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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 cb14'/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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Identification/characterization of cholangiocarcinoma associated macrophages

and its applications
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Study design

year

Peripheral blood monocytes

——1 Flow cytometry of circulating CD147/CD16"
monocytes of CCA patients comparing to
those healthy persons and benign

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

Statistic analysis

A 4

DNA Microarray of

CD14 /CD16 monocytes from  ——— survival of patients

CCA patient comparing to

controls

Number of circulating CD14'/CD16"
monocytes associated to clinical feature or

year

nd

CD14"/CD16 monocytes has distinct NO
expression profile related to CCA

rd

year

NO

YES

Probably be prognostic
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Verify specific genes of CCA

associated CD14"/CD16 ‘monocytes in
large number of CCA patients

Verify specific genes of CCA associated
CD14+/CD16+monocytes in tumor tissue of CCA patients
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4.1 @nw1 CD14/16 monocyte luldaanilpuzi3iviating

4.1.1 MILAIBNAIDEIUAZLTUNNAIFIUNITNAFOL

maesouiafaniedine CD147/CD16° monocytes  Lilasainnnatasuniianiiadinu  CD14/16
monocyte #a1Ta¥le 2 35 @en1Tusn monocytes NNLRaAnauIATZY wiald whole blood 34le
msans3suifsumaedoumadng 2 53 wuims 2 53luaneein wansle whole blood $18 &zaan
niuazlifdgmBesmadgymoszninamsaioy m333ui5414 whole blood 1udrethslumsnseia’ly

Lﬁaoﬁnﬂmmawgim‘“lumiﬁ'mmﬁmﬁammﬂuﬁ’saﬂnLﬁa@ﬁwa@iamﬁLm']f:vi‘ cb14'/cD16"
monocytes 1ag3% Flow cytometry anmstSouifisumsinanaiiaidanuasdas lysis solution WUiNAEAlHHE
ﬁﬁqﬂ fia M3l lysis solution 2 ml @@ heparinized blood 0.1 ml 4381 5 w17 ﬁqmmﬁ 25°C wazenIaae
lysis solution $13na3 3914 protocol filumsiadsudiashoiadnm CD14716° monocyte lag3% Flow
cytometry ¢ia'l1l

mﬁ%’aﬁlﬁm’%aa Flow cytometer: Coulter Epics XL-MCL (Beckman Coulter) lunsienzd lawms
fauaufvofdauandian 3 NTF fluorescent Auanenenn 3 TiaUnAILTas monocytes Ao Anti-CD14-FITC,
Anti-CD16-RPE W&z Anti-HLA-DR-RPECY5 uazlt isotype IgG1-RPE uaz IgG2-RPECY5 \HudaiSauifiny
BugeInMUT Iz TaILa AU LaER FRae Y sunTaUSududsieldenusnasuanivadudszsiale
ﬁmamhgﬂﬁ 1
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NNNI0AA false positive WAz background 1 (3U7 2) 3uRanld antibody innudntudlunsdenizadan
anuulsTIvUeIMINasay uaziftasandataifangthouniviahanldaniesrnaaluusaz Tulai
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nnmaSsufisudiasnaiaa 5 e wuinlifianuuandnanunesda aouasluansei 1 LLN:E‘ﬂ'ﬁ 3
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n ez a Lﬁalﬁﬂ'swul,"ﬁuiugo, 9 waz 3 WalTanuNTn 1:4 Va9 N WAL A:

A o, A o A Aa A
n uaza ald isotype control, @ LA 3 Waltuauduadfad fluoresence

A13197 1 Wisuifsunansiens cD14/16 Wadauiwaduaziiainzinaluiufien (within day) AU

a o . & .
’JLﬂi’lz‘ﬂu’mgwu (overnight)

FSC/SSC SSC/CD14
%M %M CD14_16 CD14_16 %CD14 %CD14 CD14_16 CD14_16
withinD | overnight within D Overnight within D Overnight Within D Overnight
H36 5.64 5.11 9.26 8.79 5.66 5.43 9.24 10

H37 4.86 4.67 9.08 9.26 4.75 4.36 7.18 8.21
H38 5.12 5.04 5.6 5.8 5.12 5.12 5 4.82
H39 7.42 8.15 8.2 8.91 8.02 8.07 10.8 10.6
H40 5.71 6.12 7.02 7.27 6.24 5.73 8.96 8.02
Mean 5.75 5.818 7.832 8.006 5.958 5.742 8.236 8.33
sD 0.99 1.41 1.53 1.45 1.28 1.39 2.21 2.26




9%Monm:yte %CD14CD16 monocytes
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Linear rearession & Student t-test (b < 0.05)
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Lﬁaamﬂm‘%"aa Flow cytometer: Coulter Epic XL-MCL (Beckman Coulter) ﬁiﬂuﬂﬁiﬁﬂﬂﬂﬁ fdasna
Tumsdezsiiileld isotype-FITC waz RPE wianrin ﬁaﬁuwm:;ﬁ%’ﬂﬁuﬁﬂrymimlﬁ AT gate monocytes
21NN SSC/IFSC warAaaue1 CD14-FITC lunsuaaden false positive a9 CD16 Lwil,ﬁalﬁﬁ'uslﬁ]i'ln@:wmﬁ
ﬁ"tﬁmn%%ﬁnﬂunéw CD14716" monocytes 739 39ldilSuuifisudnmsiiemzd cD14/16 lagitianniadas
Coulter Epic XL-MCL (Beckman Coulter) fiunaf ldannmsaiasziainiasas FC500 (Beckman) Gesunsnld
isotype-FITC 3201 isotype IgG1-RE ¢ wamst3uuifioumudn @ cD14/16 Aldnnmsdemeinmes
\ASaIRaangaInu (gﬂﬁ 4-6) @iumMIBaTH isotype-FITCuaz RPE wiauiwlilédeiaias Coulter Epic

XL-MCL (Beckman Coulter) uazmsunifywnila pAtaInanlidngndaaigai ale

4.1.2 M33IVTINDIEENAT INIATING
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iNaRanozanny
{a931nMIA529USIL  CD14/16/HLA-DR monocytes  hmRaaiianusniudasaaionely 24
TlNd 9FRINMIALULREAAI8ENILUL prospective study LLazﬁmmmmsvaiﬁ'@Lﬁaﬂpjﬂ';mm:ﬂejumuqu
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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)
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—— Plot 1 Regr
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4.1.3 #an13013291U3N1o CD14/16 monocytes Twidan

AnzRITAIRNYAZIUI1 NMIUAAIBaNTad monocyte NaTranuluianiinnuduRusiuneTan nues

Tsansan1izwesieme lasnsusuidfeu monocyte lulfaalhaauauasnuaewenTanIn LazrINNInaAN

a P a P
monocyte lasfiaau marker CD14 G913u marker 289 monocyte LLacaaA1N marker CD16 Fa1dw marker Va3

wm e & A ' a e + + o
tissue macrophage ﬂmzrﬂ’aﬁmmauuq@lgﬁu’nﬂimmmad monocyte ﬂq&lﬁ (CD14 /16 monocytes) ciNHaY

LANGAIINUWATNRATNBIIIINEY

HAATIIUTUITM CD147/16 monocytes luifiaalandT flow cytometer lunguanaadasnianaungy wui

ngudthsusSathauasngudthenlinmsan wuesduuazviath@iiUiann monocytes aINENIFINIINFUAL

Undagalivibddyneadia (P < 0.05) Muaziduaasuaadlugli 7 uaza13nen 3
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Healthy BBD CCA

@131911 3 AualduUSinm % CD14/16° monocytes luaranasiasudaznga

wWiseisudiunm  CD14/16
monocyte lwiianvasanaanasuaaznelu
nuey 9 Healthy = Auin@, BBD =
E;JTﬂuUﬁﬁwm%amwmmé’uuawiaﬁwa,

CCA = gih yNZL5IVIRYNG

mjummaﬁm I (378) % CD14/16 monocytes (mean * SD)
Anln@ 47 13+6.2
Q’ﬂaﬂﬁﬁwm%an’lwmadé’ml,axviaﬁ’]ﬁ 23 26 + 10.7*
r;jﬂ’mmﬁwim{wﬁ 31 33.7 £ 6.2*

*Lmﬂ@mﬁnﬂmjuﬂuﬂﬂﬁ P< 0.05



Wedwunsfiazas  CD14/16 monocytes  Awuluanmaiasudazngudusiiand  cp1e g9

(CD14'16") uazafiafidl CD16 ¢ (CD14/167) wuhithouzSeviathfuazgihefiineTanwsasauuaztie

@fisz@u CD14'/16" monocytes uaz CD14 /16 monocytes annimnguanndatnilnodmanyniiaia

LHwN% (P <0.05)

40

I Healthy
[ BBD
[0 CCA

30

20

% Monocyte

_ﬁ i

CD16 high CD16 low

s1n
3un 8

&
LTRR

8 Wisunsudadslsunm

cD14'/16" monocytes LAY

CD14'/116" monocytes luansaans

ﬁammq’u

*Lmn@mmm@;uﬂuﬂﬂa P< 0.05

\al¥nudn CD147/16" monocytes aglun1znnnizdu (activated monocytes) n3a'li 39lddnay

a a4 = @ + + % ' + +
Junwpay HLA-DR @91il marker maamaéﬁ(ﬂgﬂizqﬂu CD14 /16 monocytes @38 WU CD14 /16

monocytes 83T BuiTIMan@dUTn HLA-DR gandusadlunguanin@agniliisidy (P < 0.05) (3U7

9) W§A9II1 CD14'/16" monocytes maa;&”ﬂ’;w:ﬁwiaﬁw?mg’iunn: activated ¥IMNIMNFUAIVAN

Meanfluorescent intensity of surface HAADRan manocytes

——

VH
o B85883JY

Heetthy
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A

]
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19 9 WisunsuaadsySunas HLADR

