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ABSTRACT
Identification of a new immune escape related gene
in pancreatic cancer
Kyoung Sun Park

Department of Medical Science
The Graduate School, Yonsal University

(Directed by Professor Si Young Song)

In pancreatic cancer, soluble factors produceahtiyfia the protection of the
tumor environment have been detected and are diftgibuted to the patient's
circulatory system where they may cause a morad@eel immunosuppression.
Tumors exploit several strategies to evade immeeegnition, including the
production of a large number of immunosuppressie®fs, which lead to reduced
numbers and impaired functions of dendritic c&IS€) in the vicinity of tumors.

In this study, several immune related genes weeel s obtain gene
expression profiles of pancreatic cancer for immes@pe, and validation of gene

expression in pancreatic cancer cell lines andmiatera. The inhibitory function of



immune cells in vitro was then confirmed and thiecten genes controlling
susceptibility to induced immunosuppression wegatified.

We used Affymetrix GeneChip arrays to identify gerdifferentially
expressed in pancreatic cancer. Samples were iaghrido the complete
Affymetrix U133A oligonucleotide microarray for sitaneous analysis of 45,000
fragments corresponding to 33,000 known genes &30 &STs. Genes with a 2-
fold greater increase in expression in the 8 paticradenocarcinoma tissues
compared to 17 normal tissues were identified. Yivegpily selected fragments that
were expressed at least 2-fold more in pancreaticet samples compared to
normal tissues, of which 4 corresponded to knowe agments ranged from less
than p value <0.05 (modified Welcht test). Next, we selected genes related to
secretory proteins, growth factors, receptor, tigaand extra-matrix proteins. For
each of the 225 genes identified, a search wasrpedl by means of the online
NCBI database PubMed using search parameters géitieename together with the
terms “pancreas cancer” or “immune.” Of the 22%gemalyzed, most of the genes
and gene products were reported to be associategavicreatic cancers. Many of
them were typically associated with the generahpimenon of inflammation and
pancreatitis. A few assessed good geness wererifyrireported to be associated
with immune suppression. Finally, four genes trewmot reported to be associated

with either pancreatic cancer or the immune systeme selected for the further

vi



study. Candidate genes were selected for verdfitaif expression in samples of
pancreatic cancer cell lines. These four genesewpressed in approximately 50%
of pancreatic cancer cells, in support of theiiahidentification as differentially
expressed genes by Affymetrix GeneChip.

In addition, this study has provided evidence that selected genes are
involved in immune function. We used recombinantgin to study these genes in
DC. We demonstrated that Neuromedin U (NMU) andollr€actor 2 (TFF2)
interfere with the differentiation of monocytesoirDC in vitro, resulting in the
down-regulation of CD40, CD80, and HLA-DR. Thesilts suggested that NMU
and TFF2 had little effect on the expression df sufface molecules in antigen
presenting cells (APC). Moreover, we found thattf2ated with NMU and IL-10
had a higher capacity than control DC for uptak&I®tC-dextran. These results
suggested that NMU-treated DC generated in themresof the absence of IL-10
had a similar degree of endocytic activity. In &ddj we found that in our cultures,
migration of immature DC was induced by both NMUd airF2.

In conclusion, we provide evidence here that NMd ‘&RF2 modulate DC
function. The identification of signal-transductiewents that participate in the
modulation of DC function via NMU and TFF2 wouldther contribute to the
elucidation of the mechanisms underlying the corpigi-inflammatory effects of

NMU, and TFF2 and would enable the constructioa thfeoretical framework for

vii



its eventual therapeutic use. The results desdibexisuggest that the presence of
NMU and TFF2 from the onset of the tumor can prenpoogressive induction of

immune silencing in synergy with other describeghimosuppressive factors.

Key words : pancreatic cancer, immune escapeoligeotide microarray
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Identification of a new immune escape related gene
in pancreatic cancer

Kyoung Sun Park

Department of Medical Science
The Graduate School, Yonsa University

(Directed by Professor Si Young Song)

[.INTRODUCTION

Pancreatic cancer is the fourth leading causeathdsm cancer in North
America. With an overall 5-year survival rate of 3@gancreatic cancer has one of
the poorest prognoses among all canceré\side from its silent nature and
tendency for late discovery, pancreatic cancer sfemvs unusual resistance to
chemotherapy and radiation therapy. Only 20% otneatic cancer patients are
eligible for surgical resection, which currentlynains the only potentially curative
therapy. In pancreatic cancer, soluble factors produceahiyfor the protection of
the tumor environment have been detected andtarediftributed to the patient’'s
circulatory system where they may affect a moregdimed immunosuppressfon

During tumor transformation, genomic instabiliteates a vast repertoire of



tumor cells that are selected by factors presetiteénmicroenvironment, such as
growth factors, nutrient supply, and immune preasivlany mechanisms have
been found to contribute to the failure of the imesystem to control tumor
growth. Tumor cells often have decreased expresdiomnajor histocompatibility
complex (MHC) molecules on their cell surfaddost tumor cells lack critical co-
stimulatory molecules, such as CD40, CD80, and CbB@&dhesion molecules
such as intercellular adhesion molecule-1 (ICAMahd leukocyte function
associated antigen-3, which can contribute toatiily T cellé Recent data show
that tumor cells produce and secrete many factac) as transforming growth
factor beta (TGH), interleukin-10 (IL-10), prostaglandin E2 (PGE2pd the
vascular endothelial growth factor (VEGF), whichveeto inhibit the function of
antigen presenting cells and immune effector®céfispancreatic adenocarcinoma,
there are some reports that cancer cells escapmityrny secreting cytokines such
as IL-10 and TGF- , or by producing nonfunctiona Feaeptors (e.g. RCAS1)
Tumor cells have multiple strategies to elude hntiate and adaptive
immune responses. Tumor cells can also affecuthetion of APCs, in particular
DCs, which play a pivotal role in the induction amdintenance of an effective
immune response. DCs are the most potent APQseir function and polarizing
capacities are decisive for the outcome of Th-nedlianmunity. In the T-cell zone

of lymph nodes, they function as APCs, which pnraie antigen-specific T cells



and drive their differentiation toward Th1, Th2regulatory T cellS. DCs pulsed
with tumor-derived peptide are able to substaptiligment the anti-tumor immune
responses. There is a positive correlation betwetavorable prognosis and the
presence of DCs in several human tumors, inclutieed and neck tumors,
melanoma, lingual carcinoma, gastric carcinomapittycarcinoma, and uterine
cervical carcinomg™’.

