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�/��%"#7����  <�$����
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��
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����"���,����%"#7���� ��:����� CD14+/CD16+ monocytes 6#
�J"�
)�$�%�

$��%��#:$��"�%����#��
����� (P < 0.05)   ���:����� CD14+/CD16+ monocytes ����,
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�J"�<)*:K����
�/��%"

#7������������"�%����#��
�����
�J�"���$*"#��
�/�""$ (P < 0.05)   �
���%�:����� CD14+/CD16+ monocytes 
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�/�  #"$+�$#�7����,�%�$��%�
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:;# activated monocytes 

���
����#&�$�,��
�/��%"#7�����#�� non-papillary  

$��	H$A�#�7�����
)+#�6!*
!/#�%� monocytes 6#
�J"�<)*:K��
����#&�$�, tissue macrophage 6#
#J7"
�J�"��
�/�

�����,�,��
�����6#$��
$J7"!#�#$���������������$�����%��$��#�"�
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�/� $�������� activated tissue 
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:;#��������� �,$��%�
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���",
#J7"
�J�"��
�/�
%�#������$�,


#J7"
�J�":$�����,��
���",

*#
�J"�6#
#J7"
�J�"��, �����$���
��""$�"� MMP9 VH��
:;#
"/#=V��
�����6#$���%"�


���
#J7"
�J�"
$������#6#$*"#��
�/� #"$+�$#�7<)*:K�����
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�J�"��
�/���
V���$��%� Mac387 �����$���
��""$�"� 

MMP9 +��#�#��$�������"����
�7#$�%�<)*:K�������$��%�
V������$�%��6#:���������"�%����#��
�����  

$��	H$A�$���
��""$�"���#6#
�/�
�J"�������6�* microarray   �,�%�$��%���#����
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)�6#
�/�
�J"�

����"�<)*:K����
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����"���,����%"#7��������"�$��%��#:$�� ���$��%���#
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�
��""$�"���#�����$���
��""$
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+$,�������

���
����@+��
:;#$��%�=�*  =�*���$��
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$�����*"�$�, proteolytic activity 3 ��# ������#��
:;#�%� risk 

score �,�%�
����@��$<)*:K����
�/��%"#7������� risk score =�*
:;# 2 $��%� ���<)*:K�������$���
��""$�"� risk 

score 
)��������"��������$�%�<)*:K�������$���
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@��� �*"�)�
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Abstract 
Project code: BRG4980015 

Project title: Identification/characterization of cholangiocarcinoma associated   macrophages 

and its applications 

Investigators:  Associate Professor Sopit Wongkham, et al 

Affiliation: Faculty of Medicine, Khon Kaen University 

E-mail address:  sopit@kku.ac.th 

Project period: 2007-2009 (3 years) 

This prospective study was aimed to investigate the supportive role of monocytes on cancer 

pathogenesis in cholangiocarcinoma patients.  The level of CD14+/CD16+ monocytes was higher in 

Cholangiocarcinoma than benign biliary disease patients and healthy persons (P < 0.05)   The level of 

elevated CD14+/CD16+ monocytes found in cholangiocarcinoma patients was decreased after tumor removal, 

indicating the association of these monocytes with tumor tissues.  In addition, these typical monocytes 

exhibited activated-monocyte phenotyes and were associated to non-papillary type Cholangiocarcinoma. 

Peripheral blood monocytes were related with tissue macrophages in tumor tissues.  It has been 

documented that these tissue macrophages supported the viability and invasiveness of tumor.  The 

immunochemistry indicated that macrophages with Mac387 positive cells were found densely at the tumor 

edge and perivascular area.  Moreover, these Mac387 positive cells expressed MMP9 which is necessary for 

extra-cellular matrix resolving.  Patients with high Mac387 and high MMP9 positive cells have significantly 

shorter survival than those who has low Mac387 positive cells. 

The microarray-expression profile of peripheral blood cells indicated the different expression patterns 

between blood cells from patients with Cholangiocarcinoma and benign biliary diseased as well as healthy 

persons.  The expression profile of blood cells from Cholangiocarcinoma patients exhibited cancer and 

inflammation functions whereas those of healthy persons were associated with immuno-reactivity. The 

expression profile of blood cells from Cholangiocarcinoma patients can be categorized into different groups or 

as individual.  Three genes with proteolytic activity were validated and calculated as “risk score”.  

Cholangiocarcinoma patients were divided according to the “risk score” into 2 groups: high and low risk 

score. Survival analysis indicated that patients with high “risk score” had significantly shorter survival than 

those with low “risk score”.  This preliminary result suggested the potential of using blood transcriptome as 

surrogate marker for Cholangiocarcinoma.  

 

Key words: monocyte, tissue associated macrophage, blood transcriptome 
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Executive Summary 

 

Tissue macrophage 
:;#
V��������,�,��
������%"$��
$�����&�
���6#
#J7"
�J�"!�J""����� ���
Z���

������
�/� $��	H$A�6#��
�/�!����#���
���%� tissue macrophage ���!#*����
#�,
#�#$��
��,�����$��

���%$��+���"���
�/�  ����$����+��#�7��%�	H$A�,�,���"� tissue macrophage 6#
#J7"
�J�"��
�/��%"#7���� ���
V���


�/�
�J"�����#�� monocyte 6#
�J"�VH����!��$`�#�
���%�
:;#
V������"%"#�"� tissue macrophage #"$+�$#�7�����

�����#��+��6#<)*:K������%�� }�
���%�6#
�J"�<)*:K���� monocyte $��%�6!�% (CD14+/CD16+ monocytes) �����$��

�
��""$��7� CD14 (marker �"� monocyte) ��� CD16  (marker �"� tissue macrophage) ����,,�<#$��

�
��""$�"�
V���$��%�#�7��
"$��$A��
Z����������#���"����  $����+��#�7+H������@�:��
������+����+���:��������

	H$A��,,�<#$���
��""$�"� CD14+/CD16+ monocytes 6#
�J"�<)*:K����
�/��%"#7���� �����
�����`�#�%� 
V���  

CD14+/CD16+ monocytes ���
�/�
�J"�����"�<)*:K����
�/��%"#7�������,,�<#$���
��""$
Z���������
����#&�$�,

��������"�<)*:K�� VH��
����@#��=::����$��6�*6#$����#�+Z��-���$������!�J"��(#��#����$����$A��%"=:  

 $��	H$A�#�7
:;# prospective study <�$����
����!�:����� CD14+/CD16+ monocytes 6#
�J"��"�<)*:K��

��
�/��%"#7���� 31 ��� $��%�<)*:K����������&�
����"���,����%"#7���� 23 ��� ���$��%��#:$��  47 ���  �,�%�$��%�

<)*:K����
�/��%"#7�������$��%�<)*:K����������&�
����"���,����%"#7���� ��:����� CD14+/CD16+ monocytes 6#
�J"�
)�

$�%�$��%��#:$��"�%����#��
����� (P < 0.05)   :����� CD14+/CD16+ monocytes ����,
)�6#
�J"�<)*:K����
�/��%"

#7������������"�%����#��
�����
�J�"���$*"#��
�/�""$ (P < 0.05)   �
���%�:����� CD14+/CD16+ monocytes 


$�����*"�$�,������
�/�  #"$+�$#�7:����� HLA-DR VH���
��@H����� activated monocytes �"�$��%�<)*:K����
�/��%"

#7�������
)�$�%�$��%��#:$��"�%����#��
����� (P < 0.05)  
�%#$�#  $��	H$A�
,J7"��*##�7�
���%� CD14+/CD16+ 

monocytes �"�$��%�<)*:K����
�/��%"#7������$�%��+�$$��%���,������������
����#&�$�,���$����
:;#��
�/� ���

�,�%�:����� CD14+/CD16+ monocytes 6#
�J"�<)*:K����$�%��$�#��!�%��$��%�<)*:K����
�/��%"#7�����#�� non-

papillary $�, papillary "�%����#��
�����    


�J�"��
)+#�����
����#&���!�%�� monocytes 6#
�J"�<)*:K��$�, tissue macrophage VH����,�,��
�����6#$��


$J7"!#�#$���������������$�����%��$��#�"�
V�����
�/� =�*���$�������� activated tissue macrophage ����:��


���+�$
�/�
�J"�$��%� monocytes ���6�* Mac387 
:;#��������� �,$��%�
V������$�%��!#��#%#,��
���",


#J7"
�J�"��
�/�
%�#������$�,
#J7"
�J�":$�����,��
���",

*#
�J"�6#
#J7"
�J�"��, #"$+�$#�7����,�%�$��%�
V������$�%����

$���
��""$�"� MMP9 VH��
:;#
"/#=V��
�����6#$���%"�
���
#J7"
�J�"
$������#  <)*:K�����
#J7"
�J�"��
�/���
V���$��%� 

Mac387 �����$���
��""$�"� MMP9 +��#�#��$�������"����
�7#$�%�<)*:K�������$��%�
V������$�%��6#:���������  

<�$����+��
!�%�#�7
#�,
#�#
�����`�#����%� activated tissue macrophage ����:��
���+�$ monocytes �
��

,�,��
:;#
V������
$J7"!#�#$���������������$�����%��$��#�"�
V�����
�/� 

$��	H$A�$���
��""$�"���#6#
�/�
�J"�����"�<)*:K����
�/��%"#7����
���,$�,$��%�$��%�<)*:K����������&�


����"���,����%"#7���� ���$��%��#:$�� ���6�* microarray   �,�%�$��%���#����
��""$
)�6#
�/�
�J"�����"�<)*:K��

��
�/��%"#7������$�%��+�$�"�<)*:K����������&�
����"���,����%"#7���� ����"�$��%��#:$�� ���$��%���#�����$��

�
��""$
)�6#
�/�
�J"�����"�<)*:K����
�/��%"#7����
%�#6!�%
$�����*"�$�,������
�/�������� inflammation  6#���

���$��%���#�����$���
��""$
)�6#
�/�
�J"�����"�$��%��#:$��
$�����*"�$�, immune response  $����
����!�����,$��

�
��""$�"���#���
�J"$��	H$A�+��#�# 11 ��#�����&� real time PCR 6!*<�
"���*"�$�,<��"� microarray   

$��	H$A���#��7� 11 �#��6#
�/�
�J"�����"�<)*:K����
�/��%"#7���� 35 ��� ����#:$�� 21 ���  �����
����!��,,

�<#$���
��""$�"���#��7� 11 �#��6#
�/�
�J"����
:;#���,���� �,�%����,,�<#$���
��""$��7����
:;#:Y+
+$

,����������
����@+��
:;#$��%�=�*  ���
�J�"
�J"$$��%�+�#���
$�����*"�$�, proteolytic activity ��+��$��%����
�*��
�$��

�������
�J�"�������!#*�����"���#
!�%�#�7
:;# risk score ��*� �,�%�
����@��$<)*:K����
�/��%"#7������� risk 
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score =�*
:;# 2 $��%� �J"$��%�<)*:K�������$���
��""$�"� risk score 
)����$��%������$���
��""$�"� risk score ���� 

���<)*:K�������$���
��""$�"� risk score 
)��������"��������$�%�<)*:K�������$���
��""$�"� risk score ���� "�%����

#��
��������
@��� �*"�)�
,J7"��*##�76!*�*"�)�6!�%���#%�
#6+���,%���7@H�����
:;#=:=�*6#$��6�*�,,�<#$���
��""$

�"�
�/�
�J"����=::����$��6�*6#$����#�+Z��!�J"��(#��#����$����$A��%"=:  

<�$����+��#�7=�*

#"6#$��:���������$��#�#����� 7 
�J�"� ����,���� 1 
�J�"� ����������6#���
��

#�#�������*� 3 
�J�"� ���������*� 2 
�J�"� "�)%6#��!�%��
%��������"�$!#H��
�J�"�  #"$+�$#�7����$��#�7���=�*
#�,
#�#$��

��������#��#&��"�#�$	H$A�����$��:�����
"$$���+#���
A$ 
����������
������$������� �J" #��
�� ������ 

������"���
"�, VH��
��
�/+$��	H$A���*�6#:?$��	H$A� 2552 
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������� �����������
���������������	�!"