-

lu CD14'/16" monocytes VadaENFNAT

WIEWNEN Healthy = auwin@, BBD =

' (2
o A

g}”ﬂw'ﬁﬁwm%amwmaaé’mm:ﬁamﬂ,

(2
o

CCA = ;‘Tﬂmmﬁwiam@

*Lmn@mmnﬂsjmuﬂﬂa P<0.05

a ol + + P X & 1 ¥ aa v o o
LWQLLﬁ@O')’]ﬂiN']m“UﬂJ CD14 /16 monocytes Yl@]i’lﬂwug\‘lluaﬂ’lElll:Li\‘l‘VlEm’muﬂ’J’mﬁuwu‘ﬁﬂUﬂ’n:

ands  AvldfSoufiouyTanm CD14'/16" monocytes nauuaznasrnGalugtemedoanu S 6 Mo

o o a

WuiTunm CD147/16” monocytes lwiangthundsridasaasatnsfitbiaymada (P <0.05)

aauaadluglf 10

80
70
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% CD14+CD16+ monocyte

Pre-opertaion Post-opertaion

10

]

sui 10 wWSsuAgudSa1oe CD14/16°
3un 10

monocytes va3gthouziTMang naw
LLa:%é’ashéTﬂlugﬂamwm?lmﬁ’u

*LANFA19INNAaUEIAA P< 0.05



4.1.4 32@U CD14'/16 monocytes fiu luidaanuguansmenisadinuesgile
TIATZAUSNIM CD14/16 monocyte luLﬁaﬂQﬂaUN:L%Maﬁwﬁua:mmwwawm%’iwm
maa%mi{amﬁaLLaxqmé'ﬂumzmaﬂﬁﬁnvlﬁ 44 o Tadlodezfazau CD14°/16" monocyte AN AN DU
maﬂaﬁﬂ"uaa;jﬂmua:u:ﬁwimfwa Wudwjﬂ'sﬂﬁﬁLﬁaLﬁau:L‘%mm{'}a%ﬁ@ papillary adenocarcinoma {3z@u
CD14'/16" monocyte IuLﬁaﬂ@‘iwn'jwnﬁquﬂaUﬁﬁLﬁaLﬁawzﬁaﬁam{wamﬁ@ non papillary adenocarcinoma 8143
uden uazliwuanuuandsuasszay CD14'/16  monocyte ﬁ'uqm&'nmﬁfé"u lefunt twe a1y dunls, 119
miu,wiqﬂmmm:msﬁwmmﬂamﬁaL'E‘iamﬁa (@139 4)
Vl,é’ﬁﬂnﬁ@@mmw:sa@%wmadgﬂaﬂu:L%aﬁaﬁﬂaauﬁa 7 DWNAN 2550  LAZILATIZTRAMULANGN
ma\ﬁ:U:ia@%wmmﬁﬂms:wdwﬁﬁﬁ CD14'/16" monocyte luLﬁamgaLLa:ﬁﬁ CD14°/16" monocyte luidandn
(gﬂ“?'i 1) wuhliflanuuandranu  eldaunsaltdSuna cD147/16" monocyte luidaaidlu prognostic

marker Vlﬁ

Survival Functions
1.0 . cd1 6
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L
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3uf 11 Wisuifisuszoztaadnuessihouziiavainani CD14'/16" monocyte lwRoags (—) uaziilas
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a A

Y139101n@NH CD147/16" monocyte luwidaad ()
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@15197 4 ANUFNRUTIZAIIIZAL CD14'CD16" monocyte luiRaanugmansaivasnziivari

Level of CD14°CD16"

parameter n monocyte (cells/ul) P
Age: <56 25 182 + 136 0.499
> 56 19 167 £ 120
Sex: Male 29 182 + 146 0.176
Female 15 152 + 89
Type of CCA: Intrahepatic CCA 24 184 + 137 0.124
Hilar CCA 9 121+ 79
Extrahepatic CCA 11 186 + 143
® Non - Papillary 29 203 + 148 0.001
® Papillary 15 110 + 30
Differentiation
® \Well differentiated 22 198 + 146 0.885
® Moderately—Poorly differentiated 7 218 + 166

Macroscopic appearance

® Mass formind type 16 189 + 154 0402
® ntradutal + Perductal type 11 162+ 133

Tumor size: <7 cm 11 166 + 140 0.740
>7cm 16 195 + 147

Tumor staging: IVa 23 167 + 113 0.320
IVb 21 176 + 147

Vascular invasion: No 38 179 + 139 0.072
Yes 8 136 + 54

Lymphatic invasion: No 31 171+ 130 0.794
Yes 13 172+ 30

Infiltrating macrophage in CCA tissue

® | ow IHC index (<2) 12 122 + 70 0.047
® High IHC index (2-12) 25 206 + 147
(Mean + SD)

12




42 MIANBINIIUEAIDONYDIEIHb peripheral blood cells @28 cDNA microarray

4.2.1 MaAUABENS 163U5I0@28879 whole blood tAul Trizol mﬂﬁﬂmmﬁmaﬁwﬁﬁﬁﬁaama
Fudlafuiuimn 9 e ;jﬂaﬂﬁﬁwm%amwmawiamolﬁm{ﬁ 5 318 URzAWUNAGN inclusion WAz
exclusion criteria firwual381uan 8 o teana RNA

4.2.2 M3aNa RNA LazMTILATZAG8819628 cDNA microarray

ana RNA naadhadenlasld TRIzoI® reagent UWac PurelinkTM Micro-to-Midi system kit
(Izolnvitrogent)  Purelink RNA purification kit m’maauqmmwLLa:mthl%a;“n%mad RNA ﬁaﬁ‘ﬂvl,ﬁ I
FILATIR first strand cDNA LAz second strand cDNA @u&1@L  &9LATIZH Biotin-labeled cRNA 31n cDNA
template Laz¥iNIN1TA@ cRNA Tiugwandauinly hybridize NU array chip Affimetrix HG_U133 plus 2.0
chips (54,675 probe set) MuATALSENIMUA  srunalasld Affymetrix GSC3000 scanner UAZ3LATIZHHA
lawlt Gene Chip Operating Software; GCOS (Affymetrix, Santa Clara, CA) microarray chip Was Partek

Genomics Suite 1ael4 Human Genome U133 Plus 2.0 Array WuandSeuiey (Normalization Controls)

4.2.3 mMaengAkasilSouiisuszaumsuaadaanuestnliiaifeaun
leqnTeinavad cDNA microarray Uasnagauisfmannyanalaslt one-way ANOVA lag
ﬁmumzﬁumma@aaanmaaﬁuﬁvlﬁmnﬁaaﬂ"m;‘TﬁamJ:L%d"n'aﬁﬂﬁLLa:ﬂuﬂnaﬁﬁ@iwmﬁ‘uw'mﬂ'h 1.5 1111 uay
Jugdaynmesda P<0.05 lumsAaifanduanfinende (@397 5 uaz 6)

(2
o

mﬁmiﬂ:ﬁuazm?mmﬁmm:é’ummamaaﬂmmﬁusl,ul,ﬁmﬁa@mni:ﬂdw;jﬂaﬂmﬁdﬂamﬂ

AthonfinenFaniwuasriathd uszauun@ laslusunsu Principal Component Analysis (PCA) ugadinguiu
A & A X & 1 3 a ' oA & A A A
(49.2%) mLamaaﬂlummaa@mwaogmﬂmmwam@Lmﬂmamﬂﬂquﬂulummaawnmaaﬂuﬂﬂ@LLawﬂu
A A [ LA & A X Aa A A A
mmmaaﬂmummﬂm@usulummaawnaaaﬂ’gmuwmmmwmamamﬂ (3UN 12)
A & a P A & A ' o & 1o a ada o

rrmLﬂi’]:%LLa:LﬂmummJmlummaa@m’nzmwpdﬂ'sﬂml,sa‘nam@LLa:ﬂuﬂnwmz@mms

' o . . X ' & A @ ' & , AA A
ueadaanuandan laslusunsy Hierarchical Clustering Wuin WalRaaranaIeLNIzInguiiiui
WRAIDON IUITZAUTMYNAUI I 2,199 Bu ﬁuﬁLLaﬂaaanluLﬁ@Lﬁa@mmmﬁﬂmuzﬁmaﬁﬁﬁg\miwaaﬂu
Un@srwau 121 Bu uazBuiuaaseanludaioasnveigihouzivsihadinivesaudndwin 66 Bu (3
1 13)

miﬁwmUﬂ’]Wiquﬂ’ﬁﬁwmumadLﬁ@Lﬁa@“m’amngﬂaﬂmﬁmaﬁwﬁtﬁuuﬁmuﬂﬂﬁ oalal
ﬁagaﬁuﬁﬁmmamaangﬂmﬁmﬁa@mwmgﬂaﬂmlf%wiaﬁ']ﬁ mmsn%’@nﬁéwﬁumuwmwﬁﬂﬁﬁamelu

dl L dq’
AN 7 Q99
1. Protein transport/Cytoskeletal, apoptosis related genes

Regulatory/ Protein modification related genes
Protease, Peptidase and Invasion related genes
Growth factor/Angiogenic/ Cell growth genes

Inflammation, Immune response, Cytokine, /Chemokine related genes

o o &~ w N

Metabolism related genes
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PCA Mapging (48 6%)

519 12 Principal Component Analysis (PCA) WL&A471 transcriptome Ua9liialfaav11vaIntuz59viaing
o uU
uwandnnguiulmdafianrnizesaudng

__m

= |
CCA = Healthy

Healthy —CCcA

Hierarchical Clustering of 121
Up-regulated gene in 9 CCA
pafients when comparing with
8 healthy persons

Hierarchical Clustering of 66 ik
down-regulated genein 9CCA —
patients when comparing with
8 healthy persons

.

