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Introduction

Summary

Chronic inflammation as a risk factor for cancer development is driven in part
by monocyte/macrophages, which in many cancers exhibit pro-tumorigenic
activity. In this study we identified elevation in CD14*CD16%, a minor blood
monocyte subpopulation in cholangiocarcinoma (CCA) patients, compared
to normal and biliary disease patient specimens. Tumour association was
suggested by the observation that this elevated level decreased to normal after
tumour resection. Moreover, the elevated level of CD14*CD16" monocytes in
CCA patient blood correlated with degree of MAC387-positive (recent blood-
derived macrophage migrant-specific marker) tumour-associated macroph-
age infiltration as determined by immunohistochemistry. These CD14*CD16*
monocytes were suggested to enhance tumour progression as this subpopu-
lation possesses (i) high expression of adhesion molecules (CD11c, CD49d,
and CD54) and scavenger receptor (CD163), which enable them to adhere
strongly to endothelial cells, and (ii) that peripheral blood monocytes from
CCA patients express high levels of growth and angiogenic factor-related
genes (epiregulin, VEGF-A and CXCL3). Elevation of peripheral CD14*CD16*
monocyte levels was associated with features associated with poor prognosis
CCA parameters (non-papillary type and high number of tissue macro-
phages). These data indicate that the CD14"CD16* monocytes from CCA
patients with pro-tumorigenic characteristics may associate with rapid
tumour progression and poor patient outcome. If confirmed in subsequent
studies, the level of CD14*CD16* monocytes may serve as a marker for disease
activity in CCA patients and serve as a target for pathogenic macrophage
specific drug development.
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CD14 (CD14"CD167) and are thought to represent classical
monocytes that mediate inflammatory responses (‘inflam-

It is well documented that chronic inflammation contributes
to cancer development and disease progression in different
types of solid tumour. Macrophages represent the major
class of immune cells within the tumour microenvironment
[1,2], and have been shown to exhibit pro-tumoral function
[3]. The associations of tumour-associated macrophages
(TAMs) with poor patient outcome have been reported for
patients with various cancers [4-6].

It is generally accepted that blood monocytes, a heteroge-
neous cell population, are precursors of tissue macrophages.
Monocytes participate in pro- or anti-inflammatory condi-
tions depending upon their state of differentiation and acti-
vation [7]. The majority of monocytes express cell surface
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matory’ monocytes). A minor subpopulation of monocytes
also express the cell surface activation marker CD16, identi-
fying them as more mature than the CDI14'CDI16
subpopulation. CD14"CD16" monocytes are thought to be
the precursors of tissue-resident macrophages and are
referred to as ‘resident’ monocytes [8—13].

The functional significance of CD14"CD16" monocytes is
unclear. CD14*CD16" monocytes have been documented to
have proinflammatory activity, as they produce tumour
necrosis factor (TNF)-o after lipopolysaccharide stimulation
[14,15]. In addition, CD14"CD16" cells have been shown
to participate in anti-tumour responses as judged by
the enhanced production of proinflammatory cytokines

471



C. Subimerb et al.

[TNF-q, interleukin (IL)-12p40 and IL-12p70], reactive
nitrogen intermediate and increased cytotoxic and cytostatic
activity [16]. Conversely, in certain disease states
CD14*CD16* monocytes have been shown to promote
tumour growth and express the vascular endothelial growth
factor receptor (VEGFR) Tie 2-associated angiogenic activity
[17].

The CD14"CD16" subset of monocytes in healthy indi-
viduals varies from 3% to 13% of all CD14" cells [14,18-21],
but this proportion has been shown to increase in a number
of acute and chronic inflammatory syndromes, such as
acquired immune deficiency syndrome (AIDS) [22], bacte-
rial sepsis [23], solid cancer [24], AIDS dementia [25], acute
and chronic infection undergoing haemodialysis [26] and
sporadic amyotrophic lateral sclerosis [27].

