of red blood cells for 30 minutes
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with the antibodies described above. Expression of cell surface markers was analyzed on a
FACSCalibur flow cytometer using Cellquest software (Becton Dickinson) or on an LSR II
using FACSDiva software (BDIS). Between 25,000 and 100,000 cells were measured in
each sample, depending on the number of cells present in the synovial effusion specimen.
The number of markers examined also depended on the cell number of the original synovial
effusion. Two tail p values were calculated using a nonpaired T test assuming unequal
variance using Welch's correction.

Lymphocyte populations were gated using light scatter and T cells were identified using
CD3. CD146 staining was identified using either isotype controls or fluorescence minus one
controls, with similar results (Figure 1).

Gene profiling studies were conducted on 2 synovial effusion specimens (one with RA and
one with sarcoid) containing adequate numbers of cells for these studies and CD4+CD146+
cells and CD4+CD146− cells were sorted from these SF samples. SE from an additional
patient (with SLE), were sorted for CD2+CD146+ cells and CD2+CD146− cells. Both
isotype controls and fluorescence minus one controls were used to assist in determining
positive staining. Cell sorting was performed using either a MoFlo cell sorter (Beckman
Coulter, Ft Collins, CO) or a FACSAria (BDIS, San Jose, CA).

RNA isolation
Total RNA from sorted cells was extracted using an RNAqueous micro kit (Ambio, Austin,
TX) following the manufacturer's directions. The concentration of the isolated RNA was
determined using the Nanodrop ND-100 spectrophotometer (Nanodrop Technologies,
Wilmington, DE). Quality and integrity of the total RNA isolated was assessed on the
Agilent 2100 bioanalyzer (Agilent Technologies, Palo Alto, CA).

Target preparation and hybridization to genechips
T7 based RNA amplification was carried out on 20ng of the isolated total RNA using the
messageamp premier amplification kit as suggested by the manufacturer (Ambion, Austin,
TX). Briefly, total RNA was incubated with oligo dT/T7 primers and reverse transcribed
into double stranded cDNA. In vitro transcription and biotin labeling of the purified cDNA
was performed using T7 RNA polymerase at 37°C for 16hrs using the IVT labeling kit
following the manufacturer's directions. The yield and integrity of the biotin labeled cRNA
were determined using the nanodrop ND-1000 spectrophotometer and the Agilent 2100
bioanalyzer. 15μg of biotin labeled RNA was fragmented to ~200 bp size by incubating in
fragmentation buffer containing 200 mM Tris-Acetate pH 8.2, 500 mM Potassium Acetate
and 500 Magnesium Acetate for 35 minutes at 94°C prior to hybridization. Fragmented
RNA was assessed for the fragment size on Agilent 2100 bioanalyzer and hybridized to
Affymetrix U133+PM peg arrays for 16 hours, washed, stained and scanned on Affymetrix
Genchip HT array plate scanner.

Microarray data processing and analysis
Affymetrix Expression Console version 1.1 was used to calculate the signal intensity. The
signal intensity values obtained for probe sets in the microarrays were transformed using
RMA (Robust Multichip Average). The processed data from all the chips were subjected to
a principal component analysis (PCA) to detect outliers. Probesets were selected with more
than two fold-change. JMP7 software (SAS Institute, Cary, NC) was used to cluster sets of
probesets/genes with similar expression patterns. Pathway analysis was performed using
Ingenuity Pathway Analysis (Ingenuity Systems Inc., Redwood City, CA).
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Quantitative RT-PCR analysis
Total RNA was isolated from sorted cells from peripheral blood and synovial effusions of
patients and from peripheral blood of healthy individuals using MicroRNA aquos kit
(Ambion, Texas, USA) as per the manufacturers' instruction. First-strand cDNA was
synthesized using Invitrogen's Superscript cDNA synthesis kit (Invitrogen, Carlsbad, CA)
following the manufacturer's directions. Quantitative real-time PCR assays were carried out
with the use of gene-specific double fluorescently labeled probes in a 7900 Sequence
Detector (PE Applied Biosystems, Norwalk, CT). Probes and primers for CXCL13, CD109,
CD146 and β-actin were obtained from Applied Biosystems. In brief, PCR amplification
was performed in a 384 well plate with a 20-μl reaction mixture containing 300 nm of each
primer, 200 nm probe, 200nm dNTP in 1× real time PCR buffer and passive reference
(ROX) fluorochrome. The thermal cycling conditions were 2 min at 50° C and 10 min at 95°
C, followed by 40 cycles of 15 sec denaturation at 95° C and 1 min annealing and extension
at 60° C. Samples were analyzed in duplicate and the Ct (cycle threshold) values obtained
were normalized to the housekeeping gene β-actin.

