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Fig. 4. Expression of RACK1 in pulmonary carcinomas. RACK1 was observed to various degrees in the cytoplasm of pulmonary carcinomas. In general, moderate to marked
expression was observed both in adenocarcinomas (A-D) and large cell neuroendocrine carcinomas (E); however, no obvious staining was observed in small cell carcinomas
(F) and in almost all squamous cell carcinomas (G). Moderate to marked expression of RACK1 was also observed scattered in bronchial epithelia (H) and stronger expression

was also found in proliferative bronchial epithelium (D).

within the cell [3]. RACK1 has many other binding partners involved
in the organization of adhesions and cell migration, including the
cytoplasmic tail of B integrins [13,14], phospholipase C-v, Ras-
GAP [15], PTP, [16], B-spectrin, dynamin [17], and Fyn [18]. These
interactions support the role of RACK1 as a key scaffolding protein
that mediates protein-protein interactions for the regulation of cell
motility.

RACK1 can also bind and inhibit Src family kinases [19]. Src
family kinases have been shown to play a key role in regulating
adhesion formation, adhesion release, and cell migration. RACK1,
through its interaction with PKC and Src kinases, may function
as a critical adaptor protein mediating cross-talk between ser-
ine/threonine and tyrosine kinase signaling pathways. Using siRNA,

Doan and Huttenlocher showed that RACK1 is required for efficient
cell migration and the dynamic turnover of adhesions [20]. More-
over, it is likely that RACK1 also functions to negatively regulate
cell migration since previous studies indicated that overexpres-
sion of RACK1 can be associated with reduced migration [13,21].
In this study, the expression of RACK1 was negatively correlated
with tumor stage and nodal status, and we thought from previous
studies and the present data that it played a role in the inhibition
of migration ability. Recent studies indicated that RACK1 reduced
cell-cycle progression and the growth of colon carcinoma cells by
negatively regulating endogenous Src kinase activity, suggesting
that RACK1 may be an attractive therapeutic target to treat cancer
[22]. Furthermore, as RACK1 expression was significantly higher in




small (<3 cm) than in large (23 cm) tumors, we also considered the
inhibitory activity of tumor growth by RACK1.

Although RACK1 has many bioactivities, as mentioned above,
and Slager et al. [ 23] reported that RACK1 protein is localized exclu-
sively in basal, non-ciliated (and non-goblet) bronchial epithelial
cells, the expression of this molecule in human lung cancers
remains unknown. In this study, normal bronchial epithelium cells
also expressed RACK1 protein to various degrees as well as tumor
cells.

Angiogenesis plays a pivotal role in many processes, including
embryonic development, myocardial ischemia, the ovarian cycle,
and tumor growth [24-28]. Angiogenesis is associated with marked
changes in the expression of genes related to intracellular signal
transduction [25]. RACK1 is a pivotal molecule directly associated
with the signal transduction pathway of PKC. Specifically, PKCPB,
the ligand of RACK1, is known to play an important role in angio-
genesis [9,29]. Recently, VEGF-induced tumor angiogenesis and
tumor growth in vivo were shown to be PKCB dependent [9], and
the inhibition of PKCP significantly suppressed VEGF-induced neo-
vacularization in mouse hepatocellular carcinoma [9]. In addition
to an angiogenically active endothelium, RACK1 expression was
observed in tumor cells and normal mucosa of the colon and ovarian
follicles [8].

RACK1 mRNA was reported to be over-expressed in colon cancer
tissues compared to non-cancerous regions using the combina-
tion of suppression subtractive hybridization and macro-DNA array
[30]. Taken together, our data demonstrated that the overexpres-
sion of RACK1 was limited in lung ADs.

To clarify RACK1 expression as a useful differential diagnostic
marker for pulmonary adenocarcinomas, further immunohisto-
chemical studies with a larger number of samples, including LCNEC
and SCLC cases, will be required.

Finally, the present study used a random immunization method
that can select antibodies which react with only tumor cells at the
time of screening and is useful to obtain many potential immunos-
taining antibodies in a short time.

5. Conclusion

With the aim of identifying useful early and/or differential
diagnostic markers for pulmonary adenocarcinomas, we devel-
oped monoclonal antibodies by a random immunization method
using A549 cells derived from a pulmonary adenocarcinoma as
an immunogen, and an antibody against RACK1 showed a sig-
nificantly higher positive rate for pulmonary adenocarcinomas
than tumors of other histological subtypes (p <0.0001). Moreover,
RACK1 expression was significantly associated with the patholog-
ical stage (p=0.0042), tumor size (p=0.0074), and lymph node
status (p=0.0009) of adenocarcinoma patients. These results sug-
gest that RACK1 is a novel differential marker for pulmonary
adenocarcinomas.
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The aim of the present study was to clarify protein profil-
ing in small cell iung carcinoma (SCLC) and puimonary
large cell neuroendocrine carcinoma (LCNEC). The pro-
teomic approach was used, and involved cell lysate from
two cell lines (N231 derived from SCLC and LCN1 derived
from LCNEC), with 2-D gel electrophoresis (2-DE). In the
present study, 25 protein spots with greater than twofoid
guantitative differences between LCN1 and N231 cells on
2-DE gels were confirmed. Within the 25 identified pro-
teins, cytokeratins (CK) 7, 8, 18 and 19 were upregulated in
LCN1 cells compared with N231 cells. The expression of
CK7, 8, 18, and 19 was further studied on immunohis-
tochemistry with 81 formalin-fixed and paraffin-embedded
pulmonary carcinomas, which included 27 SCLC, 30
LCNEC, 14 adenocarcinomas, and 10 squamous cell car-
cinomas. Although the expression of CK7, 8, 18, and 19
was observed in all histological types, the mean immun-
ostaining scores of CK7, 8, 18, and 19 were significantly
higher in LCNEC than in SCLC (P < 0.001, P < 0.001, P <
0.01 and P < 0.001, respectively). These data suggest that
the biological characteristics of LCNEC and SCLC may be
different and the expression of CK may serve as differen-
tial diagnostic markers.
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Neuroendocrine carcinoma is the general term for carcino-
mas that secrete or express various peptide hormones and
biogenic amines (such as adrenocorticotropic hormone,
gastrin-releasing peptide, calcitonin, and serotonin). Gener-
ally, neuroendocrine carcinomas have morphological charac-
teristics such as organoid structures, palisading basal cell
arrangement and rosette formation. In 1991, Travis etal.
introduced the term ‘large cell neuroendocrine carcinoma’
{LCNEC) to describe a distinct category of high-grade neu-
roendocrine tumor with biological and light microscopy char-
acteristics different from those of high-grade small cell lung
carcinoma (SCLC).!

Morphologically, SCLC is composed of small (most cells
less than the nuclear diameter of three small resting lympho-
cytes), round to fusiform cells with a high nuclear/cytoplasmic
ratio, hyperchromatic nuclei with fine chromatin, and absent
or inconspicuous nucleoli. The mitotic index is high. Although
chemotherapy and radiotherapy are more effective against
SCLC than the other histological types, the prognosis of
SCLC patients is very poor because most tumors relapse
after chemoradiotherapy. The 5 year survival rate of SCLC
patients is approximately 35.7%.2

In contrast, however, LCNEC is also characterized by neu-
roendocrine morphology (rosette formation); the tumor cells
are large (threefold larger in diameter than a small resting
lymphocyte) and tend to be polygonal rather than fusiform,
with a low nuclear/cytoplasmic ratio and prominent nucleoli.
The nuclear chromatin tends to be coarse and granular. The
5 year survival rate of LCNEC patients is 40.3%, which is not
significantly different to that of SCLC.?

Although LCNEC appears to fall between atypical carci-
noid (AC) and SCLC, it is difficult to differentiate LCNEC
from SCLC, and definitive discrimination points (except for
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morphological characteristics) and the details of its biological
behavior, including tumor aggressiveness and degree of dif-
ferentiation, remain unclear.

In the present study, to clarify the biological differences of
SCLC and LCNEC, we performed protein profiling using
2-D gel electrophoresis with an agarose isoelectric focusing
gel in the first dimension (agarose 2-DE). Agarose 2-DE is
unique in that it can analyze much larger quantities and a
wider dynamic range of proteins than 2-DE with immobi-
lized pH gradient (IPG) gel for isoelectric focusing (conven-
tional 2-DE), and is also able to resolve high-molecular-
weight proteins >100 kDa, which are difficult to resolve on
conventional 2-DE.® We identified proteins with more than
twofold quantitative differences between LCNEC cells and
SCLC cells using matrix-assisted laser desorption/ionization
time of flighttime of flight mass spectrometry (MALDI-TOF/
TOF-MS).