511 13 Hierarchical clustering analysis L&A95zaUMILAAIBaNVIEUNLANGINBlUTALR AT VRIKE
o U

[
= 1 o A

NzlSeanauazIdalfea v kUNG
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P oA Aa & A o, & . o ad a o a
1IN 5 ﬂﬁ!&lU%ﬂmnﬂiLLﬁ@]daaﬂﬁdIumﬂLﬂﬂ@]“ll’]’a“lladﬁdﬂ’sElllzLid‘Ylau’HﬂLNﬂLY]UUﬂU“ﬂadﬂuﬂﬂ@l

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 |

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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q' oA Aa ° & A o & . S ad a o a
$13191N 6 ﬂi;}&lEJ%‘Y]&Jﬂ’]iLLa@Naaﬂ@l’]lmwmaa@“u’]’s“ﬂadﬁdﬂ’;UNtLidﬂa‘mﬂmamElllﬂi_l“lladﬂm_lﬂ(ﬂ

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 I, 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 IlI

C200rf118 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

MPEGH1 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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AN 7 mi{fﬂﬂg;wuwﬁmmamaarﬂmﬁ@Lﬁaﬂﬂunmaa;&’ﬂaU&J:L%Wiav’hﬁgdniwadﬂuﬂnﬁmuuwm‘n

BUIN

Protein transport/Cytoskeletal,
apoptosis related genes

Metabolism related genes . .
Regulatory/ Protein modification

related genes

Gene Symbol  Fold Change Gene Symbol  Fold Change
Gene Symbol  Fold Change PTGES 3.04231 FOSL2 2 57995
LTF 3.22778 ABCA1 293605 EXOSC4 2.21338
SLC16A3 1.86919 RNASE? 5 50164 (F;(;iw f.ggi;?
NDRG1 1.76206 AMPD3 219578 '
GNA15 1.70535 GNG2 1.75065
: IRS2 1.98094 PDE4A 1.73108
M F1 1.63618 UPP1 1.89277 RALGDS 1.68044
RIT1 1.60813 NP 184771 SLA2 1.6309
ATP6V1C1 1.55422 GALNACT.2 17308 :zzg; ) 1 .gzggz
RAC2 1.53564 AGPAT6 1.71013 '
NPC1 151838 APLP2 1.58245
GPI 1.69501 ARRB2 1.52865
TLOCH 1.50378 DGAT2 1.69009 PPIF 2.62913
SDC2 2.61611 FAM108A1 1.68284 HSPA1A /1B 2.12322
ETS2 1.85394 SLC2A3 16591 ?2{:181 1 .2202:
CKAP4 16506 C200rf3 1.6462 825
TUBB 1.52426 HSPE1 1.7213
SQSTM1 1.65663 NTE o19z8 DNAJCS 1.70657
: PKM2 1.60132 MAPKS 1.63669
TNFRSF1B 1.6219 RP5-1022P6.2  1.57548 RANBP2 1.62085
ZUBR1 1.5551 ST13 1.58644
MAP1LC3B 1.52752 PTPRE 1.58431
HSPY0AB1 1.57809
B3GNT5 1.57809
MAP4K4 1.56112
PRKCD 1.52045
OXSR1 1.51416

Protease, Peptidase and Growth factor/Angiogenic/ Cell Inflammation, Immune
Invasion related genes growth genes response, Cytokine,
Gene Symbol Fold Change Gene Symbol Fold Change /IChemokine related genes
PLAU 6.3388 EREG 4.01995 Gene Symbol Fold Change
SERPINB2  5.60283 VEGF 3.33421 CXCL3 4.90128
THBD 3.87076 IL8 2 46387 CXCL2 2.88502
OLR1 2.67693 ANPEP 296976 IL1R1 2.77718
CTSL 2.64564 FLNA 2.06052 IL1R2 2.08442
MMP9 2.62559 TFDP1 1.7254 FCAR 2.03052
ADAM9 1.96734 G0S2 1.70691 CD93 1.96563
TIMP1 1.87811 INPP5A 1.67145 CORO1C 1.78989
CPD 1.82203 PTDSR 16638 CXCL16 1.56218
TPP1 1.52183 ITGAX 1.66255 RABGEF1 1.54423
TGFB1 157519 csT7 1.51943
SIGLEC5 1.51549
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4.2.3 myllnziunumzandaiiaasnangthouzisvioind
Wah BuuazszaunIuaadaanvaIdwiNadasziunuinvasiaiiaar i lunnsinlayls
Ingenuity pathway analysis Wuidaiiaasvedgthouziivionnd Imvihanunineteanuazuedlse

A a aa o a a4 @ [ a a
WIDAMNHAUNGITLINUIIWIBEWNLNLIVDI @]x‘iLLﬁﬂ\‘ll%@]’]‘ﬂ\‘l‘ﬂ 5 LLQ$E‘1J‘Y] 4

79N 8 Nams’iLﬂi’]:ﬁwmmaaLﬁsﬂLﬁamn'maaQﬂwmﬁaﬁammmﬂh‘i“ Ingenuity pathway analysis

mawao‘[sw%ammﬁ@ﬂﬂa ﬁ‘hmuﬁuﬁlﬁmﬁaa
1 cancer 58
2 Immunological disease 40
3 Inflammation disease 39
4 Skeletal and muscular disorder 31
5 Connective tissue disorder 29

424 msmwaam:é’ummamaanmaqﬁuﬁﬁmﬁaﬂmﬂiaga microarray lag/® real time PCR

niaya microarray @TﬂLﬁaﬂﬁuﬁﬁﬂ’mmmaaﬂme@i'mﬁ'm:ij,ﬁ@Lﬁa@"unmaa@ﬂmmﬁa
viedhatueund lesdadeniufiinsaunsuaaseanls monocyte/macrophage  uasflumunnifisadosniv
ULLTILRTMIUNIINANVDINITI rwan 11 B Lﬂuﬁuﬁﬁmmamaangaa‘i’m’m 9 B uazBuiinisugasaan
fwan 2 B

MmIana RNA ﬁnﬂéhazml,ﬁ@Lﬁaﬂﬂuaaﬁﬁwmﬁaﬂaﬁwﬁﬁwmu 9 ¢ uszauln@dsuin 8
510 AlEh miroarray, &N MRNA Waz convert 1% cDNA 1113 design primer, optimize condition 284n113¥1
real time PCR  Han171a320U mRNA luaad1dlasT real time PCR aa@ﬂﬁadﬁuﬁayamﬁmﬂ microarray

@T\‘lLLamlugﬂﬁ 15
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dt et 6 a I3 A Y = ' :‘ a ¥ . .
JUN 14 ﬂ’J’llJﬁﬂJW%ﬁ’ﬂﬂde%l%L&l@]Laaﬂm’l’madﬁﬂ’mmtidﬂamﬂiﬂUl"ﬂ Ingenuity pathway analysis
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10

l J [ ] Real-time PCR

v, =

Fold Change
w
"

-10

-15

-20

=

sUN 15 1WF8ufisuseay mRNA 1%6}"3aU"wLﬁ@Lﬁamnm;\ij”ﬂwmﬁmaﬁwm@u"?ﬁs real time PCR ﬁuﬁagaﬁ

#2710 microarray

4.3 msuaadaanvasdnluiiaidaaunlEweniaiszuzsaatwuadnauziIaviaing

ANBNILAUNTLRAIDDNVBITWINUIW 11 B s'iavlﬁﬁ'@Lﬁaﬂmmﬂﬁagamnmmaanmmﬁu’[wﬁmﬁaﬂ
11717835 BNzSviath@lasiT microarray aena1alu 4.2 lduri PLAU, MMP9, VEGFA, EREG, SERPINB2,
PTGS, CXCL3, CTSL, IL8, CXCL10 uaz TLR8 lagiaszau mRNA luidiaifaar116e37 real-time reverse-

transcriptase polymerase chain reaction maa@ﬂwmﬁoﬁaﬁw?ﬁhmu 39 MNuuazauUn@suIn 21 18 1ie
= o = 1 = 1 1 nll = 1// 1 a '
u_l?fﬂumﬂmmumnmmmﬂmmwm@wummm@mmmnmmmnm@wuuﬂunqmuﬂnm WU1INN9

LL'&mfa@ﬂm@ﬁuuﬁimﬂuﬁmwLLﬂiﬂsaugﬂumjmjﬂaw:ﬁwim{ﬁ %\‘1Lﬁﬂﬁ’]LLN%ﬂ’]Wﬂ’]iLLamaaﬂﬂladﬂ’s\jN
ﬁuﬁﬁﬂmma‘"@ﬁwﬂmwﬂqﬂﬂa ‘wmhLmumwﬁvlﬁﬁﬁgaLLuuﬁLﬂmmqﬂﬂa (Eﬂﬁ 16N) UAZUWULNGY (gﬂ‘?i 16
) mﬂmwswLﬁaaﬁuﬁvlﬁf:ﬂmz;ﬁ%’ﬁuLﬁamawwzmjuﬁuﬁﬁguuummamaaﬂﬁﬁauiﬂdmﬁ vl@TLLfiﬂajuﬁw?'i
\fienfiu Proteolytic activity LLazﬂajaJﬁLﬁmiaaﬁ'u inflammation (IL8, PTGS) andandu wuiananinaaiiu 3
ngu ﬁaﬂajwﬁﬁ Proteolytic activity §9 W inflammation f1 $1mIm 15 38 lugﬂﬁ 171 LLa:ﬂ@:&l‘ﬁﬁ Proteolytic
activity 61 u@ inflammation g9 $1m3n 12 T Iugﬂﬁ 172 uazlimunindanguled 8 1o
ﬁnﬂmﬁLﬂiﬂ:ﬁ*’ﬁagaf:ﬁﬂﬁﬂm:;ﬁ%’mau‘l@ﬁa:a%ﬁaawmiﬁLflué’hLmumiﬁﬂmumaoﬁumju

Proteolytic activity %ﬂtﬂmwuLmuﬁwwwnlunéuﬂxmmﬁﬁnmagji Weliausndianeinamuaasean
maqmjwﬁuﬁaﬂmﬂﬁaahuﬂmwuuaﬂﬁﬁﬁu;jﬂaunﬂ‘iw nnuwdeitldassumsuuuitelas  Cox
regression model LIweN risk score LﬁaI%LLﬂﬂﬂajugﬂaﬂﬁﬁwmmrﬂ*mﬁme@mﬁ'umm:é'unﬁuamaan*‘na\‘l

