human cancers due to a process of lon% range epigenetic silenc-
ing, has recently attracted attentlon Therefore, we used a
custom-made BAC array®” that may be suitable for gaining an
overview of the DNA methylation ‘status of individual large
regions: among all chromosomes (Table S4), and for obtaining
reproducible diagnostic indicators. In fact we have successfully
obtained optimal indicators. for carcmogenetw risk estimation
and prognostlcatlon of renal cell carcinomas® and hepatocellu-
lar carcinomas®® by BAMCA using the same array as that
employed in this study: On the other hand, we must pay atten-
tion to: the quantitative accuracy of BAMCA, because it is a
PCR-based method differing from ‘other genome-wide DNA
methylation analyses not using PCR, such as the methylated
DNA immunoprecipitation-microarray. In order to validate the
results of BAMCA, we quantitatively evaluated the DNA meth-
ylation status of each Xma I/Sma I site yielding labeled prod-
ucts which are effective in BAMCA on representatlve BAC
clones, by pyrosequencing. As shown in the example in
Figure S1 and Table S35, pyrosequencing validated the BAMCA
data on the representative BAC clone.

The present DNA methylation analysis revealed that stepwise.

DNA methylation alterations during urothelial carcinogenesis

occurred in a genome-wide manner (Fig. 1). We then performed |
unsupervised hierarchical clustering analysis based on the gen-
ome-wide DNA methylanon status of noncancerous urothelia,
and as a result; 17 patients were subclassified into Clusters Ay
and Bn. Corresponding UCs showing deeper invasion were
found to be accumulated in Cluster By. Genome-wide DNA
of noncancerous urothelia obtained from
patients with invasive UCs were inherited by the invasive UCs
themselves (Fig. 2b). DNA methylation profiles of noncancer-
ous urothelia obtained from patients with superficial UCs were

methylation profile:

not always inherited by superficial UCs (data not shown), corre-

sponding to the alternative malignant progression of superﬁc1alf
papillary carcinoma to nodular invasive carcinoma, via papillo-

nodular carcinoma. Genome-wide DNA methylation alterations
that were correlated with the development of more malignant
invasive cancers were already accumulated in noncancerous
urothelia, suggesting that DNA methylation alterations at the
precancerous stage may not occur randomly but are prone to
further accumulation of genetic and epigenetic alterations and
generate more malignant cancers.

- The present genome-wide analysis revealed DNA methyla-
-tion profiles that were able to completely discriminate noncan-
cerous urothelia obtained from patients with UCs from normal

urothelia and diagnose them as having a high risk of urothelial
carcinogenesis with a sensitivity and specificity of 100%. We
are currently attempting to develop methodology for assessing
the tendency for DNA methylation in the 83 BAC regions in
urine samples with a view to application for screening of
healthy individuals. If it proves poss:ble to 1clent1fy individuals
who are at hlgh risk of urothelial carcinogenesis, then strategies
for the prevention or early detection of UCs, such as smoking
cessation or repeated unne cytology exammatwns mlght be
_applicable.

Even after surgery thh curatlve mtent some UCs relapse
and metastasize to lymph nodes or distant organs.®® Recently,
new systemic chemotherapy and targeted therapy have been
developed for treatment for UCs.®® In order to start adjuvant
systemic chemotherapy immediately in patients who have
undergone surgery and are still at high risk of recurrence and
metastasis, prognostic indicators have been explored. The pres-
ent genome-wide analysis revealed DNA methylation profiles
that were able to discriminate patients who suffered recurrence
after surgery from patients who did not with a sensitivity and
specificity of 100% (Fig. 4b), whereas a high histological
gmde,(21 _invasive growth (pT2 or more), and vascular or
Iymphatic involvement, which are known to have a prognostic
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impact,®7® were incapable of such complete discrimination
(data: not 'shown). Therefore, a combination: of : the 20. BAC
clones can have significant’ prognostic value for patients with
UCs. Since a sufficient quantity of good-quality DNA can be
obtained from each surgical specimen, out array-based analy-
sis - that ‘overviews aberrant DNA methylation of each BAC
region is immediately applicable to routine laboratory examin-
ations for prognostication after surgery. The reliability of such
prognostication will - need to be validated in a prospective
study.

~As mentioned above, UCs are remarkable because of their
multicentricity. ‘Approximately 10-30% of patients with UCs
of the renal pelvis and ureter develop intravesical ‘metachro-
nous UCs after nephroureterectomy.®#?> Therefore, such
patients have to undergo repeated urethrocystoscopic examina-
Hons to detect intravesical metachronous UCs. To decrease the
need for invasive urethrocystoscopic examinations and assist
close follow-up of such patients after nephroureterectomy,
indicators for intravesical metachronous UCs have been
needed. All of our patients who developed intravesical meta-
chronous UCs after nephroureterectomy. belonged to Cluster
Bup, indicating that DNA methylation profiles of noncancerous
urothelia obtained by nephroureterectomy from patients with
UCs of the renal pelvxs or ureter, which may be exposed to the
same carcinogens in the urine as noncancerous urothelia from
which metachronous UCs originate, are correlated thh the risk

- of intravesical metachronous UC development The present

genome-wide analysis revealed DNA methylatzon profiles that
were able to completely discriminate patients with UCs of the
renal pelvis or ureter who developed intravesical metachronous
UCs from patients who did not, in noncancerous urothelia from
nephroureterectomy specimens. A combination of the present
11 BAC clones may be an optimal indicator for the develop-
ment of intravesical metachronous UC. The rehabxlxty of such *
prognostication will agam need to be validated in a prospectlve
study.

With respect to background factors of genome—WIde DNA
methylation alterations during urothelial carcinogenesis, smok-
ing history did not correlate significantly with the numbers of
BAC clones showing DNA hypo- or hypermethylation in non-
cancerous urothelia obtained from patients with UCs and in
UCs, or with clustering (Cluster Ay vs Cluster By and Cluster
Ax vs Cluster By) (Table S6). In addition, immunohistochemi-

_cally examined DNMT1 protein expression levels did not cor-

relate significantly with the numbers of BAC clones showing
DNA hypo- or hypermethylation in ‘noncancerous urothelia
obtained from patients with UCs and in UCs, or with cluster-
ing (Cluster Ay vs Cluster By and Cluster Ay vs Cluster By)
(Table S7), indicating that expression levels of DNMTI did
not by themselves simply determine DNA methylatlon pro-
files. However, our previous study revealed remarkable pro-
tein overexpressmn of DNMTI in noncancerous urothelia
obtained from patients with UCs as compared to normal urot-
helia.® Therefore, undefined cofactors may recruit DNMTI
or other proteins regulating DNA methylation status to aber-
rant target sequences and may participate in DNA methylation
alterations in noncancerous urothelia obtained from patients
with UCs. Further studies are needed to elucidate molecular
mechanisms of DNA methylatlon alteratlons in such noncan—’
cerous urotheha -

Moreover, when the DNA methylatlon status for CpG
islands of pl6, human Mutl. homologue | (hFMLHI), thrombo-
spondin-1 (THBS-1), and death-associated protein Kinase
(DAPK) genes and the methylated in tumor (MINT)-1, -2, -12,
25, and -31 clones were examined in noncancerous urothelia

‘obtamed from patients with UCs and in UCs by methylation-

specific PCR and combined blsulﬁte restriction enzyme
analysis as in our previous study,?? the incidence of DNA

doi: 10.1111/].1349-7006.2009,01330.x
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methylation on each-CpG-island and the average number of
methylated CpG islands’did niot correlate significantly with the
numbers of BAC clones showing DNA' hypo- or hypermethyla-
tion. in' noncancerous. urothelia obtained from patients with
UCs and in . UCs; or. with clustering. (Cluster Ay vs Cluster By
and Cluster: Ay vs Cluster: By) (Table S8). Therefore, molecular
mechanisms for alterations of genome-wide DNA methylation
profiles may differ from those for regional DNA hypermethyla-
tion on CpG islands.

Although BAMCA mainly provides an overview of the
DNA methylation status of individual large regions among all
chromosomes as mentioned above, it may also be able to
identify genes for which expressions are regulated by DNA
methylation, since there are promoter regions of specific genes
including CpG islands on BAC clones showing clinicopatho-
logically significant DNA hypo- or hypermethylation
(Table S4). Expression levels and the: DNA™ methylation- status
of these genes, as well as the ‘functions of the proteins coded
by such genes, will be examined in a future investigation. If
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The aim of this study was to establish new biliary tract carcinoma
(BTC) cell lines and identify predictive biomarkers for the potential
effectiveness of gemcitabine therapy. Surgical specimens of BTC
were transplanted directly into immunodeficient mice to establish
xenografts, then subjected to in vitro cell culture. The gemcitabine
sensitivity of each cell line was determined and compared with the
genome-wide gene expression profile. A new predictive biomarker
candidate was validated' using an additional cohort of gemcita-
bine-treated BTC cases.. From 55 BTC cases, we' established 19
xenografts and six new cell lines. Based on.their gemcitabine
sensitivity, 10 BTC cell lines (including six new and four publicly
available ones) were clearly categorized into two groups, and
MAGEH1 mRNA expression in the tumor cells showed a significant
negative correlation with their sensitivity to gemcitabine. Immu-
nohistochemically, MAGEH1 protein was detected in three (50%)
out of six sensitive cell lines, and four (100%) out of four resistant
cell lines. In the validation cohort of gemcitabine-treated recur-
rence cases, patients were categorized into effective” and
“non-effective’”’ groups according to: the RECIST guidelines for
assessment of chemotherapeutic effects. MAGEH1 protein expres-
sion was detected in two (40%) out of five “effective” cases and
all four (100%) “non-effective’’ cases. We have established a new
BTC bioresource that covers a wide range of biological features,
including drug sensitivity, and is linked with clinical information.
Negative expression of MAGEH1 protein serves as a potential pre-
dictive marker for the effectiveness of gemcitabine therapy in BTC.
{Cancer Sci 2010; 101: 882-888)