MATERIALS AND METHODS
Cell lines

LCN1, an LCNEC line, was established in our laboratory at
Kitasato University.* The SCLC line N231 was purchased
from the American Type Culture Collection (Rockville, MD,
USA). The cell lines were grown in RPMI-1640 medium
(Sigma, Steinheim, Germany) supplemented with 10% fetal
bovine serum (Biowest, Miami, FL, USA), 100 units/mL peni-
ciliin, and 100 ug/mL streptomycin (Gibco, Auckland, New
Zealand). Subconfluented cells were harvested and washed
twice with PBS without bivalent ions, and were partly fixed in
10% formalin and embedded in paraffin for immunohis-
tochemical staining and a sample was stored at ~80°C until
proteome analysis.

Tissues

Eighty-one cases of surgically resected lung cancer
tissues at Kitasato University Hospital were used in
the present study. They were divided into 27 SCLC, 30
LCNEC, 14 adenocarcinomas (AD), and 10 squamous cell
carcinomas (SCC).

This study was approved by the Ethics Committee of Kita-
sato University School of Medicine. All patients were
informed of the aim of the study and gave consent to donate
their samples.

Agarose 2-DE

The solubilization of cells and quantification of cell lysates
have been described in a recent study.® The agarose-2-DE

method used in the present study was previously described
by Oh-Ishi etal. ® After 2-DE, the gel was visualized on
Coomassie Brilliant Blue R-350 (CBB, PhastGel Blue R;
Amersham Pharmacia Biotech, Uppsala, Sweden) staining.
Each agarose 2-DE was performed twice. Protein patterns in
gels were recorded as digitalized images using a high-
resolution scanner (GT-9800; Epson, Tokyo, Japan), and the
intensity of each spot was compared. Each spot was ana-
lyzed using Scion Image Beta 4.02 (Scion, Fredrick, MD,
USA) and the abundance of the same proteins was com-
pared. Protein expression levels more than twofold different
between LCN1 and N231 cells progressed to in-gel digestion.

Identification of proteins differently expressed between
LCN1 and N231

In-gel digestion

In brief, protein spots were excised from a 2-DE gel,
destained with 50% (v/v) acetonitrile (ACN)/50 mmol/L
NH4HCO;, dehydrated with 100% (v/v) ACN, and dried under
vacuum conditions. Tryptic digestion was performed for 24 h
at 37°C in a minimum volume of digestion solution that con-
tained 20 ng/ul trypsin (Trypsin Gold, Mass Spectrometry
Grade; Promega, Madison, WI, USA) and 25 mmol/L
NHHCO;. After incubation, digested protein fragments
eluted in solution were collected, and gels were washed once
in 5% (v/v) trifluoroacetic acid/50% (v/v) ACN and collected in
the same tube.

Protein identification

Tryptic peptides were spotted on a Prespotted AnchorChip
96 Set for Proteomics (Bruker Daltonik, Bremen, Germany)
according to the manufacturer's recommendations. MS
spectra were analyzed in an autoflex lll TOF/TOF (Bruker
Daltonik) in reflector mode by summarizing 1000 single
spectra (5 x 200) with a 50 Hz laser in the mass range from
580 to 4000 Da applying the following instrument settings:
ion source 1, 19.00 kV; ion source 2, 16.60 kV; lens, 8.55 kV;
reflector 1, 21.00 kV; reflector 2, 9.70 kV; reflector detector,
1400 V; suppression up to 500 Da by deflection.

MS/MS spectra of tryptic peptides were further measured
in an autoflex Il TOF/TOF in MS/MS mode using the follow-
ing instrument settings: ion source 1, 6.00 kV; ion source 2,
5.30 kV; lens, 3.00 kV; reflector 1, 27.00 kV; reflector 2,
11.65 kV; lift 1, 19.00 kV; lift 2, 4.20 kV; reflector detector,
1400 V.

Fragment ion spectra from MS and MS/MS were submitted
to MASCOT (www.matrixscience.com/search_form_select.
html) for a database search and identification of the corre-
sponding proteins using the following database: IPI human

© 2009 The Authors
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20081 114 (74049 sequences;, 31194 560 residues,

www.ebi.ac.uk/IPl/Databases.html/).

Immunohistochemistry

Three micrometer-thick sections were made from 10%
formalin-fixed and paraffin-embedded lung cancer tissues,
deparaffinized in xylene, rehydrated in a descending ethanol
series, and then treated with 3% hydrogen peroxide for
20 min. Antigen was retrieved by autoclaving in 0.01 mol/L
citrate buffer (pH 6.0) with 0.1% Tween 20 at 121°C for
10 min. After blocking with 2% normal swine serum (Dako,
Glostrup, Denmark) for 10 min, the sections were reacted
with 1000-foid diluted mouse anti-human cytokeratin 7 (CK7;
OV-TL 12/30; Dako), 250-fold diluted mouse anti-human
CK8 (NCL-CK8-TS1; Novocastra, Newcastle, UK), 500-fold
diluted mouse anti-human CK18 (NCL-CK18; Novocastra) or
250-fold diluted mouse anti-human CK19 (NCL-CK19; Novo-
castra) for 16-18 h at room temperature. After rinsing in
0.01 mol/L. Tris-HCI pH 7.5, 150 mmol/L NaCl (TBS) three
times for 5 min each, the sections were reacted with Chem-
Mate Envision reagent (Dako) for 30 min at room tempera-
ture. Finally, the sections were visualized on Stable DAB
solution (Invitrogen, Carlsbad, CA, USA) and counterstained
with Mayer's hematoxylin.

CKin LCNEC and SCLC 3

Evaluation of immunohistochemistry

Immunohistochemistry (IHC) was scored by multiplying the
percentage of positive tumor cells and staining intensity. The
percentage of positive tumor cells was scored as 0 (0%), 1+
(1-25%), 2+ (26-50%), 3+ (51-75%), or 4+ (76—100%).
Staining intensity was also scored as 0 (negative), 1+ (weakly
positive), 2+ {moderately positive), or 3+ (strongly positive).
The Mann-Whitney U-test and the x-test were used for
statistical evaluation of IHC data. Statistical significance was
considered when P < 0.05.

RESULTS

Detection and identification of proteins differently
expressed between LCN1 and N231

More than 2000 spots were separated from the total protein
of LCN1 and N231 cells using agarose 2-DE. We excised 25
protein spots with expression levels more than twofold differ-
ent between LCN1 and N231 from the gel of LCN1 cells,
using MALDI-TOF/TOF-MS, and identified them. ldentified
proteins were functionally classified into 10 enzymes, seven
cytoskeletal proteins, three signal transduction factors, two
nucleic acid binding proteins, and one each of the transporter
and chaperone {Table 1). The expression levels of CK7, 8, 18

Table 1 Proteins differentially expressed between LCN1 and N231 cells on 2-DE
Molecular LCN1/
No. Protein description Molecular function weight (Da) N231 ratio
1 Transketolase Enzyme 67 775 4.0
2 Pyruvate kinase, M1 isozyme Signal transduction 57 939 2.1
3 Enolase 1 Enzyme 47 150 0.4
4 Unknown Unknown 101 979 2.1
5 Aldehyde dehydrogenase 1At Enzyme 54 843 122
6 Glyceraldehydes-3-phosphate dehydrogenase Enzyme 36 035 22
7 Aldolase A Enzyme 39 270 3.5
8 Uridine diphosphoglucose dehydrogenase Enzyme 55 075 8.7
9 Protein disulfide isomerase Enzyme 56 778 2.7
10 Heterogeneous nuclear ribonucleoprotein A2/B1 Nucleic acid binding 35987 0.5
1 Phosphoglycerate kinase 1 Signal transduction 44 596 0.4
12 6-Phosphogluconate dehydrogenase, decarboxylating Enzyme 53 122 0.3
13 Heat shock protein Chaperone 69 977 23.9
14 Keratin 18 Cytoskeletal structural protein 48 010 17.0
15 Lamin B1 Cytoskeletal structural protein 66 348 2.0
16 Keratin 19 Cytoskeletal structural protein 44 061 3.3
17 Heterogeneous nuclear ribonucieoprotein K Nucleic acid binding 50 958 2.6
18 Neuropolypeptide h3 Signal transduction 22 907 3.3
19 Ubiquitin carboxyl-terminal esterase L1 Enzyme 24 806 0.4
20 Phosphoglycerate mutase 1 Enzyme 28785 2.0
21 Valosin-containing protein Transporter 89 303 0.2
22 Ezrin (p81)(Villin 2) Cytoskeletal structural protein 69 380 10.2
23 Vitlin 1 Cytoskeletal structural protein 92 677 69.8
24 Keratin, type Il cytoskeletal 8 (Cytokeratin 8) Cytoskeletal structural protein 53 656 27.0
25 Keratin, type Il cytoskeletal 7 (Cytokeratin 7) Cytoskeletal structural protein 51399 4.6
© 2009 The Authors
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and 19 of the LCN1 cells were 4.6-fold, 27-fold, 17-fold and
3.3-fold higher, respectively, than N231 cells, and these four
CK were studied further (Fig. 1).