RESULTS
Immunophenotyping of peripheral blood specimens from healthy donors

Peripheral blood from 36 healthy individuals displayed CD146 staining on 2.53% ± 1.08%
of the CD3+ T lymphocytes, 2.41% ± 0.96% of the CD3+CD4+ T lymphocytes, and 3.18%
± 2.59% of the CD3+CD8+ T lymphocytes (Figure 2).

Immunophenotyping of synovia effusions
All synovial effusions examined showed CD146 expression on T lymphocytes
(16.32±6.06%), which was highest (26.6%) on a patient with chronic internal derrangement
(Figure 2). Expression of CD146 was highly skewed towards CD3+CD4+ T lymphocytes
(24.06% ± 8.20%) as compared to that of CD3+CD8+ T lymphocytes (6.19% ± 5.22%)
within synovial effusions (p < 0.0001). Interestingly, 2 of the SF from RA patients displayed
ratios of the percentages of CD146+CD4+CD3+:CD146+CD8+CD3+ of approximately
50:1, higher than the remaining SF samples. For the synovial effusions examined, the
CD146 expression was significantly greater than found in normal blood for CD3+ cells
(p<0.0001), CD4+ T cells (p<0.0001), and CD8+ T cells (p=0.0070). SE lymphocytes
bearing CD146+ were found to be predominantly CD45RO+ (96.28%±4.33%), whereas
only 13.86%±14.56% coexpressed CCR7. 28% of the CD146+ T lymphocytes also
coexpressed CD62L (n=22). Furthermore, we also found 62.27% ± 17.64% of CD146+ T
lymphocytes coexpressing CXCr4, whereas CCR5 coexpression was 71.68% ± 31.36
[(n=11), 1 polyarthritis, 2 reactive arthritis (two samples, same patient), seven rheumatoid
arthritis]. Interestingly, among these, one of the specimens, from a patient with psoriatic
arthritis, had less than 1% of the CD146+CD3+ lymphocytes coexpressing CCR5.

Immunophenotyping of peripheral blood specimens from patients
The peripheral blood from 10 patients with various musculoskeletal diseases revealed that
4.71 ± 2.48% of the CD3+ lymphocytes expressed CD146 (p=0.0258 compared to the
healthy peripheral blood cohort), 6.29 ± 2.74% of the CD3+ CD4+ lymphocytes expressed
CD146 (p<0.0017 compared to the healthy peripheral blood cohort), and 2.55 ± 1.65 of the
CD3+CD8+ lymphocytes expressed CD146 (p=0.5008 compared to the healthy peripheral
blood cohort) (Figure 2).

No significant differences were observed among the CD146+ lymphocytes subsets in
patients suffering from various diseases, nor were any correlations observed between the
percentages of CD146+ cells detected in the synovial effusions and serum markers of
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inflammation such as CRP and ESR. There was a positive correlation between the
percentages of CD3+ lymphocytes expressing CD146+ cells and of CD4+ CD146+
lymphocytes in the circulation and CRP (r2=0.602 and r2=0.676, respectively), while the
correlation was very weak between the percentages of CD8+ T lymphocytes expressing
CD146 and CRP. A weak correlation was also observed between the percentage of
CD4+CD146+ and of CD3+CD146+ T lymphocytes and ESR (r2 = 0.481 and r2 = 0.431,
respectively).