B iliary tract carcinoma (BTC) has a poor prognosis, and
most cases are diagnosed at advanced stages when patients
present with-overt symptoms. Previous: studies: have. reported
that surgical resection is the only curative treatment for BTC

patients, 14 and no standard chemotherapy regimens have been
established for mopeldble cases or cases of recurrence after sur-
gical resection. ™ Exceptionally. gemcitabine (2-deoxy-2'-dif-
fuor odeoxycytidine), a demycyudme analog with structural and
metabolic similarities to cytarabine, has been reported to be clin-
ically: effective and is considered a:first-line chemotherapy for
BTC. although:its associated response rates (8-60%)-and med-
ian overall survival (6.3-16 months) are not satisfactory.’”’ It
has been reported: that-bothintrinsic and acquired resistance are
important factors in: the: failuré of . gemcitabine: treatment: in
patients with- pancreatic. cancer: ® However, there have been

Cancer Sci |+ April 2010 | -vol-101: | no: 4. |- 882-888

few attempts toclarify the molecular mechanisms of gemcita-
bine resistance, and no data are currently available for BTC

One factor preventing better uinderstanding of drug resistance
at the cellular and molecular levels in: BTC is that only a few
BTC cell lines are available for such analyses. Additionally; the
construction. and: utility. of ‘an animal experimental model is
essential for validating the’ in vifro-data for these cell lines; but
1o ‘such 'model has been establishéd, Therefore, there is an
urgent need to establish: BTC cell lines from-a. wide range of
clinical cases and apply them for translational research aimed at
connecting: basic research with clinical trials. In the present
study, we successfully prepared 19 xenograft models from surgi-
cally resected BTC samples, and established six new cell lines.
Using these new resources, we searched for molecular biomar-
Kers associated with gemcitabine sensitivity. We' also, validated
the - efficacy of ‘one . candidate molecule;, MAGEHI, as a
surrogate biomarker: of gemcitabine response by immunohisto-
chemical analysis of an additional clinical cohort of gemcita-
bine-treated BTC:

Materials and Methods

Establishment of xenografts and tumor cell lines. The study
included 55 patients with: BTC who underwent radical surgery
with curative  intent at- the: National  Cancer. Center Hospital
(Tokyo. Japan) between 2005 and 2008. The main tumor nodule
was located in the lower, middle, and upper thirds of the extra-
hepatic bile duct, the hilar bile duct; and intrahepatic area in 4.
11 2, 4. and 34 patients, respectively. Tumor specimens were
transported: to-the Surgical Pathology department immediately
after surgical resection, and tissue in excess of that needed for
diagnosis - was used for this study. The tumor tissues were
washed in physiological saline. cut into small pieces (24 mm’
fragiments). then implanted subcutaneously into SCID mice.
Congenital “athymic: female  C.B17/Icr-scid(scid/scid)y  mice
(CLEA Japan, Tokyo, Japan). 5~7 weeks old, were bred and
housed under specific pathogen-free conditions at' the National
Cancer Center Research Institute Animal Center. Tumor growth
to a size vof 1=2'cmi after maintaining theanimals for
1-2 months was regarded as engraftment, and the tumors were
passaged- a ‘maximum. of three to five times. Xenografts in
mice were passaged similarly to the transplantation of surgical

7To - whom corresponderice should be addressed; E-mail: tashibat@ncc.go.jp
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specimens. and the (umors were subjected to cell culture after
each passage. For cstablishment of cell” lines.” the xenograft
tumor tissues were-washed in. Isozin (Meiji. Tokyo, Japan) and
physiological saline, cut into small pieces, then plated into 6 cm
dishes containing RPMI medium supplemented with 10% FC),
2 mM L-glutamine; - 100 mg/mL “streptomycin sulfate, and
100 ID/mL penicillin G sodium. Some surgical specimens were
directly subjected to cell line preparation. Contaminating fibro-
blasts were periodically removed by wiping under microscopic
observation. The cells were incubated at 37°C in 5% CO; in air,
and the medium was changed once or twice a week. A solution
of 0.03% trypsin and 0.53 mM EDTA (I1x; Gibco™/Invitrogen
Corporation, Carlsbad. CA; USA) was used for passaging the
cells (1:3 split). Each cell line underwent repeated passage more
thar 20 times; Established cell lines were implanted subcutane-
ously into SCID mice to make xenografis for further analyses.

Mice were kept at the Animal Care und Use Facilities of the

National Cancer Center (Tokyo, Japan) under specific pathogen-
free conditions. All experiments were approved by the Animal
Care and Ethics Committee of the National Cancer Center. This
study was. approved by the Ethical Committee of ‘the National
Cancer Center.

Biliary tract carcinoma cell lines obtained from cell banks. Four
human BTC cell linés derived from Japanese patients (TKKK,
07, TGBC24TKB. and HuCCT1) were purchased from: Riken
Bioresource Center (Tsukuba, Japan) or from the Japanese Col-
fection of Research Bioresources (Osaka, Japan). The TKKK
cell line was derived from intrahepatic cholangiocarcinoma. and
the OZ, TGBC24TKB, and HuCCT1 cell lines from extrahepatic
bife duct carcinoma.

Chemicals. Gemcitabine was obtained from Eli Lilly Pharma-
ceuticals (Indianapolis. IN, USA). All other chemicals were of
analytical grade and commercially available.

Cytotoxicity assays for gemcitabine. The cytotoxicity of gem-
citabine for each cell line was assessed by a modified 3-(4,5-
dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyD)-2-(4-sulf-
ophenyl)-2H-tetrazolium. inner. saft assay with CellTiter 96
AQueous One Solution: Reagent (Promega, Madison, WI,
USA)Y. Tumor cells: (2000 cells/well) . in the exponential
growth phase were grown in 96-well plates. Twenty-four
hours after plating, the cells were incubated in the presence of
each concentration (0 (control)=100 pM) of gemcitabine for
another 72 lat 37°C in a humidified atmosphere of 5% CO;
in.air. ‘After treatment, 20 pL. CellTiter 96 AQueous One
Solution Reagent was dropped into cach well in the plates and
thie absorbance at 490 nm"was recorded. Absorbance values
were expressed as a percentage of untreated controls, and
1Csq was calculated:

Gene expression analysis. Totil RNA was extracted from 10
BTC cell lines using an RNeasy Micro Kit (Qiagen, Velencia,
CA, USA) in accordance with the manufacturer’s instructions.
The total RNA yields and purity were determined spectrophoto-
metrically by measuring the absorbance of aliquots at 260 and
280 nm. ¢DNA and Cy3-labeled cRNA were synthesized using
a Quick Amp Labeling Kit (Agilent Technologies. Santa Clara,
CA. USA). The Jabeled cRNA probe was hybridized to an oligo-
nucleotide microarray. (Whole Human Genome 44K Array;
Agilent Technologies) covering more than 41 000 human. tran-
scripts. Array hybridization ‘and washing were carried ‘out
according to the recommended protocols, and microarrays were
scanned ‘using a DNA Microarray Scanner (Agilent Technolo-
gies) and analyzed using Gene Spring software (Agilent Tech-
nologies).

Quantitative RT-PCR. One microgram of total RNA was. con-
verted to ¢cDNA using a Transcriptor First Strand cDNA Synthe-
sis- Kit' (Roche, Basel. Switzerland) in “accordance with the
manufacturer’s: instructions. Quantitative. RT-PCR (qRT-PCR)
was cairied: out using LightCyeler 480 (Roche) in-accordance
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with: the: manufacturer’s ingtructions. For standardization: of the
amount-of RNA, expression of GAPDH in each sample was
quantified. (Primers are shown in Table S1.)

Mitation analysis of p53 and KRAS genes, Each exon of the
p33 and KRAS genes (exons 5-8 of p53 and exons 1-2 of KRAS)
was amplified from genomic DNA of each cell line and gel-puri-
fied. Direct sequencing was carried out using a BigDye Termi-
nator v3.1 Cycle Sequencing: Kit (Applied: Biosystems, Foster
City. California; USA). (Primers are shown in Table S1.)

Assessment of response to gemcitabine in cases of recurrent
BTC. Among the 100 patients. who underwent surgery for BTC
between September 26, 2003, and October 2, 2007, 34 devel-
oped recurrent tumors and received chemotherapy. and were fol
lowed for 6 months or fonger. Among. these patients, 24 who
were treated with gemcitabine alone were selected for this study.
The: mean duration. of postoperative follow-up in. these 24
patients was 627 days. We further excluded 15 patients from the
analysis. because:’ (i) the drug: administration period - was: less
than I month in three patients; (ii) the diagnosis of tumor recur-
rence was not consistent between the oncologist and the radiolo-
gist in'three patients; (i) we: were unable to obtain an accurate
judgement of the efficacy of ‘gemcitabine treatment in five
patients; (iv) the histological diagnosis was an uncommon type
of adenocarcinoma’ (bile duct cystadenocarcinoma, solid adeno-
carcinoma, and . combined carcinoma) in. three. patients: and
(v) preoperative therapy (radiation therapy) had been carried out
in one patient. The eftect of chemotherapy: was assessed by an
oncologist and a radiologist (T.O. and H.O.. respectively) in
accordance with the RECIST guidelines for assessment of che-
motherapeutic cffects.””’ None of the patients was. judged: as
showing a complete response or a partial response. The effect of
chemotherapy was categorized as “‘effective’’ or “‘non-effec-
tive’’. The “‘effective’’ group included patients whose efficacy
state was stable disease for 6 months or more during chemother-
apy. The ‘‘non-effective’’ group. included: patients. whose effi-
cacy state was stable disease for 5 months or less, or progressive
discase during chemotherapy.

Immunochistochemical . reactivity . of  MAGEH1 in. human
tumor xenografts and surgically resected specimens. Immuno-
histochemical analysis of MAGEHI  expression onformalin-
fixed. paraffin-embedded sections of tumor xenograft tissues
and. surgical ‘specimens was done. using the polymer-based
method (Envision+Dual Link System-HRP:: Dako. Glostrup,
Denmark) in accordance with the manufacturer’s. instructions:
For antigen retrieval, the sections were autoclaved in 10 mM
citrate buffer (pH 6.0y at 121°C for 10 min. We. used a rabbit
anti-MAGEH]1 polyclonal antibody (ab64784; Abcom, Cam-
bridge. Massachusetts; USA) at a dilution of 1:500. Staining
intensity - was independently evaluated by  two  pathologists
(H.0. and T.S.) without knowledge of the clinical data. Using
the expression in normal hepatocytes or pancreatic duct epithe-
lial cells as a positive control, we classified cases as MAGEH 1-
positive. when: more. than 50%. of tumor cells were positively
stained. If the tumor showed varying degrees of differentiation.
staining ‘intensity was evaluated in the: area with the most
dominant type of differentiation. ,

Statistical analysis. The unpaired /-test was used for assess-
ment: of the microarray data. Microarray and gRT-PCR data
were analyzed by Pearson’s correlation test.