IHC of cytokeratins

The stainability of CK7, 8, 18 and 19 in N231 and LCN1 cells
was generally in agreement with the results of proteome
analysis (Fig. 2). In general, positive staining was observed
in the cytoplasm of LCN1 cells at various levels, but not in
N231 cells. To evaluate the utility of these molecules as
diagnostic markers, we also stained pulmonary carcinoma
tissues. CK expression was localized in the cytoplasm of
carcinoma cells at various levels in each histological type,
and normal bronchial cells constantly had high expression
levels (Fig. 3). The stainability of normal bronchial epithelium
was used as an internal control. The staining scores and
positivity of CK are summarized in Table 2. CK7 was
detected in 17 of 27 (63.0%) SCLC, 27 of 30 (90.0%)
LCNEQG, all 14 (100%) AD, and three of 10 (30.0%) SCC, and

the mean staining scores of CK7 were 2.8, 6.8, 10.9, and 1.8,
respectively. CK8 was detected in 26 of 27 (96.3%) SCLC, 29
of 30 (96.7%) LCNEC, all 14 (100%) AD, and all 10 (100%)
SCC, and the mean staining scores of CK8 were 4.0, 7.8, 9.4,
and 5.7, respectively. CK18 was detected in 26 of 27 (96.3%)
SCLC, 29 of 30 (96.7%) LCNEC, all 14 (100%) AD, and
seven of 10 (70.0%) SCC, and the mean staining scores of
CK18 were 6.0, 8.2, 10.0, and 3.2, respectively. CK19 was
also detected in 26 of 27 {96.3%) SCLC, 29 of 30 (96.7%)
LCNEC, all 14 (100%) AD, and all 10 (100%) SCC, and the
mean staining scores of CK19 were 4.3, 7.6, 9.4, and 7.5,
respectively. Although there was no difference in the positiv-
ity, the mean staining scores of CK7, CK8, CK18, and CK19
of LCNEC were significantly higher than that of SCLC (P <
0.001, P < 0.001, P< 0.01, and P < 0.001, respectively). In
generally, positivity and mean staining scores of CK in
LCNEC were similar to those in AD. Furthermore, cases of
more than two or three of four CK with a score of >8 for each
staining were found for 18 or 14 of 28 LCNEC (64.3% or
50.0%) and only one or none of 28 SCLC (4.2% or 0%,; %2
test, P = 0.0000072 or P = 0.000052), respectively.

Figure 1 Differentially expressed cytokeratins (CK) between LCN1 cells and N231 cells on 2-D electrophoresis (2-DE). (a) LCN1 and (b)
N231 cell lysates were separated on 2-DE. Arrows, CK upregulated in LCN1 in comparison with N231 cells.

Table 2 Expression of cytokeratin 7, 8, 18 and 19 in pulmonary carcinomas

CK7 CK8 CK18 CK19
n Scoret Positivity (%) score Positivity (%) score Positivity (%) score Positivity (%)
SCLC 27 2.8 N, 63 4.0 4, 96 6.0 ., 96 43 4, 96
LCNEC 30 6.8 ] 91 7.8 ] 97 8.2 ] 97 7.6 ] 93
AD 14 10.9 100 9.4 100 10.0 100 94 100
SCC 10 1.8 30 5.7 100 3.2 70 75 100

*P<0.001, * P<0.01.
{tMean staining score.
AD, adenocarcinoma; LCNEC, large cell neuroendocrine carcinoma; SCC, squamous cell carcinoma; SCLC, small cell lung carcinoma.

© 2009 The Authors
Journal compilation © 2009 Japanese Society of Pathology

83




CKin LCNEC and SCLC 5

Figure 2 Expression of cytokeratins (CK) (a,e) 7, (b.f) 8, (c,g) 18 and (d,h) 19 in (a—d) LCN1 cells and (e—-h) N231 cells. Expression of all
CK was observed at various levels in LCN1 cells, but not in N231 cells.

Figure 3 Expression of cytokeratins (CK) 7, 8, 18 and 19 in pulmonary carcinomas. (a—d) Normal bronchial epithelia, (e~h) large cell
neuroendocrine carcinomas (LCNEC), (i-1) small cell lung carcinomas (SCLC). (a,e,i) CK7; (b,f,j) CK8; (c,g,ki) CK18; (d,h,l) CK19. Expression
of all CK was observed in bronchial epithelium. For all CK expression, high mean staining scores were recognized in LCNEC in comparison
with SCLC.

DISCUSSION cellular and extra-cellular proteins usually undergo post-

translational modifications, such as phosphorylation,

in the post-genome era, proteome research using various oxidization, or the addition of carbohydrate chains,’” and infor-
techniques is increasing rapidly. Such research has mation about these modifications cannot be predicted from

increased because the expression levels of mRNA and pro- the gene sequence. Some studies have used proteome
teins in cells or tissues are not always consistent;® intra- analyses for lung cancer. Li et al. identified 40 proteins for
© 2009 The Authors
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which the expression levels differed between SCC and their
non-neoplastic peripheral lung tissues on 2-DE-based analy-
sis.® The identified proteins included cell-cycle and signal
transduction system-related proteins, but the molecular
weights of most identified proteins are <50 000 Da because
2-D electrophoresis with IPG (immobiline 2-DE method)
cannot separate high-molecular-weight proteins efficiently.
Chen etal. compared pulmonary AD tissues and non-
neoplastic lung tissues of the same patient, and identified
upregulated proteins, including antioxidant enzymes in tumor
tissues, but the molecular weights of identified proteins were
also only up to approximately 50000 Da’ It has been
reported that, compared with prokaryotes, eukaryotes have
many more proteins of 2100 000 Da that probably contain
fused domains of several proteins as a resuit of evolution,
and these proteins have come to have multiple functions.®
Therefore, proteome analysis of humans, as eukaryotes,
requires a 2-DE system that can analyze proteins with high
molecular weight. Compared with the conventional immo-
biline 2-DE method, the agarose 2-DE method improved by
Oh-ishi et al., which uses agarose as a carrier in the first
dimension of isoelectric focusing, can analyze high molecular
weight (=100 000 Da) and basic proteins easily with the
advantage of being able to analyze 10-fold as many proteins
as the conventional method.® Using this method, Kuruma
et al. identified proteins that are upregulated in androgen-
independent prostatic cancer, and some proteins had a
molecular weight of =100 000 Da."®

In the present study we conducted proteome analysis
using cell lines derived from SCLC and LCNEC by the
agarose 2-DE method. The total proteins of these two cell
lines were separated into approximately 2000 spots on CBB
staining, and these electrophoresis patterns on gels were
very similar. Twenty-five proteins had different expression
levels and 15 (60%) had a molecular weight >50 000 Da.
Functional classification showed that the most common were
enzymes, followed by cytoskeleton proteins. The present
study also confirmed the usefulness of the agarose 2-DE
method. Because cellular size greatly differs between SCLC
and LCNEC, we thought that the expression levels of
cytoskeleton-associated proteins may also differ. We there-
fore focused on cytoskeletal proteins CK7, 8, 18 and 19, and
further studied their expression on immunohistochemistry in
clinical cases of pulmonary carcinomas.

All four CK identified in the present study have been
reported as having expression primarily in the simple epithe-
lium." In contrast, most neuroendocrine tumors, including
those of the lung, express CK8, 18 and 19,'? but the differ-
ences in stainability of these CK between LCNEC and SCLC
have not been extensively evaluated.