Cholangiocarcinoma (CCA), a malignancy of bile duct
epithelial cells lining the intrahepatic and extrahepatic bile
duct, is now increasing both in worldwide incidence and
mortality rate [28]. CCA is found more frequently in South-
east Asia, with the highest prevalence in the Northeast of
Thailand. Both epidemiology and experimental evidence
implicate chronic inflammation from the carcinogenic liver
fluke Opisthorchis viverrini (OV), which is endemic in this
region, as a major risk factor for CCA in Thailand [29]. High
levels of infiltrating leucocytes within tumour tissues in the
OV infection-associated CCA hamster model support the
role of chronic inflammation in carcinogenesis and progres-
sion of CCA [30].

As TAMs derive from circulating monocytes that infiltrate
tumour tissues and differentiate to macrophages, in the
present study we have examined peripheral blood mono-
nuclear cells from CCA patients to determine whether
monocytes from CCA patients exhibited pro-tumorigenic
activity and whether an activated monocyte subset,
CD14'CD16" monocytes, occurred more often in patients
with CCA. In this study, we describe the correlation of
CD14'CD16" monocyte levels with clinicopathological fea-
tures and survival of CCA patients.

Materials and methods

Blood samples

Heparinized blood was collected from three subject groups,
namely healthy subjects (n=46), patients with benign
biliary tract disease (BBD, n=18) and CCA patients
(n=44). Specimens from histologically confirmed CCA and
BBD patients were obtained from Srinagarind Hospital,
Faculty of Medicine, Khon Kaen University after appropriate
human subjects approvals were in place. Pre- and two
6-month post-operative blood samples were collected from
five CCA subjects after tumour resection without additional
treatment. Specimens from healthy subjects were obtained
from the Health Check-up Unit, Srinagarind Hospital, and
were age- and sex-matched with CCA patients. These normal

controls had normal complete blood counts and liver func-
tion tests, and had no apparent chronic inflammatory dis-
eases such as diabetic mellitus or hepatitis. Informed consent
was obtained from each subject and the Human Research
Ethics Committee, Khon Kaen University approved our
research protocol (HE471214 and HE480312).

The age, gender, tumour location, histological grading and
pathological tumour—node—metastasis (pTNM) stage were
evaluated by reviewing the medical charts and pathological
records. Survival of each CCA patient was recorded from the
date of surgery to the date of death or to 13 June 2008.

Monocyte preparation

Heparinized blood was diluted with an equal volume of Ca*™*
and Mg free phosphate-buffered saline (PBS). The diluted
blood (2 vol) was overlayered on 1 vol of Ficoll Hypaque
(Axis-Shield, Oslo, Norway). After centrifugation at 350 g, at
room temperature for 20 min, cells at the plasma/Ficoll
Hypaque interface were transferred and washed with PBS.
After centrifugation (600 g for 5min), the left-over red
blood cells were lyzed with 5 ml red blood cell (RBC) lysis
buffer for 3 min and the suspension was centrifuged at 600 g
for 5 min. Peripheral blood mononuclear cells (PBMCs)
were collected and suspended in RPMI-1640 with 10% fetal
bovine serum (FBS). The PBMCs (5 x 10°) were incubated at
37°C for 3 h in a 10-cm plastic tissue culture dish to obtain
adherence of monocytes. The non-adhered lymphocytes
were washed out by two successive rinses with warm
medium. These preparations contained at least 90% mono-
cytes as assessed by immunofluorescent staining with anti-
body to the CD14 antigen.

Measurement of mRNA expression by real-time reverse
transcription—polymerase chain reaction (RT-PCR)