“Results

Establishment and characterization of BTC xenografts and cell
tines. To establish useful. BTC resources, we subcutaneously
transplanted 55 BTC samples (4, 11,2, 4, and 34 cases of lower,
middle. and upper thirds of the extrahepatic bile duct carcinoma,
hilar bile duct carcinoma. and intrahepatic cholangiocarcinoma,
respectively) ‘into 435 immunocompromised  (SCID) - mice.
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Table 1. Clinicopathological features of original biliary tract tumors

Xenograft Pathological diagnosis of original tumor
1 CECE
2 CccC
3 CCC
4 Middle BDCa
5 Lower BDCa
6 Hilar BDCa
7 CCcC
8 CCC
9 ccc
10 [dde
i i Gec
12 CCC
13 Middle BDCa
14 (€ae
15 Hilar BDCa
16 Middle BDCa
17 ccc
18 Middle BDCa
19 CCC

Age (years)/Sex

70/F
71/F
59/M
58/F
77/F
48/M
54/F
56/M
73/M
54/M
45/F
72/M
54/M
69/M
70/M
67/M
78/M
66/F
66/'M

Histologic type Prognosis (Survival [days])
Adeno, mod Death (402)
Adeno, mod Death (175)
Adeno, mod Alive (219)
Adeno, mod Death (299)
Adeno, mod Alive (316)
Adeno, well Death (500)
Adeno, mod Death (181)
Adeno, mod Death (319)
Adeno, mod Death (53)
Adeno, mod Alive (655)
Adeno, mod Alive (623)
Muc Alive (647)
Adeno, mod Alive (535)
Adeno, mod Death (174)
Adeno, mod Alive (355)
Adeno, mod Alive (450)
Adeno, mod Alive (299)
Adeno, mod Alive (198)
Adeno, mod Death (168)

Cell line

NCC-CCl
NCC-CC3-1/-2
NCC-CC4-1
NCC-BD1
NCC-BD2
NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Adeno, adenocarcinoma; CCC, cholangiocellular carcinoma; F, female; hilar BDCa, hilar bile duct carcinoma; lower BDCa, lower third of
extrahepatic bile duct carcinoma; M, male; middle BDCa, middle third of extrahepatic bile duct carcinoma; mod, moderately differentiated;

muc, mucinous adenocarcinoma; well, well differentiated; NA, not applicable.

Table 2. Mutation status of p53 and KRAS genes of established novel biliary tract carcinoma cell lines

KRAS (exons 1-2)

p53 (exons 5-8)

Cell line

Nucleotide change Amino acid change Nucleotide change
NCC-BD1 G37C G13C C457T, A463C,G467C
NCC-BD2 WT wWT Homozygous deletion
NCC-CC1 G35T G112V G524A
NCC-CC3-1 G35A G12D WT
NCC-CC3-2 G35A G12D WT
NCC-CC4-1 WT WT WT

Amino acid change

P153S,

T155P, R156P

No product

R175H
WT
wT
WT

Cell line

Resected specimen

Xenograft specimen
(cell line)

NCC-BD1

Fig. 1. Cell morphology and tumor histology of primary specimen/xenograft of established new biliary tract carcinoma cell lines. In vitro cell
morphology and tumor histology (H&E staining) of resected primary specimens, xenografts of primary tumor samples and xenografts of cell lines
are shown. Scale line = 200 pm.
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Ratio to control

NCC-CC3-1

NCC-BD2

a2 NCC-BD1
Fig. 2. Sensitivity to gemcitabine (Gem) in 10 +— TGBC24TKB HuCCT1
biliary tract carcinoma cell lines. Ratio of cell
proliferation compared to the control (treated with 021 i< NCG-0C3-2 i
DMSO) at each concentration (uM) of Gem was #- NCC-CC4-1 NCC-CCl
plotted. Note that 10 cell lines are clearly 0
000001 0.0001 0.001 001 0.1 1 10 100 1000

segregated into two groups (Gem-sensitive and
Gem-resistant) with distinct Gem sensitivity.

Nineteen xenograft models (1. 4, 0. 2. and 12 cases of lower,
middle, and upper thirds of the extrahepatic bile duct carcinoma,
hilar bile duct carcinoma, and intrahepatic cholangiocarcinoma,
respectively) were obtained, and six cell lines including two
subclones were established through xenograft models (five cell
lines) or directly from a surgical specimen (one cell line). The
cell lines were designated as NCC-BD1, NCC-BD2, NCC-CCl,
NCC-CC3-1, NCC-CC3-2, and NCC-CC4-1, respectively. Four
cell lines were derived from intrahepatic BTC and two from
extrahepatic BTC (Table 1). Other clinicopathological features
of the patients from whom the cell lines were obtained are sum-
marized in Table 1.

Mutation analysis of the KRAS and p53 genes revealed fre-

quent (3/5, 60%) alterations in them. It also confirmed that these
new cell lines were of human origin and that two subclones,
NCC-CC3-1 and NCC-CC3-2, shared the same KRAS mutation
(Table 2). The morphology and histology of the established cell
lines and primary tumors. and xenografts of primary tumor and
cell lines, are shown in Figure 1. As NCC-BD2 cells were
unable to form tumors in mice, we used a cell block of this cell
line. Comparing the morphological features between primary
tumors and cell lines, we observed considerable conservation of
tumor histology (Fig. 1), suggesting that the established cell
lines could be considered representative of ecach original pri-
mary.
Classification of 10 BTC cell lines by gemcitabine sensi-
tivity. We then attempted to evaluate whether these new cell
lines could be used for revealing novel biomarkers for drug sen-
sitivity. For this purpose, we first determined the gemcitabine
sensitivity of 10 BTC cell lines including four commercially
available BTC cell lines. The relative survival ratios of the 10
BTC cell lines in response to various doses of gemcitabine are
shown in Figure 2. The ICs value for each cell line was calcu-
lated, and the results are summarized in Table 3. Interestingly.
as can be seen in Figure 2. on the basis of drug sensitivity, we
were able to classify these cell lines into two groups: a gemcita-
bine-sensitive group that included NCC-BDI, NCC-CC3-1,
NCC-CC3-2, NCC-CC4-1, HuCCTI, and TGBC24TKB cells
(the ICsq values being 0.6, 0.03, 0.06, 0.03. 0.2, and 0.03 uM
respectively) and a gemcitabine-resistant group that included
NCC-BD2, NCC-CCI, TKKK, and OZ cells, whose ICs, values
were beyond the range of our measurement (>100 pM). As all of
the newly established cell lines were from chemotherapy-naive
tumors, this result suggests that BTC cells possess intrinsic
molecular mechanism associated with gemcitabine sensitivity.

Significant differences in mRNA expression between groups
sensitive and resistant to gemcitabine. To further elucidate the

Ojima et al.

Concentration of Gem (pm)

molecular differences between the groups sensitive and resis-
tant to gemcitabine, we investigated the genome-wide mRNA
expression in all the cell lines. By comparing the sensitive
group with the resistant group, we isolated genes that showed
significant differences in expression between the two (Table 4).
These included genes associated with cell signaling (SEC23A.
RRAS2, and BMPS8B) or telomere maintenance (TERFI), or
genes whose functions were unknown (NOLI0, CCDC117, and
ZSWIM6). All were candidate biomarkers associated with gem-
citabine sensitivity, and among them we focused on MAGEHI
(melanoma antigen family H 1) because: (i) mRNA expression
of MAGEHI in the resistant group was more than five times
higher than in the sensitive group; (ii) MAGEHI is a trans-
membrane protein that is easily accessible to antibody; and
(ii1) there was a significant difference in its expression between
the two groups (P = 0.000093). We then validated the differ-
ential expression of MAGEH! between the two groups by
gRT-PCR. As shown in Figure 3, the data for MAGEHI
expression obtained by qRT-PCR. which was normalized with
GAPDH expression, was highly correlated with DNA micro-
array data (coefficient of correlation, 0.847) and also differed
significantly (P = 0.009) between the sensitive and resistant
groups.

MAGEH1 expression in gemcitabine-treated BTC cases. Finally,
we tested whether MAGEH expression is correlated with clini-
cal response to gemcitabine treatment by immunohistochemical
analysis of clinical cases. Before analyzing the clinical samples,
we tested the anti-MAGEHI antibody in xenograft tumor sam-
ples. Three cell lines (50%) out of the six sensitive cell lines and

Table 3. Gemcitabine ICs, values and assessment of reactive
cytotoxicity of biliary tract carcinoma cell lines

Cell line 1Cs0 (M) Drug sensitivity
NCC-BD1 0.60 S
NCC-BD2 >100 R
NCC-CC1 >100 R
NCC-CC3-1 0.03 S
NCC-CC3-2 0.06 S
NCC-CC4-1 0.03 S
TKKK >100 R
0oz >100 R
Hucct1 0.20 S
TGBC24TKB 0.03 S

R, resistant; S, sensitive.
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List of genes differentially expressed between gemcitabine sensitive and resistant groups of biliary tract carcinoma cell lines

Table 4.
Gene symbol Average expression (R) Average expression (S) Ratio (R/S) P-valuet Chromosome locus
TIMELESS 1.866235575 0.858141402 2.174741332 1.45E-05 12g12-q13
SEC23A 1.601411675 0.796303448 2.011057064 2.34E-05 14921.1
MAGEH1 2.100036325 0.397001692 5.289741503 9.28E-05 Xp11.21
NOL10 1.482213925 0.854618707 1.734356987 0.000201766 2p25.1
RRAS2 0.221456871 1.54467481 0.143367956 0.000429397 11p15.2
BMP8B 1.7544659 0.572194878 3.066203432 0.000440394 1p35-p32
TERF1 1.422439425 0.778783987 1.826487767 0.000451224 8q13
SEC23A 1.5599122 0.633786226 2.461259234 0.0004951 14921.1
cCcDC117 1.71272665 0.699035142 2.45012954 0.000557389 22q12.1
C140rf107 0.490823853 1.299093433 0.377820286 0.000632072 14922.3
ZSWIM6 0.508965063 1.33793895 0.380409781 0.000753833 5gq12.1
RPL34 0.52856332 1.102003908 0.479638335 0.000934328 4925

tObtained using the unpaired t-test. R, resistant group; S, sensitive group.

