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Increased plasma microRNA and CD133/CK18-positive cancer
cells in the pleural fluid of a pancreatic cancer patient with liver
and pleural metastases and correlation with chemoresistance
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Abstract. We report a case of notably increased plasma
levels of microRNA (miR)-21, miR-25, miR-103 and miR-151
in a pancreatic cancer patient with liver and pleural metas-
tases. CD45-coated immunomagnetic beads detected an
enrichment of malignant cancer cells in the pleural fluid, and
CDI133*CK18* cancer cells were identified. Using computer
tomography (CT) combined with cancer cells stained in
the pleural fluid, a previously healthy 60-year-old male
was diagnosed with pancreatic cancer with multiple liver
tumor metastases. Cancer antigen 19-9 (CA19-9), alkaline
phosphatase (ALP) and y-glutamate-transpeptidase (y-GT)
were notably increased in the serum, and carcinoembryonic
antigen (CEA) was increased in the pleural fluid. The patient
succumbed to the disease three months following standard
chemotherapy. The increased levels of plasma miR-21,
miR-25, miR-103 and miR-151, as well as the identification of
CD133*CK18* cells in the pleural fluid of a pancreatic cancer
patient with liver metastases, may regulate the molecular
mechanisms involved in chemoresistance. The patient was
insensitive to chemotherapy and succumbed 3 months later.
Full elucidation of the molecular and pathological features of
pancreatic cancer may be a novel strategy for diagnosis and
tailored therapy.

Introduction

Pancreatic cancer is a highly aggressive malignancy with
extremely poor prognosis that is considered to be partly
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due to the chemotherapy-resistant characteristics of specific
pancreatic cancer cell subgroups. CD133 and CXCR4 are
potential markers of pancreatic cancer stem cells (CSCs),
which form tumor tissues and promote tumor progression
and metastasis (1). It has been suggested that microRNAs
(miRs) are critical regulators of tumor progression and drug
resistance in pancreatic cancer cells (2). Low miR-21 expres-
sion in tumor tissues has been associated with beneficial
adjuvant treatment in pancreatic cancer cases, and it has been
revealed that anti-miR-21 increases anticancer drug activity
in vitro (3).

We used the methods described in our previous study (4)
to enrich rare cells from the pleural fluid and to analyze the
expression of the CSC marker CD133, and the epithelial
marker, cytokeratin 18 (CK18). The plasma levels of miR-21,
miR-25, miR-103, miR-151 and cancer antigen 19-9 (CA19-9)
in the serum, and the clinical pathological parameters of the
patients, were also studied. Following therapy, the condition of
the patient was monitored until mortality.

Materials and methods

Enrichment of cancer cells from pleural effusion. The
patient, who provided informed consent, was enrolled using
institutional review board-approved protocols. Pleural effu-
sion (10 ml) was collected from the patient into acid citrate
dextrose venous collection tubes (Becton Dickinson, Franklin
Lakes, NJ, USA) and transferred into a 50-ml centrifuge
tube. Malignant cancer cells were enriched from the pleural
fluid using CD45-coated immunomagnetic beads (Cyttel
Biosciences, Beijing, China) following the method described
in our previous study (4). The cell pellet was then transferred
onto glass slides for further analysis.

Immunofluorescence (IF) staining. Double IF staining
was conducted using 100 gl anti-CK18-FITC (green) and
anti-CD133-PE (red; Miltenyi Biotec, Bergisch Gladbach,
Germany). The cell pellet was transferred onto glass slides and
incubated with the labeled primary antibodies (1:100 dilution
in 2% BSA) for 60 min at room temperature. The nuclei were
counterstained with DAPI and a blinded review of three-color
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Table I. Laboratory data of pleural effusion from the pancreatic cancer patient with liver and pleural metastasis.

Variable Control Result Clinical significance
Color Colorless Yellow Abnormal

Trait Clear Muddy Abnormal
Pleural chylous test Negative Negative Normal
Acid-fast staining Negative Negative Normal

Cell counting (number/1) Negative 0.5x10° Normal

Total protein (g/dl) 6.0-8.0 4.4 Decreased
Lactate dehydrogenase (U/1) 106-246 211 Normal
Adenosine deaminase (U/1) 0-25 13 Normal

CEA (U/) <5 103 Tumor metastasis
Cancer cell staining (/ml) Negative 30 Malignant diseases diagnosis
CD133*CK18" cells Negative Positive Maybe CSCs
CD133*CK18* cells Negative Positive Maybe CSCs
CK18*CD133" cells Negative Positive Malignant epithelial cells

CEA, carcinoembryonic antigen; CSCs, cancer stem cells.

fluorescence images by three examiners (magnification, x400)
confirmed the identity of CD133*CK18*cells.