In the present study, staining scores of CK7, 8, 18 and 19
were significantly higher in LCNEG than in SCLC, suggesting
that LCNEC and SCLC can be differentiated on CK7, 8, 18

and 19 staining. Although high expression levels of CK7 are
observed in most AD, both the positivity and stainability of
CK7 were usually low in neuroendocrine tumors, including
SCLC and carcinoid, and in non-keratinizing-type SCC." In
the present study the staining score of CK7 was low in SCC
and SCLC, in agreement with a previous report, but there are
few reports on CK7 expression in LCNEC. Nitadori et al.
performed tissue microarray analysis of surgically resected
LCNEC and SCL.C specimens using 48 antibodies, including
CK. They demonstrated that the expression of four proteins,
CK7, 8, E-cadherin and B-catenin, were significantly higher in
LCNEC than in SCLC."™ Similarly, the present study also
confirmed that the positivity and staining score of CK7 were
markedly higher in LCNEC, as in AD, than in SCC.

Moreover, the present study demonstrated that LCNEC
can be differentiated from SCLC with high probability in
cases of more than two of four CK with a score of >8 for each
stain.

Lyda and Weiss have reported that most non-SCLC were
positive for high-molecular-weight CK, such as 34BE12 and
CK?7, while most neuroendocrine carcinomas were negative
for these CK." According to their report, it is possible to
differentiate these two types of tumor based on the stainabil-
ity of CK and neuroendocrine markers, such as chromogra-
nin A and synaptophysin,’ but the difference in CK
expression between SCLC and LCNEC was not described in
their study. Lyda and Weiss also reported that the antibody
designated as B72.3 was useful for differential diagnosis of
non-SCLC from SCLC, for which 80% of non-SCLC were
positive, while only 5% of SCLC were positive. They also
reported that three of six (50%) LCNEC were positive for this
marker.'t

Giuseppe et al. classified neuroendocrine tumors of the
lung based on their proliferative activity determined by the
Ki-67 labeling index, expression levels of ¢c-kit, p53, Rb, bcl-2
and cdk4 proteins and so on,”® and suggested that the
tumors could be divided approximately into three groups,
typical carcinoid (TC), SCLC and LCNEC. These data show
that TC and SCLC are genetically different, and AC and
LCNEC may belong to another group rather than to the tumor
group of intermediate progression from TC to SCLG;" the
present data confirmed that study of SCLC and LCNEC.
Moreover, high-grade neuroendocrine tumors are generally
considered to be characterized by loss of RB protein expres-
sion. Loss of RB protein was observed in most SCLC (91%),
while it occurred in only half of LCNEC, suggesting that the
mechanisms for G1 checkpoint in SCLC and LCNEC differ."s
Sturm et al. studied the expression of thyroid transcription
factor-1 (TTF-1) in neuroendocrine tumors of the lung on
IHC, and higher expression levels of TTF-1 were detected in
SCLC and LCNEC than in TC and AC. Furthermore, the
positivity of TTF-1 was 49% in LCNEC and 85.5% in SCLC,
respectively, and the differences were significant.'

© 2009 The Authors
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Recently, Uliman et al. studied chromosomal abnormalities
in SCLC and LCNEC on comparative genomic hybridization
and found that both tumors had many common chromosomal
abnormalities, but 3q+ was observed in 66% of SCLC, while
it occurred in only one of 18 LCNEC."” Thus, a gene that
determines the differences in biological character between
these tumors may be located in the 3g domain.

Taken together with previous studies, the present study
strongly suggests that the biological characteristics of SCL.C
and LCNEC may differ, and CK expression was useful for the
differential diagnosis of SCLC and LCNEC. Further studies of
chromosomal abnormalities, gene alterations and gene
expressions will facilitate the differential diagnosis of these
tumors and lead to the acquisition of new markers.
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Significance of RRM1 and ERCC1 expression in resectable pancreatic
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The identification of molecular markers, useful for ther-
apeutic decisions in pancreatic cancer patients, is crucial for
advances in discase management. Gemcitabine, although a
cornerstone of current therapy, has limited efficacy. RRM]1
is a key molecule for gemcitabine efficacy and is also
involved in tumor progression. We determined in situ
RRMT1 and excision repair cross complementation group 1
(ERCCI) protein levels in 68 pancreatic cancer patients. All
had RO resections without preoperative therapy. Protein
levels were determined by automated quantitative analysis
(AQUA), a fluorescence-based immunohistochemical meth-
od. The relationship between protein expressions and
clinical outcomes, including response to gemcitabine at the
time of disease recurrence, was determined. Patients with
high RRMT showed significantly better overall survival than
paticnts with low expression (P=0.0196). There was a
trend toward better overall survival for patient with high
ERCC1 (P = 0.0552). When both markers were considered
together, patients with both high RRM1 and ERCCY faired
the best in terms of overall and discase-free survival
(P=10.0066, P=0.0127). In addition, treatment benefit
from gemcitabine in patients with disease recurrence was
observed only in patients with low RRM 1, The combination
of RRMI and ERCCl expression is progmostic in
pancreatic cancer patients after a complete resection. On
disease recurrence, only patients with low RRAMI derive
benefit from gemcitabine,

Oncogene (2009) 28, 2903-2909; doi:10.1038/0nc.2009.158;
published online 22 June 2009
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prognosis; gemcitabine

Introduction

Pancreatic cancer is one of the leading causes of tumor-
related mortalities. The prognosis of patients after
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complete resection is poor, and more than 50% of
patients develop tumor recurrence at distant or locor-
egional sites, with an estimated 5-year survival of only
20% (Kayahara ef al., 1993; Nitecki ez al., 1995; Staley
er al., 1996; Sener ef al., 1999; Li et al., 2004). The
addition of chemotherapy and radiotherapy to surgical
resection is important, and gemcitabine, a pyrimidine
nucleotide analogue, has become the standard che-
motherapeutic agent in such programs (Burris ef al.,
1997; Oettle er al., 2007) (Rothenberg er al., 1996).
However, the clinical response rate to gemcitabine
remains modest, mainly because of the profound
chemoresistance inherent in pancreatic cancer. The
selection of patients who derive a true benefit from
gemcitabine could be an important stepping stone
toward improvement of outcome of pancreatic cancer.

RRM]I, the gene that encodes the regulatory subunit
of ribonucleotide reductase, is a key determinant of
gemcitabine efficacy. In various cancers. we and others
have described that overexpression of the RRM/ gene is
strongly associated with gemcitabine resistance (Cao
et al,, 2003; Rosell et al., 2004; Bergman et al., 2005;
Bepler et al., 2006; Nakahira et al,, 2007). However,
there is no clinical study that investigated the correlation
between RRMI protein expression and gemcitabine
resistance.

On the other hand, the expression of RRM [ was also
reported to correlate with the tumorigenic and meta-
static potential of lung cancer (Gautam et al., 2003), and
an oncogenic ras-transformed cell line with high
expression of an RRM transgene had reduced meta-
static potential (Fan er af., 1997). Furthermore, high
expression of RRM/ in transgenic mice is associated with
resistance to carcinogen-induced lung tumorigenesis
(Gautam and Bepler, 2006). Recently, overexpression of
RRM1I and the excision repair cross-complementation
group 1 (ERCCI) gene product was reported to correlate
with favorable prognosis in non-small-cell lung cancer
(Zheng et al., 2007).

