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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 (CEACAMSG) for intrahepatic cholangiocarcinoma,®

and RRM 1 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.

MAGEH! 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 II).""®" 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. MAGEH1 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,”™ but no data for BTC have been
reported. MAGEHI associates with the intracellular domain of
the p75/NGF receptor®” and regulates the cell cycle,"'’ 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 turther 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 of post-translational regulation
of MAGEHI! 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 MAGEH1 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 ot 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 more 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 MAGEH1 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
histagenesis is still unclear. This is-a report on a 64-year-
old female 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
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sarcomataus tumour cells of the carcinosarcoma, as well
as the IPMC cells, expressed TP53 and had identical
mutations in KBAS and TP53 genes; indicating that these
two neoplastic components of the carcinosarcoma
shared a common tumorigenesis and arose from the
IPME. This Is the first report of a carcinosarcoma
originating in IPMC. 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 comiponents.* 2
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 first reported case of
pancreatic intraductal carcinosarcoma with a heter-
ologous mesenchymal component (osteosarcoma),
which is located in an intraductal papillary-

mucinous carcinoma (JPMC). 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 no
symptoms and all clinical and laboratory data were
normal. - The serum: concentrations of 'tumout
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 €T 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, = [iver
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 35 X21X 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. e
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
found 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’'ostecsarcoma occupying
the stroma. The osteosarcoma. showed. invasive
growth, but its extension was limited to the stroma
of the IPMC, which: was not beyond the duct 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/cp.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
anodular 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
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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 CID68-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
TP53, 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 exhibited 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 carcmosaxcoma 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 pancreatlc 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.

Také-h_oms méssagas

» 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 tail.

» 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 guantita-
tive  assay: using peptide  nucleic ‘acid-mediated real-time 'PCR
was developed for detecting FGFR3 mutations in  the urine
samples and ‘evaluated asa 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 32 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 in" the 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 5¢i2010; 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 every: year worldwide.!") Bladder
UCs are generally divided into two:groups for clinical manage-
ment, depending on the pathological stage. Most of ‘the newly
diagnosed = UCs:are - non-muscle. . invasive - bladder cancer
(NMIBC: i.e.; pTa or pT1), and the initial treatment is transure-
thral resection” of  bladder tumor: (TURBT), "After: the initial
TURBT. the patients undergo: intensive surveillance by cysto-
scopic examination at regular intervals: usually every 3 months;
because up to 70% of these patients will expericnce intravesical
recurrenice, and 10-30% of the lesions W1H progress {0 life-
threatening muscleinvasive disease (2pT2).. D Cystoscopy is an
inconvenient. invasive, and expensive diagnostic. modality. but
currently it is the gold standard for detecting intravesical recur-
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reiice: in the postoperative. follow up. Although' urine bound
diagnostic tests including urinary. cytology, nuclear matrix pro-
tein (NMP)22; and bladder tumour antigen (BTAY tests are used
in the management after TURBT or bladder cancer screening,
their usc‘rullncss is limited due to their poor sensitivity or speci-
hcuy‘ In previous reports, various molecular markers detect-
able in urine have been considered as a uscful and non- mvaswe
clinical assay improving the sensitivity of conventional tests.

'O 1 urine-based detection dssays, contamination with normal
urothelium or ‘leucocytes: can mask ' the signals of targeted
somatic 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 unbry(wenes&s proliferation, d:ffelemnnon and angiogene-