�#
�$��
���%�&��'��()��!������*�����+�,�- 

Identification/characterization of cholangiocarcinoma associated   macrophages 

and its applications 

 

1. ����
)��
L�����������	
� 

$*"#��
�/�:��$",�*��
V�����
�/����
V���"J�# }���:��$",$�#
:;#��������*"����
#�,
#�#$��
$�� $��


+������$�����%��$��#�"�
V�����
�/� 
V���
!�%�#�7=�*�$% 
V���=���# =~�,�,��
 ���
V���
�/�
�J"����  VH��
V���


%�#6!�%����,6#��
�/�!��� }�#��
:;#
V���������~�+VH��@)$
!#���#��6!*������$������$���
��""$6#����,

��
�$����� cytokines ���!����+�$
V�����
�/����"���:��$",�"�
V���6#$*"#��
�/�#�7#   $��	H$A���7�6#����,

:��,���$�����6#
�������"��
���%� 
V�����
�/�
����@$��$�,���
!#����#��6!*������~�+
�*�����!����
���%�� }���


#�,
#�#$��"�)%�"� $����(#����$����$��#�"�
V�����
�/� �*��
!��#�7+H��,����
����#&���!�%��:�����������

~�+6#
#J7"
�J�"��
�/� (tumor associated macrophages, TAMs) $�,���$���������=�%��6#<)*:K����
�/���,��$�#��

�����7���
�/��%"#7���� 

 ��*�%�#�$�����	�
���+����,��#�#��*��%� 
V���������~�+����,6#$*"#��
�/�������!��$ !��� ��%

#�$�����	�
���
�������!#�$�%�
V��� monocyte 6#
�J"�VH��
:;#�*#$��
#���"�
V���������~�+����,6#$*"#��
�/�$/��

����!��$!���
�%#$�#  $����
����!���
�$��,#<��
V������6�* monoclonal antibody �����
����!��*�� flow 

cytometry ���6!*#�$�����	�
����,
V��� monocyte "�$$��%�!#H�������$���
��""$�"� CD14+/CD16+ ������*",%���7�%�


V���
!�%�#�7
:;#$��%�
V������+���(#�
:;#������~�+����,6#
#J7"
�J�" (circulating/activated/tissue macrophages)  ��

�����#$�����+�,
V���$��%� CD14+/CD16+monocytes 
)��H7#��$$�%�:$��6#
�J"��"�<)*:K������%�� }�����7�

<)*:K�������
�/�  #"$+�$#�7����������#����
����#&��"�����, CD14+/CD16+monocytes 6#
�J"�$�,��������

��#����"����#�7# }
�%#  HIV-associated dementia ��� sporadic amyotrophic lateral sclerosis   

�����#��+��+������H7#
�J�"��
)+#�
����`�#���
�J�"�%� 
V���$��%� circulating/activated/tissue macrophages 

!�J" CD14+/CD16+monocytes ����,6#
�J"�<)*:K����
�/��%"#7������$���
��""$���+��
����%"��
�/������������$�%��

+�$$��%�
V�������,6#�#:$�����/!�J"<)*:K����������&�
����"���,,�%"#7���� �����)*���=�*+����6!*
$������
�*�6+6#

,�,���"�
V���$��%�#�76#$��,�#$��$%"������%��$��#�"���
�/��%"#7����  #"$+�$#�7$���
��""$���+��
�������,6#


V���$��%����$�%��"�+#����:����$��6�*
:;#���,%���7����������&�
����"���
�/�6#<)*:K��=�*  

2. �
+;�*��
������������� 


�J�"��
)+#��%� 

2.1 ��
V���$��%� CD14+/CD16+monocytes 6#
�J"�<)*:K����
�/��%"#7�������
V���$��%�#�7
����#&�$�,����������

���&�
����"�<)*:K�� 

2.2  circulating/activated/tissue macrophages ����,6#
#J7"
�J�"<)*:K��
$�����*"�$�,���&�
����"���
�/� 

2.3 $���
��""$�"�
V���$��%� CD14+/CD16+monocytes �"�<)*:K����
�/��%"#7������
"$��$A�������$�%��+�$

�#:$�����<)*:K����������&�
����"���,,�%"#7�������
����@6�*
:;#���,%���7������6#$����#�+Z��!�J"

���$��������
�/��%"#7����=�* 
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3. �1��������� 

  =�*�,%�$��	H$A�#�7
:;# 3 ��7#�"#����<#�)�� 

 

 
 

����$��#�7=�*��,$����,�"�$�����
#�#$����+��+�$���$���$��+���&���$����+��6#�#�A�� �!����������"#�$%# 


����� HE471214  

Number of circulating CD14+/CD16+ 

monocytes associated to clinical feature or 
survival of patients 

Probably be prognostic 

Study design

 
 
 
3rd 
year 

YES NO 

Statistic analysis 

CD14+/CD16+monocytes subpopulation 
exist in peripheral blood from CCA patients  

Verify specific genes of CCA associated 
CD14+/CD16+monocytes in tumor tissue of CCA patients 

Verify specific genes of CCA 
associated CD14+/CD16+monocytes in 
large number of CCA patients 

CD14+/CD16+monocytes has distinct 
expression profile related to CCA 

Peripheral blood monocytes 

Flow cytometry of circulating CD14+/CD16+ 

monocytes of CCA patients comparing to 
those healthy persons and benign 

 
 
 
 
2nd 
year YES NO 

DNA Microarray of 
CD14+/CD16+monocytes from 
CCA patient comparing to 
controls 

X

1st

year 
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4. 1������	
� 

 4.1  	H$A� CD14/16 monocyte 6#
�J"�<)*:K����
�/��%"#7���� 

4.1.1 $��
��������"�%�����:��,����`�#$����
", 

$��
�����
�/�
�J"�
�J�"	H$A� CD14+/CD16+ monocytes 
#J�"�+�$$��
�����
�J"�
�J�"	H$A� CD14/16 

monocyte 
����@���=�* 2 ��&� �J"$����$ monocytes +�$
�J"�$%"#��
����!� !�J"6�* whole blood +H�=�*

���$��	H$A�
:���,
���,$��
�����
V�����7� 2 ��&�   �,�%���7� 2 ��&�=�%��$�%��$�# ��%$��6�* whole blood �%�� 
���$

$�%����=�%��:Y�!�
�J�"�
V���
)�!����!�%��$�������  $����+��#�7+H�6�* whole blood 
:;#���"�%��6#$��	H$A��%"=:  


#J�"�+�$����
�,)���6#$��������
�/�
�J"����6#���"�%��
�J"���<��%"$����
����!� CD14+/CD16+ 

monocytes �����&� Flow cytometry  +�$$��
:���,
���,$��������
�/�
�J"�����*�� lysis solution �,�%���&����6!*<�

�����
�� �J" $��6�* lysis solution 2 ml �%" heparinized blood 0.1 ml 6#
��� 5 #��� ���"��!�)�� 25oC ����*���*�� 

lysis solution V7��"�$���7� +H�6�* protocol #�76#$��
��������"�%��
�J�"	H$A� CD14+/16+ monocyte �����&� Flow 

cytometry �%"=: 

$����+��#�76�*
��J�"� Flow cytometer: Coulter Epics XL-MCL (Beckman Coulter) 6#$����
����!�   ���$��

����"#��,"���%"�"#��
+# 3 �����
� fluorescent �����$�%��$�# 3 �#��,#<��
V��� monocytes �J" Anti-CD14-FITC, 

Anti-CD16-RPE ��� Anti-HLA-DR-RPECy5  ���6�* isotype IgG1-RPE ��� IgG2-RPECy5 
:;#���
:���,
���,


�J�"�
������+��
����"��"#��,"�����
����6�*������  
����@:��,����:�
�J�"6!*"%�#�%��"��"#��,"����%���#��=�*

����
��6#�):��� 1  

 

 
 


:���,
���,$��6�* antibody �������
�*��*#�%�� }�,�%� $��6�* antibody ���������
�*��*#����6!*<���$�%� 


����@�� false positive ��� background =�*  (�):��� 2) +H�
�J"$6�* antibody �������
�*��*#����6#$���*"�
V�����

�����:�:��#�"�$����
", ���
#J�"�+�$���"�%��
�J"�<)*:K����
�/��%"#7�������=�*+�$!*"�<%����6#��%����#=�%

�#%#"# ��%$���*"�
V��������
����!� �*"�6�*
�J"�
�������$����
����!����6#��#
����$�# VH��,�����7�=�*��,
�J"�6#


���
�/#���6!*=�%
����@��
����!�6#��##�7#=�*  ���#�7#+H�=�*	H$A�
:���,
���,�%�$��
��������"�%��-�*"�
V������

��
����!���� Flow cytometer ��#��$�,$��
$/,
V�������*"�=�*��*������
����!�6#��#��%��H7#6!*<���$�%��$�#!�J"=�%  

+�$$��
:���,
���,���"�%��
�J"� 5 ���"�%�� �,�%�=�%��������$�%��$�#���
@��� ����
�6#�������� 1 ����):��� 3  

���#�7#
�J"�<)*:K��������$���*"�=�*
����@#������
����!�<� FACS 6#��#��%��H7#=�* 

 

�):��� 1  ���"�%��$����
����!� CD14/16 ��� HLA-DR monocytes ��� FACS 

A B

C D

A B

C D
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2.262.211.391.281.451.531.410.99SD

8.338.2365.7425.9588.0067.8325.8185.75Mean

8.028.965.736.247.277.026.125.71H40

10.610.88.078.028.918.28.157.42H39

4.8255.125.125.85.65.045.12H38

8.217.184.364.759.269.084.674.86H37

109.245.435.668.799.265.115.64H36

CD14_16
Overnight

CD14_16
Within D

%CD14
Overnight

%CD14
within D

CD14_16
Overnight

CD14_16
within D

% M 
overnight

% M 
within D

SSC/CD14FSC/SSC

2.262.211.391.281.451.531.410.99SD

8.338.2365.7425.9588.0067.8325.8185.75Mean

8.028.965.736.247.277.026.125.71H40

10.610.88.078.028.918.28.157.42H39

4.8255.125.125.85.65.045.12H38

8.217.184.364.759.269.084.674.86H37

109.245.435.668.799.265.115.64H36

CD14_16
Overnight

CD14_16
Within D

%CD14
Overnight

%CD14
within D

CD14_16
Overnight

CD14_16
within D

% M 
overnight

% M 
within D

SSC/CD14FSC/SSC

 

+�����!" 1 
:���,
���,<�$����
����!� CD14/16 
�J�"�*"�
V��������
����!����6#��#
���� (within day) $�,

��
����!�6#��#��%��H7# (overnight) 

�

�

�

�

�

�

�

�

�):��� 2 
:���,
���,����
�*��*#�"��"#��,"�����6�*6#$���*"�
V��� 

$ ��� � 
�J�"6�*����
�*��*#
)�,  � ��� � 
�J�"6�*����
�*��*# 1:4 �"� $ ��� �;  

$ ���� 
�J�"6�* isotype control, � ��� � 
�J�"6�*�"#��,"�����
� fluoresence 
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#J�"�+�$
��J�"� Flow cytometer: Coulter Epic XL-MCL (Beckman Coulter) ���6�*6#$��	H$A�#�7 ���*"+��$��

6#$����
����!�
�J�"6�* isotype-FITC ��� RPE ��*"�$�#  ���#�7#���<)*��+��=�*�$*:Y�!����6�* $�� gate monocytes 

+�$�%� SSC/FSC ����������%� CD14-FITC 6#$���
���%� false positive �"� CD16 ��%
�J�"6!*���#6+�%�$��%�
V���

���=�*+�$��&�#�7
:;#$��%� CD14+/16+ monocytes +���  +H�=�*
:���,
���,�%�$����
����!� CD14/16 �����&�#�7+�$
��J�"� 

Coulter Epic XL-MCL (Beckman Coulter) $�,<����=�*+�$$����
����!�+�$
��J�"� FC500 (Beckman) VH��
����@6�* 

isotype-FITC  �%��$�, isotype IgG1-RE =�*  <�$��
:���,
���,�,�%� �%� CD14/16 ���=�*+�$$����
����!���7�
"�


��J�"�
"���*"�$�# (�):��� 4-6)  ���#�7#$����
����!� isotype-FITC��� RPE ��*"�$�#=�%=�*�*��
��J�"� Coulter Epic 

XL-MCL (Beckman Coulter) ���$���$*:Y�!������&����$�%��6!*�%����@)$�*"�
�J�"@J"=�* 

 