(A) B
3.5; 0 (B) Sensitive group
DNA microarray (|
3 P =0.009 NCC-BD1
[ aRTPCR e 3
25 P = 0.000093 Xenograft specimen
(cell line)

MAGEH1

(©)

Resistant group

NCC-8D2
HuccT1
NCc-BD1

Average (resistant group)

Xenograft specimen |
(cell line)

TGBC24TKG

MAGEH1

Average (sensitive group) -‘,

NCC-BDZ

HuccT1

NCC-CC3-1 NCC-CC3-2 NCC CC4 1 TGBCZ4TKB
2 n.,,t‘\ b ; b’ G :

NCC CC1 0oz

Fig. 3. (A) MAGEH1 mRNA expression in 10 biliary tract carcinoma cell lines. Relative expression of MAGEH1 mRNA compared to GAPDH
expression in each cell line was quantified by microarray (blue columns) and quantitative RT-PCR (red columns). MAGEH1 expression was
significantly different between gemcitabine (Gem)-sensitive and Gem-resistant groups. (B,C) Immunohistochemical analysis of MAGEH1 protein
in xenograft specimens of 10 biliary tract carcinoma cell lines. Tumor histology (H&E staining) of xenograft specimens of cell lines, split into
Gem-sensitive (B) and Gem-resistant (C) groups, and MAGEH1 protein expression detected by anti-MAGEH1 antibody in the same area are

shown. All three cell lines that lacked MAGEH1 expression belong to the Gem-sensitive group. Scale line = 200 ym

all four cell lines (100%) in the resistant group were positive for
MAGEHI] expression (Fig. 3).

We selected nine recurrent BTC cases treated with gemcita-
bine alone, which were fully evaluated for drug effects by imag-
ing diagnosis. as described in the ‘‘Materials and Methods™
section, and whose tumor samples had been sufficiently exam-
ined and pathologically diagnosed. After clinical evaluation, we
identified five ‘‘effective’” cases and four *‘non-effective’” cases
(Table S2). We examined MAGEH | protein expression in surgi-
cal specimens of the primary tumor in these nine cases. As
shown in Figure 4, tvm (40%) of five ‘‘effective’’ cases were
positive, and all four *‘non-effective’” cases (100%) were posi-

tive.

Discussion

Elucidation of the molecular mechanisms determining the bio-
logical characteristics of cancer cells is one strategy for improv-
ing the clinical outcome of BTC patients, but only a few BTC
cell lines serving as potent biological tools and animal models
with properties resembling those of human cancer have been
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established. In this study. we succeeded in establishing six novel
BTC cell lines including various subtypes and 19 BTC xenograft
55 cases. Despite carrying out multiple

models after trying 5
transplantations. we did not observe any marked discrepancy in

cell morphology between the original tumors and the cell
lines/xenografts, suggesting that this model could be stable and
useful for biological studies. Morecover, we were able to fully
combine the corresponding clinical information for patients and
pathological archive specimens of primary tumors and xeno-
grafts for both primary tumors and cell lines with biological data
on the cell lines for both basic and preclinical rescarch. To add
more clinically relevant functional data. we examined the gem-
citabine sensitivities of these cell lines.

Previously, several predictive markers for the effects of gem-
citabine chemotherapy have been reported in various types of
tumor, mcludmv equilibrative  nucleoside  transporter-|
(hENT1).11? nbonucleotldc reductase subunit M2 (RRM") L
and heat shock protein 27 (HSP27)"'? for pdnuednc carcinoma,
ribonucleotide reductase subunit M1 (RRM1)"'® for non-
small-cell lung cancer (NSCLC), hENTI for ampulla of Vater

carcinoma,''? carcinoembryonic antigen-related cell adhesion

doi: 10.1111/j.1349-7006.2009.01462.x
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(A) Effective group
Case 1
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Fig. 4. Immunohistochemical analysis of MAGEH1 protein in primary tumor specimens of gemcitabine (Gem)-effective and non-effective groups.
Tumor histology (H&E staining) of primary tumor specimens, split into Gem-effective (A) and Gem-non-effective (B) groups and MAGEH1 protein
expression detected by anti-MAGEH1 antibody in the same area are shown. All three cases that lacked MAGEH1 expression belong to the Gem-

effective group. Scale line = 200 pm.

molecule 6 (CEACAMO6) for intrahepatic cholungiocarcin()ma‘(ﬁ)

and RRMI for biliary tract carcinoma.'> Among these previ-
ously reported biomarkers. our microarray analysis validated
that RRM2 expression was significantly (P = 0.03) increased
(three-fold on average) in the resistant group compared to the
sensitive one (data not shown). However, most of these studies
analyzed a small number of cell lines (maximum two), for
example. comparing a gemcitabine-sensitive cancer cell line
with its subclone that had acquired gemcitabine resistance, and
focused on molecules that are already known to be associated
with gemcitabine transport and metabolism. No study has yet
tested its efficacy in clinical samples. The present study exam-
ined the largest number of BTC cell lines to be detailed in pub-
lished reports to date. including six novel ones, in relation to
clinicopathological information. To discover potential biomar-
kers in an unbiased way, we examined genome-wide expression
profiles using a microarray, identified several biomarker candi-
dates including MAGEHI, and validated its significance in
another cohort of clinical BTC cases.

MAGEHI is a member of the melanoma antigen family
(MAGE)""®. The human MAGE family was originally identified
as a tumor-specific antigen,"'” and is now classified into two
subtypes (type I and type 11).""® Type 1 MAGE is completely
silenced in normal tissues except male germ cells and placenta,
whereas type II MAGE is expressed in both tumors and a frac-
tion of normal tissues. MAGEHI belongs to the type 11 MAGE
family and is also expressed in normal human tissues.'®
MAGEH]! is expressed in 69% of NSCLC"® and in 100% of
renal cell carcinomas,a()’ but no data for BTC have been
reported. MAGEH] associates with the intracellular domain of
the p75/NGF receptor(zl) and regulates the cell cyc]e,”g) but its
precise role in cancer is largely unknown. In the Gene Expres-
sion Omnibus (GEO) database at National Center for Biotech-
nology Information (NCBI) (http://www.ncbi.nlm.nih.gov/geo/).
there is one set of public microarray data showing the associa-
tion between MAGEHI expression and gemcitabine resistance
in NSCLC cells. Comparison of the gene expression profile
of parental Calu3 cell with those of gemcitabine-resistant
subclones (Calu3-GemR) revealed that the mean expression of
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MAGEH! mRNA in Calu3-GemR clones was more than twice
as high as that in the parental cells.”® However. there was no
significant difference between the two, probably because of the
small sample size analyzed (P = 0.2481: Fig. S1).

We further investigated whether MAGEHI protein expression
can be used for predicting clinical response to gemcitabine treat-
ment. as protein expression is more stable and easier to test in
clinical samples than RNA expression. Consistent with the
mRNA expression data, we found that MAGEHI protein was
expressed in all resistant and non-effective cases. However,
MAGEH I -positive cases also included a portion of sensitive or
effective cases, possibly because ot post-translational regulation
of MAGEH! protein expression. Significantly. however,
MAGEH I -negative cell lines and primary cases were all gemcit-
abine-sensitive or effective cases, suggesting that MAGEHI
expression could be used as a negative predictor of gemcitabine
response. That is, if immunohistochemical staining for
MAGEHI! is negative, it is highly likely that a particular case
would respond to gemcitabine therapy. Based on its previously
reported functions, it remains unclear why MAGEH]1 expression
would be inversely correlated with gemcitabine response. It
could function as a regulator of gemcitabine metabolism or
might simply be a surrogate marker of distinct BTC subtypes.
Because we analyzed only cases for which the result of gemcita-
bine treatment had been assessed objectively, it was difficult to
collect a large number of retrospective cases. Moreover, we
were unable to examine the expression of MAGEH1 RNA in the
clinical specimens by RT-PCR because only small amounts of
the frozen samples were available. Therefore, further prospec-
tive analysis of a larger cohort will be necessary to determine
the clinical efficacy of MAGEH]! expression as a predictive bio-
marker of gemcitabine response.

Recently, a report has indicated that both the amount of
stroma and vascularity in the tumor are associated with gemcita-
bine sensitivity in pancreatic cancer.> It was proposed that the
hypovascularity and poor vascular architecture of pancreatic
ductal carcinomas might impose an additional limitation to ther-
apeutic delivery. Therefore, it was hypothesized that disrupting
the stroma of pancreatic tumors might alter the vascular network
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and thereby facilitate the delivery of chemotherapeutic agents.
Accordingly, we recognized that the tumors in the non-effective
group showed a tendency to have mare of the stromal compo-
nent than the tumors in the effective group (Fig. 4). Thus the
stromal component would also play an important role in drug
resistance of BTC.

In spite of the limited number of cases we examined, our
result is consistent with the idea that more complex mecha-
nisms regulate the gemcitabine sensitivity of BTC. In this
sense, combination of other biomarker candidates obtained
from the present screening or ones discovered through different
approaches such as proteomic analysis with MAGEH! should
predict the drug response more accurately. In any event, the
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Intraductal carcinosarcoma with a heterologous
mesenchymal component originating in intraductal
papillary-mucinous carcinoma (IPMC) of the pancreas
with both carcinoma and osteosarcoma cells arising
from IPMC cells

Jun Okamura,' Shigeki Sekine,' Satoshi Nara,? Hidenori Ojima,’ Kazuaki Shimada,?
Yae Kanai,! Nobuyoshi Hiraoka'

ABSTRACT

Carcinosarcoma of the pancreas is extremely rare and'its
histogenesis is still unclear. This'is a report on a 64-year-
old ferale patient with an intraductal carcinosarcoma
arising from: intraductal papillary-mucinous carcinoma
{IPMC} in the pancreas tail. The carcinosarcoma grew as
a polypoid-mass within the main pancreatic duct.
Histologically, the: tumour consisted of adenocarcinoma
covering: the luminal surface of the lesion with minimal
stromal invasion, and osteosarcoma occupying the
stroma.: Immunohistochemical and gene mutation
analyses revealed that both the carcinomatous and
sarcomatous tumour cells of the carcinosarcoma; as well
as the IPMC cells, expressed TP53 and had identical
mutations in KBAS and 7P53 genes, indicating that these
two neoplastic components of the carcinosarcoma
shared a common tumorigenesis and arose from the
IPMC. This is the first report of a carcinosarcoma
originating in [PMC. These findings imply that
carcinosarcoma with a heterologous mesenchymal
component is of ductal origin.