Plasma RNA isolation. Total RNA from the plasma
of the pancreatic cancer patient and from the age- and
gender-matched healthy donors was isolated using TRIzol
for RNA (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer's instructions. Circulating miRNA was isolated
using a mirVana PARIS kit (Applied Biosystems, Foster City,
CA, USA) according to the manufacturer's instructions. RNA
concentration was determined using a NanoDrop ND-1000
spectrophotometer (Thermo Scientific, Worcester, MA, USA)
on a denaturing 15% polyacrylamide gel.

Quantitative reverse transcriptase polymerase chain reaction
(gRT-PCR). miR-16, miR-21, miR-103 and miR-151 were quan-
tified in triplicate by qRT-PCR using TagMan MicroRNA Assay
kits (Applied Biosystems). A total of 2.5 ul synthetic C. elegans
miRNA, cel-miR-39 (2x10~* pmol/u] synthetic RNA oligonucle-
otides; Qiagen, Hilden, Germany), was applied to each sample
as an internal control. The method used for the identification
of miR-16, miR-21, miR-103 and miR-151 in the plasma was
described previously (5). The relative abundance of the miRNAs
was determined using the following equation: Relative miRNA
abundance = -AACt = -[(Sample Ct,,, - Sample Ct oy pmir30) -
(Control Ctyee - Control Ct gy pir 39)]-

Case report

A 60 year-old male was admitted to the Northern Jiangsu
People's Hospital and Clinical Medical College of Yangzhou
University (Yangzhou, China) having suffered symptoms
of abdominal distention and anorexia for one month. The
patient had been healthy and had no history of malignant or
other common diseases. The patient did not smoke, but had
been addicted to alcohol for 20 years with a 250 g average
daily intake of alcohol. Serum alkaline phosphatase (ALP),

Figure 1. (A) CT scan of the primary tumor in the pancreas. An axial image of
the abdomen identified a mass in the body-tail of the pancreas of 43x48 mm
(arrow). (B) CT detection of multiple tumor metastases in the liver (arrows).
(C and D) Abdominal ultrasonographic detection of pleural fluid in the right
chest. CT, computer tomography.

v-glutamate-transpeptidase (y-GT) and CA19-9 levels were
195 U/1, 291 U/l and 1200 U/ml, respectively; all of which are
significantly elevated compared with normal levels.
Abdominal ultrasonographic diagnosis indicated pleural
effusion in the right chest (Fig. 1C and D). The features of
the pleural fluid are shown in Table I. A total of 50 malignant
cancer cells/ml were identified in the pleural fluid, while carci-
noembryonic antigen (CEA) was elevated to 103.9 U/I. The
43x48 mm mass in the body-tail of the pancreas was detected
using computer tomography (CT; Fig. 1A). A different nodus
size was detected at low density in the liver. The maximum
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Table II. Circulating miRNA-21, miRNA-25, miRNA-103 and miRNA-151 levels in the pancreatic cancer patient and in five

age- and gender-matched healthy donors.

Sample miR-21 miR-25 miR-103 miR-151
Pancreatic cancer (n=1) (pmol/ul) 2.5x10* 0.24x10* 0.34x10* 0.71x10*
Healthy control (n=5) (pmol/ul) 0.3x10* 0.12x10* 0.05x10* 0.16x10*
Multiple of increase compared 83 20 6.8 44

with healthy control

Figure 2. Detection of rare CD133*CK18*, CD133*CK 18" and CK18"CD133" cells in pleural effusion enriched by anti-CD45 antibody coated beads using
immunofluorescence staining. (C) Merged image of (A) CD133* cells and (B) CK18* cells, identifiying CD133*CK 18" cells. (F) Merged image of (D) CD133*
cells and (E) CK18* cells, identifying cells singly stained for CD133*CK 18" or CK18*CD133".

diameter of the metastatic tumor was ~20 mm (Fig. 1B). The
patient was administered chemotherapy with one cycle of
gemcitabine and oxaliplatin combined with abdominal cavity
perfusion and gemcitabine. However, the patient was insensi-
tive to the systemic therapy and succumbed to liver metastasis
and other complications 3 months later.