            4.1.2 �����������
�
�
��,��������   

6#$��	H$A�#�7�*"�6�*
�J"�+�$"�
�
�������
:;#�#:$�� VH��=�*+�$$��%��#:$���������,$�����+�%��$�����

���#�$��
	A ������,��	��#���#��� +H��*"����$���"��,�"�$��	H$A�+�$���$���$��+���&���$����+��6#�#�A��


����
��� VH��=�*��,����
!/#�",��*����
�����  HE480312  ���=�*	H$A��*"�)�
�J�"���
$�I�$�����<)*:K������#:$��

=�*
�J�"
�J"$"�
�
����   


#J�"�+�$$�����+:����� CD14/16/HLA-DR monocytes 6#
�J"�������+��
:;#�*"����+������6# 24 

�������  +H��*"����$��
$/,
�J"����"�%���,, prospective study ���$��!#�
$�I�$�����
�J"$<)*:K�����$��%���,���

6!*��"���
Z�������
�	6#"�������=�%��$�%��$�#  ���
$�I�
Z���$��%�����
��6#�������� 2  
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R = 0.962
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Linear regression & Student t-test (p < 0.05)

��*�!" 3 ����
����#&��"�<�$����
����!� monocytes ��� CD14+/16+ monocyte 
�J�"��
����!�<�6#��#


����$�#
���,$�,$����
����!�<�6#��#��%��H7# 
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HGIsotype Control
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C D
Test sample

E F

HG Test sample

E F

HGIsotype Control

A B

C DIsotype Control

A B

C D

 

��*�!" 4 <�$����
����!� monocytes CD14/16/HLA-DR 
�J�"6�* isotype control-PE ��� PE-Cy5 ���6�*$�� 

monocytes gate +�$�%� SSC/FSC (Coulter Epic XL-MCL, Beckman Coulter) 

%CD14+CD16+ monocytes
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EPICS vs FC 500 
Plot 1 Regr

EPICS = 5.778 + (1.194 * FC 500)

R = 0.848

R sqr = 0.720

Normality Test P = 0.109

Constant Variance Test : (P = 0.006)

N  = 21

%CD14+CD16+ monocytes
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Plot 1 Regr

EPICS = 5.778 + (1.194 * FC 500)

R = 0.848

R sqr = 0.720

Normality Test P = 0.109

Constant Variance Test : (P = 0.006)

N  = 21

��*�!" 6 
:���,
���,<�$����
����!� monocytes CD14/16/HLA-DR �����
����!�+�$
��J�"� Coulter Epic XL-

MCL, Beckman Coulter $�,<����=�*+�$
��J�"� FC500, Beckman 

��*�!" 5 <�$����
����!� monocytes CD14/16/HLA-DR 
�J�"6�* isotype control-FITC ��� -PE (FC500, Beckman) 
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+�����!" 2  
$�I�$�����
�J"$"�
�
������%��$��%�6#$��	H$A� 

$��%�"�
�
���� +��#�# 

(���) 


$�I����
�*� 
$�I����""$ 

<)*:K����
�/��%"#7���� 31 =�*��,$��<%�������<���7#
#J7"�
���%�
:;#

��
�/��%"#7���� 

<)*:K��=�*��,��!�J"$����$A�6� 

}$%"#$��
$/,���"�%��
�J"� 

�#:$�� 47 <�$�����+�%��$��:$�� <� complete 

blood count, blood sugar ��� liver 

function test "�)%6#
$�I�:$�� 

 

<)*:K����������&�
����"�

��,����%"#7���� 

23 =�*��,$��<%�������<���7#
#J7"�
���%���

���&�
����"���,����%"#7�������=�%
:;#

��
�/��%"#7���� 

<)*:K��=�*��,��!�J"$����$A�6� 

}$%"#$��
$/,���"�%��
�J"� 

 

4.1.3 1����+��	*����� CD14/16 monocytes ,�%�7�� 

���<)*��+����7�
�����`�#�%� $���
��""$�"� monocyte ������+�,6#
�J"�������
����#&�$�,���&�
����"�

���!�J"�����"��%��$�� ���$��:��,
:����# monocyte 6#
�J"�6!*�",
#"�$�,�������&�
��� ���
����@������ 

monocyte ��������� marker CD14 VH��
:;# marker �"� monocyte ��������� marker CD16 VH��
:;# marker �"� 

tissue macrophage  ���<)*��+����7�
�����`�#�%�:������"� monocyte $��%�#�7 (CD14+/16+ monocytes) +���$#*"�

��$�%��$�#���
����"��%��$��   

<����+:����� CD14+/16+ monocytes 6#
�J"������&� flow cytometer 6#$��%�"�
�
������7�
��$��%� �,�%� 

$��%�<)*:K����
�/��%"#7�������$��%�<)*:K����������&�
����"���,����%"#7������:����� monocytes ���$�%��
)�$�%�$��%��#

:$��"�%����#��
��������
@��� (P < 0.05) �����
"�������
��6#�):��� 7 ����������� 3 

 

 

       

          

 

 

 

 

 

 

+�����!" 3 �%�
Z����:����� % CD14+/16+ monocytes 6#"�
�
������%��$��%� 

$��%�"�
�
���� +��#�# (���) % CD14/16 monocytes (mean ± SD) 

�#:$�� 47                  13 ± 6.2 

<)*:K����������&�
����"���,����%"#7���� 23 26 ± 10.7* 

<)*:K����
�/��%"#7���� 31                33.7 ± 6.2* 

*��$�%��+�$$��%��#:$�� P< 0.05 
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������ 7 �������������	
�� CD14/16 

monocyte 
��������������
�����������
�
����
���� �: Healthy = �����	, BBD = 

�!"�#$���%
�&��'	�(�&�������������)*���, 
CCA = �!"�#$�
���+�����)*��� 

*
*
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�J�"+���#$�#���"� CD14/16 monocytes ����,6#"�
�
������%��$��%�
:;#�#������� CD16 
)� 

(CD14+/16++) ����#������� CD16 ���� (CD14+/16+)  �,�%�<)*:K����
�/��%"#7�������<)*:K����������&�
����"���,����%"

#7����������, CD14+/16++ monocytes ��� CD14+/16+ monocytes ��$$�%�$��%��#:$��"�%����#��
��������
@���


�%#$�# (P <0.05) 

 

 

 

 

 

 

 

 

 

 


�J�"6!*���,�%� CD14+/16+ monocytes "�)%6#����@)$$����*# (activated monocytes)  !�J"=�%  +H�=�*������

:������"� HLA-DR VH��
:;# marker �"�
V������@)$����*#6# CD14+/16+ monocytes �*��  �,�%� CD14+/16+ 

monocytes �"�<)*:K����
�/��%"#7������:����� HLA-DR 
)�$�%�
V���6#$��%��#:$��"�%����#��
����� (P < 0.05) (�):��� 

9)  �
���%� CD14+/16+ monocytes �"�<)*:K����
�/��%"#7����"�)%6#���� activated ��$$�%�$��%���,��� 

 

 

            

    

 

 

 

 

 

 

 
�J�"�
���%�:������"� CD14+/16+ monocytes ������+�,
)�6#<)*:K����
�/��%"#7����������
����#&�$�,����

��
�/�  +H�=�*
:���,
���,:����� CD14+/16+ monocytes $%"#���!���<%����6#<)*:K�����
����$�# +��#�# 6 ���  

�,�%�:����� CD14+/16+ monocytes 6#
�J"�<)*:K��!���<%��������"�%����#��
��������
@��� (P <0.05) 

����
��6#�):��� 10 
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�.��/ CD14+/16+ monocytes ���
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������
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��)���
����
  
*�������0������
�����	 P< 0.05 
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������ 9 ���������������-��%���	
�� HLADR 


� CD14+/16+ monocytes ��������
���
��)���
����
 Healthy = �����	, BBD = 

�!"�#$���%
�&��'	�(�&�������������)*���, 
CCA = �!"�#$�
���+�����)*��� 
*�������0������
�����	 P< 0.05 
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������ 10 �������������	
�� CD14+/16+ 

monocytes ����!"�#$�
���+�����)*��� ����
���1���������
��!"�#$��������$���  
*�������0������������ P< 0.05 

 

* 
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 4.1.4  ����, CD14+/16+ monocytes $�, 6#
�J"�$�,�����$A��������#�$�"�<)*:K�� 

���$����
����!�:����� CD14/16 monocyte 6#
�J"�<)*:K����
�/��%"#7���������,���<����&������

�"���7#
#J7"��
�/���������$A��������#�$=�* 44 ��� VH��
�J�"��
����!�����, CD14+/16+ monocyte ��������$A��

������#�$�"�<)*:K�������
�/��%"#7���� �,�%�<)*:K�������
#J7"
�J�"��
�/��%"#7�����#�� papillary adenocarcinoma ������, 

CD14+/16+ monocyte 6#
�J"�����$�%�$��%�<)*:K�������
#J7"
�J�"��
�/��%"#7�����#�� non papillary adenocarcinoma "�%����

#��
����� ���=�%�,������$�%���"�����, CD14+/16+ monocyte $�,�����$A��"J�# =�*�$% 
�	 "��� ����!#%�, �#�� 

$�����%��$������$����(#�$���"�
#J7"
�J�"��
�/� (�������� 4) 

=�*���$�������������"�����"�<)*:K����
�/��%"#7����+#@H� 7 &�#���� 2550  �����
����!�������$�%��

�"������"�����"�<)*:K����!�%��<)*����� CD14+/16+ monocyte 6#
�J"�
)��������� CD14+/16+ monocyte 6#
�J"����� 

(�):��� 11)  �,�%�=�%��������$�%��$�#  +H�=�%
����@6�*:����� CD14+/16+ monocyte 6#
�J"�
:;# prognostic 

marker =�* 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

��*�!" 11 
:���,
���,�����"�����"�<)*:K����
�/��%"#7��������� CD14+/16+ monocyte 6#
�J"�
)� (-----) ���<)*:K��

��
�/��%"#7��������� CD14+/16+ monocyte 6#
�J"����� (-----) 
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�	�	
��� 4 �$�
��
&��'/��1$�������� CD14+CD16+ monocyte 
���������������2�/���
���+�����)*��� 
 

 
parameter 

 
n 

Level of CD14+CD16+ 
monocyte (cells/ul) 

 
P 

Age:    < 56 

            > 56 

25 

19 

182 + 136 

157 + 120 

0.499 

Sex:    Male         

           Female 

29 

15 

182 + 146 

152 +  89 

0.176 

Type of CCA: Intrahepatic CCA 

Hilar CCA 

Extrahepatic CCA 

24 

 9 

11 

184 + 137 

121 +  79 

186 + 143 

0.124 

  

� Non – Papillary  

� Papillary 

 

29 

15 

 

203 + 148 

110 +  30 

 

0.001 

Differentiation  

� Well differentiated 

� Moderately–Poorly differentiated 

 

22 

 7 

 

198 +  146 

218 +  166 

 

0.885 

Macroscopic appearance  

� Mass formind type  

� Intradutal + Perductal type 

 

16 

11 

 

189 +  154 

162 +  133 

 

0402 

Tumor size:   < 7 cm 

                      > 7cm 

11 

16 

166 +  140 

195 +  147 

0.740 

Tumor staging:  IVa 

                          IVb 

23 

21 

167 + 113 

176 + 147 

0.320 

Vascular invasion:  No  

                               Yes 

38 

 8 

179 + 139 

136 +  54 

0.072 

Lymphatic invasion:  No  

                                  Yes 

31 

13 

171 +  130 

172 +   30 

0.794 

Infiltrating macrophage in CCA tissue 

� Low IHC index (<2) 

� High IHC index (2-12) 

 

12 

25 

 

122 +  70 

206 + 147 

 

0.047 

(Mean + SD) 
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4.2  $��	H$A�$���
��""$�"���#6# peripheral blood cells �*�� cDNA microarray 

4.2.1 $��
$/,���"�%�� =�*��,������"�%�� whole blood 
$/,6# Trizol +�$<)*:K����
�/��%"#7������������"�%��

��7#
#J7"�J#��#+��#�# 9 ��� <)*:K����������&�
����"��%"���
��##7����  5 ��� ����#:$����� inclusion ��� 

exclusion criteria ���$��!#�=�*+��#�#  8 ��� 
�J�"
$�� RNA 

4.2.2 $��
$�� RNA ���$����
����!����"�%���*�� cDNA microarray 


$�� RNA +�$���"�%��
�J"����6�* TRIzol® reagent ��� PurelinkTM Micro-to-Midi system kit 