The present study was designed to evaluate ‘the

_protein expression of RRMT and ERCC! in pancreatic

cancer by automated quantitative analysis (AQUA). We
describe the relationship between RRM/ and ERCCI
expression, the association between the expression of
these proteins and prognosis, as well as the response to
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gemcitabine therapy. To our knowledge, this study is the patients with high and low tumoral RRAM [ expression or
first to examine both the prognostic and predictive  high and low tumoral ERCC/ expression with respect to
aspects of RRM 1 in the same clinical samples. age, sex, histopathological type (well/mod/poor), tumor
size, tumor Jlocation (head/body/tail), pathological
depth of tumor (pTI1/T2/T3), the total number of
resected lymph nodes, pathological lymph node metas-
Results tasis (negative/positive) and the number of metastatic
RRM1 and ERCCI expression characteristics
We constructed a tissue microarray using triplicate 0.6~
mm cores {rom formalin-fixed and paraffin-embedded 8200 ~
specimens of the primary tumor. Immunostaining i o
showed a granular nuclear pattern for RRM/, and a 700 ¢ °
fine granular pattern for ERCC/ (Figure 1). Next, we 600 | 000 § © o o
used AQUA to analyse the expression levels of RRMJ - 500k O 6 © o
and ERCCI in specimens obtained from 68 patients. g o % o QL °
The scores of RRM 1 ranged from 116 to 1644 (median, 8 400 ’O@OO{%%)Q """ SO L R &
539: mean, 546) for all specimens, and the scores of £ 300+ g(% 0
ERCCI ranged {rom 55 to 1469 (median 382, mean o] O § le]
412). } 200 1 ® o °
The average score of triplicate tissues from each 100} O %o
patient was used for analysis of the association between ol NI B NI S
staining and clinical parameters. The AQUA scores for 200 400 500 600 700 800 900 1000
RRMI did not correlate significantly with those of RRY1 med
ERCCI (r=0.172, P=0.1610) (Figgre 2). The median Figure 2 Rclationship between automated quantitative analysis
Vamﬁfs ¢ of RRM 1 m?d ER.CCI ex.pressmn levels were U??Cd (AQUA) scores of RRM I and excision repair crn,s's-c-an1;)1();)1L'l}ta—
to divide the patients into high and low expression tion group 1 (ERCCH) expression. RRMI ecxpression did not
groups. There were no significant differences between correlate with that of ERCCI (r=0.172. P=10.161).
Figure 1 Staining for RRM and excision repair cross-complementation group 1 (ERCCI) proteins. (a) RRM I-positive sample. Note
the granular nuclear pattern. Nucleus, blue; cytoplasm, red: RRM /. green; and merged, light blue to light green. (b) RRM/-negative
sample. Nucleus, blue: and cytoplasm, red. (¢) ERCCl-positive sample. Note the fine granular pattern in the nuclens. Nucleus, blue;
cytoplasm, red; ERCC, green: and merged. light blue to light green. (d) ERCCI-negative sample. Nucleus. blue: and cytoplasm. red.
Oncogene
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Table 1 Reclationship between protein expression levels and clinicopathological factors
RRM1 expression level ERCCI expression level
High Low P-value High Low Pevalue
Age {years) (mean £5.d.) 6.817.6 644479 0.220 63.6 7.7 66678 0.283
Sex (male/female) 15/19 18/16 0.628 15719 18716 0.628
Histopathology (well/mod/poor) 1771473 9/18:7 0.102 12/19/3 /137 0.237
Tumor size {cm) {incan ts.d) 274+9.3 26.7£8.2 0.752 25.2 0.077
Tumor location (head/body/1ail) 27761 275 0.497 0.497
pT (T1/T2/TY) 1/1/32 10y 0.602 0.602
Total number of resceted lymph nede 3444129 30.3£13.6 0.243 0.330
PN (positive/negative) 12422 17117 0.327 / 0.141
Total number of metastatic lymph node 1619 1.0+1.7 0.202 INE SN 1.5£1.9 0.315
Gem therapy (4/-) 14,20 14,2 0.999 13221 15/19 0.806
Abbreviation: ERCCI. excision repair cross-complementation group 1.
a RRM1 expressien b ERCC1 expression
[y 1 b
0.8+ p=0.0196 o8 p=0.0552
—— RRM1 High{n=34) - ERCC 1 High{n=34)
0.6t --- RRMiLow{n=34Y g5t -= ERCC1Low(n=34}
04T 04t
0.2¢ l""l,.l 0.2+ Toomy
@ e Tl e o
oot .ot ob . .
® ] 2 4 & 8 1Y g 2 4 5 8 10
?).. year year
5
el Combination 1
g 11 RRMIERCCH
> p=0.0334 - High'High{n=19)
[o] 0.8 b ==+ High'Low{n=15)
. -+ LowMigh{n=15}
A LowiLow(n=19)
061 iy,
0.4 a“'&_,
Loy
0.2 e Qe <
LI W)
Ut R NN .
0 2 4 6 8 10
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Figure 3 Relationship between RRM/ and excision repair cross-complementation group 1 (ERCCY) expression levels and overall
survival rate. (a) Relationship between RRMI and overall survival is significant (3-year survival; 46.3 versus 28.6%, P=0.0196}. (b)
Relationship between ERCCT and overall survival is marginal (£=0.0552). (¢) Relationship between the combination of RRAM/ and
ERCC1 expression levels in the same tumor and overall survival rate. Only high expression levels of RRMI and ERCC/ in the same
tumor related with the improvement of overall survival rate (P=0.0334).
lymph nodes, and whether or not gemcitabine was used  overall survival than those with low levels of expression:
as chemotherapy (Table 1). although this difference was only marginally significant
(P=10.0552) (Figure 3b). When we divided the 68
patients into four groups; that is, high tumoral expres-
Relationship between RRM1JERCCI expression sion of both proteins (High/High, n=19), high expres-
and prognosis ston of only RRM I (High/Low, n=15), high expression
The median overall survival of all patients was 16.3  of only ERCCI (Low/High, n=15) and low expression
months (4.3-113) and the median disease-free survival  of both proteins (Low/Low, n=19); only patients of the
was 10.3 months (2-106). The Kaplan-Meier overall ~ High/High group had a significantly better prognosis
survival estimates were significantly better for patients  than the others (3-year survival 56.7 versus 30.5%.
with high RRMI expression compared with those P =0.0066) (Figure 3c, Supplementary Figure 1).
having low RRAM1 expression levels (3-year survival; With regard to disease-free survival, high ERCCI
46.3 versus 28.6%, P=0.0196) (Figure 3a). Likewise,  expression levels were significantly associated with
patients with high ERCCI expression had a better  better outcome (3-year survival; 30.2% for high versus
Oncogene
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23.1% for low. P=10.0454). There was no significant  the relationship between RRM] expression level and
difference in disease-free survival between the high and  gemcitabine therapy, we used survival after recurrence.
low RRM]I expression groups (Supplementary Figures  which represented the period from starting gemcitabine
2A and B). With respect to the combination of RRM/I  therapy or other therapies in 50 patients with relapse,
and ERCCI, only the High/High group showed a  until death. First, we examined the survival benefit of
significantly better disease-free survival compared with  gemcitabine. The 23 patients who were treated with
the other groups (3-year survival, 43.2 versus 19.2%,  gemcitabine had a significantly better survival
P=10.0127) (Supplementary Figures 2C and D). than those who did not (P=0.0074) (Supplementary
Figure 3). After dividing patients that were treated with
Univariate and nwltivariate analysis of factors associated gemcitabine ~mto ‘h‘gh '{“d low RRMI expression
with prognosis groups, only patients with low RRMI expression
We investigated the prognostic significance of various ~ benefited ~from  gemcitabine therapy (P =0.0010)
clinicopathological factors in pancreatic cancer patients  (Figure db). The survival of patients with high RRM1
who underwent radical resection. Univariate analysis ~ expression treated with gemcitabine was not signifi-
ShO“"Cd H‘l'dt Only the pa[hologica[ type and absence or Can[ly better than Of those not treﬂted \Vith gemcilabine
presence of lymph node metastases, were prognostically ~ (£=0.3309) (Figure 4a). The interaction term between
significant for disease-free survival (P=0.034, 0.025, RRM 1 expression and gemcitabine treatment was
respectively). and both parameters had marginal sig- significant for survival after recurrence (£ = 0.0109).
nificance for overall survival (P=10.078, 0.084, respec-
tively) (Table 2). Multivariate analysis identified the
RRM 1 expression level as the only independent deter- Discussion
minant of overall survival (hazard ratio (HR) 1.89,
P=0.046), and none of the parameters tested was  Ribonucleotide reductase, composed of the regulatory
selected by the analysis as a significant prognostic factor  subunit RRM [ and the catalytic subunit RRM?2, is a key
in disease-free survival. enzyme involved in DNA synthesis, catalyzing the
biosynthesis of deoxyribonucleotides from the corre-
RRM 1 expression and response to gemcitabine sponding ribonucleotides (Wright er al., 1990 Hurta
Of all the 68 patients, 28 received therapy with single-  and Wright, 1992). ERCC/, a structure-specific DNA
agent gemcitabine. In 23 patients, this treatment was  repair endonuclease responsible for the § incision, has a
initiated at the time of tumor recurrence. To elucidate  key role in the removal of adducts from genomic DNA
Table 2 Prognostic factors for postoperative survival by Cox’s proportional hazurd model
Univariate analysis Mubiivariate analysis
DES oS DFS (&N
HR P-vulue HR P-value HR Povalue HR P-value
Histology {poor. mod/well) 1.91 0.034 1.75% 0.078 1.77 0.066 1.56 0.172
PN (positive/negative) 2.00 0.025 176 0.084 1.73 0.107 1.50 0.256
RRM 1 expression (low/high) 1.55 0.129 2.04 0.022 1.39 0.265 1.89 0.046
ERCCI expression {fow/high) 175 0.048 1.78 0.059 142 0.265 1.54 0.194
Abbreviations: DFS, discase-free survival; ERCCI, excision repair cross-complementation group 1; HR. hazard ratio and OS, overall survival,
a RRM1High b RRM1Low
't T =0,0010
08 0gly PO 0.8F =
55 L& = l — Gemtherapy(+}{n=10)
£s e Gemtherapy($){n=13 PYLIUN=
_5‘3- 0.8} 3 - Gemthera%&)}éa:n)) 6.6 | “x - GenﬂhefﬂPV%‘)(ﬂ-W)
S b
s8 o4 O oAb\
3 b ‘L
Ne 9.2t 0.2} L
© L | -
0 ~‘ h O 'l i 1 3
0 ) 0.5 1 1.5
year year
Figure 4 Relationship between survival after recurrence and paticnts treated with or without gemcitabine (a) in high RRAMI
expression group, and (b) in low expression group. Only patients with low RRAM 1 cxpression benefited from gemeitabine therapy
(£ =0.0010).
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through the nucleotide excision repair pathway (Rear-
don et al., 1999; Niedernhofer et al., 2004; Ceppi et al.,
2006). RRM1 is reported to influence cell survival,
probably through interaction with the phosphatase and
tensin homolog (PTEN), which is an inhibitor of cell
proliferation, and suppresses cell migration and invasion
by reducing the phosphorylation of focal adhesion
kinase (Gautam et of.,, 2003; Bepler er al., 2004). In
lung cancer, the expression levels of RRM/ and ERCCI
are significantly correlated (Bepler er al., 2006; Ceppi
et al., 2006),