In cancer patients, the number of circulating DEgeduced, and their
function is impaired. An increased proportion ofriedure DCs has been associated
with the suppression of Ag-specific T cell respstis@ransformed cells produce a
variety of immunosuppressive cytokines and chenaskuch as IL-10, vascular
endothelial growth factor, and T@¥-that can negatively affect the maturation and
function of APCE. High concentrations of some of these result iregsed or
absent expression of MHC molecules, co-stimulatoojecules, or secretion of
immunosuppressive factors by tunidr3he purpose of this paper is to analyze
immune reactivity and the DC network in relatiortumor development and the
possible mechanisms by which tumors inhibit DC asdape from immune

surveillance.



II.MATERIALSAND METHODS

1. Reagents

Culture media used were RPMI-1640, Iscove's moddelbecco's medium,
McCoy's 5a, Dulbecco's modified Eagle's medium, Bl&t2 medium (Invitrogen
Life Technologies, Carlsbad, CA) Waymouth MB 756fiedium (Sigma-
Aldrich)and M199 (Gibco BRL, Grand Island, NY, USAJl supplemented with
penicillin/streptomycin (1,000 unit/mL; Gibco BRGrand Island, NY, USA), 2
mM L-glutamine, 20 nM HEPES (Sigma, St. Louis, M@5A) and 10% fetal
bovine serum (FBS; HyClone, Logan, Utah, USA).

Recombinant human NMU was obtained from UnitedeStdiological
(USA). Recombinant human TFF2 was obtained fronolalyt(USA). 1I-8 and
MIP-3B were obtained from Prospec-Tany TechnoGene lrtgk{)s

Growth factors for DC generation were GM-CSF (200mh; LG. Co.,
Daejeon, Korea), IL-4 (1,000 unitmL; BD Pharming&an Diego, CA, USA).
Thw following fluorochrome-labelled monoclonal #idies were used to analyze
phenotypes of cells in peripheral blood mononudels (PBMC) or cultured DC:
CDla-PE, CD80-PE, CD83-FITC, CD86-FITC (BD PharremgSan Jose, CA,

USA).



2. Tisues

Samples of normal pancreas (n =17) and pancrefimearcinoma (n =8)
were collected from surgical specimens from patiettthe Yonsei University
Medical Center, and all procedures were carriedthaatcordance to the Guidelines
and Regulations for Use and Care of IRB (Instihatidreview Board) in Severance
Hospital. In each case, the specimens were hatweiken 10 minutes of resection
from the patient and snap-frozen in liquid nitrodgriore storage at 80°C. The
resected cancers were not microdissected becausenednterested not only in
identifying the genes expressed by neoplastic edfaiticalls, but also the genes
expressed as a result of the neoplastic cell-stiotaeaction. Hematoxylin and
eosin-stained sections of adjacent sections distige were prepared before snap-
freezing to confirm the diagnosis. The neoplagiltiarity of these tissue samples
ranged from 5 to 55%. Normal gastrointestinal maigess included in the analyses
to facilitate the identification of markers of pegatic cancer that would be useful in

screening secondary sources.

3.Cdllines
Human pancreatic cancer cell lines AsPc-1, BXREARAN-1, CAPAN-2,
CFPAC-1, Hpac, MiaPaCa2, Panc-1 and the immordalimemal pancreatic cell

line YGIC-6, were obtained from the American Typét@e Collection, Rockville,



MD. The ascites derived human pancreatic candeliregl ASPC-1, the primary
tumor derived human pancreatic cancer cell lineP8>8, and the human chronic
myelogenous leukemia cell line, K-562, were cuttuie RPMI-1640 medium
(Invitrogen Life Technologies, Carlsbad, CA) supmated with 10% FBS and 1%
antibiotic-antimycotic solution (Invitrogen Life d@enologies). The liver metastasis
derived human pancreatic cancer cell lines, CaadICFPAC-1 were cultured in
Iscove’s modified Dulbecco’s medium (Invitrogen eLifechnologies, Carlsbad,
CA) supplemented with 10% FBS and 1% antibioticavitfbgen Life
Technologies). The primary tumor derived human raatic cancer cell line,
Capan-2, was cultured in McCoy's 5a medium. Theagmgi tumor derived human
pancreatic cancer cell line, pancl, was culture®utbecco's modified Eagle's
medium. The primary tumor derived human pancreaticer cell line, Hpac, and
the human breast cancer cell line, MCF-7, wereuradt in a 1:1 mixture of
Dulbecco's modified Eagle's medium and Ham's Fldlume The primary tumor
derived human pancreatic cancer cell line, Mia-Raead the gastric adenoma cell
line, MKN-45, were cultured in Dulbecco's modifiedgle's medium with the extra
addition of 2.5% horse serum. The immortalized mbpancreatic cell line YGIC-6
was cultured in Waymouth MB 756/1 medium. All cré&s were maintained at
37°C in a humidified atmosphere containing 95% air &% CQ. For mRNA

isolation, cells were washed three times with phaigpbuffered saline (PBS) and



harvested with trypsin (0.05% (w/v), Life Technofpgnd EDTA (0.02% wi/v) for

total RNA isolation.

4. mRNA extractionsand affymetrix genechip hybridization

Sample preparation and processing were performddsasibed in detail in
the Affymetrix GeneChip expression analysis mafahta Clara, CA) with the
exception that the labeled cRNA samples were Hybddo the complete human

U133 GeneChip set (Affymetrix U133A oligonucleotideroarray).