sis.!'?) Recent reports have demonstrated that constxtutwcly
']Lthdth FGFR3 mutations exist in more than 50% of primary
bladder UC.!'¥ FGFR3 mutations are especially prevalent in the
low-grade papillary tumors (pTd/Gl) but they are infrequent in
h|gh-0mde or high-stage UC."*'? FGFR3 mutation in urine
sediments may be a smtdble biomarker: for detection of low-
grade and low-stdge UC. Previous studies revealed that mutation
of FGFR3 in the voided urine can be detected at h]gh sensitivity
in patients with- FGFR3-mutated bladder UC.! 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 se(hments by peptide nudelc
acid . (PNA)-mediated - real-time- PCR - clamping dssay In
PNA-mediated PCR clamping, PNA is designed to anncal'to a
wild-type DNA sequence and inhibits the mmeu]ing 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 {o.achieve
quantitative: detection of the: FGFR3 mutations present in - the
urine samples at a: concentration of |1 % in only 1 ng of genomic
DNA available: as a template: for PCR. With' this_ the: revised
protacol, we assessed: the: usefulness oft FGFR3 mutations as a
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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 paticnts 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 signed a written informed
consent form.. The' voided urine samples before the: initial
TURBT were taken from the patients. The résected tumors were
examined histologically and staged and graded according to the
2002 TNM classification and the 1973 World Health Ox ganiza-
tion (WHO) classification systems. respectively.'®1 A total of
45 subjects with NMIBC were eligible for’ the study and ‘were
followed up until the histological diagnosis of tumor recurrence
or up to 3 years postopemnvely 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 recurrence. The voided urine
samples were divided: and subjected 1o 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 tumor tissues and peripheral blood l 'mph(»
cytes: (PBL) was cartied 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
saniple in a 50-mL tube was centrifuged at. 180g for.5 min. The
cell pellet: was digested by Qiagen: protease and subjected to
DNA extraction by column centrifugation. In the final step,
DNA was eluted from the column in 150 uL of the elution buf-
fer. The genomic DNA concentration was determined by ultravi-
olet. measurement . using an - ND-1000 spectrophotonieter
(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 Serially diluted assay standards were prepared by adjusting

the genomic. DNA concentrations-to 100, 10; T:and 0.1 ng/L.
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 pL of QuantiTect PCR master
mix (Qiagen) containing SYBR Green 1 dye. The conditions of
real-time PCR are described in Table . DNA concentration was
calculated from the crossing points (CP) of the assay standards
and samples according o 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 increaseés in ieverse correlation
with the: amount of template DNA. When the -amount of tem-
plate DNA ‘was' I'ng in genomic DNA (equivalént to"300 cop-
ies), mutations. were hdldly distinguishable from those caused
by: misincorporation” of dNTPs. To overcome: this pitfall; we
maodified the assay protocol to detcct 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 nicthod as
PNA:-mediated pre-main. amplifier: (PPA),: which consisted. of
two- stepsof amplification  (Fig.. 1).- Low-copy. number. DNA
template was amplificd by the pre-amplifier step and then set on
the main amplifier_to perform the PNA-mediated real-time PCR
clamping. Pre-amplification was carricd out in 'a PCR tube using
DNA Engme Dyad Thermal Cycler (MJ Research, Watertown,
MA, USA) in 20-pL aliquots consisting of 1 ng. of 'genomic
DNA; 10 L of QuantiTect PCR master mix, dlld 10: picomole
of each pumel The scquences of primer pairs were as reported
previously.!"” Conditions of  the thermal cycling. 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, annealing at 64°C (exon 7),:58°C (exon: 10), and
60°C (exon 15) for 20.s; and extension at: 72°C for 20 s. Afier
final cooling to. 4°C,.5 uL of the solution containing 2.5 uL of
QuantiTect PCR master mix and 2.5 pL. 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 1L of
the mixed solution. 20 pL was transferred to a capillary tube for
the LwhtCyLlcx 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.!'” In. the  clinical

Table 1. . 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 ) Cycle no, step (°C) step (°C)
DNA-quantification “TGA GCG TCA TCT GCC CCC ACA GAG-3’ (sense) - 45 - 64
5-GGG CCC ACC TTG €TG CCA TTC A-3 (antisense)
Main-amplifier “TGA GCG TCA TCT GCC CCCACA GAG-3' (sense) 0.4 45 72 64
for'exon:7 5-GGG CCC ACCTIG €TG CCA TTC A-3 (antisense)
H2N-AGC GCT €CC CGC ACC-N2H (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 AGG ATG 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-GGTCGT CTT.CTT GTA GT-N2H
Miyake et al: Cancer Sci | January 2010 | “vol. 101} "nor 14} 1251
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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. (c) 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/pL, 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 identity 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/pL were

252

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/j.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)
two-step PNA-mediated real-time PCR. The PNA-
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the wild-type FGFR3 in exon 7. The PNA binding
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 | 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 one-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), whereas 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 (Fio 2b right). 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 ()t
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 I 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 1% mutated DNA using | 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 10)
accounted for 95.8% (23/24) (Table 3). Intravesical recurrence
was detected in 18 of 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 recurrent cases and 275 samples were from non-
recurrent cases. The concentrations of genomic DNA extracted
from the urine sdmples 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/
puL. 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 before 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)
One 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. 6f 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 those of the
primary tumors:in all ‘cases. In 21 cases: showing. wild-type
FGFR3 in primary tumor tissues; the preoperative urine sumples
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 % of P-value
Wild-type  Mutation \
mutation
Age (years)
Mean £ SD 63.0+ 11.2 63.1+ 127 628+ 9.6 - 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 0.11
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 T2 15 56 0.71
2-3 12 5 7 58
>4 6 4 2 33
Pathological stage
pTa 19 7 12 63 0.26
pT1 26 14 12 46
Tumor grade
G1 6 3 3 50 0.97
G2 35 16 19 54
G3 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 45 21 24 53