(Izolnvitrogent)  Purelink RNA purification kit  ���+
",�������������,��
��&�'�"� RNA ���
$��=�*  ���


��
����!� first strand cDNA ��� second strand cDNA ��������,  
��
����!� Biotin-labeled cRNA +�$ cDNA 

template  ������$����� cRNA 6!*
:;#��7#
�/$$%"##��=: hybridize $�, array chip  Affimetrix HG_U133 plus 2.0 

chips (54,675 probe set) �����&����,��A��$��!#�  "%�#<����6�* Affymetrix GSC3000 scanner  �����
����!�<�

���6�* Gene Chip Operating Software; GCOS (Affymetrix, Santa Clara, CA) microarray chip ��� Partek 

Genomics Suite  ���6�* Human Genome U133 Plus 2.0 Array 
:;#���
:���,
���,  (Normalization Controls) 

4.2.3  $����
����!����
:���,
���,����,$���
��""$�"���#6#
�/�
�J"���� 

=�*��
����!�<��"� cDNA microarray �����
",#��
��������
@������6�* one-way ANOVA   ���

$��!#�����,$���
��""$�"���#���=�*+�$���"�%��<)*:K����
�/��%"#7��������#:$��������%��%��$�#��$$�%� 1.5 
�%� ���

��#��
��������
@��� P<0.05 6#$�����
�J"$��#��	H$A��%" (�������� 5 ��� 6) 

$����
����!����
:���,
���,����,$���
��""$�"���#6#
�/�
�J"������!�%��<)*:K����
�/��%"#7���� 

<)*:K����������&�
����"��%"#7���� ����#:$�� ����:��$�� Principal Component Analysis (PCA)  �
���%�$��%���# 

(49.2%) ����
��""$6#
�/�
�J"�����"�<)*:K����
�/��%"#7������$�%��+�$$��%���#6#
�/�
�J"�����"��#:$���������#

����
��""$��,
$����$�,$��%���#6#
�/�
�J"��"�<)*:K����������&�
����"��%"#7����  (�):��� 12) 

$����
����!����
:���,
���,��#6#
�/�
�J"������!�%��<)*:K����
�/��%"#7��������#:$�����������,$��

�
��""$��$�%��$�# ����:��$�� Hierarchical Clustering �,�%� 
�/�
�J"����+�$���"�%����7�
"�$��%�����#���

�
��""$6#����,���
�%�$�#+��#�# 2,199 ��#  ��#����
��""$6#
�/�
�J"�����"�<)*:K����
�/��%"#7����
)�$�%��"��#

:$��+��#�# 121 ��# �����#����
��""$6#
�/�
�J"�����"�<)*:K����
�/��%"#7��������$�%��"��#:$��+��#�# 66 ��# (�):

��� 13) 

$�����#��������6#$�������#�"�
�/�
�J"����+�$<)*:K����
�/��%"#7����
���,$�,�#:$��  +�$

�*"�)���#�����$���
��""$
)�6#
�/�
�J"�����"�<)*:K����
�/��%"#7���� 
����@+��$��%���#���,�,��!#*��������
��6#

�������� 7 ���#�7  

1. Protein transport/Cytoskeletal, apoptosis related genes 

2. Regulatory/ Protein modification related genes 

3. Protease, Peptidase and Invasion related genes   

4. Growth factor/Angiogenic/ Cell growth genes 

5. Inflammation, Immune response, Cytokine, /Chemokine related genes 

6. Metabolism related genes 
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��*�!" 12 Principal Component Analysis (PCA)  �
���%� transcriptome �"�
�/�
�J"�����"�<)*:K����
�/��%"#7����

��$�%��+�$$��%���#6#
�/�
�J"�����"��#:$�� 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��*�!" 13 Hierarchical clustering analysis �
������,$���
��""$�"���#�����$�%��$�#6#
�/�
�J"�����"�<)*:K��

��
�/��%"#7�������
�/�
�J"�����"��#:$�� 
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 +�����!" 5 $��%���#�����$���
��""$
)�6#
�/�
�J"�����"�<)*:K����
�/��%"#7����
�J�"
���,$�,�"��#:$�� 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gene Symbol                                Gene Title 

PLAU  plasminogen activator, urokinase  

SERPINB2  serine peptidase inhibitor, clade B (ovalbumin), member 2  

CXCL3  chemokine (C-X-C motif) ligand 3  

EREG  epiregulin  

THBD  thrombomodulin  

VEGF  vascular endothelial growth factor  

LTF  lactotransferrin /// similar to lactotransferrin  

PTGES  prostaglandin E synthase  

ABCA1  ATP-binding cassette, sub-family A (ABC1), member 1  

CXCL2  chemokine (C-X-C motif) ligand 2  

PHLDA1  pleckstrin homology-like domain, family A, member 1  

IL1R1  interleukin 1 receptor, type I  

OLR1  oxidised low density lipoprotein (lectin-like) receptor 1  

CTSL  cathepsin L  

PPIF  peptidylprolyl isomerase F (cyclophilin F)  

MMP9  matrix metallopeptidase 9  

SDC2  syndecan 2  

FOSL2  FOS-like antigen 2  

ADFP  adipose differentiation-related protein  

ATP13A3  ATPase type 13A3  

RNASE2  ribonuclease, RNase A family, 2 (liver, eosinophil-derived neurotoxin)  

IL8  interleukin 8  

ANPEP  alanyl (membrane) aminopeptidase  

EXOSC4  exosome component 4  

AMPD3  adenosine monophosphate deaminase (isoform E)  

HSPA1A /1B  heat shock 70kDa protein 1A / 1B  
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+�����!" 6 $��%���#�����$���
��""$����6#
�/�
�J"�����"�<)*:K����
�/��%"#7����
�J�"
���,$�,�"��#:$�� 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gene Symbol                                  Gene Title 

CXCL10  chemokine (C-X-C motif) ligand 10  

TNFSF10  tumor necrosis factor (ligand) superfamily, member 10   

HLA-DPA1  major histocompatibility complex, class II, DP alpha 1  

MS4A1  membrane-spanning 4-domains, subfamily A, member 1  

DAPP1  dual adaptor of phosphotyrosine and 3-phosphoinositides  

LNPEP  leucyl/cystinyl aminopeptidase  

TLR8  toll-like receptor 8  

SAMHD1  SAM domain and HD domain 1  

NT5C3  5'-nucleotidase, cytosolic III  

C20orf118  Chromosome 20 open reading frame 118  

TNFSF13B  tumor necrosis factor (ligand) superfamily, member 13b  

MEF2C  MADS box transcription enhancer factor 2, polypeptide C  

TFEC  transcription factor EC  

SLFN5  schlafen family member 5  

SP110  SP110 nuclear body protein  

MPEG1  macrophage expressed gene 1  

GIMAP2  GTPase, IMAP family member 2  

RP1-93H18.5  hypothetical protein LOC441168  

MLH3  mutL homolog 3 (E. coli)  
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�������% 7  ���0������
�����%
�����������
��
+��������$����!"�#$�
���+�����)*����!��$����������	��
�����
1�"���% 

 
Protein transport/Cytoskeletal, 
apoptosis  related genes

Gene Symbol Fold Change
LTF 3.22778 

SLC16A3 1.86919 

NDRG1 1.76206 

GNA15 1.70535 

M F1 1.63618 

RIT1 1.60813 

ATP6V1C1 1.55422 

RAC2 1.53564 

NPC1 1.51838 

TLOC1 1.50378 

SDC2 2.61611 

ETS2 1.85394 

CKAP4 1.6506 

TUBB 1.52426 

SQSTM1 1.65663 

TNFRSF1B 1.6219  

 Metabolism related genes

Gene Symbol Fold Change
PTGES 3.04231 

ABCA1 2.93605 

RNASE2 2.50164 

AMPD3 2.19578 

IRS2 1.98094 

UPP1 1.89277 

NP 1.84771 

GALNACT-2  1.7398 

AGPAT6 1.71013 

GPI 1.69501 

DGAT2 1.69009 

FAM108A1 1.68284 

SLC2A3 1.6591 

C20orf3 1.6462 

NTE 1.61328 

PKM2 1.60132 

RP5-1022P6.2 1.57548 

ZUBR1 1.5551 

MAP1LC3B 1.52752  

 Regulatory/ Protein modification 
related genes
Gene Symbol Fold Change
FOSL2 2.57995 
EXOSC4 2.21338 
FOS 2.09213 
GPR97 1.99421 
GNG2 1.75065 
PDE4A 1.73108 
RALGDS 1.68044 
SLA2 1.6309 
SRPK1 1.62347 
SH3BP5 1.62004 
APLP2 1.58245 
ARRB2 1.52865 
PPIF 2.62913 
HSPA1A /1B 2.12322 
DNAJB1 1.85094 
TRIB1 1.82598 
HSPE1 1.7213 
DNAJC5 1.70657 
MAPK6 1.63669 
RANBP2 1.62085 
ST13 1.58644 
PTPRE 1.58431 
HSP90AB1 1.57809 
B3GNT5 1.57809 
MAP4K4 1.56112 
PRKCD 1.52045 
OXSR1 1.51416  

     

Protease,  Peptidase and 
Invasion related genes  

Gene Symbol Fold Change

PLAU 6.3388 

SERPINB2 5.60283 

THBD 3.87076 

OLR1 2.67693 

CTSL 2.64564 

MMP9 2.62559 

ADAM9 1.96734 

TIMP1 1.87811 

CPD 1.82203 

TPP1 1.52183 

Growth factor/Angiogenic/ Cell 
growth genes

Gene Symbol Fold Change

EREG 4.01995 

VEGF 3.33421 

IL8 2.46387 

ANPEP 2.26976 

FLNA 2.06052 

TFDP1 1.7254 

G0S2 1.70691 

INPP5A 1.67145 

PTDSR 1.6638 

ITGAX 1.66255 

TGFB1 1.57519 

SIGLEC5 1.51549 

 
Inflammation, Immune 
response, Cytokine, 
/Chemokine related genes

Gene Symbol Fold Change

CXCL3 4.90128 

CXCL2 2.88502 

IL1R1 2.77718 

IL1R2 2.08442 

FCAR 2.03052 

CD93 1.96563 

CORO1C 1.78989 

CXCL16 1.56218 

RABGEF1 1.54423 

CST7 1.51943  
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 4.2.3 $����
����!�,�,���"�
�/�
�J"����+�$<)*:K����
�/��%"#7���� 

        
�J�"#����#�������,$���
��""$�"���#
�J�"��
����!�,�,���"�
�/�
�J"����6#���������6�* 

Ingenuity pathway analysis   �,�%�
�/�
�J"�����"�<)*:K����
�/��%"#7���� ��$�������#���
$�����*"�$�,�����"����

!�J"����<��:$��
�������+��#�#��#���
$�����*"� ����
��6#�������� 5 ����):��� 4 

    �������� 8  <�$����
����!�,�,���"�
�/�
�J"�����"�<)*:K����
�/��%"#7�������6�* Ingenuity pathway analysis    

 (�$����3��1����$�
�	����	 0*��$������%���%�$�"�� 

1 cancer 58 

2 Immunological disease 40 

3 Inflammation disease 39 

4 Skeletal and muscular disorder 31 

5 Connective tissue disorder 29 

 

4.2.4 $�����+
",����,$���
��""$�"���#������
�J"$+�$�*"�)� microarray �����&� real time PCR 

        +�$�*"�)� microarray   ���
�J"$��#�����$���
��""$��$�%��$�#��!�%��
�/�
�J"�����"�<)*:K����
�/�

�%"#7����$�,�#:$�� ������
�J"$��#����������#$���
��""$6# monocyte/macrophage  �����,�,��
$�����*"�$�,

��
�/����$�����%��$����"���
�/� +��#�# 11 ��# 
:;#��#�����$���
��""$
)�+��#�# 9 ��# �����#�����$���
��""$

����+��#�# 2 ��#  

���$��
$�� RNA +�$���"�%��
�/�
�J"��"�<)*:K����
�/��%"#7����+��#�# 9 ��� ����#:$��+��#�# 8 

��� ���6�*��� miroarray, ��$ mRNA ��� convert 
:;# cDNA  ���$�� design primer, optimize condition �"�$����� 

real time PCR   <�$���������, mRNA 6#���"�%�������&� real time PCR  
"���*"�$�,�*"�)����=�*+�$ microarray 