PLAU, SERPINB2 was CTSL adit

Risk score = 1.020 PLAU + 1.214 CTSL — 0.882 SERPINB2

WaunudnlusunIniuaasaanvasduluaunisvesthounimaidnimuanans (n = 35) wu
mansndangudihsuziviaihdnuszaunmiuaaiaanyeasdulineatasny Proteolytic activity Uadlmadiia

v ' ¥ th . @ . .
Laa@“ﬂ']'l@]']llﬁllﬂ']ivl@]l.ﬂu 2 ﬂﬂqu I@]Ul"ﬁﬂq 50 Percentile U833EaUNILRAIBDNYBY metastatic associated
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gene L'fluﬁ;@éf@ = 4.21 mmimmdnsjug}”ﬂuﬂ‘ﬁLﬁmﬁawnﬁmmamaanmaa risk score gaaaﬂmnmjwﬁﬂw
fifiaidanrnifnsuaniaanaas risk score 61 FalA1IzEzIEaTW (survival time) uanenanuatnIliindAn
(Log rank, P = 0.021) @T\‘ILLamlugﬂﬁ 18 I@ﬂ;jﬂuw?'iLﬁmﬁa@mnﬁmnmmaan“um risk score dnaziienTzas
J0QTWHN1INTIT (mean survival 403 days; 95% Cl, 320-485 i) ;jﬂ'aw?'iLﬁ(ﬂLﬁamnﬁmmamaaﬂmm risk
score §4 (mean survival 239 days; 95% Cl, 167-311 5'%)

NNTBYANINANLEAII MITALAVNNIUFAIDBNUDY Proteolytic activity gene ludaidaaviaansa
wewiansnioilinvastheld  usedliidudsdnonimaaslditnisdandnlummeinssinnizuzisaves
g}”ﬁwmﬁmaﬁﬂﬁ S'fjaLﬂuﬁagaﬂi:naumsﬁ@%ﬂwa\‘iu,w‘nzﬂumilﬁanLmeam‘s%’nmﬁmm:amm:ﬁ
Urdninmwgegalufihoudazneldluauaa
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1 23456

Y axis = fold change (2-99Ct)

Bar 4 = MMF‘B
Bars =

Bar3 = SEBEMES Barg= EIBE

W139 Extra WD

10.00
5.00
12345¢6
=1 W176 HilarIP
8.00
6.00
4.00
2.00 I I
0.00 . I : :

1 23456

W151 Hilar PD

X1 Extra WD

8.00
6.00
4.00
2.00

0.00

4.00
3.00
2.00
1.00 I I
0.00 I
1 2 6
W123 Hilar WD
30.00
20.00
10.00

1 2345¢6

0.00

31N 17 0 WHBAWIZALUNIURAIBaNVBIEUNEN proteolytic &9 W@ inflammation drluilaiianvvadeiilae
T 9 U uU

= 1 g’ a
UebHNaua

23




W108 intra P W171 intra WD W130 Hilar WD
3.00 3000 T—m 15.00 A
2.00 20.00 - 10.00 -
1.00 10.00 - 5.00 -
0.00 0.00 - 0.00 -
123456 123456 123456
W129 intralP X321 Hilar WD XS57 Hilar PD-IP
15.00 —mmm 1500 —7—7—7—— 10.00 4
10.00 - 10.00 A I
5.00
S.00 -+ 5.00 A ‘I
0.00 4 0.00 - 0.00 -
123456 123456 123456
w153 IntralP W190 ExtralP X21 ExtralP
30.00 —-———- 1500 vV—F— 30.00 -
20.00 __I_ 10.00 20.00 _4I7
X586 intra WD-IP X329 HilariIpP W132 Hilar P
15.00 8.00 -+ 8.00 -
10.00 = 6.00 6.00 -
4.00 - 4.00 -
5.00
2.00 4 2.00
000 rF T rTTTH 0-00 . AR A 0_00 - 1
123456 123456 123456
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X axis
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A

I Low score

U 18 wwwmwilIsuifisuszesseadwdihouziiiviathfanussaunLaadaanueIdungy proteolytic LAz

inflammation IuLﬁmLﬁamm’nmaa@ﬂwmﬁmaﬁwa

4.4 J9L3002173%9%a macrophage butiaLl oz TIRNNUTNU T30 TN BINUI 8N 5IYR1NG

NANSANHLNALEDAT1I A CD14/16° monocyte LLa:miLLamaaﬂmaaﬁu’Lmﬁmﬁa@mmm@ﬂm

mﬁwiaﬁwaé’uﬁ'uﬁfﬁ'uma:mﬁaLLa:iwzia@%wmmﬂﬂm UEAIINTALREAUNINUNLINEAYFONZISI N3
2 & A ~ { { o oA { o R I
NUNIWITIHNTINLITI LlaiRaas1vfia monocyte smﬁaLﬂﬁaumgl,ﬁaLﬁa@mLm:ﬂamﬁua:uﬂmammﬂu
tissue macrophage ﬁnﬁwmm’mﬁ'uLﬁnaﬁuzﬁﬂumnﬁa%’%aaﬁfmguﬂsz‘[wﬁ@iamim‘%mul,ta:mmws'qﬂmu
YD ILTRANLLTI \NaNARBUANYAZINAINGT Fldvenumsdnsiiafaay tissue macrophage NLAILURS
(=3 =} =3 v & | 6 o 1 tﬂl 1

gnMwNLlaidanvsiia monocyte lagld Mac387 Gallu surface marker UBILTARAINAD UALLNBLAAII
. & . = o A a A ¢ & A & @
tissue macrophage LBBFANITUNIANANVBINELTY Ienfantn MMPY  Genuluisasidaidoauiduead
AU

M3ANLlasAT immunohistochemistry 284 Mac387 waz MMP9 1u|,ﬁaL'E'Jamﬁwmﬁﬂmu:ﬁmaﬁﬁ
F%7% 50 378 WU LTRSLIALRaANAN Mac387 WUNTeauluiteld oAUz UIIMIISINIRNIN necrosis W

o a &/ d' 3 1 t:llt: s ﬁ’ A' s a v =) ;s' a 6
wudwmnnuTnaweuallausisundanuitelladuuasiSnaTatldwten U 19) Myl
(% = 6 o Ed'n dl‘y dl' I3 L v aa an U v

ANMVFNNUTUDINIWLTIWINLTANAA Mac387 I%LuaLEJE]%J:LNﬂ‘]J‘lIEIH@WEI’I‘ﬁ’JYIUﬂﬂa%ﬂﬂladﬁdﬂiﬂlﬂﬂlﬁ
univariate analysis Wwunlanuannusnuazlsanlaid laun uziSswfia non-papillary type (P = 0.006) La
periductal infiltrating types (P = 0.047) (mﬂiﬁdﬁ 9) MINTIIFOLLTAANUNTUEAI8an2ad MMP9 latdouble
staining immunohistochemistry W¥A4INTAANAA Mac387 finmiuaasaanvas MMP9 die (3UN 20) uanand
SINLANNTNNUTVRILTAA NS Mac387 NULTARNANNILEAIaanuad MMP9 (P < 0.001)

NMFIATIZRAINUFNAUTVBINITNULTASNAN Mac387 luLﬁaLﬁamﬁaﬁ'm:mia@%wmaa;jﬂ’aal WU
;jﬂmﬁl,ﬁalﬁamﬁdﬁmaﬁam Mac387 a‘hmumnﬁiw:iaﬂ%wé’fuﬂ’j’]Qﬂmﬁﬁatﬁamﬁaﬁvﬁaaﬁa@ Mac387

a o

Swndasadlnadauneatd (P = 0.01) lasfian mean survival 380 #u (95% CI, 228-531 $u) uaz 679 4u

[
o

(95% ClI, 541-817 fu) mwdndu (U 21 ) nsiliiiies 35% vesdihonduiiileilenzToliioadnia Mac3s?
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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 (594) 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-I| 13 8 (61.5) 5 (38.5) 0.091
1 23 8 (34.8) 15 (65.2)
v 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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Abstract. Cholangiocarcinoma (CCA) is a high metastatic
cancer with no effective treatment. Here, the pro-metastatic
action of tissue macrophages in CCA is demonstrated and
suggested as a prognostic marker and novel target for the
therapeutic intervention of CCA. Fifty CCA tissues were immu-
nohistochemically stained with a marker for reactive/infiltrating
monocytes/macrophages (MAC387) and matrix metallopro-
teinase (MMP)-9. The antigenic densities in positively-stained
cells along the leading edge of tumors were scored. Correlations
between the densities of MAC387, MMP-9-positive cells,
clinicopathological features and patient survival were investi-
gated. High densities of MAC387-positive cells were detected
in more than 60% of the CCA tissues. This was significantly
associated with poor prognosis parameters (non-papillary
and mass-forming type CCA). Overall survival was worst in
patients with high-density MAC387-positive cells. Double
immunofluorescent staining indicated that MAC387-positive
cells co-expressed MMP-9. Immunohistochemical staining of
MMP-9 in serial sections of CCA tissues indicated that MMP-9
was rarely expressed in CCA tumor cells, but highly expressed
in MAC387-positive cells and polymorphonucleated infiltrating
cells. Patients with high tissue expression levels of MAC387
in combination with MMP-9-expressing cells had the worst
survival. These factors were found to be independent predictors
of the post-resectional survival of CCA patients. Since CCA
tumor cells rarely expressed MMP-9, it is likely that tissue
macrophages are critical for degrading the extracellular matrix
and for facilitating tumor metastasis. They may therefore serve
as a prognostic marker for poor clinical outcome, and represent
novel targets for the therapeutic intervention of CCA.
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Introduction

Carcinogenesis and tumor progression are multistep processes
in which genetic alterations and modifications in malignant
cells may help to establish tumor-supporting microenviron-
ments. A variety of soluble mediators (e.g., chemokines
and cytokines) have been implicated in the recruitment of
leukocytes to the tumor microenvironment, a process that has
either been associated with tumor progression or inhibition in
different types of tumors. Although all classes of leukocytes
are found within tumors, the most abundant cells are tumor
associated macrophages (TAMs) (1).

TAMs are diffusely found throughout tumors in local-
ized zones, tumor edges, around the ductal areas and in the
tumor stromal areas (2,3). Although macrophages under
certain conditions can kill tumor cells (antitumor activity),
several studies have highlighted their potential role as tumor
promoters. The balance between the pro-tumorigenic and
antitumorigenic properties of macrophages may depend on
tumor type and organ site. TAMs are derived from circu-
lating monocytes that infiltrate the tumor and differentiate to
macrophages (1,4). MAC387, which is expressed in circulating
neutrophils and monocytes, is a macrophage marker that
distinguishes resident tissue macrophages from newly arrived
blood migrants (5,6).