Gene expression studies on CD146+ cells
Sufficient numbers of cells were present in the synovial effusions from 2 patients for sorting
of CD3+CD4+CD146+ and CD3+ CD4+ CD146− populations. These cells were then used
for RNA extraction and subsequent gene expression profiling as described above. Two
hundred twenty-nine probe sets representing 158 unique genes displayed the most
pronounced differences between these populations and these genes by Ingenuity Pathway
analysis and were found to be involved in TGF-b signaling, thrombopoietin signaling, T cell
receptor signaling and cytotoxic T lymphocyte-mediated apoptosis. (Figure 3). As would be
expected, the CD3+CD4+CD146+ cells displayed the greatest increase in the expression of
MelCAM (CD146) compared to the CD146− sorted cells, giving confirmation to the fidelity
of these experiments. Of particular interest was the finding that LAIR2, CXCL13, CD109,
IL-6R, IL6ST (gp130), TNFRsf18, and TNFR sf4 genes were upregulated in the CD146+
population. Conversely CD3+CD4+CD146+ lymphocytes displayed decreased expression of
CCR7 and cytotoxicity-associated genes such as granzymes b, h and k, perforin, and CCL5.
A strikingly similar expression pattern was observed in the additional SE sorted using CD2
andCD146 (data not shown). While immunophenotyping of the synovial effusions
confirmed the observed differences in gene expression of CD146 and CCR7, such
confirmation was not available for CXCL13, CD109, CD130, IL-6R, TNFRsf18, and TNFR
sf4 due to inadequate cell numbers from these specimens.

Using QPCR, mRNA expression of CXCL13 was found to be significantly higher in
CD146+ T-cells from SF compared to CD146− T lymphocytes from the same patients
(p=0.0101). Similar differences for CXCL13 mRNA expression were also noted for
peripheral bloods from these same patients in terms of CD146+ T lymphocytes compared to
CD146− T-cells (p=0.0496). mRNA levels of CXCL13 from peripheral blood CD146+ T
lymphocytes of healthy individuals were found to be higher than those from CD146− T
lymphocytes, but this difference was not statistically significant (p=0.0921) (Figure 4). The
QPCR data validate the findings of microarray experiments, where we found increased
expression of CXCL13 in CD146+ T lymphocytes compared to CD146− T cells in SF.
CD109 upregulation in SE was similarly confirmed by QPCR, although upregulation of this
gene in peripheral blood specimens was more variable (Figure 4).