Gemeitabine is the first line cytotoxic agent for
treatment of patients with advanced pancreatic cancer,
and it is the only agent with proven benefit in a large
adjuvant clinical trial {Oettle ef ¢l.. 2007), However, it is
estimated that only 25% of patients benefit from
gemcitabine (Burris ef «l.. 1997). RRMI expression
appears to be the key determinant of gemcitabine
resistance {(Dumontet er «l., 1999; Goan et al., 1999,
Jung er al., 2001). This is partially due to expansion of
the dNTP pool, which competitively inhibits the
incorporation of gemcitabine triphosphate into DNA
(Plunkett er al., 1996). Another mechanism is the direct
interaction between RRM T and gemcitabine with RRM/
acting as a "molecular sink” for gemcitabine (Davidson
et al., 2004; Bergman et of., 2005). ERCCI is reported to
be associated with the repair of cisplatin-induced DNA
adducts in ovarian cancer (Li er a/., 2000), gastric cancer
(Metzger ¢t al., 1998), colorectal cancer (Shirota et al.,
2001), lung cancer (Olaussen e «al., 2006) and esopha-
geal cancer (Joshi ef al., 2005; Kim et al., 2008).

Quantitative analysis of gene expression in pancreatic
cancer is challenging because it contains more stromal
tissue than other cancers (Sato er al,, 2004, Bachem
et al., 2005; Infante er ol., 2007), which makes laser
microdissection a necessity to obtain gene expression of
tumor tissue {Giovannetti ef af., 2006). Quantitative
analysis of the RRM I protein had been difficult because
of technical limitations. However, an automated,
quantitative in situ assessment of protein expression
was developed recently (Camp er «f., 2002), and applied
for objective and practical evaluation of RRMI and
ERCCI protein expression levels in tumor specimens
(Zheng et af., 2007). In this study, we used the above
mentioned technology for gene expression analysis in
pancreatic cancer specimens.

We found that the expression levels of RRM and
ERCCI affected the clinical outcome similar to that
described in non-small-cell lung cancer (Zheng et aol.,
2007). Patients with high levels of expression of both
proteins had the best prognosis, including both disease-
free survival and overall survival. However, once
treatment with gemcitabine was initiated at the time of
recurrence, it was only the group of patients with low
levels of RRAM that benefited significantly {rom this
intervention. In other words, patients with high tumoral
RRM]1 levels may as well be treated with other agents,
such as S-1 or oxaliplatin plus 5-fluorouracil plus
leukovorin  (CONKO-003), instead of gemcitabine
(Ueno et al., 2005; Okusaka er al., 2008; Saif, 2008).
In contrast, patients with low tumoral RRM! levels
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showed improved survival following treatment with
gemcitabine (Moore et al., 2007; Boeck and Heinemann,
2008). Many clinical trials of anticancer drugs, including
molecular targeting agents, did not result in the
improvement of outcome when conducted in unselected
groups of patients (Heinemann ef «f., 2006; Herrmann
et al., 2007; Cascinu et al., 2008). However, if patients
can be divided into groups with high or low likelihood
of benefit from gemcitabine, a more rational design of
future trials becomes available (Simon ef «l., 2007), We
believe that future treatment strategies for pancreatic
cancer should be more precise and tailored to individual
patients, and RRMI may be one of the candidate
molecules for the stratification. We {ound that RRAM
and ERCCI were not significantly coexpressed in
pancreatic cancer, which is different from several
previous reports in non-small-cell lung cancer (Ceppi
et al., 2006; Zheng et al., 2007). This discrepancy may be
explained by differences in tissue of origin and mechan-
isms of carcinogenesis between pancreatic cancer and
lung cancer.

It is important to carry oul prospective tailored
therapeutic trials in pancreatic cancer with the goal of
improving the clinical outcome, and it is our opinion
that RRM [ and ERCC/ could play an important role in
the design of such trials.

Materials and methods

Patients

Between January 1992 and March 2008, 166 patients under-
went surgery for pancreatic cancer at Osaka University
Hospital. We excluded 84 patients for the following reasons:
(1) tumors were not resectable in 26 patients because of liver
metastases or peritoneal carcinomatosis, (2) surgery resulted in
R1 (residual microscopic cancer) or R2 (residual macroscopic
cancer) resections in 21 patients, (3) chemotherapy or
chemoradiotherapy was provided preoperatively to 37 patients
and (4) lack of neutral-buffered formalin-fixed and paraffin-
embedded tumor blocks or/and clinical follow-up information
for study purposes in 14 cases. As the natural history of
variant pancreatic neoplasms differs from the usual pancreatic
ductal adenocarcinoina, patients with intraductal papillary
mucinous neoplasms, mucinous cystic adenocarcinomas and
meduilary adenocarcinomas were excluded from this study.
Supplementary Table | summarizes the characteristics of the
68 patients who were enrolled in this study. They included 33
men and 35 women with a mean age of 60.7+7.8 years
{ +s5.d.). All patients had RO (no residual cancer) resections by
pancreaticoduodenectomy in 54 patients, distal pancreatect-
omy in 12 patients and other resections in 2 patients. The
histopathological grading showed poorly. moderately, and
well-differentiated adenocarcinoma in 10, 32 and 26 patients,
respectively. The UICC-TNM classification was 2, | and 65
patients with pTI, pT2 and pT3; 29, 33 and 6 patients with
pNO, pN1 and pMllym: and 1, 1, 27, 33 und 6 patients with
stage 1A, 1B, 1A, 1IB and IV, respectively. None of the
patients had received neoadjuvant therapy preoperatively. All
68 patients were followed until disease recurrence and/or
death. The median follow-up period was 16.3 months (range.
4.3-113), the S-year survival rate was 23.4%, and the
recurrence of disease was observed in 50 patients. Treatiment
with gemcitabine was carried out in 28 patients; § patients
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received it as adjuvant chemotherapy and 23 patients received
it alter discase recurrence. Radiation therapy was not carried
out during all the follow-up period.

Immunofluorescence and awomated quantitative analysis

We carried out immunostaining after constructing a tissue
microarray. Immunofluorescence combined with AQUA was
used to assess in sitn expression of the target molecules as
described previously (Zheng er af., 2007). Antligens were
retricved by incubating the tissue in a microwave oven.
Optimal concentrations of antisera and antibodies were used
1o detect RRM I, ERCCI and cytokeratin. The antiserum to
RRMI was generated from rabbits and affinity-purified
(RIAS-6) as described previously (Zheng ef al., 2007).
Commercially available antibodies were used for the analysis
of ERCCI (Ab-2 clone 8F1, MS-671-R7, Laboratory Vision
Corporation, Fremont, CA, USA) and cylokeratin (antihu-
man pancytokeratin AEI/AE3, M3515 and Z0622, Dako
Cytomation, Glostrup, Demmark) (Zheng et al., 2007). They
were visualized with the use of fluorochrome-labeled second-
ary antibodics. The final slides were scanned with SpotGrabber
(HistoRx, New Haven, CT. USA), and images were analysed
with AQUA (version 1.6, PM-2000, HistoRx). The AQUA
scores ranged from 0 (no expression) to 3000 (maximal
observed expression).