Cholangiocarcinoma (CCA), a slow growing but highly
metastatic tumor, is highly prevalent in northeast Thailand.
Both epidemiologic and experimental evidence implicates
chronic inflammation resulting from liver fluke (Opisthorchis
viverrini; OV) infection as the major risk factor for CCA in
Thailand (7,8). The role of infiltrating leukocytes in carcino-
genesis and the progression of experimental CCA is supported
by the high levels of infiltrating leukocytes within the tumor
tissues of OV-associated CCA hamsters (9). No study has
been performed on human CCA to test whether this class of
tumor contains tumor infiltrating macrophages. Whether the
presence of these macrophages plays a role in pro- or anti-
tumorigenic activities is unclear.

In this study, we report the association of newly infiltrated
tissue macrophages (MAC387-positive cells) and TAM
expressed factors — namely matrix metalloproteinase (MMP)-9
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— with poor prognosis in CCA patients. To date, inflammatory
TAMs have not been targets for therapeutic intervention.
However, in for example rheumatoid arthritis, anti-inflammatory
therapeutic approaches have significantly improved patient
clinical outcomes. The goal of the present study was to test
whether CCA, an aggressive form of tumor arising from an
inflammatory environment, contains inflammatory TAMs, and
to determine whether TAMs play a role in pro-tumorigenic
activities and whether they may serve as important cell targets
for future therapeutic intervention.

Materials and methods

Subjects and tissues. Fifty paraffin-embedded blocks were
obtained from the specimen bank of the Liver Fluke and
Cholangiocarcinoma Research Center, Faculty of Medicine,
Khon Kaen University. Informed consent was obtained from
each subject, and the Human Research Ethics Committee
of Khon Kaen University approved the research protocol
(HE471214 and HE480312). Age, gender, tumor location,
histological grading and pINM stage were evaluated by
reviewing the medical charts and pathological records.

Immunohistochemistry studies. Specimens were fixed in
10% neutral formalin buffer, embedded in paraffin and cut
into 5-um-thick sections. Immunohistochemical staining was
performed by an immunoperoxidase method using mouse
monoclonal anti-human myeloid/histocyte antigen (MAC387
clone; Dako, Glostrup, Denmark) and rabbit monoclonal anti-
human MMP-9 (Dako). Each section was deparaffinized and
re-hydrated with antigen retrieval citrate buffer (pH 6), and
endogenous peroxidase was blocked with hydrogen peroxide
in methanol. The serial sections were incubated with 1:200
MAC387 for 30 min or 1:100 anti-human MMP-9 overnight,
followed by the addition of Envision labeled polymer peroxi-
dase (Dako) for 30 min. After washing, the sections were
reacted with liquid 3,3'-diaminobenzidine tetrahydrochloride
(DAB) substrate chromogen system (Dako). All slides were
counterstained with Mayer's hematoxylin. Paraffin-embedded
sections of human tonsil and colon cancer tissue sections were
used as positive controls for MAC387 staining and MMP-9
staining, respectively.

The densities of MAC387 and MMP-9-positive cells at
the leading edge of invasive tumor were semi-quantitatively
classified into four scoring categories: 0, negative; 1%, 1-25%;
2+, 26-50%; and 3*, >50%. The specimens were evaluated
by two researchers without any knowledge of prognosis or
clinicopathologic variables. For statistical analysis, the scores
0 and 1* were categorized as low expression (or negative), and
the scores 2+ and 3* as high expression (or positive).

Double immunofluorescence-labeling method. A modified
double immunofluorescence-labeling method was performed
to examine the co-localization of human myeloid/histocyte
antigen with MMP-9. Heat-mediated antigen retrieval was
performed in a pressure cooker with citrate buffer (pH 6) and
0.05% Tween-20 for 3 min. The sections were cooled to room
temperature for 30 min then incubated with the primary anti-
bodies at room temperature overnight. The co-localization of
MMP-9 and MAC387 in CCA tissue was assessed using 1:100
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of rabbit polyclonal anti-human MMP-9 and 1:200 of mouse
monoclonal anti-MAC387. The sections were incubated for
a further 3 h with 1:400 of Alexa 488-labeled goat antibody
against rabbit IgG and an Alexa 568-labeled goat antibody
against mouse IgG (Molecular Probes Inc., Eugene, OR,
USA). The stained sections were examined using a fluores-
cence microscope.

Statistical analysis. Statistical analysis was performed using
SPSS statistical software version 16.0.1 (SPSS Inc., Chicago, IL,
USA) and STATA version 8. Cross tabulations were analyzed
with the >-test for associations between MAC387 and MMP-9
expression and the clinicopathological features of CCA
patients. Kaplan-Meier survival analysis was used to estimate
disease-specific survival, and comparisons between groups
were performed using the log-rank test. Multivariate survival
analysis was used to investigate the importance of MAC387
and MMP-9 expression in comparison to other prognostic
parameters. P<0.05 was considered statistically significant.

Results

The mean age of the CCA patients recruited to the study
(n=50) was 56 years (range 33-75). The ratio of men to women
was 1.17 to 1. Tissues were obtained during liver resection for
CCA. None of the patients received radiotherapy or chemo-
therapy prior to the surgery. Tumor staging was based on the
American Joint Committee on Cancer classification (10). The
clinicopathological features of the patients are shown in Table I.
Patients with CCA stages I-III (n=36) received a resection with
curative intention, whereas patients with stage IV CCA (n=14)
underwent palliative surgery to relieve jaundice, debulk the
tumor and achieve an improved quality of life. The survival
of each CCA patient was recorded from the date of surgery to
the date the patient succumbed to the disease or to June 13,
2008. Only patients with CCA stages I-III were included in
the survival analysis. The median duration for follow-up was
299 days. The median overall survival was 386 days and the
overall survival rate was 52% at one year post-surgery.

MAC387-positive cells in CCA tissues and clinical signifi-
cance. Immunohistochemistry of 50 CCA tissues revealed
that MAC387-positive cells were distributed throughout the
tumor-involved liver tissue, including the leading edge of
invasive tumor, tumor parenchyma (Fig. 1A) and perivascular
areas. The majority of MAC387-positive cells were located in
apparent direct contact with or immediately adjacent to tumor
cells at the edge of invasive tumor (Fig. 1B). MAC387-positive
cells were also present in regions of necrosis. Although the
highest density of MAC387-expressing cells was at the
tumor edge, they were also frequently present in perivascular
areas of tumors (Fig. 1C). As MAC387 stains blood-derived
macrophage migrants, these perivascular cells may represent
the most recent blood-derived monocytes in CCA tissues.
Since MAC387-positive cells were found in high quantities
at the leading edge of the tumor, we quantitatively analyzed the
correlation between the density of MAC387-positive cells in this
region and the clinicopathological parameters using a univariate
analysis. High numbers of MAC387-positive cells were
significantly associated with poor survival outcomes, namely
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Table I. Density of MAC387-positive cells in cholangiocarcinoma (CCA) tissues in relation to the clinicopathological features

of the patients.

Variable MAC387-positive cells
No. Low (%) High (%) P-value
Age 0.608
<56 26 9 (34.6) 17 (65.4)
>56 24 10 (41.7) 14 (58.3)
Gender 0.879
Female 23 9(39.1) 14 (60.9)
Male 27 10 (37.0) 17 (63.0)
Tumor location 0.610
Intrahepatic CCA 32 13 (40.6) 19 (59.4)
Extrahepatic CCA 18 6 (33.3) 12 (66.7)
Gross morphology 0.047
Mass forming type 24 7(29.2) 17 (70.8)
Periductal infiltrating type 20 7 (35.0) 13 (65.0)
Intraductal growth type 6 5(83.3) 1(16.7)
Tumor stage 0.091
I-11 13 8 (61.5) 5 (38.5)
1T 23 8 (34.8) 15 (65.2)
v 14 3(21.4) 11 (78.6)
Histological type 0.006
Non-papillary 35 9(25.7) 26 (74.3)
Papillary 15 10 (66.7) 5(33.3)
Vascular invasion 0.198
Absent 37 14 (32.4) 23 (67.6)
Present 13 3(23.1) 10 (76.9)

the non-papillary (P=0.006), mass forming and periductal
infiltrating types of CCA (P=0.047) (Table I). There was no
correlation between the density of MAC387-positive cells and
gender, age, tumor location, tumor staging or vascular invasion.

High density of MAC387-expressing cells and poor patient
survival. Kaplan-Meier and log-rank tests were used to deter-
mine the overall survival of CCA patients with low vs. high
expression of MAC387 at the tumor edge. No patients with
perioperative death (survival <30 days) were included in the
analysis. Overall, the post-resectional survival of patients with
CCA stages I-III was significantly reduced in patients with
high levels of MAC387-positive cells (mean survival 380 days;
95% CI 228-531 days) compared to those with a low density
of MAC387-positive cells (mean survival 679 days; 95% CI
541-817 days; P=0.01) (Fig. 2). The overall survival rates were
35 and 75% at 1 year post-surgery for patients with high and
low levels of tissue MAC387-positive cells, respectively.

Age, gender, tumor location, tumor type and vascular inva-
sion had no influence on survival. However, overall survival
was significantly decreased in patients with advanced stage
tumors (stages III and I'V), non-papillary type CCA or a high
density of MAC387-positive cells (Table II).