RNA extraction was performed using Trizol® Reagent (Invit-
rogen, Carlsbad, CA, USA), according to the manufacturer’s
protocol. Total RNA (500 ng) in 25 ul of sterile distilled
water was heated at 65°C for 10 min and chilled on ice for
2 min. The RNA solution was then transferred into a tube
containing first-strand reaction mixed beads (GE Healthy-
Care, Piscataway, NJ, USA), 0-5 uM random hexamer and
sterile distilled water to a final volume of 33 ul. Reverse
transcription was carried out in a 37°C water bath for 1 h.
Transcription copy number for a specific gene of interest
(EREG, VEGFA, CXCL3 and CXCLI0 and internal control;
[B-actin) was measured using an adaptation of a two-step
real-time RT-PCR method. PCR was performed with ~25 ng
c¢DNA sample using SYBR® Green PCR Master Mix assay
with the ABI 7500 real-time PCR system (Applied Biosys-
tems, Foster City, CA, USA). Amplifications included one
cycle of template denaturation at 95°C for 10 min, followed
by 40 cycles of 95°C for 30 s, 55°C for 30 s and 72°C for 45 s.
The presence of a single amplified product was confirmed by
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DNA melting-point analysis. Threshold cycles (Ct) for each
amplification reaction were determined using the 7500
System SDS software version 1-4 (Applied Biosystems, Foster
City, CA, USA). The gene-specific primers for individual
samples were normalized to signals obtained with B-actin
from the same sample. Relative change in gene expression of
CCA patients and healthy subjects was analysed using the
272 method, where ACt = (average Ctuge: — average Cucin)-
Significant differences between groups were analysed by
Student’s t-test.

Flow cytometry for monocyte subset

Approximately 1x 10° cells from heparinized blood were
stained immediately using a stain-and-then-lyse direct
immunofluorescence technique with CD14 fluorescein
isothiocyanate (FITC) and CD16 phycoerythrin (PE)
(Becton-Dickinson, San Jose, CA, USA), according to the
manufacturer’s specification. At least 5000 cells were
counted per analysis for CD14"CD16" monocytes using
Coulter EPICS_MXL (Beckman Coulter, Fullerton, CA,
USA) with CXP Software (Beckman Coulter).

The identification of surface adhesion molecules (CD11a,
CDll1c, CD18, CD29, CD49d and CD54 (Bioscience, San
Diego, CA, USA) and scavenger receptors (CD163, and
CD204; Bioscience) on CD14** and CD14*CD16" monocytes
was performed using PBMCs separated via Ficoll Hypaque
as described by the manufacturer (Axis-Shield, Oslo,
Norway). For four-colour staining, approximately 1 x 10°
PBMCs were stained with a CD14 Pacific Blue (Caltage,
Little Balmer, Bucks, UK), CD16 allophycocyanin (APC)
(Biolegend, San Diego, CA, USA) combination with a mix of
either FITC or PE conjugates identifying specific cell surface
markers. The expression levels of each molecule were mea-
sured and reported as mean fluorescence intensity (MFI) by
LSR flow cytometer (Becton Dickinson). At least 20 000
events per sample were analysed. Fluorescence gating param-
eters were established with all antibodies using isotype-
matched antibody controls; positive values represent those
above the 99% negative staining threshold.

Immunohistochemistry of tissue macrophages

CCA tissues were fixed in 10% neutral formalin buffer and
immunohistochemical staining was performed using an
immunoperoxidase method. Briefly, tissue sections were
incubated with 1:200 mouse monoclonal anti-human
myeloid/histiocyte antigen (MAC387 clone; Dako, Glostrup,
Denmark) for 30 min followed by the addition of Envision-
labelled polymer peroxidase (Dakocytomation, Glostrup,
Denmark) for 30 min. The MAC387 antibody was used to
define recent blood monocyte derived migrants rather than
using anti-CD68 antibodies, which recognize long-lived
tissue macrophages. After washing, the sections were reacted
with liquid 3,3’-diaminobenzidine tetrahydrochloride sub-

CD14*16" monocytes promote tumour progression

strate chromogen system (Dakocytomation). All slides were
counterstained with Mayer’s haematoxylin.

The densities of MAC387 at the leading edge of invasive
tumour were classified semi-quantitatively into four scoring
categories: 0 =negative; 17=1-25%; 2*=26-50%; and
3*=>50% (supplementary data). For statistical analysis, the
scores 0 and 1" were categorized as low expression and score
2% and 3" as high expression.

Statistical analysis

The numbers of CD14*CD16* monocytes among groups and
expression levels of the adhesion molecules and scavenger
receptors on CD14"CD16™ and CD14*CD16" monocytes
were compared and analysed with Student’s ¢-test. The asso-
ciations between levels of CD14*CD16" monocytes and clini-
copathological features of CCA patients and density of
MAC387-positive cells in CCA tissues were analysed using
cross-tabulation with the x*-test. Kaplan—Meier survival
analysis was used to estimate the overall survival and com-
parison between-group analyses were conducted with a log-
rank test. Statistic analyses were determined using SPSS
statistical software version 16.0.1 (SPSS Inc., Chicago, IL,
USA) and STATA version 8 (Statacorp, College Station, TX,
USA). P < 0-05 was considered statistically significant.