5. Satigical dataanalyss

The GeneExpress Software System Fold Change Ansdysiwas used to
identify all genes expressed at least 2-fold greéat¢he pancreatic cancer cells
compared to normal tissues. For each gene fragthentatio of the geometric
means of the expression intensities in the norowtd tissues and the pancreatic
cancer samples was calculated, and the fold chaageghen calculated on a per
fragment basis. Confidence limits were calculatsthgu a two-sided Welch

modifiedt test on the difference of the means of the logjsedihtensities.

6. Reversetranscriptase-polymerase chain reaction (RT-PCR)

MRNA was isolated using a QlAshredder and the RN&is(Qiagen).



mMRNA, Moloney murine leukemia virus reverse trapsase, and pd(N)primers
(Invitrogen Life Technologies) were used to ob&NA. Sequences of all the
primers used in the present study, sizes of PCBupi® and PCR conditions are
listed in Table 1. Amplification was performed ov@b cycles (94°C/5 min
(denaturation), 58°C/30 sec (annealing), and 72°€%#8 (extension). PCR products
were electrophoresed on a 2% agarose gel and iseatized by ethidium bromide

staining.



Table 1. Primers and PCR conditions used for RT-PCR studics

Gene Symhol SEQUIICE Tm product size positive control

TGAGAGCAATGAGCATTCCGATS
sppl 53 375hp MCF-7
CABGGAGTTTCCATGAAGCCAC

CCAAGACACTGTGTGTGACCTGA
GRN 58 443bp MCF-7
AGACAGCCTCTGGGATTGGAC

GAGATGCTGCGAACAGAGAGCT
INIWVU 58 37%p K562
GATGCACAACTGACGACACAACA

AGCCCCCATAACAGGACGAA
TFF2 58 266bp MEN45
GACTTCGGGAAGAAGCACCA




7. Cultureof monocytederived dendritic cdls

A. Preparation of peripheral blood mononudear cdls
PBMCs were isolated from buffy coat produced bylFtldypaque gradient
centrifugation of blood donated kindly from healtlojunteers. After centrifugation,
PBMCs were collected from interphase between bafidrFicoll and then washed

with PBS.

B. Isolation of monocytefrom peripheral blood mononuclear cdls

Prepared PBMCs were resuspended with B0BBS containing 0.5% BSA
and were incubated with magnetic bead conjugatetMERntibody (10QuL/1 X
10° PBMCs; Miltenyi Biotech, Auburn, CA, USA) at@ for 15 min. PBMCs at the
interface were pelleted and washed twice with PBB14" monocytes were
isolated from mononuclear fractions through pasitselection with microbeads
coated with anti-CD14 antibody and Midi-Macs sejiamacolumns (Miltenyi
Biotec, Bergisch Gladbach, Germany). Purity waskeek by flow cytometry with

anti-CD14 MAb and was >95%.

10



C. Generation of monocyte derived dendritic cdls
CD14 cells (2 x 1€cells/mL) in 5 ml RPMI 1640 were cultured in 6 well
plates and incubated at°87and 5% C@ On days 1, 3 and 5 GM-CSF (100
ng/mL) and IL-4 (500 U/mL) were added. On day 6 Dfege stimulated with LPS
(500 ng/mL) to mature dendritic cells. In some @xpents, NMU (3 ug/mL), TFF2
(1 ug/mL) or IL-10 (10 ng/mL) were added to invgste their inhibitory effect on

DC maturation.

8. Flow cytometry analysis

Cell staining was performed using the monoclonéadies listed in above.
5 x 10 cells were stained with 30 monoclonal antibodies (MoABs). Cells were
incubated for 15 min at€ with MoABs in PBS. After incubation, single amebt
color flow cytometric analyses were performed usingACScan flow cytometer
(Becton Dickinson). Data were analyzed with the YWtilprogram. Each analysis

included at least 10,000 events.

9. Allogeneic mixed leukocytereaction
To test T cell stimulatory functions, serial dituts of DCs (2 x 1O
cells/well) were added to allogeneic T cells (Dkcelis/well) and co-incubated for

4 days in RPMI-1640 in a 96-well plate. After 4 slgyroliferation was determined

11



by addition of 0.5 pCiwell °H-thymidine (Amersham Bioscience) final
concentration for 16 h in triplicat#-thymidine incorporation was measured using

a liquid scintillation counter (Beckman, Palo AIRA, USA).

10. FITC-dextran endocytosisby DC

To measure the endocytotic activity of DC, endagigtevas measured after
24 h treatment with NMU (3 ug/mL), TFF2 (1 ug) brll0 (10 ng/mL) on day 6.
Cells were incubated in 2Q. PBS containing 5% human serum with 1 mg/ml
fluorescein isothiocyanate (FITC)-dextran. Afterr8ih incubation at 37°C, cells
were washed three times in ice-cold PBS and arhlyitk a flow cytometer. Cells
from each culture condition were also maintainetiénsame solution for 30 min at

4°C as control.

11. In vitro chemotaxis assay

Cellular chemotaxis was measured by migration diro6 pm pore
polycarbonate filters in 24-well transwell cultushambers (Corning Costar,
Cambridge, MA). Culture medium containing differenbncentrations of
chemokines (10 ng/mL NMU; dg/mL TFF2; 50 ng/mL IL-8; and 10 ng/mL MIP-
3p) was added to the lower chamber, and 5 %c#lls suspended in complete

RPMI-1640 were then added to the upper chambear. Afh incubation at 37°C, the

12



cells in the lower chambers were harvested, caatedtto 50 pL volumes in

Eppendorf tubes, and counted with a hemocytometer.