MMP-9 expression in MAC387-positive cells. Since the signif-
icance of the high density of MAC387-expressing cells at the
leading edge of invasive tumor was observed to be associated
with poor survival parameters and shorter survival in CCA
patients, we further analyzed whether MAC387-positive cells
co-expressed MMP-9, a factor known to play a significant
role in tumor invasion. Double immunofluorescent analyses
were performed on CCA tissues positive for the MMP-9
antibody together with MAC387. MAC387-positive cells with
co-expression of MMP-9 were found in the highest quantities
at the leading edge of the tumor and tumor-involved tissue
areas (Fig. 3A and B). Scattered MAC387-positive cells with
MMP-9 expression were also observed in non-tumor tissue.
Serial sections of CCA tumor tissues were
examined for MAC387 and MMP-9 expressing cells by
immunohistochemistry. Although MMP-9 was observed
in cells with tissue invasion characteristics, the antigen was
rarely observed in CCA cells. Only 6% (3/50) of CCA tissues
were positive, with weak immunostaining, for MMP-9.
By contrast, MMP-9 was significantly expressed in tissue-
infiltrating leukocytes, especially monocyte-macrophages
and polymorphonucleated cells. The distribution of MMP-9-
positive cells within CCA tissues was similar to that of
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Figure 1. Distribution and density of MAC387-positive cells in CCA tissue detected by immunostaining. (A) Non-malignant liver tissue (x10 HP). (B) Leading

edge of invasive tumor (x4 HP). (C) Perivascular areas (x10 HP).
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Figure 2. Survival curves using Kaplan-Meier analysis for patients with CCA
stages I-III. CCA patients with a low density of MAC387-positive cells had
a better survival than those with a high density of MAC387-positive cells.
Black circles indicate censor cases.

MAC387-positive cells. High levels of MMP-9-positive cells
were found at the CCA tumor invasive edge. A high density
of MMP-9-expressing cells was found in 44% (22/50) of the
CCA patients, and was significantly associated with a high
density of MAC387-positive cells (P<0.001).

Multivariate Cox proportional hazard analysis. Finally, we
statistically assessed the overall post-resectional survival of
CCA patients in relation to the cell density of MAC387 and
MMP-9-positive cells. Multivariate analysis was performed to
explore the importance of monocyte/macrophage (MAC387-
expressing cells) in comparison to other prognostic parameters.
Cox proportional hazards analysis in the multivariate analysis
model was performed, taking into account age, histological
tumor type, tumor staging, MAC387-positive cell density
and the density of cells co-expressing MAC397 and MMP-9
(MAC387+ MMP-9%). Only age, tumor type and the density
of cells expressing MAC387 and MMP-9 were identified
as independent prognostic markers for patients with CCA
(Table IIT).

Figure 3. Co-expression of MAC387-positive cells with MMP9 detected by immunostaining at the (A) leading edge junction (x20 HP) and (B) tumor area of

cholangiocarcinoma tissue (x40 HP).
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Table II. Factors influencing overall survival of cholangiocarcinoma (CCA) patients.

Variable Hazard ratio P-value 95% CI
Age

<56 1

=56 1.645 0.161 0.819, 3.301
Gender

Female 1

Male 1.079 0.829 0.538,2.163
Tumor location

Extrahepatic CCA 1

Intrahepatic CCA 0.990 0.979 0.484, 2.067
Gross morphology

Mass forming type 1

Periductal infiltrating type 0.894 0.757 0.441, 1.815

Intraductal growth type 0.145 0.061 0.019, 1.093
Tumor stage

I-1I 1

I 4.201 0.023 1.219, 14.471

v 8.549 0.001 2.390, 30.567
Histology type

Non-papillary 1

Papillary 0.262 0.006 0.1001, 0.685
Vascular invasion

Absent 1

Present 1.455 0.326 0.688, 3.078
MAC387-positive cells

Low 1

High 2.821 0.012 1.259, 6.323

Table III. Multivariate analysis by a Cox proportional hazards regression model in cholangiocarcinoma (CCA) patients.

Variable Crude hazard ratio Adjusted hazard ratio 95% CI P-value?
Age

<56 1 1

=56 1.645 2.34 1.09, 5.00 0.02
Histology type

Non-papillary 1 1

Papillary 0.262 0.36 0.12, 1.06 0.04
Tumor stage

I-11 1 1

I 4.201 2.11 0.55, 8.02 0.08

v 8.549 3.89 0.99, 15.25
MAC387-positive cells

Low 1 1

High 2.821 0.61 0.18,2.12 0.43
MAC387 + MMP-9-positive cells

Low 1 1

High 5.11 5.55 1.07, 28.76 0.03

#Partial likelihood ratio test.




602

SUBIMERB et al: TUMOR INVASIVE MACROPHAGE RELATES TO POOR PROGNOSIS OF CHOLANGIOCARCINOMA

A a b i CCA (a=32) c Extra hepatic CCA (n = 18)
ey
P01 Pu023
Ly
E i MACIZ?* MMPY (a=17) =
E ‘E §“’ E 387 * MMPY (s = 11)
i 3
& {
Eag P i
"1 MACHT MMPY (a=T)
MACIST* MMP3* (8 =15) il H
[ B [ w [ - H £ ) @ [ o0
Oays Daps
B b Papillary (a = 15) [ Non-papillary (a = 35)
1 P <0001 "
MACIET* MMPY (a =11) o
- .
% i ‘§n-
; A i 2
2 i =04
2 i &
| MACIET MMPY* (a =)
é o
Lly o ! oo
I £ “ ) " 108 o 00 0 P oo oo
Daps Days
C a b Stage LIl (a=13)
1 3 Pao01 " 1 Pm 0002 kel Paooll
i
ol B Sugelll (a=13) il MACHT* MMPY (8 =11) o
% ,i - 5 MACIS7* MMP? (n=1l)
_E gu -: ‘.,,,_L“"i gw g«- 4
2 3 i i €| = : 3 {
i 4 L, 3. i T
é ™.~ N I | & |
' i |
Prs mmemen Prs i 0 i
"t StgelV (a=14) § MACH?'MMPS' (a=2) H
o : o i o MACIST* MMPY* (2 =12)
3 £ = P "o 190 H = & @ o 00 H £ o o o
Cays Days Days.

Figure 4. Prognostic significance of MAC387* MMP-9+ cells in CCA tissue. Cumulative overall survivals was determined using Kaplan-Meier analysis for
CCA patients with MAC387- MMP-9+ cells vs. those with MAC387* MMP-9- cells in relation to (A) tumor location, (B) histological type and (C) tumor stage.

Black circles indicate censor cases.

MAC387 and MMP-9 expression and poor prognosis. CCAs are
heterogeneous. Tumor location, histological type and staging
have been shown to have prognostic significance in determining
the overall survival of patients. In the present study, multivariate
analysis by a Cox proportional hazards regression model indicated
that a high density of cells expressing MAC387 in conjunction
with MMP-9 in CCA tissue is an independent factor in poor patient
outcome. For further analysis, Kaplan-Meier survival curves
were plotted in order to investigate the influence of the MAC387*
MMP-9* cells on the overall survival of patients in relation to
each prognostic parameter. Log-rank statistical analysis was used
to compare the survival rate in patients with MAC387+* MMP-9*
cells to that in patients with MAC387* MMP-9- cells. Regardless
of tumor location, histological type and tumor staging, patients
with a high density of MAC387+ MMP-9* cells had a signifi-
cantly shorter survival than those with MAC387+ MMP-9- cells
(Fig. 4). Mean survival times stratified according to MAC387*
MMP-9* cells vs. MAC387+ MMP-9- cells are summarized in
Table IV. There was an inverse association between MAC387*
MMP-9* cells and the survival of patients with intrahepatic CCA.
Similar associations were found for patients with extrahepatic
CCA, papillary or non-papillary type CCA, or CCA stages I-II
and III. However, MAC387+ MMP-9* cells had no prognostic
significance in stage IV patients.

Discussion

Tissue macrophages are the major class of infiltrating leuko-
cytes in solid tumors (1) and are known to play an inhibitory
or promotional role in tumorigenesis (1,11,12). In the present
study, we determined the degree of MAC387 expression
in CCA tissue, which represented a subset of recent blood-
derived reactive/infiltrating monocytes/macrophages, but
not Kupffer cells (6,13,14). The relationship of these cells to
clinicopathological factors and post-operative survival was
also examined.

The data demonstrate that a high density of MAC387-
positive cells at the leading edge of invasive tumor was
significantly associated with the non-papillary, mass forming
and periductal infiltrating types of CCA. These observations
suggest that a high density of MAC387-positive cells is corre-
lated with an undesirable outcome, since the present study
(Table II) and previous reports show that these parameters
are poor prognostic indicators of CCA (15-17). The correla-
tion between high levels of MAC387 expression and poor
prognosis was again emphasized with the finding that an
incremental increase in the density of MAC387-positive cells
was inversely related to CCA patient survival. Patients with
a high density of MAC387 cells had a significantly worse
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Table I'V. Comparison of mean survival times of cholangiocarcinoma (CCA) patients according to the presence of MAC387-

positive cells with or without co-expressing MMP-9.

Variable No. Mean survival time (days) P-value
Mean 95% CI
Intra and extra-hepatic CCA
Intra-hepatic CCA
MAC387+ MMP-9- 17 631 478-784 <0.001
MAC387+ MMP-9+ 15 177 102-251
Extrahepatic CCA
MAC387+ MMP-9- 11 558 344-773 0.023
MAC387+ MMP-9+ 226 124-329
Histological types
Papillary type
MAC387+ MMP-9- 11 824 702-945 <0.001
MAC387+ MMP-9* 243 130-356
Non-papillary type
MAC387+ MMP-9- 17 430 282-578 0.006
MAC387+ MMP-9+ 18 181 112-250
Tumor stage
Stage I-1I
MAC387+ MMP-9- 11 819 689-949 0.002
MAC387+ MMP-9+ 140 63-217
Stage III
MAC387* MMP-9- 11 526 359-693 0.011
MAC387+ MMP-9* 12 223 127-320
Stage IV
MAC387* MMP-9- 6 242 84-399 0.259
MAC387+* MMP-9* 8 159 86-233

overall post-resectional survival than those with a low tissue
density of MAC387. This indicates the pro-tumorigenic role
of these recent blood-derived migrant-macrophages in CCA.
The association of TAMs with poor patient outcome has been
reported in patients with various types of cancer (18,19).