Results

Peripheral blood monocytes from CCA patients exhibit
pro-tumorigenic characteristics

Five CCA patients (three males, two females), average age
54-8 = 5:9 years, and four healthy subjects sex- and age-
matched with those of CCA patients, were asked to partici-
pate in this study. In order to investigate pro-tumorigenic
gene expression characteristics in CCA blood monocyte
populations from the peripheral blood of CCA patients, we
performed real-time RT-PCR of four candidate genes
including growth factor (EREG), angiogenic chemokines
(VEGFA and CXCL3) and an angiostatic chemokine
(CXCLI10). The results demonstrated that the EREG and
CXCL3 transcripts in monocytes from CCA patients were
significantly higher, whereas CXCLI0 transcripts were lower
when compared with monocytes from healthy subjects
(P <0-05) (Fig. 1). The expression level of VEGFA in mono-
cytes from CCA patients was higher than that of the healthy
group; however, that difference was not statistically
significant.

We analysed further whether the higher expression levels
of these pro-tumorigenic genes (EREG, CXCL3 and
CXCL10) observed in the monocytes from CCA patients
were due to the minor subpopulation CD14'CD16*
monocytes. We first analysed the amount of CD14*CD16*
monocytes in the peripheral blood from CCA and healthy
subjects used in the expression study and then analysed the
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Fig. 1. Expression levels of EREG, VEGFA, 10
CXCL3 and CXCLI0 of peripheral blood
monocytes from cholangiocarcinoma (CCA)
patients in comparison with those from healthy
subjects. Monocytes from CCA patients
expressed significantly higher levels of EREG 0.1
and CXCL3 and lower levels of CXCLI0 than

those from healthy subjects. *P < 0-05; Student’s 0-01

Fraction of B-actin

t-test. CCA

possible association of these cells with the expression level of
each gene using linear regression. The preliminary data indi-
cated that peripheral blood from CCA patients contained
higher number of CD14"'CD16" cells compared to those
from healthy subjects and the amount of CD14*CD16" cells
associated strongly with expression levels of CXCL3
(r=0-84; P<0-03) and had a tendency to correlate with
EREG, but without statistical significance (Fig. 2).

CCA patient blood specimens have high levels of
CD14*CD16* monocytes

Because previous studies have shown that CD14°CDI16"
monocytes exhibit features related to tissue macrophage
activation and anti-tumour response, in addition to our

*
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Fraction of B-actin

0-01
HE CCA HE

finding that these cells may exhibit pro-tumorigenic charac-
teristics, we next investigated whether this specific monocyte
subset was elevated significantly in the peripheral blood of
CCA patients in a larger sample size. To quantitate the
CD14*CD16" monocyte subpopulation in peripheral blood,
whole blood samples from CCA patients and healthy sub-
jects were stained with CD14 and CD16 antibodies and
analysed by flow cytometry. CD14"CD16" cells from healthy
donors (n =46) accounted for 13 = 6% of all CD14" mono-
cytes or 485 * 266 cells/ul blood. A dramatic expansion of
CD14'CD16" monocytes was observed in the blood from
both BBD (n=18) and CCA patients (n=44). The level
of CD14"'CD16" monocytes in patients with CCA was
30 = 12% of all monocytes or 171 = 129 cells/ul, which was
significantly higher than those of patients with BBD
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Fig. 2. The association of CD14*CD16 X (n=5) (n=4) Absolute CD14* CD16* monocyte (cell/ul)
monocytes from cholangiocarcinoma - -
(CCA) subjects and expression levels of y = 0-003x + 0-448 y = 1E-05x + 0-052
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pro-tumoringenic genes. (a) Amount o 10: 1 .
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EREG (P = 0-41), CXCL3 (P < 0:03) and 0-1
CXCL10 (P=0-88).