DISCUSSION
The current study definitively demonstrates elevated numbers of CD146+ T lymphocytes in
both the synovial fluids and peripheral blood of patients with a variety of inflammatory and
non-inflammatory joint effusions. Of particular interest is the significant increase in the
percentage of CD4 lymphocytes expressing CD146 in the peripheral blood compared to
healthy individuals, as this is the major lymphocyte subset found in many joint effusions.
Whether these circulating cells reflect cells primed to transmigrate to the synovial fluid of
those which have emigrated from those fluids remains to be determined. CD146+ peripheral
blood T lymphocytes have previously been identified by our group as CD45RO+, CD45RA
−, and CCR7− consistent with an effector memory immunophenotype and similar findings
were made in the current study of synovial fluid T cells. CD146+ CD4+ lymphocytes were
found to be predominantly CD45RO+, CCR7−, and with the exception of the psoriatic
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arthritis synovial fluid, CCR5+. These data are consistent with the findings of Gattorno et al
(11) in which synovial fluids from juvenile idiopathic arthritis were found to be enriched
with CD4+CCR7− memory T lymphocytes. The disparate results for CCR5 staining on the
cells from the patient with psoriatic arthritis, as well as the finding of elevated CD146+
CD8+ lymphocytes only in the patient with a chronic internal derangement suggests a
different role in pathogenesis for these cells in such conditions, and perhaps provide a
method to assist in differential diagnosis. Many more patients with these conditions need to
be studied before such speculation can be confirmed.CD4+ T lymphocytes are the
predominant population of cells infiltrating the synovia and are thought to play a crucial role
in inflammatory arthritis (12,13), in contrast to noninflammatory joint disease, such as
osteoarthritis, where fewer cells are found in the synovial fluid. Adhesion markers on
synovial fluid T lymphocytes, other than CD146, have been studied in several previous
reports (14,15). Ueki et al (14) found that the expression of CD11a, CD18, CD49d, and
CD49e on CD4+ T lymphocytes in synovial fluids from RA and OA patients was increased
compared to peripheral blood from these patients, and only CD49d expression differed in
RA and OA fluids. Agarwal and Brenner (15) have recently presented an excellent review of
the role of adhesion markers in synovial inflammation. Amidst the numerous adhesion
molecules implicated in arrest, transmigration, and retention of leukocytes into the
synovium, no mention was made of CD146. Previous studies have demonstrated that CD146
expression on T lymphocytes can mediate or enhance binding of these cells to endothelial
monolayers (5,6). On endothelial monolayers, CD146 is found at the endothelial junctions
(2) and has been shown to bind via both homotypic and heterotypic mechanisms (1). It is
therefore a logical hypothesis that lymphocytes expressing CD146 can bind preferentially to
endothelial junctions via homotypic binding, and indeed Guezguez and colleagues have
presented data demonstrating that CD146 promotes lymphocytes rolling on endothelium via
microvilli induction and is an endothelial adhesion receptor on CD4 T lymphocytes (6). The
current data suggest that CD146 may well play a role in T lymphocyte migration,
particularly effector memory CD4+ T lymphocytes, into synovia during a wide assortment
of arthritic conditions including but not limited to rheumatoid arthritis. Gene expression
revealed a strong association of tensin 3 with CD146 among the SF CD4+T lymphocytes.
Tensin 3 has been postulated to play a role in EGF-mediated cell migration and it is
interesting to speculate that it may play a role in the migration of cells into the synovium
(16).

The association of CD146+ CD4 T lymphocytes with CXCL13 and CD109 both in the
synovial fluid and in the peripheral blood is intriguing. CXCL13 is a known B–cell
chemoattractant and arrest chemokine for B lymphocytes in high endothelial venules (17).
Recently Manzo et al (18) reported CXCL13 being synthesized by mature antigen-
experienced T helper cells from the rheumatoid joint. In contrast to previous descriptions of
follicular B helper T cells (19), Manzo reported the CXCL13-synthesizing cells from SF did
not express CXCR5 and were largely negative for CCR7. In many ways the cells described
by Manzo are similar to the CD146+ CD4 lymphocytes reported in this study, as CCR7 and
CXCR5 are both lacking on the cells currently described. The upregulation of the CD109
gene, confirmed by RT-PCR, is also interesting, and, although the role of CD109 in
hematopoietic cells remains largely unknown, it has been suggested that this antigen plays a
role in antibody-inducing T helper function (20,21). The negative correlations between
CD146 expression on CD4+ T lymphocytes in synovial fluids and granzymes b, h, and k and
CCL5 are not unexpected. The granzymes have been previously demonstrated to be
associated with cytotoxic CD8 T lymphocytes (22), and, in juvenile idiopathic arthritis, CCL
5 has been demonstrated to be associated with CD8 T lymphocytes in synovial fluids (23).

Together, the expression of CD109 and CXCL13 on the CD4+CD146+ T lymphocytes in
the synovial fluids suggest a potential role for these cells in facilitating B lymphocyte
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responses to this site consistent with the hypothesis put forward by Manzo et al (18). As a
point of further speculation, CD146+ T lymphocytes, as discussed above, may have
augmented ability to adhere to or migrate through endothelial monolayers, and thus may
function as sentinels of inflammation for B lymphocytes. Clearly, much work remains to
discern whether this speculation is warranted. Cell sorting of CD146+ and CD146−
populations of CD4 lymphocytes from synovial fluids with subsequent direct examination of
the populations to adhere to, and migrate through, the endothelium, and to synthesize
CXCL13, would be invaluable. Unfortunately, as in the current study, the number of cells
available in SE samples is variable and often a limiting factor in these studies.