The pro-tumorigenic functions of TAMs in certain types of
cancer are related to their differentiation state as M2-polarized
macrophages releasing various factors supporting tumor
growth, metastasis, angiogenesis, tissue remodeling and the
suppression of adaptive immunity (19-23). One key mechanism
by which macrophages promote invasion and metastasis
involves the production of protease enzymes for the digestion
of the extracellular matrix. This tissue digestion subsequently
facilitates cancer cell migration and tissue invasion (23).
Serine proteases and MMPs are thought to be the principle
activators of MMP precursors in vivo. Normally, the proteolytic
activities of MMPs are regulated via MMP synthesis balancing
between activators and inhibitors of precursor proenzymes.
The proteinase-proteinase cascade is initiated by the activation
of plasmin by uPA, which then activates proMMP-3 (MMP-3
precursor) to MMP-3. MMP-3 in turn activates MMP-9 (24,25).
The association of MMP-9 expression within tumors with tumor
invasion, metastasis and poor prognosis for CCA patients has

been demonstrated in numerous studies. A similar association
and shorter survival of patients with high MMP-9 expression
has been observed in hepatocellular and colorectal carcinoma
and renal cancers (16-28). The cellular location of these tissue-
invasion molecules has always been assumed to be within cancer
cells or tissue macrophages. However, in the present study,
these factors localized primarily with tissue-invasive MAC387-
expressing recent blood-derived monocytes/macrophages.
There is now a large body of evidence implicating tissue
macrophages as an important site for the production of MMP-9
during tumor metastasis. Our finding, that CCA specimens
with a high density of MAC387-positive cells at the tumor
invasive edge was associated with poor prognostic parameters
and metastatic stages in CCA, encouraged us to investigate the
involvement of MAC387-positive cells in enhancing protease
bioactivity — namely MMP-9 expression in CCA tissues. In the
present study, we observed a very strong correlation between
the presence of high levels of MAC387-positive cells in CCA
regions and the high expression of MMP-9. Double immu-
nofluorescence studies confirmed that, in most cases, MMP-9
immunoreactivities co-localized with MAC387-positive cells,
indicating that MAC387-expressing macrophages were the
major site of tumor-associated MMP-9 expression (Fig. 3).
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The recent blood-derived migrant macrophages (MAC387-
positive cells) may have direct activity in promoting tissue
invasion in CCA. The co-expression of MAC387 with MMP-9
may be responsible for tissue remodeling by degrading the
extracellular matrix of surrounding tissue, resulting in a
microenvironment favourable to tumor cell invasion. This
assumption is supported by the observation that CCA tumor
cells rarely expressed tissue invasion molecules (MMP-9)
as compared to the MAC387-positive cells. In addition,
MAC387* MMP-9+ cells were observed in non-tumor tissue
adjacent to the tumor front.

In this study, the presence of high levels of MAC387 and
MMP-9 in the leading edge of the tumor was an indicator of
an unfavorable outcome, with a 3- to 5-fold shorter survival
time. Notably, patients whose tissues were negative for these
markers had the best survival. The influence of MAC387*
MMP-9+ cells on the unfavorable outcome of CCA patients
was again emphasized in the multivariate analysis, which
showed that the presence of MAC387* MMP-9* cells in
CCA tissue was an independent prognostic marker in a Cox
proportional hazards analysis for the post-resectional survival
of CCA patients (Table III). These data favor a model wherein
MAC387-positive recent blood-derived macrophages promote
tumor invasion by degrading the extracellular matrix via
MMP-9 activities. The pro-metastatic role of MAC387+ cells
is further supported by our finding that MAC387+ MMP-9*
cells are an independent prognostic marker for an unfavorable
outcome in a CCA regardless of tumor location, type or stage.

Metastasis is a multistep process in which cancer cells
spread within local organs and subsequently throughout the
body. To facilitate this tissue-invasiom process, tumor cells
must have associated tissue degradative enzymes. In the
present study, we identified the predominant pro-tumorigenic
cell in CCA to be recent blood-derived macrophages
co-expressing the macrophage marker MAC387 and the
tissue-invasion associated molecule MMP-9. These cells,
through their proteolytic activities, may play the most impor-
tant role in tumor progression in patients with CCA, signified
by the shortened survival of patients expressing high levels of
these two markers. This is the first study to directly implicate
recent blood-derived macrophage expression of tissue invasion
molecules in the pathogenesis of metastatic cancer. The study
also suggests that approaches directed at this population of
tissue invasion-promoting macrophages may be useful as an
adjunctive therapy for this class of highly metastatic cancer.
For example, recent studies on breast cancer implicated
osteopontin (a major macrophage attractant) in metastasis,
and suggested that the knockout of osteopontin expression
may block metastasis. However, previously osteopontin had
mainly been implicated in tissue invasion/inflammatory
diseases such as rheumatoid arthritis, another disease highly
associated with MAC387 invasion (29-31). Clearly, if CCA (an
incurable highly-invasive cancer) is associated with MAC387
invasion, novel immunomodulatory approaches such as those
being examined in inflammatory diseases should be studied.
As a final point, determining the level of MAC387-expressing
cells and their protease product (MMP-9 expression) may be
a useful metastatic stage prognostic marker in CCA patients,
and lead to the development of novel approaches to address
this important tumor invasion-associated cell population.
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Introduction

Summary

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

Keywords: CD14*CD16" monocyte, cholangiocarcinoma, pro-tumorigenicity

CD14 (CD14'CD16") and are thought to represent classical
monocytes that mediate inflammatory responses (‘inflam-

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

It is generally accepted that blood monocytes, a heteroge-
neous cell population, are precursors of tissue macrophages.
Monocytes participate in pro- or anti-inflammatory condi-
tions depending upon their state of differentiation and acti-
vation [7]. The majority of monocytes express cell surface

matory’ monocytes). A minor subpopulation of monocytes
also express the cell surface activation marker CD16, identi-
fying them as more mature than the CDI14*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)-o. after lipopolysaccharide stimulation
[14,15]. In addition, CD14*CD16" cells have been shown
to participate in anti-tumour responses as judged by
the enhanced production of proinflammatory cytokines

© 2010 British Society for Immunology, Clinical and Experimental Immunology 1
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[TNF-0, 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 ¢ for 5min), the left-over red
blood cells were lyzed with 5 ml red blood cell (RBC) lysis
buffer for 3 min and the suspension was centrifuged at 600 g
for 5 min. Peripheral blood mononuclear cells (PBMCs)
were collected and suspended in RPMI-1640 with 10% fetal
bovine serum (FBS). The PBMCs (5 X 10°) were incubated at
37°C for 3 h in a 10-cm plastic tissue culture dish to obtain
adherence of monocytes. The non-adhered lymphocytes
were washed out by two successive rinses with warm
medium. These preparations contained at least 90% mono-
cytes as assessed by immunofluorescent staining with anti-
body to the CD14 antigen.

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

RNA extraction was performed using Trizol® Reagent (Invit-
rogen, Carlsbad, CA, USA), according to the manufacturer’s
protocol. Total RNA (500 ng) in 25 ul of sterile distilled
water was heated at 65°C for 10 min and chilled on ice for
2 min. The RNA solution was then transferred into a tube
containing first-strand reaction mixed beads (GE Healthy-
Care, Piscataway, NJ, USA), 0-5 uM random hexamer and
sterile distilled water to a final volume of 33 pl. Reverse
transcription was carried out in a 37°C water bath for 1 h.
Transcription copy number for a specific gene of interest
(EREG, VEGFA, CXCL3 and CXCLI0 and internal control;
[B-actin) was measured using an adaptation of a two-step
real-time RT-PCR method. PCR was performed with ~25 ng
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

2 © 2010 British Society for Immunology, Clinical and Experimental Immunology



DNA melting-point analysis. Threshold cycles (Ct) for each
amplification reaction were determined using the 7500
System SDS software version 1-4 (Applied Biosystems, Foster
City, CA, USA). The gene-specific primers for individual
samples were normalized to signals obtained with B-actin
from the same sample. Relative change in gene expression of
CCA patients and healthy subjects was analysed using the
272 method, where ACt = (average Ctiyge — average Ctucin)-
Significant differences between groups were analysed by
Student’s t-test.

Flow cytometry for monocyte subset

Approximately 1x 10° cells from heparinized blood were
stained immediately using a stain-and-then-lyse direct
immunofluorescence technique with CDI14 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,
CDl1l1c, CD18, CD29, CD49d and CD54 (Bioscience, San
Diego, CA, USA) and scavenger receptors (CD163, and
CD204; Bioscience) on CD14" and CD14*CD16" monocytes
was performed using PBMCs separated via Ficoll Hypaque
as described by the manufacturer (Axis-Shield, Oslo,
Norway). For four-colour staining, approximately 1 x 10°
PBMCs were stained with a CD14 Pacific Blue (Caltage,
Little Balmer, Bucks, UK), CD16 allophycocyanin (APC)
(Biolegend, San Diego, CA, USA) combination with a mix of
either FITC or PE conjugates identifying specific cell surface
markers. The expression levels of each molecule were mea-
sured and reported as mean fluorescence intensity (MFI) by
LSR flow cytometer (Becton Dickinson). At least 20 000
events per sample were analysed. Fluorescence gating param-
eters were established with all antibodies using isotype-
matched antibody controls; positive values represent those
above the 99% negative staining threshold.

Immunohistochemistry of tissue macrophages

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

CD14%16* monocytes promote tumour progression

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

The densities of MAC387 at the leading edge of invasive
tumour were classified semi-quantitatively into four scoring
categories: 0 =negative; 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 #-test. The asso-
ciations between levels of CD14*CD16" monocytes and clini-
copathological features of CCA patients and density of
MAC387-positive cells in CCA tissues were analysed using
cross-tabulation with the x’-test. Kaplan—-Meier survival
analysis was used to estimate the overall survival and com-
parison between-group analyses were conducted with a log-
rank test. Statistic analyses were determined using SPSS
statistical software version 16.0.1 (SPSS Inc., Chicago, IL,
USA) and STATA version 8 (Statacorp, College Station, TX,
USA). P < 0-05 was considered statistically significant.

Results

Peripheral blood monocytes from CCA patients exhibit
pro-tumorigenic characteristics

Five CCA patients (three males, two females), average age
54-8 = 59 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 CXCLI0 transcripts were lower
when compared with monocytes from healthy subjects
(P < 0-05) (Fig. 1). The expression level of VEGFA in mono-
cytes from CCA patients was higher than that of the healthy
group; however, that difference was not statistically
significant.