����
��6#�):��� 15 
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    �):��� 14  ����
����#&��"���#6#
�/�
�J"�����"�<)*:K����
�/��%"#7�������6�* Ingenuity pathway analysis    
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      Microarray 

      Real-time PCR 

 

�):��� 15  
:���,
���,����, mRNA 6#���"�%��
�/�
�J"����+�<)*:K����
�/��%"#7���������&� real time PCR  $�,�*"�)����

=�*+�$ microarray  

  

4.3  ����������������
��
+��������$
9"&�����/�������9�&����!"�#$�
���+�����)*��� 
	H$A�����,$���
��""$�"���#+��#�# 11 ��# VH��=�*���
�J"$��+�$�*"�)�$���
��""$�"���#6#
�/�
�J"�

����"�<)*:K����
�/��%"#7���������&� microarray ���$�%��6# 4.2 =�*�$% PLAU, MMP9, VEGFA, EREG, SERPINB2, 

PTGS, CXCL3, CTSL, IL8, CXCL10 ��� TLR8 ����������, mRNA 6#
�/�
�J"�����*����&� real-time reverse-

transcriptase polymerase chain reaction  �"�<)*:K����
�/��%"#7����+��#�# 39 �������#:$��+��#�#  21 ���  �����

���	
���	
��
����������������
	�����

	����������	�
����������������
	�����6#$��%��#:$�� �,�%����

����������
	�����

	��������:�:��#
)�6#$��%�<)*:K����
�/��%"#7����  VH��
�J�"#���<#���$���
��""$�"�$��%�

��#���	H$A���+��
����
:;#���,����  �,�%��<#������=�*����7��,,���
:;#���,���� (�):��� 16$) ����,,$��%� (�):��� 16

�)   +�$������
,J7"��*#���=�*#�7���<)*��+��+H�
�J"$
Z���$��%���#������)�,,$���
��""$����%"#�*������� =�*�$%$��%���#���


$����$�, Proteolytic activity ���$��%����
$�����*"�$�, inflammation (IL8, PTGS) ��+*�$��%� �,�%�
����@+��
:;# 3 

$��%� �J"$��%������ Proteolytic activity 
)� ��% inflammation ����  +��#�# 15  ��� 6#�):��� 17$  ���$��%������ Proteolytic 

activity ���� ��% inflammation  
)� +��#�# 12 ��� 6#�):��� 17�  ���=�%
����@+��$��%�=�* 8 ��� 

+�$$����
����!��*"�)�#�7���6!*���<)*��+��
#6+���+�
�*��
�$�����
:;#�����#$�������#�"���#$��%� 

Proteolytic activity VH��
:;#�,,�<#����,��$6#$��%�:����$����	H$A�"�)%  
�J�"6!*
����@��
����!�<�$���
��""$

�"�$��%���#���$�%��=�*"�%��
:;#��,,���6�*=�*$�,<)*:K����$���   +�$�#����#�7=�*
�*��
�$���,,�%����� Cox 

regression model 
:;#�%� risk score 
�J�"6�*��$$��%�<)*:K����������$�����������$�%��$�#�������,$���
��""$�"� 

PLAU, SERPINB2 ��� CTSL ���#�7 

                              Risk score =  1.020 PLAU + 1.214 CTSL – 0.882 SERPINB2  

 


�J�"��#�%�6#
�$��$���
��""$�"���#6#
�$���"�<)*:K����
�/��%"#7������7�!�����	H$A� (n = 35)   �,�%�


����@+��$��%�<)*:K����
�/��%"#7�����������,$���
��""$�"���#���
$�����*"�$�, Proteolytic activity �"�
V���
�/�


�J"�������
�$��=�*
:;# 2 $��%� ���6�*�%� 50th Percentile �"�����,$���
��""$�"� metastatic associated 
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gene 
:;#+����� = 4.21  
����@�,%�$��%�<)*:K�����
�/�
�J"������$���
��""$�"� risk score 
)�""$+�$$��%�<)*:K��

���
�/�
�J"������$���
��""$�"� risk score ���� VH�����%������"���� (survival time) ��$�%��$�#"�%����#��
����� 

(Log rank, P = 0.021)   ����
��6#�):��� 18  ���<)*:K�����
�/�
�J"������$���
��""$�"� risk score ����+����%�����

�"�������$�%� (mean survival 403 days; 95% CI, 320-485 ��#) <)*:K�����
�/�
�J"������$���
��""$�"� risk 

score 
)� (mean survival 239 days; 95% CI, 167-311 ��#)  

+�$�*"�)����$�%���
���%� $���������,$���
��""$�"� Proteolytic activity gene 6#
�/�
�J"����
����@

���#��!�J"���$�������"�<)*:K��=�* �
��6!*
!/#@H�	�$�����"�6�*��&�$�����$�%��6#$�����$���������
�/��"�

<)*:K����
�/��%"#7���� VH��
:;#�*"�)�:��$",$�����
�#6+�"������6#$��
�J"$�#����$����$A����
!���
������

:��
��&����
)�
��6#<)*:K����%�����=�*6#"#���   
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�):��� 16  �<#�������,$���
��""$�"���#6#
�/�
�J"�����"�<)*:K����
�/��%"#7����  

$. �<#����������$A��
:;#:Y+
+$,���� 

�. �<#������
����@+��
:;#$��%��%"� 

 

� 
 

� 
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�):��� 17 $ �<#�������,$���
��""$�"���#$��%� proteolytic 
)� ��% inflammation ����6#
�/�
�J"�����"�<)*:K��

��
�/��%"#7����  

 



24 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�):��� 17 � �<#�������,$���
��""$�"���#$��%� proteolytic ������% inflammation 
)�6#
�/�
�J"�����"�<)*:K��

��
�/��%"#7����  
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�):��� 18 �<#���
:���,
���,�����"����<)*:K����
�/��%"#7�����������,$���
��""$�"���#$��%� proteolytic ��� 

inflammation 6#
�/�
�J"�����"�<)*:K����
�/��%"#7����  

 

 

4.4  
�/�
�J"�����#�� macrophage 6#
#J7"
�J�"��
�/�
����#&�$�,�����"�����"�<)*:K����
�/��%"#7���� 

 <�$��	H$A�
�/�
�J"�����#�� CD14+/16+ monocyte ���$���
��""$�"���#6#
�/�
�J"�����"�<)*:K��

��
�/��%"#7����
����#&�$�,������
�/���������"�����"�<)*:K�� �
���%�
�/�
�J"������,�,��
������%"��
�/� $��

�,��#����$���,%���7�%� 
�/�
�J"�����#�� monocyte VH��
�J�"
��J�"#
�*�
)%
#J7"
�J�"��,����%"#7��������:��
���
:;# 

tissue macrophage ��$�����#�%��$�,
V�����
�/�6#$��
$J7"!�J"
#�,
#�#:�����#��%"$��
+������$�����%��$���

�"�
V�����
�/� 
�J�"��
",
�����`�#���$�%��  +H�=�*����$��	H$A�
�J�"������ tissue macrophage ���
�����:��


���+�$
�/�
�J"�����#�� monocyte ���6�* Mac387 VH��
:;# surface marker �"�
V������$�%�� ���
�J�"�
���%� 

tissue macrophage 
"J7"�%"$�����%��$����"���
�/�  =�*
�J"$��# MMP9 VH���,6#
V���
�/�
�J"����
:;#���

���+
",  

 $��	H$A������&� immunohistochemistry �"� Mac387 ��� MMP9 6#
#J7"
�J�"��
�/��"�<)*:K����
�/��%"#7����

+��#�# 50 ��� �,�%� 
V���
�/�
�J"������� Mac387 �,$��+��6#
#J7"
�J�"��,���,��
����
�/������
��� necrosis ��%

�,+��#�#��$,��
���",
#J7"
�J�"��
�/�
%�#������$�,
#J7"
�J�"��,���,��
���",

*#
�J"� (�):��� 19)  $����
����!�

����
����#&��"�$���,+��#�#
V��������� Mac387 6#
#J7"
�J�"��
�/�$�,�*"�)����&���������#�$�"�<)*:K�����6�* 

univariate analysis  �,�%�������
����#&�$�,����������=�%�� =�*�$% ��
�/��#��  non-papillary type (P = 0.006) ���  

periductal infiltrating types (P = 0.047) (�������� 9) $�����+
",
V��������$���
��""$�"� MMP9 ���double 

staining immunohistochemistry �
���%�
V��������� Mac387 ��$���
��""$�"� MMP9 �*�� (�):��� 20)  #"$+�$#�7

����,����
����#&��"�
V�������� Mac387 $�,
V��������$���
��""$�"� MMP9  (P < 0.001)   

$����
����!�����
����#&��"�$���,
V��������� Mac387 6#
#J7"
�J�"��
�/�$�,�����"�����"�<)*:K�� �,�%�

<)*:K�����
#J7"
�J�"��
�/���
V��������� Mac387 +��#�#��$�������"����
�7#$�%�<)*:K�����
#J7"
�J�"��
�/���
V��������� Mac387 

+��#�##*"�"�%����#��
��������
@��� (P = 0.01) ������%� mean survival 380 ���  (95% CI, 228-531 ���) ��� 679 ��� 

(95% CI, 541-817 ���)  ���������  (�):��� 21 )  ��7�#�7��
���� 35% �"�<)*:K��$��%����
#J7"
�J�"��
�/���
V��������� Mac387 
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+��#�#��$����������"������$$�%� 1 :?!�����,$��<%���� 6#������ 75% �"��"�<)*:K��$��%����
#J7"
�J�"��
�/���
V������

��� Mac387 +��#�##*"�����������"������$$�%� 1 :?!�����,$��<%���� 

 

 

�):��� 19  Immunohistochemistry �"� Mac387 6#
#J7"
�J�"��
�/��"�<)*:K����
�/��%"#7���� 

            A 
V��� tissue macrophage ����*"���� Mac387 6#
#J7"
�J�"��,���=�%�,��
�/� 

B 
V��� tissue macrophage ����*"���� Mac387 VH���,!#��#%#,��
���",
#J7"
�J�"��
�/����
#J7"
�J�"��, 

C 
V��� tissue macrophage ����*"���� Mac387 ����,,��
���",

*#
�J"� 

 

 

 

 

�):��� 20  Double immune-fluorescent staining �"� Mac387 ��� MMP9 6#
#J7"
�J�"��
�/��%"#7���� 

           A $��������� 200; B $��������� 400 
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�):��� 21  $��~
:���,
���,�����"�����"�<)*:K����
�/��%"#7�������:�����$���,
V��� Mac387 6#
#J7"
�J�"��
�/�  

$����
����!������"����<)*:K�����6�* Kaplan-Meier  �
���%�<)*:K�����
#J7"
�J�"��
�/���
V��������� Mac387 

+��#�#��$�������"����
�7#$�%�<)*:K�����
#J7"
�J�"��
�/���
V��������� Mac387 +��#�##*"�"�%����#��
��������


@��� (P = 0.01) 
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�������� 9  ����
����#&��"�:�����
V��� Mac387 $�,���&���������#�$�"�<)*:K�� 

   MAC387 positive cells (%) 

Variable Number Low High P value 

Age:    < 56 26 9 (34.6) 17 (65.4) 0.608 

        > 56 24 10 (41.7) 14 (58.3)  

Sex:    Female 23 9 (39.1) 14 (60.9) 0.879 

           Male 27 10 (37.0) 17 (63.0)  

Tumor  location:   Intrahepatic CCA 32 13 (40.6) 19 (59.4) 0.61 

Extrahepatic CCA   18 6 (33.3) 12 (66.7)  

Gross morphology:  Mass forming type 24 7 (29.2) 17 (70.8) 0.047 

                       Periductal  infiltrating type 20 7 (35.0) 13 (65.0)  

                       Intraductal Growth type 6 5 (83.3) 1 (16.7)  

Tumor Stage: I-II 13 8 (61.5) 5 (38.5) 0.091 

                          III 23 8 (34.8) 15 (65.2)  

                          IV 14 3 (21.4) 11 (78.6)  

Histology type:  Non-Papillary 35 9 (25.7) 26 (74.3) 0.006 

Papillary 15 10 (66.7) 5 (33.3)  

Vascular invasion:  Absent 37 14 (32.4) 23 (67.6) 0.198 

Present 13 3 (23.1) 10 (76.9)  
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5. ,���+���� 