Statistical analvsis and ethical issues
Daia are expressed as mean *s.d. Differences in continuous
values were evaluated by the Student’s r-test (Table 1). The
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Abstract

Pancreaticobiliary maljunction (PBM) is a high risk factor
for biliary tract cancer. In PBM, since the pancreatic
duct and bile duct converge outside the duodenal wall
beyond the influence of the sphincter of Oddi, pancreatic
juice and bile are constantly mixed, producing a variety
of harmful substances. Because of this, the biliary
mucosa is repeatedly damaged and repaired, which
causes an acceleration of cell proliferative activity and
multiple gene mutations. Histological changes such as
hyperplasia, metaplasia, and dysplasia ultimately result
in a high incidence of carcinogenesis. In a nationwide
survey by the Japanese Study Group on PBM, coexisting
biliary tract cancer was detected in 278 of the 1,627
registered cases of PBM (17.1%). Of these cases, in
thase with dilatation of the extrahepatic bile duct, cancer
was often detected not only in the gallbladder but
also in the bile ducts. More than 90% of cancer cases
without dilatation of the extrahepatic bile duct develop
in the gallbladder. Standard treatment for PBM is a
cholecystectomy and resection of the extrahepatic bile
duct. However, cholecystectomy alone is performed at
nearly half of institutions in Japan. Conversely, reports of
carcinogenesis in the remnant bile duct or pancreas after
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diversion surgery are steadily increasing. One of the
causes for this is believed to be an accumulation of gene
mutations which were present before surgery. Anticancer
drugs are ineffective in preventing such carcinogenesis
following surgery, thus the postoperative administration
of chemopreventive agents may be necessary.
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INTRODUCTION

Pancreaticobiliary maljunction (PBM), namely an
anomalous arrangement of the pancreaticobiliary duct
or an abnormal junction of the pancteaticobiliary ductal
system, is a high tisk factor for biliary tract cancer’’. In
PBM, the main pancreatic duct and common bile duct
anatomically converge outside the duodenal wall, causing
a reciptocal reflux of pancteatic juice and bile, which
produces carcinogenic substances such as activated
pancreatic enzymes and secondary bile acid, resulting in
tepeated damage and repait of the biliary mucosa, which
conttibutes to pro-inflammatory prostaglandins and
various gene mutations. This in tutn causes histological
changes such as hyperplastic epithelium (hyperplasia),
metaplastic epithelium (metaplasia), and dysplastic
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epithelium (dysplasia), ultimately resulting in biliary
carcinogenesism. Accordingly, when PBM is diagnosed
the standard treatment consists of cholecystectomy
and resection of the dilated extrahepatic bile duct to
prevent carcinogenesis“]. However, for PBM without
dilatation of the extrahepatic bile duct, cholecystectomy
alone is often petformed since the incidence of bile duct
cancer is low in such cases. This coutse of treatment is
still controversial®™. While the risk of catcinogenesis
is mitigated considerably through preventive standard
surgeties such as these, reports of carcinogenesis in the
remnant bile duct and pancreas following surgery have
been on the rise in recent yearsls]. One of the causes for
this is believed to be an accumulation of gene mutations
which wete present prior to surgery. In this paper, we
attempt to elucidate the various carcinogenic processes in
PBM and its treatment options, as well as the ptevention
of postoperative catcinogenesis.

EPIDEMIOLOGY

PBM is frequently reported in Asia, particularly in Japan
and Taiwan, and it is known as an Asian disease!®’.
Coexisting PBM is found in neatly all cases of congenital
bile duct dilatation, and is also found in Western
countries®™. Funabiki ef 2/ have suggested that the number
of cases diagnosed might rise if there was increased
interest in the diagnostic criteria for PBM in Western
countries. Hasumi ef /' conducted a survey on the
incidence of PBM and biliary tract cancer at 133 facilities
in Japan, and showed that 414 of the 12,399 patients (3.3%)
on whom hepatobiliary sutgety was performed had PBM.
They furthermore teported that 10.4% of the patients with
gallbladder cancer (80/769) and 4.4% of those with bile
duct cancer (32/735) had coexisting PBM. In a nationwide
survey carried out by the Japanese Study Group on PBM
over 10 years from 1990 to 1999, the aggregate number
of 1,627 PBM cases were examined in detail”. As 2
whole, biliaty tract cancer was detected in 278 of the 1,627
cases (17.1%). Of these, in the 1,239 cases of PBM with
dilatation of the extrahepatic bile duct, there were 131
cases (10.6%) with coexisting biliaty tract cancer, which
was located in the gallbladder in 85 cases, the bile duct in
44 cases, and of unknown origin in 2 cases. On the other
hand, of the 388 cases of PBM without dilatation of the
extrahepatic bile duct there were 147 cases (37.9%) with
coexisting biliary tract cancer, which was located in the
gallbladder in 137 cases and in the bile duct in 10 cases.
The results show that “with dilated PBM thete is often
carcinogenesis in the bile duct besides in the gallbladder,
and with undilated PBM there is catcinogenesis in the
gallbladder more than 90% of the time.” These results
ate believed to originate from the short exposure period
to catcinogenic substances and their low concentration,
which is due to the moderate degree of bile stasis within
the bile duct with undilated PBM"'".

44
TeL

shidemg=  W]GO | www.wjgnet.com

Tsuchida A et a/. Chemoprevention of biliary tract cancer

CARCINOGENIC PROCESS
Pathophysiology

A mixture of pancreatic juice and bile is constantly being
produced with PBM, and when bacterial infections and
an inctease in intrapressure in either the pancreatic duct
ot the bile duct ate also present, pancreatic enzymes easily
become activated. All pancreatic enzymes are detected at
extremely high levels within the bile of PBM patientsm.
Among the activated pancreatic enzymes, amylase and
lipase have little damaging action on the biliary epithelium,
but trypsin activates Ca™" along with phospholipase A2.
Among the pancreatic juices, phospholipase A2 has a
patticulatly powetful destructive action on the pancreatic
duct and biliary epithelium, and also converts the lecithine
within the bile into lysolecithine and free fatty acids that
have a strong damaging action on cell membranes!'".
Furthermote, bile acid also has tissue damaging action,
and it has been posited that this promotes phospholipase
A2 activity, especially when the damage from secondary
bile acid itself is added in. However, Shimada ez 24"
have suggested that secondary bile acid does not play a
major role in PBM carcinogenesis. As these substances
are harmful to tissue, the biliary mucosa suffers long-
term damage, the cell cycle accelerates, and various
changes to the epithelium and DNA damage occur.
Most previous studies have shown that the proliferative
activity of gallbladder mucosa with PBM was higher
than that of gallbladdet mucosa without PBM, regardless
of whether or not cancer was present ‘. In addition,
studies by Hanada ez at" and ourselves'”, on gallbladder
mucosa in PBM cases showed that there is a significant
acceleration of cell proliferative activity, and the thickness
of the membrane was thicker than that in cases without
coexisting PBM. In addition, Tanno ef a"™ and Tokiwa
et al"” reported a high incidence of hyperplastic changes
in the membrane that were already present in infants,
and that they possessed activity values that were largely
equivalent to the cell proliferative activity in the gallbladder
mucosa in adults. Since there is a possibility of this
easily developing cancer occutring if factors promoting
carcinogenesis ate at work in this process, the PBM biliary
epithelium which is constantly being exposed to harmful
substances can be said to be in a precancerous state.

Pathological findings

While various histopathological findings, such as
hyperplasia, metaplasia, and dysplasia, have been detected
in gallbladder mucosa with PBM, the most characteristic
change is hyperplasiam]. Other than PBM, although
hyperplasia in the gallbladder mucosa of cholelithiasis
or noncancerous lesions for routine gallbladder cancer
have been detected, these are localized and moderate in
degreem. Conversely, hyperplasia is detected in almost all
patts of the gallbladder mucosa with PBM. Metaplastic
change is a setious pathological change related to the
development of gallbladder cancer without coexisting
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PBM™'. However, PBM is characterized by the fact that
a low frequency of metaplastic epithelium occurs in
less than 10%, and metaplastic change is lower than in
patients with cholelithiasis. The incidence of dysplasia in
noncancerous epithelium of gallbladder cancer patients
with PBM is more than double that of gallbladder cancer
patients without PBM!™. In a previous study by our
groupml, a high incidence of hyperplastic change was
detected in infancy, and although the incidence is lower
from adolescence onwards than in infancy, it is still high.
Conversely, metaplasia and dysplasia were rarely seen in
infancy, and only detected from adolescence onwards.
Furthermote, dysplasia was most often discovered in the
mucosa surrounding gallbladder cancer. Thus, hyperplastic
epithelium can be present from the early stages of infancy
or at birth, whereas metaplasia and dysplasia appears with
age. Although it is unclear whether hyperplastic epithelium
itself is a precancerous state, this strongly suggests that
a hyperplasia—dysplasia-carginorna sequence exists in the

PBM catcinogenic pxocessl"g].