Absolute CD14* CD16* monocyte (cell/ul)

Absolute CD14" CD16" monocyte (cell/pl)
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(23 =10% of all monocytes or 109 * 89 cells/ul) and
healthy subjects (P < 0-05; Fig. 3a,b).

The association of CD14"CD16" monocytes and tumour
tissues was investigated further by quantifying the levels of
CD14*CD16* monocytes from peripheral blood of CCA
patients’ pre- and post-tumour resection. Five CCA patients
who did not obtain any treatment after tumour resection
were included in this study. The elevated level of
CD14'CD16" monocytes observed in the CCA patients
(n=5) was 29 = 9% of all monocytes or 111 * 28 cells/ul,
and decreased significantly to near the normal level
(16 = 5% of all monocytes or 68 = 24 cells/ul) after tumour
removal (P < 0-05; Fig. 3¢,d).

Surface antigen expression patterns define unique
features of CCA associated CD14*CD16* monocytes

Adhesion molecules and scavenger receptors on monocytes
may be involved in the localization of cells to a compartment
such as the marginal pool and/or may represent define
distinct subsets related to monocytic differentiation/
maturation. To study whether the two monocyte subpopu-
lations (CD14"CD16™ and CD14*CD16") differed in surface
antigen expression, a four-colour flow cytometric analysis
was performed. We found that several monocyte subset
markers, CD11c, CD49d and CD54, were elevated signifi-
cantly in CD14*CD16* monocytes compared with those of
CD14*CD16™ subset (P < 0-05) (Table 1). The expression of
two scavenger receptors (CD163 and CD204) showed trends
towards higher levels on CD14*CD16" monocytes than
CD14'CD16™ monocytes; however, these differences were
not statistically significant. These data are consistent with
blood CD14"CD16" monocytes having properties of mature
tissue macrophages and may be the blood form of macroph-

age responsible for supporting tumour growth and disease
progression.

Elevated levels of blood CD14*CD16* monocytes are
associated with poor prognosis in patients with CCA

CD14'CD16" monocyte levels were elevated in subsets of
CCA patient blood specimens. To test whether these cells
would be associated with CCA disease, pathogenesis, clini-
copathological parameters of CCA patients and density of
TAMs (MAC387 positive recent blood-derived macrophage
migrants) in CCA tissues were analysed by univariate
analysis. Only CCA patients with complete clinicopathologi-
cal parameters (n =37) were included in the analysis. CCA
subjects were divided into two groups according to the
mean * standard deviation of the blood CDI14*CDl16*
monocyte levels in healthy subjects, into patients with low
(<100 cells/ul) and patients with high levels (>100 cells/pl)
of CDI4"CD16" monocytes. Immunohistochemistry of

Table 1. Phenotypes of CD14'CD16 and CD14*CD16* monocyte
subpopulations.

CDI14*CD16- CD14*CD16* P-value
Adhesion molecules
CDl1la 1149 = 564 137-3 £ 66-4 0-478
CDl1c 276-6 = 40-1 3726 = 54-11 0-001
CD18 738:5 = 108-4 779-1 = 1365 0-521
CD29 601-2 = 211-8 701-5 = 2672 0-420
CD49d 99-4 = 259 176:6 £ 77-2 0-018
CD54 139-8 * 34-7 159-7 = 47-6 0-035
Scavenger receptors
CD163 353 £ 13-8 41-8 = 150 0-399
CD204 16:1 = 44 24-7 £ 126 0-091
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Table 2. The correlation of CD14*CD16™ monocyte levels and clinicopathological parameters.