13



[11.RESULTS

1. Datafiltering

Samples were hybridized to the Affymetrix U133Agofhucleotide
microarray for simultaneous analysis of 45,000nfragts corresponding to 33,000
known genes and 6,000 ESTs. Genes with a 2-faldegriacrease in expression in
the 8 pancreatic adenocarcinoma tissues compathdlWinormal tissues were
identified. We selected fragments expressed at Zfdd greater in pancreatic
cancer samples as compared with normal tissuesyhioh 4 corresponded to
known gene fragment ranged from less thamlue<0.05 (modified Welch test).
Also, we selected genes that were related to escrptoteins, growth factors,
receptors, ligands, and extra-matrix proteins. Néa aittempted to divide the genes
into two groups according to whether they werestegr or metabolic. From there,
we selected 225 genes up-regulated in pancreatierceompared to normal tissue

(Table 2).

14



Table 2. Highly expressed genes identified in pancreatic cancer tissues

Known gene name

Known gene name Known gene name Known gene name
lectin, galartoside-binding, G097 ant triple functional doreain major histocompatibility
saluble, 1 (galectin 1) antigen (FTFFF interacting) complex, class 11, DO alpha 1
insulin-like growth factor . . phosphoprotein enriched in . .
binding protein 7 apolipoprotein E astrooytes 15 calpain, small subunit 1
. . Fe fragment of Iz, low MRNA, cDNA
“‘mfem’fmai“mm;amd“ﬂ’h affinity Ila, receptor for anmexin 41 DKFZp626003142 (from clone
2 (CD32) DKFZp636003142)
hone IO stroral cell Netaye (and STAT) interastor glycoprotein (transmerdbrane) cheraokine (C-X-C motif)
antigen 2 nrek receptor 4
complement component 1, o
155 zfmc ::Sdf;?;";fle;HD HH }IJamtem t}":;s;;e ® subcomponent, beta corpleraent cormponent 3
g i inding p. pobpeptide
GTP hinding protein . A
sulfatase 1 uverexpre]:?:;lgh?l skelotal CSEl chromosome segregation  FAYD domain containing ion
1-like (7reast) transport regulator 5
mmscle
. plasrainogen activator, . . sigral transducer and acthrator
fibronectin 1 okinase calpain, small subunit 1 of transcription 1, 91kDa
transforming growth factor, T Iraphocyte antigen 6 coraplex,
betainduced, AZkDa chemokine-like factor tryptopharerl-tRMA syrthetase P
tissue inhibitor of -~
metalloproteinase 1 (erythroid transporter 2, ATP-bmdmg regulator of G-protein cadherin 11, type 2, OB-
. i cassette, sub-farnily B B 5 .
potentiating actmvity, signalling 1 cadherin (osteohlast)
S (MDRSTAF)
collagenase inbdbitor)
adenosine dearninase, RIA- . . . . cheraokine (C-X-C motif)
specific fibrinogen, gararaa polypeptide interleukin 4 receptor ligand 5
direthylarginine o . CD58 antigen, (lyraphocyte major histocorapatibility
dirmethylaminhydralase 2 BRI AL F T fimction-associated antigen 3)  comaplex, class 11, DP alpha 1
inhubin, beta & (activin &, . . Lo X 2.5-olignadenylate syrthetase 1, arayloid beta (A4) precursor-
activin AB alpha polypeptide) g peta L binding protein 1 40i46kDa like protein 2
platelet-dertved growth factor CASPE and FADD-like activin A recentor. tupe [ turmor necrosis factor, alpha-
receptor, beta pobypeptide apoptosis regulator plor, P induced protein &
. coppet chaperong for et proto-oncogen: Chepatocyte . .
Cathepsint superoxide disrantase growth factor receptor) T
. s o L proteasome (prosome,
myelmd_ ce_]l nur,lgar major histocompatibility hepann—l_:md.mg gromh factor mactopain] activator subunit 2
differentiation antigen corplex, class [T, DR beta 3 hinding protein
(PA2E beta)
proteasomme (prosorme, feen
SMAD, mothers against DFP macropain) subwzit, beta type, 3 Moot sntieen 06 Gl 1;};“‘;;3’”?3
homolog 3 {Drosophila) (large multiful:n?c)tional protease phocyte atigen Cass?{l\-‘?]’DSRJ'I-'AP) y
ryzovinus (influenza virs) . .
Iymphocyrte antigen 75 interferon-indnced protein 44 resistance 1, interferon- plaujommo]_g:r;:s;lvtaotror,
indurible protein p7E (mouse) P
. caspase 2, apoptosis-related . . .
secteted phosphoprotein 1 cysteine protease (neural serine (or cysteine) proteinase
(osteopontin, bone sialoprotein I, inbibitor, clade & (alpha-1
eatly T-Iyrphocyte activation precursor cell expessed, aryl hyrdrocarhon receptor antiproteinase, antitrpsing,
o developrentally down- P : psn,
13 mernber 1
regulated 2}
. - . s . Iraphocyte cytosolic protein 2
death assoc;:;igrt;anscnptmn 5100 cizllcln.&.::naijmdzl:ﬂ%amtem (SH dotwin containing ULL6 binding protein 2
& Jeukocyte protein of 76kDa)
chondroitin sulfate proteoglycan lectin, galactoside-binding, ulin non-metastatic cells 3, protein
2 (versican) soluble, 4 (galectin 4) e expressed in
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Table 2. Continucd