$����+��#�7�
��6!*
!/#�%���,,
V���
�/�
�J"����6#<)*:K����
�/��%"#7����
:����#�:��=:������&�
��� 

���
Z���$��%�
V��� monocyte  VH����,�,��
�����6#$��$��+����
�/�#�7# ��$��
:����#�:��������#��#*�
$J7"!#�#����

��
�/�    
�����,
V���$��%� CD14+/16+ monocytes 6#
�J"�<)*:K����
�/��%"#7����
)�$�%��#:$��"�%����#��
�����  

:������"�
V��� CD14+/16+ monocytes $��%�#�7����
�J�"<)*:K��=�*��,$��<%����$*"#��
�/�""$  #"$+�$#�7 CD14+/16+ 

monocytes ����,6#<)*:K����
�/��%"#7����"�)%6#����@)$$����*#��$$�%�
V���  CD14+/16+ monocytes ������+�,6#�#

:$�� !��$`�#
!�%�#�7�
���%�
V��� CD14+/16+ monocytes ������+�,6#<)*:K����
�/��%"#7����������
����#&�$�,��
�/�

#"$+�$#�7����,�%�
V���
!�%�#�7��$���
��""$���
$�����*"�$�,$��
���
#J7"
�J�"
$������# (proteolytic enzyme) ���


����#&�$�,���$���������=�%���"���
�/�  $��������
V��� monocyte ���
��J�"#
�*�=:6#
#J7"
�J�"��
�/����$���*"� 

Mac387 VH��
:;# marker �"�
V��� monocyte ����:��
��� �,
V���$��%����$�%��!#��#%#6#,��
���",�"�
#J7"
�J�"

��
�/�������$�,
#J7"
�J�":$�������7�,��
���", }

*#
�J"� VH��,%���7@H�,�,���"�
V���$��%�#�7���"�+
$�����*"�$�,$�����%

��$����"�
V�����
�/�  $�����+�,$���
��""$�"� MMP9 6#
V���$��%�#�7�
���%�
V���
!�%�#�7#%�+�
$�����*"�$�,

$���%��6!*
V�����
�/���$���=:���
#J7"
�J�"6$�*
����  
���� MMP9 
:;#
"/#=V��
�����6#$���%"�
#J7"
�J�"
$������# ���

6!*
V�����
�/�
����@
��J�"#�����$��#""$#"$,��
���*#$��
#��=�*  :������"�
V��� Mac387 ������+�,6#
#J7"
�J�"

��
�/��:�<$<�#$�,�����"�����"�<)*:K��  
#�,
#�#
�����`�#���
�J�"�%�
V���
!�%�#�7���!#*����
$J7"!#�#��
�/���$$�%�

������
V�����
�/� ���#�7#$��:�"�$�#$�����%$��+���"���
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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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Introduction

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

CD14 (CD14+CD16-) and are thought to represent classical
monocytes that mediate inflammatory responses (‘inflam-
matory’ monocytes). A minor subpopulation of monocytes
also express the cell surface activation marker CD16, identi-
fying them as more mature than the CD14+CD16–

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)-a 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
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[TNF-a, 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 5 min), 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 ¥ 106) 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 ml 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 mM random hexamer and
sterile distilled water to a final volume of 33 ml. 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 CXCL10 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
cDNA 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
2–DCt method, where DCt = (average Cttarget – average Ctactin).
Significant differences between groups were analysed by
Student’s t-test.

Flow cytometry for monocyte subset

Approximately 1 ¥ 106 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,
CD11c, 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 ¥ 106

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-

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; 1+ = 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 t-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 c2-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
(CXCL10). The results demonstrated that the EREG and
CXCL3 transcripts in monocytes from CCA patients were
significantly higher, whereas CXCL10 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

CD14+16+ monocytes promote tumour progression
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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+CD16+

monocytes exhibit features related to tissue macrophage
activation and anti-tumour response, in addition to our

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 48·5 � 26·6 cells/ml 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/ml, which was
significantly higher than those of patients with BBD

Fig. 1. Expression levels of EREG, VEGFA,

CXCL3 and CXCL10 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

and CXCL3 and lower levels of CXCL10 than

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

t-test.
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(23 � 10% of all monocytes or 109 � 89 cells/ml) 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/ml,
and decreased significantly to near the normal level
(16 � 5% of all monocytes or 68 � 24 cells/ml) after tumour
removal (P < 0·05; Fig. 3c,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 CD14+CD16+

monocyte levels in healthy subjects, into patients with low
(<100 cells/ml) and patients with high levels (>100 cells/ml)
of CD14+CD16+ monocytes. Immunohistochemistry of

Fig. 3. Two-colour flow-cytometric analysis of

circulating monocyte subpopulations in whole

blood. Monocytes were gated according to their

forward- and side-scatter characteristics. The

expansions of CD14+CD16+ monocytes in

peripheral blood of cholangiocarcinoma (CCA)

patients, benign biliary disease patients (BBD)

and healthy subjects were compared based on

the numbers of CD14+CD16+ monocytes in

percentage value (a) and absolute number (b).

The expansions of CD14+CD16+ monocytes in

peripheral blood of CCA patients between pre-

and post-operations (n = 6) were compared

based on the numbers of CD14+CD16+

monocytes in percentage value (c) and absolute

number (d). *P < 0·05; **P < 0·001.
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Table 1. Phenotypes of CD14+CD16- and CD14+CD16+ monocyte

subpopulations.

CD14+CD16- CD14+CD16+ P-value

Adhesion molecules

CD11a 114·9 � 56·4 137·3 � 66·4 0·478

CD11c 276·6 � 40·1 372·6 � 54·11 0·001

CD18 738·5 � 108·4 779·1 � 136·5 0·521

CD29 601·2 � 211·8 701·5 � 267·2 0·420

CD49d 99·4 � 25·9 176·6 � 77·2 0·018

CD54 139·8 � 34·7 159·7 � 47·6 0·035

Scavenger receptors

CD163 35·3 � 13·8 41·8 � 15·0 0·399

CD204 16·1 � 4·4 24·7 � 12·6 0·091
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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

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

Table 2. The correlation of CD14+CD16+ monocyte levels and clinicopathological parameters.

Variable Number

CD14+CD16+ count

(cells/ml)

P-valueLow (%) High (%)

Age (years) 0·588

<57 20 5 (25) 15 (75)

�57 17 3 (17·6) 14 (82·4)

Sex 0·321

Female 15 2 (13·3) 13 (86·7)

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

I–II 10 3 (30) 7 (70)

III–IV 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 (88·9)

Tissue macrophages (MAC387+ cells) 0·040

Low 12 5 (41·7) 7 (58·3)

High 25 3 (12) 22 (88)

CCA: cholangiocarcinoma.

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 (¥40 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).
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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
functionswithin a tumour environment. In the present study,
wehave shown thatmonocytes fromperipheral bloodof 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 (CXCL10) 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, CD11c,
CD18, CD29, CD49d and CD54 found in CD14+CD16+

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 CD11c/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

CD14+16+ monocytes promote tumour progression
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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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Summary

Cholangiocarcinoma (CCA), a slow growing but highly metastatic tumor, is highly prevalent 

in Northeast Thailand.  CCA specific diagnostic tests that predict prognosis remain elusive.  

The present study was designed to investigate whether peripheral blood leukocytes (PBLs) 

transcriptional profiles might be of use as a prognostic test in CCA patients.  Gene expression 

profiles of PBLs from 9 CCA and 8 healthy subjects were conducted using Affymetrix 

HG_U133 Plus 2.0 GeneChip.  We indentified informative PBLs gene expression profiles 

that could reliably distinguish CCA patients from healthy subjects.  Of 177 CCA specific 

genes, 117 were up regulated and 60 were down regulated.  The molecular and cellular 

functions predicted for these CCA specific genes according to the Gene Ontology database 

indicated differential PBL expression of host immune response and tumor progression genes. 

(EREG, TGF �1, CXCL2, CXCL3, IL-8, and VEGFA).  The expression levels of 9 

differentially expressed genes were verified in 36 CCA vs. 20 healthy subjects. A set of three 

tumor invasion related genes (PLAU, CTSL and SERPINB2) computed as “prognostic index” 

was found to be an independent and statistically significant predictor for CCA patient 

survival. The present study shows that CCA PBLs may serve as disease predictive clinically 

accessible surrogates for indentifying expressed genes reflective of CCA disease severity.  

Keywords cholangiocarcinoma, gene expression profiles, peripheral blood leukocytes, blood 

transcriptome, prognosis  
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Introduction 

 Cholangiocarcinoma (CCA) is a relatively rare type of primary liver cancer 

worldwide; however, its incidence is extremely high in the Southeast Asia, especially in the 

northeast of Thailand [1-2].  Risk factors for the development of CCA include long standing 

inflammation and chronic injury of the biliary epithelium. The malignancy of CCA is 

normally difficult to diagnose until the disease becomes advanced or disseminated which 

makes CCA a tumor with extremely poor prognosis. At present, surgery after early detection 

is the only hope of cure.  Prognostic markers that predict tumor behavior would help notify 

the patient and clinician during the decision-making process.  The existing pre-operative 

radiology, pathology and laparoscopic staging strategies, however, do not allow the accurate 

determination of long-term prognosis in CCA patients.  The identification of molecular 

markers associated with patient survival by a non-invasive approach, therefore, is essential 

for effective treatment of this cancer.  Moreover, biomarkers associated with adverse 

outcome may themselves represent novel therapeutic targets. 

It is now becoming clear that the tumor microenvironment, which is largely populated 

by leukocytes (the so-called inflammatory cells), is capable of promoting tumor cell invasion 

through expression of signaling molecules such as cytokines, chemokines, and growth factors. 

[3].  Peripheral blood leukocytes (PBLs) normally act as a comprehensive surveillance 

system that may change function in the face of inflammation, infection and other diseases, 

including cancer [4].  Recent studies have shown that PBLs have the ability to respond 

differentially to varying environmental, physiological or pathological conditions of the body. 

In addition, blood cells express genes that are responsive to physiological stimuli. Therefore, 

a PBL gene expression signature has the potential to be a disease specific marker.  Disease 

specific signature genes have been shown to reflect the pathogenesis of autoimmune, 

cardiovascular, neurological diseases and cancers [5].  Moreover, the evaluation of PBLs 
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gene expression has been shown to be useful in identifying pathways relevant to disease and 

in diagnosis or predicting response to therapy of the diseases [6].  

Tumor associated macrophages are known to be the major class of infiltrating 

leukocytes in solid tumors and are accepted as playing promotional roles in tumorigenesis  [7-

8].  The pro-tumorigenic functions of tumor associated macrophages in certain cancers are 

related to their differentiation state as M2-polarized macrophages that release various factors 

supporting tumor growth, metastasis, angiogenesis, tissue remodeling and suppress adaptive 

immunity [9-10].  We have recently shown that tissue macrophages through their proteolytic 

activities play important roles in CCA tumor progression. CCA patients with high levels of 

these infiltrating cells have significantly shortened survival [11].  

Since circulating blood is easily accessible and has been suggested as an alternative to 

tissue samples for molecular profiling of human disease and disease risk [12-13] and previous 

studies have shown that blood expression profiles can be used as markers for cancer 

diagnosis or prognosis [14-16].  The present study tested whether the PBLs transcriptome of 

CCA patients could be used to predict clinical outcome.   In this study, we show for the first 

time that a small set of three expressed PBL genes related to proteolytic function 

discriminated good from poor prognostic outcome in CCA patients.    

Materials and Methods 

Study subjects 

 CCA subjects were patients who were admitted to Srinagarind hospital, Faculty of 

Medicine, Khon Kaen University, Thailand, for surgical treatment of CCA.   Peripheral blood 

was collected prospectively in conjunction with a clinical visit or just before surgery.  None 

of the case subjects had received any cancer therapy before blood collection. Only samples 

from patients with histologically proven CCA were included in the study. Tumor stage was 

defined according to the American Joint Committee on Cancer Staging Manual [17].  
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Survival of each CCA subject was recorded after surgery for an average of 8 months and 

48.57% (17/35 cases) of the patients died during this follow-up period.  Control subjects were 

blood donors with no known medical condition who had normal blood laboratory tests who 

were age and sex matched with CCA patients.  All subjects provided written informed 

consent before entry into the study. The protocol for this study was approved by the Human 

Research Ethics Committee, Khon Kaen University (HE471214 and HE480312).    