INTRODUCTION
Carcinosarcoma. of the pancreas is a very rare
tumour and only several cases have been reported
hitherto." ® These cases were diagnosed as carcino-
sarcoma  histopathologically  and  immuno-
histochemically on the basis of the presence of both
malignant epithelial and malignant mesenchymal
components. Only two of the reported cases
showed heterologous mesenchymal components.' ?
The histogenesis of this tumour is still unclear,
although there have been several hypotheses that
it originates from epithelial cells. mesenchymal
cells; undifferentiated precursor cells or stem cells.
It has been difficult to assess its: histogenesis,
because pancreatic carcinosarcoma is -extremely
rare ‘and - is usually advanced at the time of
diagnosis.
Here we present the Ffrst reported case of
pancreatic intraductal carcinosarcoma with a heter:
ologous mesenchymal component (osteosarcoma),
which is located in an intraductal papillary-
mucinous carcinoma (IPMC). This case is thought
to be important for considering the histogenesis of
pancreatic - carcinosarcoma with a heterologous
mesenchymal component.

CASE REPORT

A 64:year-old Japanese woman who attended our
hospital for a health ‘check-up was" found by
abdominal - ultrasonography. to. have a' cystic
tumour in. the tail of the pancreas. She had o
symptoms and all clinical and laboratory data were
normal. The ~serum concentrations  of - tumour
markers were elevated. (CA19-9, 87 U/ml; carcino-
embryonic - antigen (CEA), 2.7 ng/ml). She had
been  treated for diabetes mellitus: for 11 years.
Abdominal CT revealed a 2 cm cystic mass in the
pancreatic- tail' (figure 1A).-Within the cyst; there
were irregular and solid nodules with calculus. The
tail of the pancreas had been totally replaced by the
tumour. No  lymphadenopathy, = ascites, . liver
metastasis or.mass:in. the soft tissues was found:
Distal pancreatectomy was performed.  under
a preoperative: diagnosis of invasive ‘carcinoma
originating in IPMC. The operation was uneventful;
and 12 months after surgery, the patient is well
without any tumour recurrence or metastasis.

PATHOLOGICAL AND GENETIC FINDINGS

A grossly  elastic;  hard; solid, = spherical  mass
measuring 36X21 %14 mm was present in the tail of
the pancreas. At the cut surface; there was a papil-
lary-to-polypoid projection located in the main and
branch pancreatic ‘ducts, which were: cystically
dilated and filled with clear yellowish mucinous
fluid (figure 1B). These intraductal lesions were
surrounded by yellowish-grey solid ‘and: nodular
components of the tumour from: the side of the
pancreatic tail.

Histologically, the tumour comprised an intra-
ductal neoplasm and ‘a derivative invasive carci-
noma (figure 2). The luminal surface of the dilated
pancreatic ducts was covered with atypical mucin:
secreting columnar epithelial cells showing papil-
lary growth (figure 2A,B}, indicating a diagnosis of
IPMC. No ovarian-type stroma was evident. It was
noteworthy that biphasic histological features were
tound in the polypoid lesion in the main pancreatic
duct, which consisted of papillary proliferation of
adenocarcinoma covering the luminal surface of the
projecting mass. with infrequent “and ' minimal
stromal invasion and an’ osteosarcoma’ occupying
the stroma. The osteosarcoma  showed  invasive
growth, but its extension was limited to the stroma
of the IPMC, which was not beyond the dtct wall
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Figure 1 (A) Abdominal CT image
showing a 2 cm cystic mass in the
pancreatic tail. (B) Fresh cut view of the
body and tail of the pancreas.

(figure 2C—E). The osteosarcoma was characterised by a dense
proliferation of malignant spindle-shaped and pleomorphic cells
with mononucleated and multinucleated giant cells that had
atypical and bizarre nuclei and formed osteoid and bone
(figure 2E). Occasional infiltration of osteoclast-like multinucle-
ated giant cells without nuclear atypia was evident. This intra-
ductally proliferating mixed epithelial and mesenchymal tumour
was diagnosed as carcinosarcoma, which seemed to have origi-
nated in the IPMC. Formation of osteoid and/or bone is rare but
possible in cases of undifferentiated carcinoma with osteoclast-
like giant cells, although the osteoid and/or bone is a result of
reactive stromal metaplasia without any atypia in such cases.”

Figure 2 (A, B) Histopathological
features of intraductal papillary-
mucinous carcinoma (IPMC) (A) and
invasive adenocarcinoma arising from
IPMC (B). (C—E) Histopathological
features of intraductal carcinosarcoma
originating in IPMC. (C) A very-low-
power view of the polypoid lesion in the
main pancreatic duct. (D, E) Mid-power
view of the polypoid lesion.

(F) Immunohistochemical expression

of TP53 in intraductal carcinosarcoma
originating in IPMC.

J Clin Pathol 2010;63:266—269. doi:10.1136/jcp.2009.071613

In addition to the intraductal tumour, IPMC cells had
infiltrated beyond the duct wall and reached the surrounding
stroma, showing a marked desmoplastic reaction at the side
of the pancreatic tail bearing the tumour (figure 2B). The infil-
trating cancer cells proliferated with poorly formed glands
and solid to nested growth, indicating poorly differentiated
adenocarcinoma. The infiltrating adenocarcinoma formed
a nodular mass measuring 25X21X14 mm, although the invasive
adenocarcinoma was not connected to the intraductal carcino-
sarcoma.

Immunohistochemical examination revealed expression of
cytokeratins (AE1/AE3 and CK7) and vimentin, which




Figure 3 Mutations of KRAS and TP53

genes in each tumour component. Al Control
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cells in the carcinosarcoma, intraductal
papillary-mucinous carcinoma (IPMC)
cells and invasive adenocarcinoma
cells), harboured identical KRAS and
TP53 mutations. The sequences were
read with reverse primers. Triangles
indicate locations of point mutations.
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confirmed the epithelial and mesenchymal components of
tumour cells detected histologically. TP53 was expressed in the
nuclei of most of the intraductal and invasive epithelial tumour
cells as well as the mesenchymal tumour cells (figure 2F). CD68
antigen was expressed in some of the multinucleated giant cells
without nuclear atypia. These CD68-positive osteolclast-like
giant cells did not express TP53.

Four distinct tumour components (epithelial and mesenchymal
tumour cells in the carcinosarcoma, IPMC cells and invasive
adenocarcinoma cells) were separately laser-microdissected and
analysed for KRAS and TP53 mutations. DNA samples extracted
from the microdissected tissues were subjected to PCR with
a pair of specific primers to amplify exon 1 of KRAS or exon 4 of
TPs3, and isolated PCR products were sequenced bidirectionally.
The analysis revealed identical KRAS (G35A mutation in exon 1)
and TP53 (T337A mutation in exon 4) mutations in all four
tumour components examined (figure 3). Non-neoplastic
pancreatic parenchyma adjacent to the tumour exhibited wild-
type sequences, confirming the somatic nature of the mutations.

DISCUSSION

Carcinosarcoma is a biphasic tumour consisting of an intimate
admixture of malignant epithelial and mesenchymal components
identifiable on the basis of their morphological, immunohisto-
chemical and sometimes ultrastructural features. Nine cases of
carcinosarcoma of the pancreas have been reported,” ¢ including
two with heterologous mesenchymal components; one of the
latter cases exhihited leiomyosarcoma, chondrosarcoma and rhab-
domyosarcoma,' and the other showed malignant nerve sheath
tumour as heterologous mesenchymal components.® No case of
either carcinosarcoma arose from intraductal papillary-mucinous
neoplasm (IPMN) and all were found at an advanced stage, with an
average tumour diameter of 9.6 cm (range 2.5—19 cm).

To our knowledge, the present case of carcinosarcoma with
a heterologous mesenchymal component originating in IPMN is
the first of its kind to have been reported. Immunohistochemical
and gene mutation analyses revealed that both the carcinoma-
tous and sarcomatous tumour cells in the carcinosarcoma as well
as the IPMC cells expressed TP53 and had common mutations in
KRAS and TP53 genes, indicating that these two neoplastic
components of the carcinosarcoma had a common origin, IPMC.
This case provides new findings supporting the hypothesis that
carcinosarcoma with a heterologous mesenchymal component is
of ductal origin and arises from IPMN.

The histogenesis of carcinosarcoma is still controversial, but
the previously proposed hypotheses have now been combined as
the following: (1) it is a combination tumour in which carcino-
matous and sarcomatous elements arise from a multipotential
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stem cell; (2) it is a collision tumour in which two independent
neoplasia, carcinoma and sarcoma, develop; (3) it is a carcinoma
showing metaplastic changes to sarcoma components. The
definition of carcinosarcoma in the WHO histological classifica-
tion differs according to the organ in which the tumour develops.
A mixed epithelial and mesenchymal tumour with heterologous
mesenchymal components is defined as carcinosarcoma in the
histological classification of tumours of many organs, including
the colon and rectum, gallbladder and extrahepatic bile ducts,
and lung® In contrast, a mixed epithelial and mesenchymal
tumour, regardless of the presence of heterologous mesenchymal
components, is defined as carcinosarcoma in the histological
classification of tumours of the breast and female genital tract. It
is thought that most, but not all, of the mesenchymal compo-
nents in carcinosarcoma of the female genital tract arise from
the carcinoma through metaplastic change and that the small
population of the carcinosarcoma left is formed by collision of
carcinoma and sarcoma.” The present case suggests that carcino-
sarcoma of the pancreas arises from a carcinoma with
metaplastic changes, although the WHO histological classifica-
tion of pancreatic tumours includes no specific category for
carcinosarcoma.® According to the previous report,? a sarcoma-
tous component is speculated to arise from ovarian-type stroma
characteristic of mucinous cystic neoplasm. In such a case,
carcinosarcoma should be formed as a collision tumour.

In summary, we have presented a case of pancreatic intra-
ductal carcinosarcoma originating in IPMC. Our morphological,
immunohistochemical and genetic findings suggest that the
carcinosarcoma with a heterologous mesenchymal component
was ductal in origin.