Known gene name

Known gene name

Known gene name

Known gene name

dnal specificity phosphatase &

lenkaocyte specific transeript 1

C-type (calemim dependent,
catholpdrate-recognition
domain] lectin, ;apeamiby
menther 2 (activation-indaced)

transformmg growth factorbeta 1
induced transcript 1

collagen, type X1, alpha 1
cadherinlike 26

insulin-like gronath factor binding
protein®

arachidonate 5-lipoygenase
activating profein

transeription factor 8 (represses
interlenkm 2 expression)

caspase 5, apoptosis-related
cysteine protease

frizzled homolog 7 (Drosophila)

v-ets exptlroblastosis vims E25
onoogene homolbg 1 (avian)

lectin, galactoside-binding,
schible, 9 (galectin®)

ectormclecside triphosphate
diphosphohydolase 1

farmor necwosis factor (Ligand)
superfamily, menher 10

tumor nectosis factor receptor
superfamily, member 1B

CAF, aderylate apclase-
associated protein 1 (yeast)

arachideamate 5-lpouygenase
ral guanine mclectide
dissociation stinmlator

major histoccenpatibility
complex, class IL DP beta 1

cherokine (C-%-C wotif) ligand
16

ADAM-like, decysin 1

protein phosphatase 1,
regulatory (ivhibitor) sabunit
154
tubnulin, beta, 4
trefod factor 1 (breast cancer,

estiogen-mdncible sequence
exprssed in)

collagen, type ZVII, alphal

G4T binding pitein 3
SHC (Sre homology 2 domain
contaming) transfonming protein
1

integrin, betalike 1 (with EGF-
like repeat domains)

&gl nine hamolog 3(C. elegans)

integrin, alpha 2 (CD43E, alpha . .
2 subnumit of VLA-2 receptor) nidogen (snactin]
filamin &, alpha(actin binding AT .
prctein 280) caleineurinbinding protein 1
mrlectide-binding dherin 3, type 1, P-cadher
oligomerezation domains 27 [ placertal)

. . CDE3 artizen (activated B
protein tyrosine phosphatase, Iymphoeytes, i ol
receptor type, F perfamily)

tryptasebeta 2

collagen, type VI, alpha 2

DEADVH (Asp-Gh-Ala-hsp/His)
box polypeptide 11 (CHL1-like
helicase homolog, 3. cerevisiae)

Eho GDP dissociation inhibitor

(GDI) beta

T AP binding protein (tapasin)

chemokine (C-X-C motif) ligand

14

martophage stivmlating 1
receptor (c-met-related tyrosine
kinasa)

Latert transfbrming growth factoy

beta binding protem 2

D74 antigen (vesiant
polypeptide of mapr
histocompatbility comple:, class
II antigen-associated)

synovial sarcoma translocation,
chromosome 18

mowoglyreride lipase

KI44l1715

interfaron-mdnced protem with
tetrtrioopeptide repeats 4

G protein-ecupled weeptor 31

endotheln receptor type &

integrin, alpha 3 (antigen CD4IC,
alpha 3 sibnit of VLA-3
receptor]
capping protein (actin flument],
gelsalin-like

major histoccmmpatibility
complex, class LB

nmein 4, trachechronchial

H factor 1 (conplement)

Ras assaciation (RalGDEMAF-A)
and pleckstrin hamolgy
domains 1
carcinoenbryonic atigen-
related cell adhesion moleculs 1
(biliavy glycopectem)

retimoi acid receptor responder
(tazamotens induced) 1

cadherin, EGF LAG seven-pass
G-type receptor | (flammgo
hemolog, Drosophila)

caspase recruitment domain
family, member &

mclear fartor (erythroid-derpred
2)-like 1
major hitoccenpatibility comples:,
class II, DR alpha

axin 2 (conducting axil)

sema domain, nnmmoglobulin
domain(Ig), shoet basic domain,
secreted, (semaphorm) 3C

protem tyrosine phosphatase,
receptor type,
lecti, galactoside-binding,
sobhible, 3 (galectin 3]

protease, serine, 25

endothelial cell gromwrth factor 1
[ platelet-dezived)

apoptosis-associated speck-like
protein cortaming a CARD

epithelial membrane protem 3

complement component 1, v
sbcomponent

retinitis pigmentosa 25
[antosomal recessive)

potassiom intermediatefsmall
conductance calehum-activated
chamel, subfamily ¥, member 4
cathepsm 5
epithelial V-like amtigen 1
lectin, galactoside-binding,
sobible, 3 binding protein

major histocamp athiliy
complex, class I, DM alpha
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Table 2. Continued

Known gene name

Known gene name

Known gene name

Known gene name

CD3E antigen (p43)
purinergic receptor F2T, G-
protem coupled, 5
chemokine [C-C mati) Ligand
5

plexin domain contaming 1

regulator of Fas-induced
apoptosis

angintensinogan (satine (ot
cysteme) protemase inhibitor,
clade & (alpha-1 atiprotemase,
artitrypsing, member )

protocadherin] (zadherin ke
n
Ras association (RalGDSIAF-
) domain family 2
BCLZ-interatting killer
[apoptosis-inducing)

G proteincecupled weeptor 125

deleted in Iiver cancer 1

cystatin F (leukocystating
muclear factor of activated T-

cells, cytoplastaic,
caloineurin-dependent 3

ster cell growth factor;

Iaphocyte secreted C-type
lectin

Cas-Br-M (murine) ecotropic
retroviral transforming
sequence b

glhutathione synthetase

epidermal growth factor
receptor pathweay substrate 8

neuroraedin 17

like Iy ortholog of monse gene
rich cluster, C10 gene

Tatninin, alpha 3

I-mfa dormain-cortaining
protei

frizzled-reldted protein

Iyrsozyme (renal amyloidosis)

tumer neciosis factor receptor
superfamily, menher 14
(hetpesvins entry mediator)

tumor neciosis factor receptor
superfamily, menber 21

major histoccmmpatibility
conplex, class [-related
integrin, betad

basic leucine mipper
transcription factor, ATF-like

G proteinrecupled mweeptor
124

opsin 3 (encephalopsin,
panopsin

BRCA] associated protein-1
(ubicpuitin carbo y-terrninal
hydrolase)