Gene mutation

Analyses have been conducted on the various oncogenes,
tumor suppressot genes, ¢fz. in resected specimens of
PBM patients. In previous studies, the incidence of K-ras
mutation in gallbladder cancer of PBM patients was
33%-83%, which is higher than in non-PBM gallbladder
cancet patients!***®!. Furthermore, there is a high
incidence of K-7us mutations in benign epithelium with
PBM. Iwase ¢ al” teported detecting K-ras mutations in
36% of cases with hyperplasia. Matsubara ez aF reported
mutations in 31.6% of inflammatory epithelium, and in
47.6% with both hyperplasia and metaplasia. We detected
K-ras mutations in 64% of cases with hyperplasia, in
28% with metaplasia, and in 17% with dysplasiaml.
Furthermore, Tomishige 7 a/* reported that K-ras
mutations were detected in PBM patients one month after
birth, which suggests that genetic mutation occurs at an
eatly phase of life. Since K-7as mutations are detected in
noncancerous epithelium and hyperplasia, these epithelia
seem to be in a genetically precancerous state, and
represent an eatly event in multistep carcinogenesis.

To detect p53 in PBM patients, the “detection of
gene mutations using PCR-SSCP and the ditect sequence
method” and methods for viewing the “overexpression
of the p53 protein using anti-p53 monoclonal antibodies”
have been reported, but gene mutation analysis has almost
never been petformed. Hanada et o/ BT analyzed exon 5-8
of p53 using PCR-SSCP and reported the detection of
an abnormal band on exon 7, 8 in 3 of the 6 cases (50%)
of stage I gallbladder cancer with coexisting PBM.
Matsubara e a/” detected p53 gene mutation in 34.8%
of cases with an inflammatory epithelium, in 47.6% with
both hyperplasia and metaplasia, and in 60% with cancet,
stating that these wete mainly exon 5, 6, 8. However,
Nagai ez a/*” reported that p53 gene mutation was not
detected in cases of hyperplasia and dysplasia, but that
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the gene mutation was observed in 4 of 26 cases (16%)
of cancer. It is still unclear whether p53 gene mutation is
present in noncancetous epithelia. Conversely, with regard
to the overexptession of the p53 protein, Hanada e at
stated that overexptession was observed in 4 of the same
6 cases (67%) of stage I gallbladder cancer mentioned
above. Moteovet, in our study and in those of other
researchets, there was a 62-100% positivity rate for cancer,
but noncancerous lesions were all negative. However,
Matsubata ef 2/ stated that overexptession was observed
in 8.3% of cases with an inflammatory epithelium, in
33.3% with both hyperplasia and metaplasia, and in
80% with cancer. Since theit criteria for immunostaining
counted anything stained as positive, even if the staining
was negligible, it is thought that this resulted in higher
positive rates than in other studies. These results clearly
indicated that overexpression of the p53 protein was
latgely negative in benign epithelium in cases with PBM,
but that gene mutations occur with a high frequency.
Since the mutation of p53 is regarded as a late event in
carcinogenesis within the adenoma-carcinoma sequence
for cancer of the large intestine, it may also occur in
relatively later stages of the carcinogenic process for PBM
as well.

Microsatellite instability (MSI) is reflected in abnor-
malities of DNA repair genes, and is an important factor
leading to carcinogenesis. Nagai ez a/” reported the
detection of MSI in 16 of 23 cases (69.6%) of gallbladder
mucosa in PBM patients. Of these, it was detected in 8
cases (50%) of mutations in the transforming growth
factor type II receptot, in 2 cases (12.5%) of mutations
in the insulin-like growth factor type II receptor, in 4
cases (25%) of LOH. In addition, Nagai ef o repotrted
0% MSI in PBM patients with hyperplasia, 57.1% with
dysplasia, and 52% with cancer. This suggests that MSI is
similar to p53 mutations in that it comes into play as a late
event in the carcinogenic process for PBM.

There have been additional studies on abnormalities
in cancer related genes and cell cycle related factors
involved in the catcinogenic process for PBM. However,
since only a limited number of cases were analyzed,
further investigation is required.

CHEMOPREVENTION

The standard treatment for PBM when there is coexisting
cancet is to petform sutgery according to the stage of
the cancer, and to perform diversion surgery for the
ptevention of catcinogenesis when there is no coexisting
cancer. Howevet, cases of carcinogenesis in remnant
bile duct and the pancreas have been steadily increasing,
even when preventative diversion sutrgery has been

performed®. Furthermore, a cholecystectomy alone
is petformed at nearly half of institutions in Japan for
cases without dilatation of the extrahepatic bile duct!'!
thus thete is a slight possibility of carcinogenesis in
the remnant bile duct. Since these cases did not have
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coexisting cancer ptiot to surgery, the use of adjuvant
therapy for cancer and likewise anticancer drugs would
not be indicated for the prevention of postoperative
carcinogenesis. Ordinary anticancer drugs inhibit the
DNA synthesis of cancer cells, but are unable to suppress
the growth of inflammatory lesions and precancerous
lesions.

Recently, progtress has been made in research to
supptess catcinogenesis by using a variety of chemical
agents. Non-steroidal anti-inflammatory drugs, which
are COX-2 inhibitots, and VK2, which is a therapeutic
agent for osteoporosis, ate the most promising medicines
among these agents. Animal experiments showed that
COX-2 inhibitors suppress carcinogenesis’ and that,
epidemiologically, long-term users of aspirin showed a 40%
decrease in mortality rate due to colon cancer compared
to the natural control®!. Furthermore, it was also revealed
that COX-2 has a strong correlation on cell growth,
catcinogenesis, invasion, and metastasis at the cellular
level®”). Similar results have been also reported for
various tumors othet than colorectal tumots, suggesting
that COX-2 has potential for use in chemoprevention and
is a tatget for treatment. At the same time, VK2 is not only
used in the clinical treatment of osteoporosis and other
ailments, but is known to exhibit anti-tumor effects i vitro
and in viv™**. In clinical studies on malignant tumors, the
administration of VK2 induced a decrease in the number
of blastic cells in a patient with post-myelodysplastic
syndrome (MDS) (AML)M. In addition, there is a similar
repott that mature neutrophils increased, and anemia and
a dectease in blood platelets improved in a patient with
MDS in which the ratio of blastic cells declined due to
VK2 administration””. Furthermore, female patients with
viral cirrhosis of the liver in the VK2-treated group had a
significantly lowet onset of hepatocellular carcinoma than
the control group®™. In addition, a significant suppressant
effect on the incidence of relapse was detected in cases
treated with VK2 among patients with hepatocellular
catcinoma after curative treatment””, In a large number of
clinical trials for patients with osteoporosis, neurological
disease, ot for postmenopausal women, no severe adverse
events were repotted with long-term VK2 treatment!'* .
Thus, it may be safely used as a chemopreventive agent.

Using the Sytian golden hamster PBM carcinogenesis
model developed by Tajima ez ™ we examined whether
COX-2 inhibitors and VK2 could supptess catcinogenesis,
and found that eatly stage gallbladder cancer appeared in
apptoximately 30% of animals in the control group with
the catcinogenic substance N-nitrosobis (2-oxopropyl)
amin (BOP). In contrast, in the COX-2- and VK2-
treated group, carcinogenesis was suppressed through
the suppression of cell growth in the gallbladder mucosa,
respectively!™. Furthermore, compared to the control
gtoup, the incidence of dysplasia, a precancerous lesion,
declined in the treated group, suggesting that both agents
suppress the cell cycle in PBM gallbladder mucosa. Based
on the results of these expetiments, further studies on the
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clinical efficacy of potential chemopreventive agents for
PBM are watranted.

CONCLUSION

PBM is a high risk factor for biliary tract cancer, and
several patients reportedly had hyperplastic changes and
gene abnormalities in the biliary mucosa at birth. Since the
first steps have alteady been taken towards carcinogenesis
at the fetal stage, preventive surgeties must be performed
immediately once a diagnosis has been made. In addition,
it is essential to reduce the risk of carcinogenesis by
using chemoprevention in order to prevent postoperative
carcinogenesis.
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