CD14*CD16" count
(cells/ml)
Variable Number Low (%) High (%) P-value
Age (years) 0-588
<57 20 5 (25) 15 (75)
=57 17 3 (17-6) 14 (82-4)
Sex 0-321
Female 15 2 (133) 13 (867)
Male 22 6 (27:3) 16 (80)
Tumour location 0-795
Intrahepatic CCA 20 4 (20) 13 (76:5)
Extrahepatic CCA 17 4 (23-5) 12 (66:7)
Tumour type 0-767
Mass-forming type 9 2 (22:2) 7 (77-8)
Periductal infiltrating type 20 5 (25) 15 (75)
Intraductal growth type 8 1 (12:5) 7 (87:5)
Tumour stage 0-752
11 10 3 (30) 7 (70)
[I-1v 27 5 (18:5) 22 (81-5)
Histology type 0-040
Non-papillary 25 3 (12) 22 (88)
Papillary 12 5 (41-7) 7 (58-3)
Vascular invasion 0-379
Absent 28 7 (25) 21 (75)
Present 9 1(11-1) 8 (889)
Tissue macrophages (MAC387" cells) 0-040
Low 12 5 (417) 7 (583)
High 25 3 (12) 22 (88)

CCA: cholangiocarcinoma.

MAC387 staining demonstrated that tumour tissue from
CCA patients with a high level of blood CD14*CD16" mono-
cytes exhibited a high density of tissue MAC387-positive
cells (Table 2). These macrophages were observed at the
leading edge of tumour tissues and perivascular areas
(Fig. 4a). As shown in Table 2, a high level of CD14*CD16*
monocytes was associated significantly with non-papillary
type CCA and the high density of TAMs with positive
MAC387 staining in CCA tissues (P < 0-05). There was no

Fig. 4. (a) The distribution and density of
tissue MAC387 positive cells in tumour tissue.
Immunostaining of MAC387-positive cells at
leading edge of invasive tumour and
perivascular areas (x40 HP); (b) The
Kaplan—Meier survival curves of
cholangiocarcinoma (CCA) patients who had
high or low levels of CD14*CD16" monocytes
(median: 257 days and 365 days, respectively).

correlation between levels of CD14*CD16" monocytes with
gender, age, tumour location, tumour staging and vascular
invasion.

Overall survival was compared among CCA patients with
low and high levels of CD14*CD16" monocytes. Patients
with survival under 30 days were labelled as ‘peri-operative
death’ and were excluded from the analysis. There was no
significant difference in the median overall post-resectional
survival between CCA patients with low and those with high

(b)
1.0
P =0-597
08
=
U% o6 L Low level
= | th n= 8
S04t 0 T . =8
g High level
o2 (n = 29)
00
0 200 400 600

Days
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levels of CD14'CD16* monocytes (log-rank, P=0-597)
(Fig. 4b). However, the higher frequency of patients who had
post-resectional survival for 11 months in the CCA patients
with low levels of CD14"CD16" monocytes (six of eight,
75%) than those with high levels of CD14*CD16* monocytes
(13 of 29, 44-8%) was noticed.

Discussion

The roles of tumour-associated macrophages enhancing
tumour growth by secreting various growth factors and pro-
angiogenic cytokines are well documented. Monocytes are
precursors of tissue macrophages and may exhibit special
functions within a tumour environment. In the present study,
we have shown that monocytes from peripheral blood of CCA
patients had tumour-promoting characteristics, as these cells
expressed higher levels of growth factor (EREG) and angio-
genic chemokines (CXCL3) but lower levels of angiostatic
chemokine (CXCLI0) genes than monocytes obtained from
healthy people. The expression pattern of these cytokines
indicates that peripheral blood monocytes from CCA
patients possess the M2 pro-tumorigenic phenotype. It has
been shown in many studies that various tumour-derived
molecules drive TAMs towards the tumour-promoting M2
phenotype [31,32]. Thus, peripheral blood monocytes from
CCA patients may be influenced by tumour-derived
molecules to express pro-tumorigenic factors, migrate to
tumour-involved areas and differentiate to tissue macro-
phages to support growth and progression of the tumour.