The plasma miR-21, miR-25, miR-103 and miR-151 levels
were notably increased in the serum of this patient, being
8.3,2.0, 6.8 and 4.4-times higher compared with that of the
average from five age- and gender-matched healthy controls,
respectively (Table II). Moreover, malignant cancer cells in
the pleural fluid were enriched by CD45-coated immuno-
magnetic beads. The number of cancer cells in the pleural
fluid was enumerated as 30/ml using Wright-Giemsa stain.
CD133*CK18*, CD133*CK18 and CK18*CD133" cancer cells
were detected in the pleural fluid of the patient (Table I;
Fig. 2).

Discussion

Although the only potentially curative treatment for pancreatic
ductal adenocarcinoma is surgical resection, the vast majority
of patients are diagnosed at stages that are too advanced to
undergo curative surgery. Therefore, biomarkers for early
detection and new therapeutic strategies are urgently required.

Pancreatic cancer has unique miRNA expression patterns,
which are different from those of other cancers, and enable
the differentiation of normal pancreatic tissue from benign
inflammatory pancreatic tissue (6). Overexpression of miR-21
in tumors is markedly associated with liver metastasis of
pancreatic cancer (7). In this patient, the plasma levels of
miR-21 were 8.3 times higher than those of the age- and
gender-matched healthy controls. The levels of the other three
miRNAs examined, miR-25, miR-103 and miR-151, were
also 2.0, 6.8 and 4.4 times higher compared with those of the
healthy controls, respectively (Table II). In this study, multiple
liver metastases and pleural fluid in the right chest were
detected by CT and ultrasonographic examination (Fig. 1).
Furthermore, increased serum CA19-9, ALP and y-GT levels
indicated malignant disease and liver metastasis. As this
patient was not fit for surgery, the diagnosis of pancreatic
cancer by pathology was not acquired. However, the diagnosis
could be confirmed by clinical symptoms, imaging diagnosis
and laboratory examinations.

We employed a method using CD45-coated immunomag-
netic beads to enrich cancer cells from pleural blood (4,8).
A total of 30 cancer cells/ml pleural effusion were enriched
and detected (Table I). CD133*CK18* double positive cells as
well as CD133*CK18 and CK18*CD133" single positive cells,
were detected in the pleural fluid of this patient. Our results
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support the recent findings from the Stanger research group,
which identified that circulating pancreatic cells maintained
a mesenchymal phenotype, exhibited stem cell properties and
seeded the liver in animal models of pancreatic cancer (9).

As CKs are markers of epithelial cells or epithelial origi-
nated tumors, they are often used to judge whether cells in
serous effusions are derived from epithelial cells (10). The
detection of CK18* cells in the pleural fluid implied that these
cells may have originated from epithelial tumor cells. The
different states of CD133* cancer cells in the pleural fluid may
reflect the heterogeneity of these malignant cancer cells. It
has been revealed that CD133 expression in pancreatic cancer
was exclusively tumorigenic and highly resistant to standard
gemcitabine chemotherapy (1,11). Cyclopamine is an effec-
tive method of reversing gemcitabine resistance in pancreatic
cancer with high levels of cancer stem cell markers (11). A
small number of cancers have CD133-expressing cells in
pleural effusion, which may imply resistance to standard
chemotherapy. Since the patient was admitted to hospital
with multiple liver metastasis and pleural effusion, alleviative
chemotherapy with gemcitabine and oxaliplatin combined with
abdominal cavity perfusion chemotherapy and gemcitabine
was administered. However, the patient was insensitive to
the chemotherapy and succumbed to liver metastasis and
other complications three months later. The patient may have
benefited from treatment with cyclopamine or other targeted
therapies. The most highly increased miRNA level in the
plasma of this patient was that of miR-21. Downregulation
of miR-21 results in an increased sensitivity of these cells to
gemcitabine (3,12-14). Measurement of plasma miR-21 levels
and serum CA19-9 may be helpful for early detection of
pancreatic cancer (5).

To the best of our knowledge, this is the first study of
CDI133" cancer cells in the pleural effusion of a pancreatic
cancer patient with liver metastasis. Detection of CD133*
cancer cells in the pleural effusion of this patient may imply
the chemoresistance and cancer stem feature of these cells,
which may provide physicians with significant information
for tailored treatment and evaluating prognosis. In addition,
the plasma miR-21, miR-25, miR-103 and miR-151 levels
were also increased compared with the healthy controls. This
molecular feature of the patient is consistent with the clinical
pathological parameters. Full elucidation of the molecular
and pathological features of pancreatic cancer may be a novel
strategy for tailored therapy.
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