'l_'aké-home messagés

» Carcinosarcoma of the pancreas is extremely rare and its
histogenesis is still unclear.

> We describe an intraductal carcinosarcoma arising from
intraductal papillary-mucinous carcinoma (IPMC) in the
pancreas talil.

» Both the epithelial component (adenocarcinoma) and heterol-
ogous mesenchymal component (osteosarcoma) of the
carcinosarcoma, as well as the IPMC, expressed TP53 and
had identical mutations in KRAS and TP53 genes, indicating
that these two neoplastic components of the carcinosarcoma
shared a common tumorigenesis and arose from the IPMC.
These findings imply that carcinosarcoma with a heterologous
mesenchymal component is of ductal origin.
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Fibroblast growth factor receptor 3 mutation
in voided urine is a useful diagnostic marker
and significant indicator of tumor recurrence
in non-muscle invasive bladder cancer
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The: fibroblast growth: factor receptor (FGFR)-3 gene encodes a
receptor tyrosine kinase that is frequently mutated. in non-mus-
cle invasive bladder: cancer (NMIBC). A ‘sensitive and: quantita-
tive  assay ‘using peptide nucleic ‘acid-mediated’ real-time 'PCR
was. developed: for: detecting: FGFR3. mutations in the urine
samples “and evaluated as a molecular marker for detecting
intravesical ‘recurrence of NMIBC in patients undergoing tran-
surethral “resection of  bladder ‘tumor. FGFR3 mutation was
examined in tumor tissues and serially taken pre- and postop-
erative  urine 'sediments'in 45 NMIBC patients with ‘a: median
follow ‘up' of 132 months. FGFR3 mutations were detected:in
53.3% (24/45) of primary tumor tissues, among which intravesi-
cal recurrence developed in 37.5% (9/24) of cases. FGFR3 muta-
tion inthe primary tumor was not a significant prognostic
indicator for recurrence, while' the proportion ‘of FGFR3 muta-
tion (i.e. tumor cellularity was 211%) in the preoperative urine
sediments was a significant indicator for recurrence in patients
with FGFR3 mutations. in the primary tumors; FGFR3 mutations
were  detected in ' 78%  (7/9) of postoperative urine samples
from recurrent cases with FGFR3 mutations in the tumor, while
no mutations were detected in the urine of 15 non-recurrent
cases.: Urine’ cytology was negative in all cases with FGFR3
mutations in_the primary tumors, while the sensitivity of cyto-
logical examination was as high as: 56%(5/9) in cases showing
wild-type FGFR3: in:the primary. tumors. Urine FGFR3 mutation
assay and ' cytological examination ‘may. be ‘available in the
future as complementary diagnostic modalities in postoperative
management of NMIBC. (Cancer Sci 2010; 101; 250-258)

U rothelial - carcinoma  (UC): is. a histological: subtype
accounting for more than 90% of all bladder cancers, and
there are 357 000 new cases cvery year worldwide.!" Bladder
UCs are generally divided into two groups for clinical mariage-
ment, depending on the pathological stage: Most of the newly
diagnosed - UCs ™ are . non-muscle invasive ' bladder  cancer
(NMIBC:; i.e., pTaor pT1), and the initial treatnient is transure-
thral resection of bladder tumor (TURBT). After the initial
TURBT. the patients undergo intensive surveillance by cysto-
scopic examination at régular intervals; usually every 3 months,
because up to 70% of these patients will expericnee intravesical
recurrence; and. 10-30% of the lesions will: progress to: life-
threatening muscle-invasive disease (2pT2).% Cystoscopy is an
inconvenient. invasive, and expensive diaghostic modality, but
currently it is the gold standard for detecting intravesical recur-

Cancer Sci: | January 2010° | vol..101..|. no. 1. }.: 250-258

rence in the postoperative. follow up. Although urine” bound
diagnostic’ tests including urinary cytology, nuclear matrix pro-
tein (NMP)22, and bladder tumour antigen (BTA) tests are used
in the management after TURBT or bladder cancer screcning,
their usefullness is limited due to their poor sensitivity or speci-
ficity. % In previous reports, various molecular markers detect-
able in urine have been considéred as a useful and non-invasive
clinical assay improving the sensitivity of conventional tests."*
" Ty urine-based detection assays, contamination with normal

~urothelium 'or leucocytes can’ mask  the - signals “of targeted

somiatic mutations."!

Fibroblast growth factor receptor (FGFR)-3 belongs to a fam-
ily of structurally related. tyrosine kinase receptors (FGFR1-4),
and plays important roles in many biological processes includ-
ing embryogenesis, proliferation, differentiation, and angiogene-
51842 Recent reports - have “demonstrated that constitutively
activated FGFR3 mutations exist in more than 50% of primary
bladder UC.”" FGFR3 mutations aré especially prevalent in the
low=grade papillary tumors (pTa/G1). but they are infrequent in
high=grade or high-stage. UC.*™'" FGFR3 ‘mutation' in urine
sediments may be: a suitable biomarker for detection. of ' low-
grade and low-stage UC. Previous studies revealed that mutation
of FGFR3 in the voided uririe can be detected at high sensitivity
in patients with. FGFR3-mutated bladder UC."%T" However,
there is no report validating the feasibility and 'usefulness of
detecting FGFR3 mutation in the voided urine samples by serial
determinations - during follow up after TURBT. Recently; we
have reported an assay protocol for detecting’ FGFR3 mutations
in.bladder tumor tissues and urine sediments by peptide nucleic
acid. (PNA)-mediated - réal-time PCR. clamping ~assay.!'” In
PNA-mediated PCR clamping, PNA is designed to anneal to 4
wild-type DNA sequence and inhibits the annealing of PCR pri-
mer to the wild-type alleles, resulting in preferential amplifica-
tion of the mutated alleles. With 50 ng of genomic DNA as a
template. this method allows sensitive and quantitative detection
of the FGFR3 mutations in mutational’ hotspots in exons 7. 10,
and: 15 in bladder cancer. In-the present study. we modified the
protocol of the. PNA-mediated PCR clamping assay to: achieve
quantitative detection of the: FGFR3 mutations present in the
urine samples at a concentration of 1% in only | ng of genomic
DNA available:as a template for PCR. With this the revised
protocol, we-assessed the usefulness of FGFR3 mutations as a

*To whom corresponderice should be addressed.
E-mail: ksugano@tce.pref.tochigi.lg.jp
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diagnostic modality in the voided urine samples for the postop-
crative management of NMIBC. This is considered the- first
report addressing the significance of FGFR3 mutations in preop-
erative urine sediments as a novel indicator predicting the risk
of intravesical recurrence of NMIBC.

Materials and Methods

Subjects and collection of the tumor tissues and voided urine
samples after the initial TURBT. The patients undergoing TURBT
from April 2002 through March 2005 at the Departments of
Urology at Tochigi Cancer Center Hospital and Nara Medical
University Hospital were ‘enrolled in this study. All participants
had received study information and signéd a written informed
consent form. The voided urine samples before the initial
TURBT were taken from the patients, The resected tumors were
examined histologically and staged and graded according to the
2002 TNM classification and the 1973 World Health Organiza-
tion (WHO) classification systems, respectively,'®!? Y A total of
45 subjects with NMIBC were eligible for the study and were
followed up until the histological diagnosis of tumaor recurrence
ar up to 3 years postoperatively by routine cystoscopy and urine
cytological - examination. The median. follow-up. period . was
32 months (range. 4-36 months). The patients. were. monitored
by routine cystoscopy and urine cytology at.1,:3: 6. 9,12, 15,
18..21, 24, 30, and 36 months after the initial TURBT. Intravesi-
cal recurrence was confirmed by histological diagnosis of tumor
tissues obtained during TURBT for recuirence.. The voided urine
samples were divided and subjected to urine cytology and DNA
extraction for gene testing. The urine, samples were stored - at
=20°C until DNA extraction.

DNA extraction and measurement of DNA concentration. DNA
extraction from' the timor tissues and peripheral blood: lympho-
cytes (PBL) was: carried out as described ‘previously.”” DNA
extraction from the urine samples was carried out with the QIA-
amp. DNA  Blood: Mini :Kit (Qiagen, Valencia, CA,. USA)
according to the manufacturer’s instructions. Briefly; the urine
sample in-a 50-mL tube was centrifuged at 180g for:5 min. The
cell pellet was digested by Qiagen protease and. subjected fo
DNA extraction by column: centrifugation. In the final step,
DNA was eluted from the column: in 150 pL of the elution buf-
fer. The genomic DNA concentration was determined by ultravi-
olet measurement - using = an~ND-1000 spectrophotometer
(NanoDrop Technologies, Wilmington, DE, USA). For analysis
of samples. with DNA concentrations: less. than 50 ng/uL, DNA
concentration: was quantified by real-time PCR using LightCy-
cler (Roche Diagnostics, Mannheim, Germany). Quantification
was carried out with the same primer pairs used for PNA:-medi-
ated real-time PCR. clamping for amplification of FGFR3 exon
7.7 Serfally diluted assay standards were prepared by adjusting

Table 1.

the: genomic DNA concentrations: to 100;:10, - and 0.1 ng/pL.
DNA samples and assay standards’ were subjected to real-time
PCR in a 20-pL reaction volume containing genomic DNA, 10
picomole of each primer. and: 10 ul of QuantiTect PCR master
mix (Qiagen) containing SYBR Green 1 dye. The conditions of
real-time PCR:are described in Table 1. DNA concentration was
calculated from the crossing points (CP) of the assay standards
and samples according to the fit points method on LightCycler
Data Analysis software version 3.5 (Roche Diagnostics corpora-
tion). ’