THF receptor-associated
factor 4

interferon, alpha-indueible
protein (clone IFI-6-16)

integrin, beta 2 (antigen CD1E

(P83}, Fraphocyte fanction-
asgociated antigen 1;
mactophage antigen | (rac-
13 beta subunit)

cheraoking (C-C motif) ligand
18 {pulrmonary and activation-

regulated)
prostaglandin-endoperoxide

syrthase 2 (prostaglandin G/H
syrthase and cyclooxyrgenase)

trefiil factor 2 (spasmolytic
protein 13

zonadhesin

Epht3

POU dormair, class 2,
associating factor 1

major histoccmmpatibility
complex, class [LF
guanine mclectide binding
protem [ protem), ganuna 11
cell division cyele 2-like 1
(FITSLEE proteins)

periphetal nyelin protem 22

tumor protein p53 mdncible
protem 3

5100 caleium binding protein
A6 (ealeyelin)

integrin, beta 5

G proteinrecupled mweeptor
kinase 5

caspase 1, apoptosis-reladed

eysteme protease (pterkukinl,
beta, corvertase)
guanine maclectide binding
protem (5 protem), alpha

inbibiting activity polypeptide 2

platelet-dermved growth factor
receptar, alpha polpeptide

leuzine-rich repeat-containing
G protein-conpled receptor 6

insulin-like grovrth factor 1
({somatormedin C)

caspase recrnitment dormain
family, rerber 11

chromosome 11 cpen reading

frame 13

turmer necmwsis factor receptor
superfamily, member 14

protemn tymosine phosphatase,
receptor type, T
interlenkin 2 receptor, ganmma
[severe corbined
imnmnodefieiency)

profocadherin beta 10

diseaidin domain receptor family,
member 2

interfaron consensus sequance

binding protein 1
dual oxidase 2

HLA-G histocampathiliy
artiger, classI, G

major histoccmmpatibility
conplex, class LE
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2. Literature search of geneshighly expressed in pancr egtic cancer

For each of the 225 genes identified, a searchpadsrmed using the
online NCBI database PubMed using the unknown geanee together with the
terms “pancreas cancer” or “immune system.” Of2Ple genes analyzed, most of
the genes and gene products were reported todmatad with pancreatic cancers.
Many of them were typically associated with the egah phenomena of
inflammation and pancreatitis. A few assessed geogs were primarily reported
to be associated in immune suppression. Finallgnés that were not reported to be
associated with pancreatic cancer and immune systere selected for further

study (Table 3).
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Table 3. Sclected candidate immune escape gene

Prohe Set ID Known gere name Gene Symbol ~ FC{PAN) p;:l;)e
secreted phosphoprotein 1
200875 s at  (osteoponting, bone siloprotein [, early T- SFFP1 3 0
Iymphocyte activation 1)
211284 s at gramilin SR 2 i
206023 _at neuromedin 1T MM 3 0
214476 _at trefoil factor 2 (spasmolytic protein 13 TFF2 5 0.0
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3. Veification of sdected candidateimmune escape gene

We used pancreatic cancer cell lines for validatiotihe selected candidate
immune escape genes which explains why we founidhtimeine suppression gene
that was directly secreted by cancer cells, assgobtm being present in the tissue
surrounding tumor cells. Candidate genes were tedlefor verification of
expression in samples of pancreatic cancer cek l{irig. 1). Four genes were
selected for validation by an RT-PCR study of 8&peas cancer cell lines and the
immortal normal human cell line (YGIC-6) (Fig. Benes selected for validation
using RT-PCR were secreted phosphoprotein 1 (SgRhyin (GRN), NMU, and
TFF2. These four genes were expressed in apprekni@o of pancreatic cancer
cells, in support of their initial identificatiors aifferentially expressed genes by

Affymetrix GeneChip.
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TFF2
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Figure 1. Validation of gene expression by ET-PCE in 8 pancreatic cancer cell lines, an
inmortal normal human pancreatic cell line (Y GIC-6), and a positive control Actin serves as an
EITA control genes are overexpressed in most of the pancreatic cancer cell lines.
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4.NMU and TFF 2impair dendritic cdl differentiation

NMU and TFF2 are suppressed during differentialiom monocytes to
immature DCs as immune escape gene, so we hypetthéisat NMU and TFF2
prevent differentiation and maturation of monocye®$C, especially during the
early stage of differentiation. To examine the fiamcof NMU and TFF2, purified
CD14 monocytes were cultured with GM-CSF (100 ng/mlg &r4 (500 U/mL)
with or without NMU (3ug/mL) or TFF2 (Jug/mL).

DCs were analyzed by microscopy and flow cytomatrylifferent time
points duringin vitro maturation. Immature DCs were either cultured auth
stimulus (Fig. 2A) or treated with LPS (Fig. 2B)%;10 (Fig. 2¢), NMU (Fig. 2D), or
TFF2 (Figu. 2E), established factors that initieteninal DC maturation from day 6
of culture. In Fig. 2, images were taken on dayvBen analyzing DC cultures by
light microscopy, it was noted that OPN inducedfdineation of DC clusters (Fig.
2). In contrast to unstimulated cultures (Fig. 2dlition of NMU or TFF2 induced
DC clustering that began 24 hours after stimulgfém2 D-E). DCs cultured in the
presence of OPN showed no changes in the chasactendrites of activated DCs.

When antigen expression was assessed by FACSign@lipda, CD86,
and CD83 expression in NMU-treated and TFF2-treaidld appeared to have
dramatically no decreased in comparison with cbfd@ (Fig. 3). However,

exposure of maturing DC to NMU or TFF2 significgritecreased their expression
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of cell surface molecules associated with antigesgntation including CD40,
CD80, and HLA-DR. These results suggested that N TFF2 had little effect

on the expression of APC cell surface molecules.