We analysed further whether the higher expression levels
of these pro-tumorigenic genes (EREG, CXCL3 and
CXCL10) observed in the monocytes from CCA patients
were due to the minor subpopulation CD14*CD16*
monocytes. We first analysed the amount of CD14*CD16*
monocytes in the peripheral blood from CCA and healthy
subjects used in the expression study and then analysed the
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possible association of these cells with the expression level of
each gene using linear regression. The preliminary data indi-
cated that peripheral blood from CCA patients contained
higher number of CD14"CD16" cells compared to those
from healthy subjects and the amount of CD14*CD16" cells
associated strongly with expression levels of CXCL3
(r=0-84; P<0-03) and had a tendency to correlate with
EREG, but without statistical significance (Fig. 2).

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

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

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 (1 = 46) accounted for 13 = 6% of all CD14" mono-
cytes or 48-5 * 26-6 cells/ul blood. A dramatic expansion of
CD14'CD16" monocytes was observed in the blood from
both BBD (n=18) and CCA patients (n=44). The level
of CD14*CD16" monocytes in patients with CCA was
30 = 12% of all monocytes or 171 * 129 cells/ul, which was
significantly higher than those of patients with BBD

EREG y =0-000x + 0-214

%]
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=45 o
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Fig. 2. The association of CD14*CD16" ® C?g H_E4 Absolute CD14* CD16* monocyte (cell/ul)
monocytes from cholangiocarcinoma (n=5) (n=4)
(CCA) subjects and expression levels of y = 0-003x + 0-448 y = 1E-05x + 0-052
! . CXCL 3 2~ 0.838 CXCL 10 RE = 0.007
pro-tumoringenic genes. (a) Amount of 10 1
CD14'CD16" cells in peripheral blood £ F % 100 200 300 400 500 600 700
of CCA patients compared with healthy 3 N +582.75 ;_.“L 01 +582.75
controls (P=0-25). The data present as % 419765 'S ' “ ‘ * +197.65
mean * standard deviation. (b—d) The s 3 %260 300 400 500 600 700 ‘6826 _5 +68-26
association between CD14*CD16* monocyte T T +283:26 g 0-01 +283-26
. . © ©
subpopulation and the expression levels of I $4351 * 44351
0-1 0-001

EREG (P =0-41), CXCL3 (P <0-03) and
CXCLI0 (P =0-88).

Absolute CD14* CD16" monocyte (cell/ul)

Absolute CD14* CD16" monocyte (cell/pl)

4 © 2010 British Society for Immunology, Clinical and Experimental Immunology



—
&

CD14%16* monocytes promote tumour progression

ek

geor : =

5 o]

£ 60 : ISP

. . + ¢ . €S .
Fig. 3. Two-colour flow-cytometric analysis of € 40 ..:Eo b= . o
circulating monocyte subpopulations in whole 8 LR iKS ",.:. . o 3, ¢ o
o, 3 k44 L4
blood. Monocytes were gated according to their :j' 20 :.;;0'::}.“0 g3t seeesier g o geitse
forward- and side-scatter characteristics. The 8 0 sarste \ \ by 33de e
expansions of CD14*CD16" monocytes in 2 Healthy BBD CCA o Healthy BBD CCA
peripheral blood of cholangiocarcinoma (CCA) (n=46) (n=18) (n=44) (n=46) (n=18) (n=44)
patients, benign biliary disease patients (BBD)
. o (C) (d)

and healthy subjects were compared based on % 2 s
the numbers of CD14*CD16* monocytes in §50 % 150 .
percentage value (a) and absolute number (b). é 40 ® g
The expansions of CD14*CD16" monocytes in %30 IS :; 100
peripheral blood of CCA patients between pre- a 20 t‘g%
and post-operations (1 = 6) were compared © 88 50
based on the numbers of CD14*CD16* g 10 &
monocytes in percentage value (c) and absolute o0 - - o Preo ération Posto .eration
number (d). *P < 0-05; P < 0-001. 2 Preoperation Postoperation O p p

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

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

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

Adhesion molecules and scavenger receptors on monocytes
may be involved in the localization of cells to a compartment
such as the marginal pool and/or may represent define
distinct subsets related to monocytic differentiation/
maturation. To study whether the two monocyte subpopu-
lations (CD14"CD16™ and CD14*CD16") differed in surface
antigen expression, a four-colour flow cytometric analysis
was performed. We found that several monocyte subset
markers, CD11¢c, 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'CDI16*
monocyte levels in healthy subjects, into patients with low
(<100 cells/ul) and patients with high levels (>100 cells/ul)
of CD14'CD16" monocytes. Immunohistochemistry of

Table 1. Phenotypes of CD14*CD16™ and CD14"CD16" monocyte

subpopulations.

CD14*CD16~ CD14*CD16" P-value
Adhesion molecules
CDl1la 1149 = 56-4 137-3 £ 66-4 0-478
CDllc 2766 = 40-1 372:6 £ 54-11 0-001
CD18 738:5 * 1084 779-1 *+ 1365 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 * 347 1597 + 47-6 0-035
Scavenger receptors
CD163 353 £ 138 41-8 = 15-0 0-399
CD204 161 *= 4.4 24-7 £ 126 0-091

© 2010 British Society for Immunology, Clinical and Experimental Immunology 5



C. Subimerb et al.

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

CD14*CD16" count

(cells/ml)
Variable Number Low (%) High (%) P-value
Age (years) 0-588
<57 20 5 (25) 15 (75)
=57 17 3 (17-6) 14 (82+4)
Sex 0-321
Female 15 2 (13-3) 13 (86:7)
Male 2 6 (27-3) 16 (80)
Tumour location 0-795
Intrahepatic CCA 20 4 (20) 13 (765)
Extrahepatic CCA 17 4 (23:5) 12 (66:7)
Tumour type 0-767
Mass-forming type 9 2 (222) 7 (77-8)
Periductal infiltrating type 20 5 (25) 15 (75)
Intraductal growth type 8 1 (12:5) 7 (87:5)
Tumour stage 0-752
11 10 3 (30) 7 (70)
MI-1v 27 5 (18:5) 22 (81-5)
Histology type 0-040
Non-papillary 25 3 (12) 22 (88)
Papillary 12 5 (41-7) 7 (58:3)
Vascular invasion 0-379
Absent 28 7 (25) 21 (75)
Present 9 1(11-1) 8 (88:9)
Tissue macrophages (MAC387* cells) 0-040
Low 12 5 (41-7) 7 (583)
High 25 3 (12) 22 (88)

CCA: cholangiocarcinoma.

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

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

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

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

1-0
P =0-597
= 0-8
=
% 06 Low level
= n= 8
So4r 0 1028
2 High level
Oo2 (n = 29)
0-0
0 200 400 600
Days
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levels of CD14"CD16" monocytes (log-rank, P=0-597)
(Fig. 4b). However, the higher frequency of patients who had
post-resectional survival for 11 months in the CCA patients
with low levels of CD14*CD16" monocytes (six of eight,
75%) than those with high levels of CD14*CD16" monocytes
(13 of 29, 44-8%) was noticed.

Discussion

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

The presence of elevated levels of CD14*CD16" mono-
cytes with tissue macrophage features and the association of
this subpopulation with disease has been shown in various
pathological conditions, including infection, inflammatory
syndrome, sepsis and cancers. In the present study, we dem-
onstrate for the first time that patients with CCA have
increased levels of CD14*CD16" monocytes in their blood.
The direct association of this monocyte subpopulation with
CCA tumour tissue is demonstrated by the fact that the
elevated level of CD14*CD16" monocytes was decreased to
near the normal level found in healthy subjects after
tumour resection. CD14"'CD16" monocytes evolve from
CDI14'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 CDI14'CDI16"

CD14%16* monocytes promote tumour progression

monocytes implies that this monocyte subpopulation may
adhere strongly to vascular endothelium and this may sub-
sequently promote migration of blood monocytes into
tumour-involved areas. There is substantial evidence that
monocyte recruitment from the circulating bloodstream to
sites of inflammation involves a complex sequence of adhe-
sion and cytoskeletal events mediated by members of the
integrin family. CD11b/CD18 and CD11¢/CD18 regulate the
effecter responses of leucocyte adhesion [36]. Elevated
expression of CD11c also contributes to greater number of
receptors present in clusters that are able to participate in
ligand engagement and increased strength of adhesion
[37,38]. The high density of MAC387-positive cells found in
the leading edge of tumour and especially within perivascu-
lar areas as shown in this study may reflect recent blood-
derived monocytes/macrophages recruited into the tumour
vicinity. As MAC387 is not a general macrophage stain, but
one that recognizes a tissue invasion molecular complex
(SI00A8/A9) required for transit from blood to tissues, it is
likely that the MAC387* cells in CCA represent recent
migrants. The association of MAC387* cells found in CCA
tissues and the worst survival of patients has been reported
recently [39]. As CCA cells rarely expressed matrix
metalloproteinase-9 (MMP-9), while these tissue macroph-
ages expressed MMP-9, it is therefore likely that the tissue
macrophages are critical for degrading extracellular matrix
and facilitating tumour metastasis.

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

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

alternative treatment of CCA.
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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 pl, 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



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 Purelink™
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 UI33 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 1%
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 B-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**“* method where AACt = (Ctiarget - Ctactin) patients = (Cliarget ~Clacin)
nealthy- 1he 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
la). 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 patient''. 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, MMPY, IL-8, PTGS, CTSL, and CXCL3) and the two down-regulated genes (CXCL10

and TLRS&) 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°', where AACt = (Ct target —
Ct ref ) cca — (Ct target — Ct ref) neainy, and the expression of B-actin was used as reference.
The 224" 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 50" 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-1I), 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 CXCL&/ILS8) that are potent promoters of angiogenic activity were up-regulated whereas
CXCLI10 (an interferon-inducible chemokine), a potent inhibitor of angiogenesis was
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suppressed. The contribution of CXCLI1, 2, and 3 to angiogenesis and tumor progression has
been shown in immortalized murine melanocytes [21]. On the other hand, when CXCLI1, 2,
or 3 were depleted, there was a marked reduction in tumor-associated angiogenesis with
tumor growth inhibition [22]. Elevation of tumor associated CXCLS8/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.,
CXCLI10 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 (ADAMDY), 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.
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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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