PNA-mediated. pre-main amplifier. method. for_the low-copy
number DNA template. Previously. we reported a PNA-mediated
real-time PCR- clamping: - assay. - for- detection: of . FGFR3
mutations.'” This method enabled sensitive and reproducible
detection of FGFR3 mutations in cases where 50 ng of genomic
DNA were available as the template for PCR. In the PNA-medi-
ated PCR-clamping,. the chance: of nucleotide misincorporation
to the PNA binding sequence increases in reverse’ correlation
with the amount of template DNA. When the amount of tem-
plate DNA was I'ng in"genomic DNA (equivalent to 300 ¢op-
ies), mutations were hardly distinguishable from those caused
by misincorporation: of dNTPs, To overcome this pitfall, we
modified the assay protocol to detect FGFR3 mutations at a con-
centration of 1% (three copies) in: 1. ng (300 copies) of the tem-
plate genomic DNA. We called the newly established method as
PNA-mediated: pre-main amplifier (PPA), which consisted of
two. steps. of amplification . (Fig. 1)..Low-copy. number  DNA
template was amplified by the pre-amplificr step and then set on
the main amplifier to perform: the PNA-mediated real-time PCR
clamping. Pre-amplification: was carried out in-a PCR tube using
DNA Engine Dyad: Thermal Cycler (MJ Research, Watertown,
MA. USA). in 20-pL: aliguots: consisting of ' ng. of genomic
DNA; 10 pL of QuantiTect PCR master mix, and 10 picomole
of cach primer. The sequences of primer pairs were as reported
previously.!” Conditions ‘of ‘the thermal  ¢ycling .in: the: pre-
amplifier step . were as follows: denaturing at 95°C for. 15 min,
amplification of seven cycles consisting. of heat denaturation: at
94°C for 15 s, anncaling. at 64°C (exon.7), 58°C (exon 10); and
60°C (exon 19) for 20 s, and extension at:72°C for 20 s. After
final cooling to 4°C, 5 pL of the solution: containing 2.5 pL of
QuantiTect PCR master mix and 2.5 uL. of PNA solution: were
added: and: mixed by gentle pipetting.: The sequences: of PNA
and: the final concentrations are listed in-Table 1. Of 25 uL of
the mixed solution. 20 L was transferred to a capillary tube for
the LightCycler and set: on: the main: amplifier performing the
real-time PCR (Table 1). CP of PPA were determined by the fit
points method.

Detection of FGFR3 mutations. in the tumor tissues and urine
samples. The assay standards for mutation analysis of each exon
were prepared as. described previously.! 7V T the - clinical

Sequences of PCR primers and peptide nucleic acid (PNA), and PCR conditions

| . PNA: concentration PNA binding Annealing
Real-time PCR Sequence of primers and PNA M) Cycle no. step (°C) step (°C)
DNA quantification S-TGA GCG TCA TCT GEC CCC ACA GAG-3" (sense) = 45 = 64
5-GGG CCCACC TTG CTG CCA TTC A-3' (antisense)
Main-amplifier 5-TGA GCG TCA TCT GCC CCC ACA GAG-3" (sense) 04 45 72 64
for exon 7 5:GGG CCC ACCTIG CTG CCA TTC A-3" (antisense)
H2N-AGC GCT CCC'CGC ACC-NZH (PNA)
Main amplifier 5-CCA GGC CTC AAC GCC CAT GTC TTT-3" (sense) 1 45 67 58
for exon: 10 5-ACC CCG TAG CTG AGGATG CCT GCA-3 (antisense)
H2N-CAT - ACA CAC TGC CCG'C-N2H
Main amplifier 5-GCA ATG TGC TGG TGA CCG AG-3 (sense) 2 45 70 60
for exon 15 5-CGG GCT CAC GTT GGT CGT CT-3” (antisense)
H2N-GGT CGT CTT CTT GTA GT-N2H
Miyake et al. Caricer 5c¢i | January 2010 | vol. 10V} 'no. 1 {251
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1— Template DNA (copy number of FGFR3) _l

50 ng (1.5 x 10%)

1 ng (3 x 10?)

e

I Wild-type DNA fragment
I Mutant DNA fragment
I Mutagenized DNA fragment

N

(a) (b) (c)  Pre-amplificr (PNA-free) (d) Pre-Amplifier (PNA-frec)
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Fig. 1. Schematic diagram of the one-step and two-step peptide nucleic acid (PNA)-mediated PCR clamping. The feasibility of PNA-mediated
PCR clamping was highly influenced by the amount of the template DNA. (a) Fifty nanograms of genomic DNA containing a low proportion of
mutated DNA was used as a template. PNA-mediated PCR enabled preferential amplification of the mutated DNA, leading to enrichment of the
mutated DNA fragments. The red circle indicates a mutated DNA sequence. (b) One nanogram of genomic DNA containing only wild-type DNA
was used as the template. Misincorporation of dNTPs occurred in the sequences of the PNA-binding site, due to a failure in DNA synthesis
brought about by DNA polymerase. When the nucleotide misincorporation (blue triangle) occurred in the early cycles of PNA-mediated PCR, a
mutagenized sequence was subjected to subsequent amplification. () One nanogram of the template DNA containing only wild-type DNA was
used for the PNA-free pre-amplifier step prior to the PNA-mediated main-amplifier. Seven PCR cycles of the pre-amplifier step generated
sufficient copies of fibroblast growth factor receptor (FGFR)-3 DNA fragments, which were used as the template for the main-amplifier. The
PNA-mediated reaction produced a randomly mutagenized DNA sequence that could slip from PNA clamping. However, all of these
mutagenized fragments resulted in dispersion of mutagenesis signals and were scarcely detectable in the direct sequencing analysis. (d) One
nanogram of genomic DNA with a low proportion of mutant DNA was used as the template. The PNA-free pre-amplifier increased the copy
numbers of the FGFR3 molecules as a whole, leading to a successful preferential amplification of the mutated DNA fragments in the main-
amplifier. The black, red, and blue fragments indicate the wild-type, mutated, and mutagenized DNA fragments, respectively.

samples with DNA concentrations of 250 ng/pL, mutation anal-
yses were carried out according to the one-step assay using
50 ng of genomic DNA as the template."'” In the samples with
DNA concentrations ranging from 0.125 to 50 ng/uL, a modi-
fied protocol was adapted using | ng of genomic DNA as the
template. In each run, we defined CP of the assay standard cor-
responding to 1% tumor cellularity as the minimal detectable
dose for FGFR3 mutations. Accordingly, a sample showing CP
less than that of the 1% assay standard was considered mutation
positive and subjected to direct sequencing to identify the muta-
tional types.''”” The tumor cellularities of the mutation-positive
samples were determined by a regression analysis using a stan-
dard curve obtained from 100. 10, and 1% assay standards. The
samples with DNA concentrations less than 0.125 ng/uL were
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regarded as unavailable samples unless they could be enriched
in DNA concentration. :

Statistical analysis. Statistical analyses and drawing figures
were done using PRISM software version 4.00 (GraphPad Soft-
ware, Inc., San Diego, CA, USA). Student’s r-test, Chi-square
test, and Fisher’s exact test were used to analyze the correlations
between the clinicopathological variables and FGFR3 muta-
tional status in the primary tumors. Recurrence-free survival
curves were plotted according to the Kaplan—-Meier method. and
the log-rank test was applied for statistical significance. A recei-
ver operating characteristic (ROC) curve was used to define the
optimal cut-off value of tumor cellularity in the urine sediments.
The non-parametric variables were analyzed by the Mann—-Whit-
ney U-test. A P-value of <0.05 was considered significant.

doi: 10.1111/.1349-7006.2009.01334.x
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experiment for fibroblast growth factor
receptor (FGFR)-3 exon 7, 1 ng of genomic DNA
containing only wild-type FGFR3 was amplified
in octaplicate (n = 8) by the (a) one-step and (b) (b)

two-step PNA-mediated real-time PCR. The PNA- €51 CP: 32.24 + 0.84 (CV: 2.61%)
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of seven cycles of pre-amplification followed by
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amplification curves and representative results 29
of direct sequencing analysis of the PCR s
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site is surrounded by a rectangle. Codons 248
and 249 are underlined.

Results

Optimization of PPA for detection of FGFR3 mutations in low-
copy number DNA template. The number of PCR cycles in the
pre-amplifier step was critical for sensitive detection of FGFR3
mutations in the low-copy number DNA template. In a prelimin-
ary experiment to optimize the number of PCR cycles in the
pre-amplifier step, the concentration of FGFR3 mutation in the
sample was adjusted to either | or 0% and the difference in CP
was maximal when seven cycles of PCR were used in the pre-
amplification step (P = 0.001). In this condition, we compared
the coefficients of variation (CV) between the one-step and two-
step assays using 1 ng of wild-type genomic DNA as the tem-
plate (Fig. 2a,b left). The assay CV of CP in the PPA method
was much smaller than that of the onc-step assay (2.61 vs
7.38%. respectively). The sequencing analysis of the amplified
DNA fragments in the one-step assay revealed point mutations
caused by nucleotide misincorporation virtually in all samples
(Fig. 2a right), whercas those amplified by the PPA assay
showed no recognizable mutations except for a slight increase in
the background signals. These results indicated that the PPA
method circumvented the chance of a nucleotide misincorpora-
tion and minimized the CV of the CP for wild-type DNA or 0%
standard (Fig. 2b righl) In this condition, the assay standards
with 100. 10, and 1% mutations in exon 7 of FGFR3 and 0%

(wild type) were amplified by the PPA method using | ng of

DNA template. and the results were compared with those of the
one-step assays. The CPs of the assay standards were statisti-
cally significant between each other (Fig. 3a) and direct
sequencing analysis of the 1% standard revealed that all of eight
samples showed S249C mutation (TCC — TGC) in exon 7.
These results demonstrated that the mutations were reliably
detected in the samples containing 21% mutated DNA using
only | ng of DNA template. and that the PPA method overcame
the limitation of our prior study.

In analysis of exons 10 and 15, seven amplification cycles in
the pre-amplifier step were used to detect mutations in the sam-

Miyake et al.
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ples containing 21% mutated DNA using 1 ng of genomic DNA
as the template (Fig. 3b,c).

Correlation of FGFR3 mutations with the clinicopathological
characteristics in NMIBC. In analysis of FGFR3 mutations in 45
NMIBC samples. 24 (53.3%) tumors harbored activating muta-
tions of FGFR3, and their correlations with the clinicopathologi-
cal variables are summarized in Table 2. No variables showed
significant correlation with FGFR3 mutations. Mutations were
detected in six different codons. Mutations affecting the extra-
cellular domain (exon 7) or transmembrane domain (exon [0)
accounted for 95.8% (23/24) (Table 3). Intravesical recurrence
was detected in 18 ot 45 subjects (40%). The clinicopathological
variables of the primary tumors, such as tumor stage. histologi-
cal grade, tumor size, multiplicity, presence of carcinoma in situ
lesion, and FGFR3 mutational status, did not correlate with the
intravesical recurrence (Table 4).