23



A- B- |
D- | -

Figure 2. MM TEFE2--stimulated DCs show morphologic signs of activation. DCs derived from peripheral
blood monocytes were left untreated (4, or stimulated with 300ngimL LPE(B) or 10ng/mL IL-10, 31 gfmL

LT, 1 Jgim TEFF2 (C-E) on day & of culture. Photographs of cultures were taken 43 hours after addition
of the stimulus.
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Figure 3. MM, TFF2 induce terminal DC differentiation with expression of MHC class IT,
costimulatory, and adhesion molecules. DCs (1 x 105) were cultured in the presence or absence of
either LPS, TL-10, WM or TFE2 from days 5 to 7 of culture. Cells were stained with antihodies
against HLA-DE, CD40, CDEDand CDEE with antibodies against CD1a and CDES to determine
their DC phenotype.
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5. Effect of NMU and TFF2on allogeneic T cdl proliferation

Matured DC function can be characterized, in parthe ability of the cell
to stimulate alloreactive T cells in a mixed leykeaeaction (MLR). To determine
whether co-stimulation of DCs with NMU or TFF2 pluS affects the
allostimulatory capacity conferred by LPS, we penfed an MLR assay. As shown
in Fig. 4, treatment with LPS (500 ng/mL) resuliiedhe allostimulatory activity,
and this was significantly reduced by treating D@k IL-10 (10 ng/mL) plus LPS
(500 ng/mL). However, treating DCs with NMU (3 u@ynor TFF2 (1 ug/mL) plus
LPS (500 ng/mL) had no effect on the allostimulatmtivity conferred by LPS. In
addition, it was found that NMU and TFF2 had neetffon the allostimulatory

activity of peripheral blood DCs.
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Figure 4. Effect of WNMIT, TFF2 on allogeneic T cell stimulation by LP3 stimulated DCs. DCs (2 x
10%) were cultured in the presence or absence of either LPS, IL-10, NMU or TFF2 from days Sto 7
of culture. Cells were then harvested and used to stimulate allogeneic T cells (2 x 109) purified from
human PBMCs in a 96-well plate The stimulator cells were co-cultured with responder cells as 1: 80
ratio. Cells were pulsed with [*Hthymidine on day 4, and PH]thymidine incorporation was assessed
after 12 h. Fesults represent means £ SE cpm of three independent experiments performed.
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6. Endocytossof FITC-dextran by DC

Immature DCs capture and process antigens as egeamee of their high
endocytic activity, a feature that is lost duringtanation. To determine the ability of
NMU and TFF2 to capture exogenous antigen, we @eghtihe effect of NMU and
TFF2 on FITC-dextran uptake.
As shown in Fig. 6, we found that DCs treated WMU + IL-10 had a higher
capacity than control DC's for uptake of FITC-dawtrHowever, TFF2 treated DC
showed a slight decrease. These results suggebiMihtreated DC generated in

the presence or the absence of IL-10 have a soedaee of endocytic activity.
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FITC-Dextran uptake(MFI)
g

iDc
IL-10-treated iDIC

NMILI-treated iDC
TFF2-treated iDC

Figure 5. Endocytosis of FITC-dextran by dendritic cells (DC). DC were stimulated with
NMU3ug/mL), TFF2(1ug) or IL-10{10ng/mL) for 24 h. The DC in each group were incubated with
1 mgfml FITC-dextran for 30 min at 37 °C, respectively. Uptake of FTTC-dextran by DC was
examined by flow cytometry. For a control, cells from each culture condition were alzo maintained
in the same solution for 30 min at 4 °C. Phagocwvtic activity was quantified by measuring mean
fluerescence intensity (JFI).
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7. Migration of immatureand mature DC toward NMU and TFF2

Maturation of DC results not only in loss of Agale capacity but also in
substantial changes in the expression of chemakireptors and the ability to
migrate toward chemokine gradients. The capacityeoB types of stimuli to induce
DC migratory capacity toward chemokines was thezefwaluated, and several
important characteristics of this migratory cayaaiere observed. First, immature
and mature DC were highly sensitive to CXCL8 (ILa&8)d CCL19 (MIP-B)
(Table 4, Fig. 6A&B), migrating towards 10 to 50/mbg of either chemokine.
Second, when immature DCs were stimulated with Niid TFF2, they became
migratory (Table 4, Fig. 6A). Third, mature DC silated with NMU and TFF2 did
not migrate (Table 4, Fig. 6B). These results destnate that in our cultures,

migration of immature DC was induced by NMU and B¥2.

30



Table 4. NMU, TFF2 induce chemotactic DC migration

Number of migrated cell
Upper chamber
Lower chamber iDC mDC
Control 1.32X10* 1.4X104
IL-8 2.64X104 1.32X10*
MIP-3[ 1.32X10* 5.28X104
NMU 1.86X10* 1.7X104
TFF2 2.1X104 1.6X10%

108 cells/ml DCs were generated as described in Materials and Methods and applied to
the upper chamber of modified Boyden chambers. The chamber was incubated for 4h at
377 and cells that had migrated to the lower chamber were evaluated as described in
Materials an Methods.
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Figure 6. IMigration of immature and mature DC toward WM and TFE2. Immature DC (GM-CSF +
-4y or DiZ stimulated with the indicated stimuli for 2 days were examined for their migratory capacity
toward either CHCLE (IL-8) or CCL1% (MIP-3pB) in transwell assays. (4) Migration toward

CHCLR50 ngfmL), MMU and TFF2 by immature DC (5 3 10%). (B) Migration toward either CCL19
(10 ngfmL) by mature D
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IV.DISCUSSON

Several reports have described the tumor habitat aamunocompromised
environment, with circulating and tumor-infiltrainDCs being functionally
defective in tumor-bearing hosts. It is well estitgld that tumor cells produce and
shed several molecules that can negatively affiectrtaturation and function of
immune cells. The majority of molecules that haeerbidentified thus far are
chemokines and cytokines such as vascular endbtgaiwvth factor, IL-10, and
TGF{f that impair DC function by altering the phenotype by enhancing
spontaneous apoptosis. Some of these findings lese associated with poor
prognosis in patients. However, the shedding afibd®l factors distinct from
cytokines by the tumor has also been shown to belesant mechanism of
iImmunosuppressian vivo andin vitro.

In this study, selection of immune related genes uwaed to obtain gene
expression profiles of pancreatic cancer for immeseape, and for validation of
gene expression in pancreatic cancer cell linespatidnts’ sera. The inhibitory
function of immune cellin vitro was then confirmed. The genes selected for the
ability to control susceptibility to induced immuuppression were identified.