The sorted CD4+CD146+ T lymphocytes demonstrated substantially higher gene expression
of proinflammatory cytokine receptors CD130 (gp130), IL-6R, TNFRsf18 (tumor necrosis
factor- receptor), and TNFR sf4 than the corresponding CD146− counterparts. A number of
cytokines, including both TNF and IL-6, have been of great interest in the pathogenesis of
arthritic diseases and therapies have been devised based on inhibiting TNF-α and IL-6
(24,25,26). The significance of this is uncertain, but the association of the pertinent cytokine
receptors with an endothelial adhesion protein on a defined subpopulation of T lymphocytes
is intriguing.

A recent report by Cayrol et al (27) identified effector memory CD4 and CD8 lymphocytes
expressing CD146 in neuroinflammation. These cells were found to produce more
inflammatory cytokines, interferon-gamma, and IL-17 than corresponding CD146 negative
cells. The authors suggest the CD146+ T lymphocytes play a role in CNS inflammatory
reactions, including those found in multiple sclerosis. Such data are highly consistent with
the present observations, and strongly suggest that the CD146 T lymphocytes presently
identified may play a role in various inflammatory processes other than diseases involving
joint effusions.

In summary, CD146 identifies a unique subpopulation of T lymphocytes that may perform
an important role in the pathogenesis of many joint diseases as well as other inflammatory
diseases. The current data demonstrate that CD4+ CD146+ lymphocytes preferentially
accumulate in synovial fluids and express distinct phenotypes and genotypes from the
CD4+CD146−. Many of these differences include chemokines and cytokine receptors of
known relevance in arthritis and strongly suggest that CD146 can be used to identify
functionally important subsets of T lymphocytes in diseases with joint effusions. While the
current data are preliminary in nature, they do identify a means of identifying a potentially
important component of immune response in arthritic and other inflammatory diseases and
thus warrant further investigation.
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Figure 1.
Determination of CD146 staining on lymphocytes from peripheral blood (PBMC) and
synovial effusions (SEMC) from patients. Lymphocytes were gated by light scatter and for
CD3 staining. Left panel: CD146 vs CD3+; middle panel CD146 vs CD8; right panel
CD146 vs CD4. Upper dotplots in each groups display the N-1 controls while the lower
dotplot display staining with CD146.
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Figure 2.
The expression of CD146 on (left) CD3+ (middle) CD3+CD4+ and (right) CD3+CD8+ T
lymphocyte subsets on peripheral blood from 36 healthy patients, peripheral blood from 10
patients with paired SE samples, and 28 SE samples. Data are shown as the percentages of
CD146+CD3+ divided by total CD3 cells (left) and as CD146+CD3+CD4+ divided by total
CD3+CD4+ cells (middle) and CD146+CD3+CD8+ divided by total CD3+CD8+ (right).
The mean values for levels in peripheral blood from healthy individuals are shown by the
hatched line, and non-paired T-test indicates significance as shown.
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Figure 3.
Heat map of differential gene expression in CD3+CD4+ CD146+ (F1+, F2+) and
CD3+CD4+ CD146− (F1−, F2−) populations from synovial effusions (one RA and one
sarcoid). Cluster analysis was applied to gene expression data derived from all probes on
HG-U133+ PM gene chips at FC >2.0. The level of expression for the top 100 genes in each
sample relative to the median level of expression of that gene across all samples is
represented using a red, black and green color scale (green – below median; black – equal to
median; red - above median).
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Figure 4.
Normalized Ct (ΔcT) values for CD146 (A), CXCL13 (B), and CD109 (C). Lines indicate
the change in Ct values between CD146+ cells and CD146− cells from one patient
specimen. CD146, as a control, showed strong upregulation in CD146 positive cells for all
samples. Similar results were obtained for CXCL13. CD109 upregulation was observed in
all blood samples from arthritis patients, and in 3 out of four blood samples from healthy
individuals as well as 3 out of four samples from synovial effusions.
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