Clinical usefulness of detecting FGFR3 mutation in the urine
sediments. A total of 429 voiding urine samples were taken
from 45 cases. among which 61 samples were preoperative urine
samples consisting of 35 from recurrent and 26 from non-recur-
rent cases (Table 5). The remaining 368 urine samples were
obtained serially during follow up, among which 93 samples
were from recwrent cases and 275 samples were from non-
recurrent cases. The concentrations of genomic DNA extracted
from the urine samples were quantified in all samples prior to
the assay. Of 429 urine samples, 114 (26.6%) were not available
for the assay because their DNA concentrations were <0.125 ng/
pL. A total of 315 samples (73.4%) were subjected to the
FGFR3 mutation detection assay. They were subjected to either
the conventional PNA-mediated real-time PCR clamping assay
or PPA method depending on their DNA concentrations.

Risk of intravesical recurrence in patients showing FGFR3
mutation in tumor tissues and urine sediments. In 21 of 24 cases
with FGFR3 mutation in primary tumors, genomic DNA sam-
ples extracted from preoperative urine sediments betfore the ini-
tial TURBT were available for mutation detection assay. The
sensitivity of FGFR3 mutation in the urine samples was 62%

Cancer Sci | January 2010 | vol. 101 | no.1 | 253
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Fig. 3. Validation: for ‘sensitive: detection’ of fibroblast growth factor
receptor {FGFR)-3 mutation in trace amounts of the template DNA. (a)
Oné nanogram: of genomic: DNA of four assay standards with 0,:1, 10,
and 100% of tumor cellularity was: amplified in octaplicate samples
(n = 8) under the conditions of the two-step assays comprising seven
amplification  cycles “of " the ' peptide  nucleic: acid - (PNA)-free. pre-
amplifier, followed by PNA-mediated: real-time PCR clamping for exon
7 .of the FGFR3 gene (solid lines). The: data from the one-step-assay
are shown'" for:comparison’ (dashed: lines).: The mean crossing 'points
(CP). ~are. plotted ~and  the error bars  represent 2 SD.: Similar
experiments were carried out to validate the assay protocols for (b)
exon 10 and (¢} exon 15.

(13/21). and’ their-mutational types coincided: with thosc of the
primary. tumors$ in. all cases. In 21 cases showing wild-type
FGFR3 in primary. tumor tissues, the preoperative urine samples
were available for the assay in /13 cases and no mutations were
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Table 2. Clinicopathological: characteristics- and: fibroblast: growth
factor receptor (FGFR)-3'mutation status

FGFR3 status

Variables Total o, of  P-value
Wild-type Mutation .
mutation
Age (years)
Mean £ SD 63.0+11.2 63.1+12.7 62896 - 0.98
Range 36-80 36-80 45-78 -
Sex
Male 35 15 20 57 0.27
Female 10 6 4 40
Smoking history .
Present 29 11 18 62 0.1
Absent 16 10 6 38
Tumor size (diameter, cm)
<1 10 4 6 60 0.73
1-3 25 13 12 48
3< 10 4 6 60
Multiplicity
Solitary 27 12 15 56 0.71
2-3 12 5 7 58
>4 6 4 2 33
Pathological stage
pTa 19 7 12 63 0.26
pTt 26 14 12 46
Tumor grade
G1 6 3 3 50 0.97
G2 35 16 19 54
a3 4 2 2 50
Concomitant CIS
Present 3 2 1 33 0.45
Absent 42 19 23 55
BCG therapy :
No 40 19 21 53 0.87
Treated 5 2 3 60
Total a5 21 24 53

BCG;, Bacille Calmette Guerin; CIS, carcinomain situ.

Table 3. Fibroblast growth factor receptor (FGFR)-3 mutational types
detected in this study

Mutational type

FGFR3 = . n %
Codon Nucleotide

Exon 7 R248C CGC - TGC 4 16.7
$249C TCC -5 TGC 8 333

Exon'10 G372¢C GGC -5 TGC 1 4.2
$373C AGC =5 TGC 1 4.2
Y375C TAT —» TGT 9 37.5

Exon: 15 K652E AAG = GAG 1 4.2

Total 24 100

found in these samiples, showing the specificity of 100% (0/13):
Tumor cellularities in the preoperative turine sediments were sig-
nificantly higher in the recurrent cases than in the non-recurrent
cases (Fig. da; P = 0.008).- An ROC curve analysis  was per-
formed to' define the optimal cut=off value of tumor cellularity in
the preoperative urine sediments.-The ‘arca under. the curve
(AUC) was 0.847 (95% confidence interval; 0.669-1.026); and
the cut-off value. with optimal- sensitivity “and: specificity 'was
defined as 11% (Fig. 4b):

FGFR3 mutational status in the primary: tumors was not a sig-
nificant predictor: of - intravesical: ‘recurfence after ' TURBT

doi: 10.1111/j.1349-7006.2009.01334.x
@ 2009 Japanese Cancer Association



Table 4. Correlation: of  the: stage, histological grade, tumor size,
multiplicity, concomitant CiS.and fibroblast growth: factor receptor
(FGFR)-3 mutations in the tissue with intravesical tumor recurrence

Variables Total Recurrent Non-recurrent Pvalue*
No. subjects 45 18 27

Stage
pTa 19 8 11 1.00
pT1 26 10 16

Grade
G1 6 1 5 -0.43
G2 35 15 20
G3 4 2 2

Tumor size (cm)
<3 35 12 23 0.14
>3 10 6 4

Multiplicity
Solitary 27 10 17 0.45
Multiple 18 8 10

Concomitant CIS
Absent 42 16 26 0.25
Present 3 2 1

FGFR3 mutations in the tumor tissues
Wild-type 21 9 12 0.89
Mutation 24 9 15

CIS, carcinoma in situ; *logrank test.

(Table 4). In cases harboring FGFR3 mutations in the primary
tumor, the levels of FGFR3 mutations in the preoperative urine
sediments significantly correlated. with the: 3-year recurrence-
free survival rates (83.3 vs 22.2%) (Fig. dc¢), whereas the results
of preoperative urine cytology did not. correlate with: the recur-
rence-free survival.

Serial determination of FGFR3 mutations in the voided urine
samples. during - the follow-up period after the initial TURBT.
FGFR3: mutations - in: serially “obtained: urine  samples: were
assayed quantitatively. in. the postoperative  follow-up . period.
Low-copy number DNA samples. were amplified by the PPA
method using ' ng of genomic DNA as the template. In-21 cases
harboring: FGFR3. mutations in” primary. tumors, dssay results
were plotted on a 3-D line chart (Fig. 5). The preoperative sensi-
tivities of urine FGFR3 mutations in: the recurrent: and non-
recurrent cases were 88.9% (8/9) and 41.7% (5/12), respectively.
FGFR3 mutations were not detected | month. after the: initial

TURBT in all cases. FGFR3 mutations in the postoperative
urine samples were detected in 7 of 9 (78%) recurrent cases. In
two cases, mutations preceded cystoscopical detection of tumor
relapse by 6 and 9 months, respectively. In analysis of the non-
recurrent cases with' FGFR3 mutation in primary tumors, the
pre- and postoperative urine samples were available for the
assay in 12 cases and no cases were positive for FGFR3 muta-
tions cxcept for five urine samples obtained before the initial
TURBT. The frequencies of FGFR3 mutations in the postopera-
tive urine samples were compared with the results of cytological
cxaminations  between  recurrent. and. non-recurrent. cases
(Table 6). The sensitivity and specificity of FGFR3 mutations in
the postoperative urine samples were defined as: the positive or
negative rates of FGFR3 mutations in recurrent or non-recurrent
cases, respectively. In cases with FGFR3 mutation in the pri-
mary tumors; the, sensitivity and specificity of urine FGFR3
mutations in the recurrent and non-récurrent cases were 78% (7/
9y and 100% (15/15). respectively. Cytological examination was
negative in all cases with FGFR3: mutations in the tumors. In
analysis of cases with wild-type FGFR3 in the primary tumors,
FGFR3 mutations were not detected in the postoperative urine
samples in the recurrent cases (0/9) except for one non-recurrent
case (1/12); indicating sensitivity of 0% and specificity of 92%
(F1/12). In  analysis of non-recurrent cases showing: wild-type
FGFR3 in the tumor, $249C mutation was detected in one case
at the 36th postoperative: month with tumor cellularity of 2.1%
(data not shown). This was the last session in postoperative fol-
low up and no further information was available as to the clini-
cal outcome in this case, although: no abnormality: was detected
by cystoscopical and cytological examinations carried out simul-
tancously. “The sensitivity “and specificity of the cytological
examination: were 56% (5/9) and- 100% (12/12) in those with
wild-type FGFR3 in their primary (wmors. When they were used
in combination, the assay. sensitivity, specificity, and diagnostic
accuracy’ were 67% (12/18), 96% (26/27); and: 84% (38/45)
(Table 6). It was elucidated that these two diagnostic modalities
may be used as a complementary approach to the postoperative
management of NMIBC:

Discussion

In the PNA-mcdiated real-time¢ PCR clamping, low yields of
DNA from the urine samples'seem to be a'major limiting factor
fo define the assay sensitivity. " To increase the copy numbers
of the targeted gene in the template: DNA. we added a:pre-
amplification. step comprising seven cycles of PCR prior to the

Table 5. Correlation’ of . DNA: concentration :and: fibroblast growth: factor: receptor (FGFR)-3 mutations in. the: urine samples: with: tumor

recurrence
Variables Total Recurrent Non-recurrent P-value
Collected: urine samples 429 128 301
Preoperative 61 35¢% 26
Follow-up 368 93 275
DNA concentration {ng/pL)
Total
50 83:(19.3%) 23(18.0%) 60 (19.9%) 0.885
0.125-50 232 (54.1%) 71.(55.5%) 161 (53.5%)
0.125< 114 (26.6%) 34:(26.6%) 80 (26.6%)
Mean £ SD: (hg/pl) 53.8 +.187.6 36.2 + 98.1 61.6 % 214.3
Detection of FGFR3 mutation in. urine sediments
No: samples available for the assay 315 94 221
Mutated 26 (8:3%) 20 (21.3%) 6 (2.7%) <0.0001
WT 289 {91.7%) 74 (78.7%) 215(97.3%)

tPreoperative urine samples consisted of samples obtained in the initial transurethral resection’of bladder tumor (n'= 18) and transurethral

resection of bladder tumor for recurrence (n = 17):
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