RNA extraction and one cycle eukaryotic expression sample processing

PBL gene expression profiles were performed with 9 CCA patients and 8 healthy 

subjects.  Heparinized blood (0.5 ml) was added into 4.5 ml of TRIzol® reagent (Invitrogen, 

Carlsbad, CA, USA).  Total RNA was extracted using TRIzol® reagent with PurelinkTM 

Micro-to-Midi system kit (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s 

protocol.  The integrity and amount of RNA was determined by 2100 Bioanalyzer RNA 

LabChip (Agilent Technologies, Palo Alto, CA, USA) and Nano drop (ND-1000 

spectrophotometer and ND1000 version 3.2.1 software), respectively.  Total RNA was 

converted to cDNA and synthesized to Biotinylated cRNA which was then fragmented and 

hybridized into the Oligonucleotide microarray Human Genome_U133 Plus 2.0 array 

(approximately 54,675 probe or ~39,000 genes; Affymetrix Inc., Santa Clara, CA, USA ) by 

GeneChip® Hybridrization Oven 640.   Array chips were stained with streptavidin 

phycoerythrin biotinylated anti-streptavidin antibody using GeneChip® Fluidics Station 450.  

RNA expression levels were quantitated by measuring the fluorescence intensity using 

GeneChip® scanner 3000.   

Microarray analysis

Expression data was processed by Gene Chip Operating Software; GCOS (Affymetrix, 

Santa Clara, CA). Partek software (Agilent Technologies, Palo Alto Ca) was used for 

downstream analysis of GCOS processed data (Principle component analysis, Hierarchical 
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Clustering analysis, Venn diagram and Gene Ontology).  Signals from all probe sets were 

normalized using Human Genome U133 Plus 2.0 Array Normalization Controls.  

Hierarchical cluster analysis was done on each comparison to assess correlations among 

samples for each identified gene set.  The criteria for selecting differentially expressed genes 

between CCA and healthy subjects were (i) Mean fluorescence intensity in each probe set 

should be equal or more than 8 for all up or down regulated genes; (ii) it has significant 

expression at a p < 0.05; and (iii) the expression level compared to the control group was 1.5 

fold different. 

Real-time RT-PCR assay validation 

 Transcript copy number for specific genes of interest was measured using an 

adaptation of a two-step real-time reverse transcriptase–polymerase chain reaction (Real time 

RT-PCR) method.  Real time RT-PCR for specific genes of interest and internal control was 

performed using a SYBR green assay.  The primers were designed using Integrated DNA 

technologies methods (IDT®, http://www.idtdna.com/SciTools/SciTools.aspx).  

Approximately 200 ng of total RNA from each sample was converted to cDNA using the 1st 

Strand cDNA Synthesis Kit for RT-PCR [AMV] kit (Roche Applied Diagnostics, 

Indianapolis, IN, USA) according to the manufacturer’s instructions.  PCR was performed on 

a LightCycler (Roche Applied Diagnostics, Indianapolis, IN, USA) using the LightCycler 

FastStart DNA Master SYBR Green I kit (Roche Applied Diagnostic, Indianapolis, IN, USA) 

and ~5 ng cDNA sample.  Threshold cycles (Ct) for each amplification reaction were 

determined using LightCycler Software version 3.5 (Roche Applied Diagnostics, Indianapolis, 

IN, USA).  All samples were amplified with the human �-actin LightCycler–Primer Set 

(Roche Applied Diagnostics, Indianapolis, IN, USA).  The sequences of gene-specific 

primers employed are provided in Table 1.  The gene-specific primers for individual samples 

(including CCA patients and healthy subjects) were normalized to signals obtained with �-
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actin from the same sample.  Relative change in CCA specific gene expression was 

quantified by using the 2-��Ct method where ��Ct = (Cttarget - Ctactin) patients - (Cttarget -Ctactin) 

healthy.  The relative change in gene expression of healthy subjects was indicated to be 1X 

expression of each target genes.  Thus, relative change values more than 1X expression 

represented up-regulation, whereas those with less than 1X expression represented down-

regulation. 

Statistical analysis 

Statistic analyses were done using SPSS statistical software version16.0.1 (SPSS Inc., 

Chicago, Illinois, USA) and STATA version 8 (Stata Corporation, College station, Texas, 

USA).  The different expression of each candidate gene between groups was compared using 

Student-t-test.  Cox regression was used to establish prognostic index from the expression 

levels of candidate genes and eventual patient outcome.  Kaplan-Meier survival analysis was 

used to estimate the disease-specific survival and comparison between groups were done with 

a log-rank test.  Cross tabulations were analyzed with chi-squared -test for the associations 

between prognostic index with clinicopathological features of CCA patients. 

 

Results 

Identification of differentially expressed genes through cDNA microarray 

Peripheral blood cells from four intrahepatic and five extrahepatic CCA patients 

(mean age = 57.7 years, range: 45.7-69.7 years) and eight healthy individuals (mean age = 

49.1 years, range: 45.54-52.6 years) were used for Affymetrix GeneChip system analysis.  

The mean age of these two groups was not significantly different.  The principal component 

analysis (PCA) for determining expression trend within the dataset of CCA patients and 

healthy subjects demonstrated the system variance transcriptome of 49.2% difference (Figure 

1a).  Using a P value less than 0.05 and 1.5 fold change, there were 2,199 genes equally 
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expressed in the PBLs from both groups, whereas 117 genes were up regulated and 60 genes 

were down regulated in the PBLs from CCA patients (Figure 1b).   

The differentially expressed genes between CCA and healthy subjects were arranged 

according to the similarities in gene expression patterns using Cluster analysis.  The 

hierarchical clustering analysis of the up or down regulated genes resulted in a clear 

separation of the CCA patients from healthy controls (Figure 2).  The molecular and cellular 

functions predicted for the differentially expressed genes were determined according to the 

Gene Ontology database. Genes that were differentially expressed in peripheral blood 

leukocytes of CCA patients more than two fold difference of healthy subjects are shown in 

Tables 2.  The over-expressed genes related to protease, peptidase and invasion; growth 

factor/angiogenic/cell adhesion; M2 related immune response, cytokine /chemokine; whereas 

the down-regulated genes were associated with M1 related immune response, 

cytokine/chemokine; protein biosynthesis and regulatory proteins. The top significant 

biological functions using Ingenuity Pathway Analysis (IPA) software was predicted to be 

antigen presentation, cell death, cellular movement, cell to cell signaling and interaction, and 

cellular growth and proliferation (Figure 3).  

Selection of candidate genes and verification 

 Tissue macrophages are derived from peripheral blood monocytes. Recent studies of 

CCA tumor associated macrophages showed them to have proteolytic function and elevated 

levels were associated with poor CCA patient11.  Therefore we evaluated monocytic genes 

associated with tumor proliferation, angiogenesis and metastasis and identified a set of 11 

genes which were differentially expressed in CCA vs. healthy subjects. The initially 

identified candidate genes of the nine up-regulated genes (PLAU, SERPINB2, VEGFA, 

EREG, MMP9, IL-8, PTGS, CTSL, and CXCL3) and the two down-regulated genes (CXCL10 

and TLR8) were investigated by quantitative reverse transcription (RT)-PCR.  Using the 
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same set of specimens as for the microarray analysis, the expression level of each gene 

obtained from the quantitative RT-PCR was comparable with those identified in the 

microarray analysis (Figure 4). 

Construction and validation of classification models for predicting the outcome of CCA 

patients

 The nine up-regulated genes were evaluated for the potential of being a prognostic 

signature for CCA in a training set of 35 CCA patients and 20 controls using quantitative RT-

PCR.  The expression level of each gene was evaluated as 2-��Ct, where ��Ct = (Ct target – 

Ct ref ) CCA – (Ct target – Ct ref) Healthy, and the expression of �-actin was used as reference.  

The 2-��Ct of the nine up-regulating genes from the training data set was used to obtain the 

regression coefficient and hazard ratio which were then used to define the “prognostic index” 

by the Cox regression model.  The combination equation to obtain the best prognostic 

discrimination power was from three invasion related genes -PLAU, SERPINB2 and CTSL.  

The final equation for predicting the survival outcome of CCA patients (prognostic index) 

was 1.020 PLAU + 1.214 CTSL – 0.882 SERPINB2.  

 To determine if the prognostic index was related to patient prognosis, the Kaplan-

Meier curve analysis and log rank test based on the levels of prognostic index were tested.  

Using the prognostic index at 50th Percentile of the training set (= 4.21) as the cutoff point, 

the CCA patients were stratified into two groups: patients with low (< 4.21) and those with 

high (> 4.21) prognostic index. The overall survival of CCA patients who had a high 

prognostic index (mean survival 239 days; 95% CI, 167-311 days) was significantly reduced 

when compared with those who had a low prognostic index (mean survival 403 days; 95% CI, 

320-485 days) (P = 0.021, Figure 5).  Since several clinical parameters have been shown to 

correlate with prognosis of CCA patients, we further determined whether the prognostic 

index was a confounding factor underlying the clinical condition by performing univariate 
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and multivariate Cox proportional hazard regression analysis.  A univariate analysis of 

various clinical variables demonstrated that only staging and “prognostic index” were 

significant predictors of patient survival (P <0.05) (Table 3).  The multivariate Cox 

regression model for survival which controlled for age, sex, staging and “prognostic index” 

of the patients indicated that both staging and “prognostic index” were independent 

predictors of survival for CCA with hazard ratio of 3.85 (95% CI, 0.64 – 23.05; between 

stage III versus I-II), 7.35 (95% CI, 1.40 – 40.31; between stage IV versus I-II) and 3.61 

(95% CI, 0.95 – 13.72; between high versus low score), respectively (Table 3).   

 

Discussion 

 Differential gene expression signature profiling between primary tumor and normal 

tissues has been used in various cancers for diagnostic and prognostic purposes [18-20].  In 

this study, we report the feasibility of using PBL gene expression profiling to predict the 

overall survival of CCA patients. 

The principal component and hierarchical clustering analysis of the expression 

profiles from PBLs obtained from CCA patients and healthy subjects indicated a distinct set 

of 177 genes which were differentially expressed in the PBLs of CCA patients.  Convincingly, 

the biological functions of the differentially expressed genes in PBLs of CCA patients 

suggest the pro-tumorigenesis role and suppression of immune response in CCA patients. 

Growth and cell cycle regulatory genes, e.g., epiregulin (EREG), vascular endothelial growth 

factor (VEGF), and transforming growth factor, beta 1 (TGFB1) were 1.5-4 fold up-regulated 

in PBLs of CCA patients.  The PBL signature of CCA patients was also associated with 

tumor progression.  For example, expression of angiogenic chemokines (CXCL2, CXCL3 

and CXCL8/IL8) that are potent promoters of angiogenic activity were up-regulated whereas 

CXCL10 (an interferon-inducible chemokine), a potent inhibitor of angiogenesis was 
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suppressed.  The contribution of CXCL1, 2, and 3 to angiogenesis and tumor progression has 

been shown in immortalized murine melanocytes [21].  On the other hand, when CXCL1, 2, 

or 3 were depleted, there was a marked reduction in tumor-associated angiogenesis with  

tumor growth inhibition [22].  Elevation of tumor associated CXCL8/IL8 within tumors 

correlates with neovascularization and is inversely correlated with survival in patients with 

ovarian carcinoma and non-small-lung cell carcinoma [23-24].  CXCL10 mediates its 

angiostatic activity via CXCR3 on endothelium [25].  Taken together, the previous studies 

suggest that the up-regulation of angiogenic CXC chemokines (CXCL2, 3 and 8) and down-

regulation of angiostatic CXC chemokine (CXCL10) observed in CCA-PBLs may be 

reflective of the tumor angiogenic environment in CCA. 

A recent limited genetic study of CCA patient blood showed that a minor blood 

monocyte subpopulation (CD14+CD16+) expressed elevated levels of growth and angiogenic 

factor related genes, e.g., epiregulin, VEGF-A, and CXCL3, as compared to normal and 

biliary disease patients [11].  Although the current study reports the CCA PBL transcriptome 

this previously described CD14+CD16+ monocyte subset within the PBL population may be 

responsible for the disease specific genes identified under this study. The use of PBLs for 

genetic analysis in CCA allows for the development of a simple test not requiring separation 

into cellular subsets prior to analysis.   