Here we demonstrate that NMU and TFF2 are expresiseddantly in

pancreatic cancers, and they inhibit the diffeaioti of monocyte-derived DCs,
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switching them to a phenotype that has defectivgordgentation. This is the first
report that demonstrates an effect of NMU and Téfi-2ells of the immune system.
Several immunomodulatory agents, including gludamids, PGE, IL-10, and
vitamin D, have also been shown to exert suppressive affe@€ .

In this study, we have demonstrated that NMU aréZTiRterfere with the
differentiation of monocytes into Did vitro, resulting in the down-regulation of
CD40, CD80, and HLA-DR. These results suggestNivit) and TFF2 had little
effect on the expression of APC cell surface mascin addition, it was found that
NMU and TFF2 had no affect on the allostimulatartivity of peripheral blood
DCs. We found that NMU or IL-10 treated DCs hadghadr capacity than control
DC for uptake of FITC-dextran. However, TFF2 trdaf@C showed a slight
decrease. These results indicate that NMU treatedidherated in the presence or
the absence of IL-10 had a similar degree of ertidottyis also well known that IL-
8 is a key factor in the surface expression of CXRand the migration of
immature DC. We demonstrated that in our cultuligsation of immature DC was
induced by NMU and TFF2.

Three TFF peptides have been characterized in mianinaduding humans:
TFF1 (formerly pS2), TFF2 (formerly hSP), and Ti#e@nerly hP1.B/hITF). They
are characterized by the TFF motif, a three-logertture held tightly together by

disulfide bonds based on six cysteine resfdukiman spasmolytic polypeptide
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(hSP) was expressed in 23% of pancreatic ductaslinomas, and hSP protein
was more frequently detected in cases of earlg-stagistologically low-grade duct
cell carcinomas than in cases of late-stage aidugtally high-grade carcinonfas
Azarschabet al. also showed that aspirin upregulates TFF2 express human
gastric cell ine$. May e al. concluded that TFF2 is expressed in normal and
malignant breast epithelial cells and that it Sktes the migration of breast cancer
cell*. Cook et al. showed that the TFF2 and 3 are esqaidsy the main organs
(lymphoid tissues, spleen) involved in immune ratjuh, that they can be induced
by bacterial endotoxin, and are able to stimulab@anyte migratioft. Together,
these observations suggest a potential role for titbiil peptides in the
immunological response to tissue.

Neuromedin U (NmU) is a smooth muscle contractiggfide first isolated
from porcine spinal cord and later from other sggeend orgafs Substantial
evidence suggests that this animal model mimicsahubneast cancer. The rat
tumor’s histopathology, origination from mammaryctali epithelial cells, and
dependency on ovarian hormones for tumor develdpatiezorrelate with human
breast canc&r Hedrick et al. also showed that whereas NMU is expressed by
monocytes and dendritic cells, GPR66/FM-3 is expeady T cells and NK ceffs
These data suggest a previously unrecognized rote NMU as an

immunoregulatory molecule. NMU also significanthciieased the synthesis and
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release of cytokines including IL-4, IL-5, IL-6,-010, and IL-13. Studies using
pharmacological inhibitors indicated that maxim&fiBtevoked cytokine release
required functional phospholipase C, calcineurieKkyland PI3K pathways. These
data indicate a role for NMU in inflammation bynstilating cytokine production by
T cell€®. NMU-R1 was highly expressed in primary mast caltsl NMU induced
Ca (2+) mobilization and degranulation in peritbmeast cell®’. These data imply
that NMU promotes mast cell-mediated inflammatidowever, it had not been
reported whether or not NMU and TFF2 inhibit th#edentiation of DC from
monocytes, and DC function.

In conclusion, we provide evidence that NMU and ZFrodulate DC
function. This may be a general protective mechabig NMU and TFF2 against
the differentiation or activation of DC in atherogeinflammatory conditions. In
this regard, the identification of signal-transauctevents that participate in the
differentiation inhibition and modulation of DC fttion by NMU and TFF2 would
further contribute to the elucidation of the medsras underlying the complex anti-
inflammatory effects of NMU and TFF2 and would allthe construction of a
theoretical framework for its eventual therapeuse. The results described here
suggest that the presence of NMU or TFF2 from tisetoof the tumor can promote

progressive induction of immune silencing in sygevigh other described immuno-
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suppressive factors. The early impairment of DQs smongly deviate and

compromise the possible immune responses leadimgdaession of the disease.
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V.CONCLUSON

In this study, selection of immune related genes uwaed to obtain gene
expression profiles of pancreatic cancer for immeseape, and validation of gene
expression in pancreatic cancer cell lines andmiatisera. The inhibitory function
of immune cellgn vitro was then confirmed. The genes selected for tHigy dbi
control susceptibility to induced immunosuppressiere identified.

Here we demonstrated that NMU and TFF2 are expressendantly in
pancreatic cancers. We have demonstrated that NMUBF2 interfere with the
differentiation of monocytes into DD vitro, resulting in the down-regulation of
CD40, CD80, and HLA-DR. These results suggestNMit) and TFF2 have little
effect on the expression of APC cell surface mddscin addition, it was found that
NMU and TFF2 did not alter the allostimulatory i of peripheral blood DCs.
Moreover, we found that NMU, or IL-10 treated DGwlta higher capacity than
control DC in uptake of FITC-dextran. These ressiiggested that NMU treated
DC generated in the presence of the absence dd lhatl similar degree of
endocytic activity. It is also well known that ILi8 a key factor in the surface
expression of CXCR1/2, and the migration of imnetdC. We found in our

cultures that migration of immature DC was induegtMU and by TFF2.
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In this regard, the identification of signal-tramsiibn events that
participate in the modulation of DC function by NMuhd TFF2 will further
contribute to the elucidation of the mechanismsetlyidg the complex anti-
inflammatory effects of NMU and TFF2 and will allotne construction of a

theoretical framework for its eventual therapeausie.
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