The presence of elevated levels of CD14*CD16* mono-
cytes with tissue macrophage features and the association of
this subpopulation with disease has been shown in various
pathological conditions, including infection, inflammatory
syndrome, sepsis and cancers. In the present study, we dem-
onstrate for the first time that patients with CCA have
increased levels of CD14*CD16" monocytes in their blood.
The direct association of this monocyte subpopulation with
CCA tumour tissue is demonstrated by the fact that the
elevated level of CD14*CD16* monocytes was decreased to
near the normal level found in healthy subjects after
tumour resection. CD14"CD16" monocytes evolve from
CD14*CD16™ monocytes [21]. Certain cytokines, e.g. mac-
rophage colony-stimulating factor (M-CSF) [24], as well as
IL-10 in the presence of M-CSF and IL-4 [33,34], have been
shown to increase the proportional level of CD14*CD16"
monocytes from CD14'CD16™ monocytes as precursors.
CCA tumour tissues may produce these specific cytokines
that possibly induce elevated levels of CD14*CD16" mono-
cytes in CCA patients. High expression of granulocyte
colony-stimulating factor (G-CSF) and granulocyte—
macrophage colony-stimulating factor (GM-CSF) in tumour
epithelium of human intrahepatic CCA tissues reported by
Sasaki [35] may support this postulation.

High expression of adhesion molecules CD11a, CDl1Ic,
CD18, CD29, CD49d and CD54 found in CD14*CDI16"

CD14*16" monocytes promote tumour progression

monocytes implies that this monocyte subpopulation may
adhere strongly to vascular endothelium and this may sub-
sequently promote migration of blood monocytes into
tumour-involved areas. There is substantial evidence that
monocyte recruitment from the circulating bloodstream to
sites of inflammation involves a complex sequence of adhe-
sion and cytoskeletal events mediated by members of the
integrin family. CD11b/CD18 and CD11¢/CD18 regulate the
effecter responses of leucocyte adhesion [36]. Elevated
expression of CD11c also contributes to greater number of
receptors present in clusters that are able to participate in
ligand engagement and increased strength of adhesion
[37,38]. The high density of MAC387-positive cells found in
the leading edge of tumour and especially within perivascu-
lar areas as shown in this study may reflect recent blood-
derived monocytes/macrophages recruited into the tumour
vicinity. As MAC387 is not a general macrophage stain, but
one that recognizes a tissue invasion molecular complex
(S100A8/A9) required for transit from blood to tissues, it is
likely that the MAC387* cells in CCA represent recent
migrants. The association of MAC387* cells found in CCA
tissues and the worst survival of patients has been reported
recently [39]. As CCA cells rarely expressed matrix
metalloproteinase-9 (MMP-9), while these tissue macroph-
ages expressed MMP-9, it is therefore likely that the tissue
macrophages are critical for degrading extracellular matrix
and facilitating tumour metastasis.

High levels of CD14*CD16" monocytes may influence
tumour pathogenesis; however, it may also reflect the inflam-
mation condition, as higher levels of these monocytes than
those of healthy people were also observed in patients with
benign biliary diseases. The observation that a higher fre-
quency of patients surviving 11 months was found in the
patients with low levels of CD14*CD16" monocytes than
those with high level of CD14'CD16" monocytes. In addi-
tion, high levels of CD14*CD16" monocytes were associated
with poor prognostic types of CCA — namely non-papillary
type CCA and high density of TAMs. Recent studies have
shown that CD14"CD16" but not CD14*CD16™ monocytes
expressed Tie 2 [17], which is an angiopoietin receptor (Tie
2/Tek) found in the human peripheral blood monocyte sub-
population with marked tumour-promoting proangiogenic
activity. Angiopoietin 2 (Ang 2), a Tie 2 ligand, is found
mainly in activated and angiogenic blood vessels as well as
cancer cells [40], and may induce transmigration of Tie
2/CD14"CD16" monocytes into the tissues [40,41]. These
data support our hypothesis that CD14*CD16" monocytes
found in peripheral blood of CCA patients may be the
subpopulation of TAMs with angiogenic properties and
promote tumour progression.

Taken together, this study indicates that peripheral blood
monocytes from CCA patients exhibit pro-tumorigenic fea-
tures which may facilitate progression of CCA. An expansion
of the CD14*CD16" monocyte subpopulation found in
peripheral blood of CCA patients was associated with
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tumour origin, high density of tumour-associated
macrophages and poor prognosis of patients. It is likely that
this monocyte subpopulation possibly promotes tumour
progression and hence, if confirmed in subsequent studies,
the therapy targeting to this monocyte subset may be an
alternative treatment of CCA.
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