Certain chemokines are differentially expressed in polarized macrophages (e.g., 

CXCL10 for classically activated macrophages or M1; CCL17 for alternatively activated 

macrophages or M2 [26].  In the present study, the down regulation of CXCL10 in CCA-

PBLs may have been associated with a Th2 response known to promote 

monocytes/macrophage into a M2 phenotype.  These M2 type macrophages are well known 

for supporting tumor progression and suppression of immune responses.   
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Seven genes involved in proteolytic degradation of extracellular matrix, a process 

which supports tumor invasion, were differentially expressed in CCA-PBLs. These genes 

included plasminogen activator urokinase (PLAU), matrix metalloproteinase 9 (MMP9), 

serpin peptidase inhibitor clade B member 2, cathepsin L (CTSL), ADAM metallopeptidase 

domain 9 (ADAM9), and TIMP metallopeptidase inhibitor 1 (TIMP1).  This information 

supports our recent report that tumor associated macrophages (TAMs) in CCA tissues, 

especially at leading edge of the tumor, expressed PLAU and MMP9 proteins.  In addition, 

the patients with high density MMP9 and PLAU expressing TAMs had a reduced overall 

survival after surgical resection [11].  These data suggest that through evaluation of PBL 

gene expression, genes encoding molecules present in TAMs and critical for tumor cell 

invasion directly associated with CCA patient survival may be identified.   

Recently, a small set of genes from differential expression profiles of several cancers 

has been used as a molecular signature for tumor diagnosis and prognosis in patients with 

urinary bladder cancer, breast cancer [15, 27-29], and adrenocortical tumor and intrahepatic 

CCA [30].  From the typical expression profile found in PBLs of CCA patients, we identified 

a set of three proteolytic related genes (PLAU, SERPINB2, CTSL) that when computed into 

“prognostic index”, had significant power to predict the prognosis of CCA patients. CCA 

patients who have PBLs with high expression of PLAU, SERPINB2, and CTSL (high 

prognostic index) have shorter survival than patients who have PBLs with low expression of 

these genes (low prognostic index).  This association corresponds and supports our previous 

finding that CCA patients with high density of MMP9 and PLAU expressing TAMs in tumor 

tissues had shorter survival than those with low density of MMP9 and PLAU expressing 

TAMs  [11].  In addition, the multivariate Cox regression model for survival indicated that 

the prognostic index was an independent predictor of survival for CCA.  In summary, this 
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study supports the idea of using PBL transcriptome analysis as an accessible surrogate 

monitor of a tissue and system that are not easily obtained by standard approaches.  

From a technical point of view, one can argue that the PBLs from CCA patients may 

be contaminated with circulating tumor cells which may have affected gene expression 

patterns in the present study, since tumor cells a low frequency are known to circulate in the 

blood [31-32].  To test whether the results from the current study were influenced by the 

presence of blood borne tumor cells, three databases containing gene expression profiles from 

primary tissues of CCA [33-35] were checked for similarities with the profile from the PBL 

transcriptome.  No highly expressed transcripts present in primary tumor CCA tissues were 

found in our database and vice versa.  In addition, differentially expressed genes in CCA-

PBLs did not include any epithelial cell related genes.  Therefore the data presented in this 

study reflect the expression of PBL genes without any significant contribution of genes 

expressed in CCA tissue.  

In conclusion, informative gene expression profiles of PBLs that could reliably 

distinguish CCA patients from healthy subjects were indentified. On the basis of this data, a 

small set of candidate genes differentially expressed in CCA-PBLs has the potential of being 

developed into a test that could be a predictor for survival of CCA patients. However, the 

potential of this approach will need to be evaluated more extensively in a larger sample size 

for a better discrimination power before being applied to clinical practice.   

Acknowledgments: This works were co-supported by the Office of the Higher Education 

Commission, National Research Council of Thailand, and National Research University 

Program of Khon Kaen University (SHeP-GMS), the Basic Research Grant, Thailand 

Research Fund (BRG-4980015) for S. Wongkham, and the Royal golden Jubilee-PhD 

Program for S Wongkham and C Subimerb; US National Cancer Institute AIDS and Cancer 

Specimen resource funding (U01CA 066529-14) for M. McGrath. 



 

���

�

References 

1. Vatanasapt V, Tangvoraphonkchai V, Titapant V, Pipitgool V, Viriyapap D, Sriamporn 

S. A high incidence of liver cancer in Khon Kaen Province, Thailand. Southeast Asian J 

Trop Med Public Health. 1990; 21: 489-494. 

2. Green A, Uttaravichien T, Bhudhisawasdi V, et al. Cholangiocarcinoma in north east 

Thailand. A hospital-based study. Trop Geogr Med. 1991; 43: 193-198. 

3. Coussens LM, Werb Z. Inflammation and cancer. Nature 2002; 420: 860-7. 

4. Whitney AR, Diehn M, Popper SJ, et al. Individuality and variation in gene expression 

patterns in human blood. Proc Natl Acad Sci U S A. 2003; 100: 1896-1901. 

5. Mohr S, Liew CC. The peripheral-blood transcriptome: new insights into disease and 

risk assessment. Trends Mol Med. 2007; 13: 422-432. 

6. Baranzini SE, Mousavi P, Rio J, et al. Transcription-based prediction of response to 

IFNbeta using supervised computational methods. PLoS Biol. 2005; 3: e2. 

7. Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? Lancet. 2001; 

357: 539-545. 

8. Mantovani A, Allavena P, Sica A. Tumor-associated macrophage as a prototypic type II 

polarised phagocyte population: role in tumor progression. European Journal of Cancer. 

2004: 1660-1667. 

9. Bingle L, Brown NJ, Lewis CE. The role of tumour-associated macrophages in tumour 

progression: implications for new anticancer therapies. J Pathol. 2002; 196: 254-265. 

10. Pollard JW. Tumour-educated macrophages promote tumour progression and metastasis. 

Nat Rev Cancer. 2004; 4: 71-8. 

11. Subimerb C, Pinlaor S, Khuntikeo N, et al. Tissue invasive macrophage density is 

correlated with prognosis in cholangiocarcinoma. Molecular Medicine Reports. 2010; 3: 

597-605. 



 

���

�

12. Liew CC. Method for the detection of gene transcripts in blood and uses thereof. United 

State patent US200400140592004 Jan 22 2004. 

13. Liew CC, Ma J, Tang HC, Zheng R, Dempsey AA. The peripheral blood transcriptome 

dynamically reflects system wide biology: a potential diagnostic tool. J Lab Clin Med. 

2006; 147: 126-132. 

14. Burczynski ME, Twine NC, Dukart G, et al. Transcriptional profiles in peripheral blood 

mononuclear cells prognostic of clinical outcomes in patients with advanced renal cell 

carcinoma. Clin Cancer Res. 2005; 11: 1181-1189. 

15. Osman I, Bajorin DF, Sun TT, et al. Novel blood biomarkers of human urinary bladder 

cancer. Clin Cancer Res. 2006; 12: 3374-3380. 

16. Sharma P, Sahni NS, Tibshirani R, et al. Early detection of breast cancer based on gene-

expression patterns in peripheral blood cells. Breast Cancer Res. 2005; 7: R634-644. 

17. Greene FL, Page DL, Fleming ID, et al, eds. American Joint Committee on Cancer 

Staging Manual. 6th ed. Philadelphia: Springer, 2002. 

18. Beer DG, Kardia SL, Huang CC, et al. Gene-expression profiles predict survival of 

patients with lung adenocarcinoma. Nat Med. 2002; 8: 816-824. 

19. van 't Veer LJ, Dai H, van de Vijver MJ, et al. Expression profiling predicts outcome in 

breast cancer. Breast Cancer Res. 2003; 5: 57-58. 

20. Wigle DA, Jurisica I, Radulovich N, et al. Molecular profiling of non-small cell lung 

cancer and correlation with disease-free survival. Cancer Res. 2002; 62: 3005-3008. 

21. Luan J, Shattuck-Brandt R, Haghnegahdar H, et al. Mechanism and biological 

significance of constitutive expression of MGSA/GRO chemokines in malignant 

melanoma tumor progression. J Leukoc Biol. 1997; 62: 588-597. 



 

���

�

22. Owen JD, Strieter R, Burdick M, et al. Enhanced tumor-forming capacity for 

immortalized melanocytes expressing melanoma growth stimulatory activity/growth-

regulated cytokine beta and gamma proteins. Int J Cancer. 1997; 73: 94-103. 

23. Smith DR, Polverini PJ, Kunkel SL, et al. Inhibition of interleukin 8 attenuates 

angiogenesis in bronchogenic carcinoma. J Exp Med. 1994; 179: 1409-1415. 

24. Yoneda J, Kuniyasu H, Crispens MA, Price JE, Bucana CD, Fidler IJ. Expression of 

angiogenesis-related genes and progression of human ovarian carcinomas in nude mice. 

J Natl Cancer Inst 1998; 90: 447-454. 

25. Strieter RM, Burdick MD, Mestas J, Gomperts B, Keane MP, Belperio JA. Cancer CXC 

chemokine networks and tumour angiogenesis. Eur J Cancer. 2006; 42: 768-778. 

26. Martinez FO, Gordon S, Locati M, Mantovani A. Transcriptional profiling of the human 

monocyte-to-macrophage differentiation and polarization: new molecules and patterns of 

gene expression. J Immunol. 2006; 177: 7303-7311. 

27. de Reynies A, Assie G, Rickman DS, et al. Gene expression profiling reveals a new 

classification of adrenocortical tumors and identifies molecular predictors of malignancy 

and survival. J Clin Oncol. 2009; 27: 1108-1115. 

28. Ma XJ, Salunga R, Dahiya S, et al. A five-gene molecular grade index and 

HOXB13:IL17BR are complementary prognostic factors in early stage breast cancer. 

Clin Cancer Res. 2008; 14: 2601-2608. 

29. Ma XJ, Hilsenbeck SG, Wang W, et al. The HOXB13:IL17BR expression index is a 

prognostic factor in early-stage breast cancer. J Clin Oncol. 2006; 24: 4611-4619. 

30. Nishino R, Honda M, Yamashita T, et al. Identification of novel candidate tumour 

marker genes for intrahepatic cholangiocarcinoma. J Hepatol. 2008; 49: 207-216. 

31. Lacroix M. Significance, detection and markers of disseminated breast cancer cells. 

Endocr Relat Cancer. 2006; 13: 1033-1067. 



 

�	�

�

32. Paterlini-Brechot P, Benali NL. Circulating tumor cells (CTC) detection: clinical impact 

and future directions. Cancer Lett. 2007; 253: 180-204. 

33. Jinawath N, Chamgramol Y, Furukawa Y, et al. Comparison of gene expression profiles 

between Opisthorchis viverrini and non-Opisthorchis viverrini associated human 

intrahepatic cholangiocarcinoma. Hepatology. 2006; 44: 1025-1038. 

34. Obama K, Ura K, Li M, et al. Genome-wide analysis of gene expression in human 

intrahepatic cholangiocarcinoma. Hepatology. 2005; 41: 1339-1348. 

35. Wang AG, Yoon SY, Oh JH, et al. Identification of intrahepatic cholangiocarcinoma 

related genes by comparison with normal liver tissues using expressed sequence tags. 

Biochem Biophys Res Commun. 2006; 345: 1022-1032. 

 



 

�
�

�

Figure legends

Figure 1 Principle component analysis for expression trend between CCA patients and 

healthy subjects. (a) The Ellipsoid view showed that specimens were grouped by disease.  

The result showed 49.2 % of the system variance between the expression of PBLs from 9 

CCA patients (red dots) and 8 healthy subjects (blue dots). (b) Of the 177 genes, 117 genes 

were up regulated and 60 genes were down regulated in the PBLs from CCA patients. 

 

Figure 2 Hierarchical clustering analysis of up or down regulated genes in the expression 

profiles of PBLs from CCA patients and healthy controls.  (a) the hierarchical clustering of 

117 up regulated genes; (b) 60 down regulated genes.  

 

Figure 3 Gene Ontology of differentially expressed genes of PBLs from CCA subjects 

according to the ingenuity pathway analysis (IPA). 

  

Figure 4 Comparison of the expression levels of 9 up- and 2 down-regulated genes of PBLs 

from CCA patients obtained from cDNA array chip and quantitative real time RT-PCR.  Gray 

bar = cDNA array; black bar = real time PCR. 

 

Figure 5 Kaplan-Meier survival curves of CCA patients according to high or low prognostic 

index.  The mean survivals of patients with high and low prognostic index are 239 days and 

403 days, respectively (P < 0.05).   Prognostic index = 1.020 PLAU + 1.214 CTSL – 0.882 

SERPINB2.  
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