BCG, Bacille Calmette Guerin; CIS; carcinoma in 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 33.3

Exon 10 G372C GGC— TGC 1 4.2
S373C AGC ' TGC 1 4.2
Y375C TAT = TGT 9 37.5

Exon' 15 K652E AAG =5 GAG 1 4.2

Total 24 100

found in these samples; showing the specificity of 100% (0/13).
Tumor cellulatities in the preoperative urine sediments were sig-
nificantly higher in the recurrent cases than in the non-recurrent
cases (Fig: 4a; 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 cuarve
(AUC) was 0.847 (95% confidence interval; 0.669-1.026), and
the cut-off value with” optimal sensitivity, and specificity - was
defined as 1 1% (Fig. 4b).

FGFR3 mutational status in the primary tumors was not a sig-
nificant - predictor of . intravesical - recurrence - after -TURBT

doi: 10.1111/1.1349-7006.2009.01334.x
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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 P-value*
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 recurrénce-
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 urinc ' samples were
assayed. quantitatively in the postoperative: follow-up period.
Low-copy number: DNA samples were amplified by the PPA
method using I ng of genomic DNA as the template. In 2 cases
harboring. FGFR3 mufations. in’ primary tumors, assay 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- I 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 except: for five urine samples obtained before the initial
TURBT. The frequencies of FGFR3 mutations in the postopera-
tive urinc samples were compared with the results of eytological
examinations between recurient 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 recuirent 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-recurrent 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 defécted 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%
(11/12). In-analysis of non-recurrent cases showing wild-type
FGFR3 in the tumor; S249C mutation was detected in one case
at the 36th postoperative month with tumor celfularity of 2.1%
(data not shown). This was the Jast session in postoperative fol-
low up and no further information was available as to the clini-
cal outcome iy this case. although no abnofmality: was detected
by cystoscopical and cytological examinations carried out simul-
taneously. 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 tumors. 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 clucidated that these two diagnostic modalities
may be used as a complementary approach to the postoperative
management of NMIBC;

Discussion

In: the PNA-mediated: real-time. PCR clamping; low. yields of
DNA from the urine samples seen to be a major limiting factor
to 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 35t 26
Follow-up 368 93 275
DNA concentration (ng/jit)
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 (ng/jil) 53.8'+ 187.6 36.2°+ 98.1 616+ 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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Fig. 4. The tumor cellularity in the preoperative urine predicted the
risk of intravesical recurrence in patients with fibroblast growth factor
receptor (FGFR)-3-mutated bladder urothelial carcinoma (UC). (a) The
tumor cellularities in the preoperative urine sediments were plotted
in the recurrent (n = 9) and non-recurrent (n = 12) groups of 21 cases
with FGFR3-mutated bladder UC. The dashed line indicates the
optimal cut-off point (>11% and <11%) as determined with receiver
operating characteristic (ROC) curve analysis shown in (b); *Mann-
Whitney U-test. (b) A receiver operating characteristic curve was
generated to define the optimal cut-off value of tumor cellularity in
the preoperative urine sediments. The optimal cut-off value for
predicting the intravesical recurrence was defined as the point closest
to the upper-left corner of the graph (black arrow). (c) Recurrence-
free survival curves according to the cut-off value (211% and <11%)
of tumor cellularity in the preoperative urine sediments are shown.
AUC, area under the curve; Cl, confidence interval.

PNA-mediated real-time PCR clamping. This modified assay
protocol achieved a sensitive method detecting FGFR3 muta-
tions at concentrations of 21% in | ng of the template DNA.
One nanogram of genomic DNA with 1% of FGFR3 mutations
corresponds to as few as three copies of mutated FGFR3.

256

100

80

60 |

40

Tumor cellularity in urine sediments (%)

=

cases

Non-recurrent
cases

Follow-up after initial TURBT (months)

Fig. 5. The time-course analysis of tumor cellularity in the voided
urine sediments in cases with mutated-fibroblast growth factor
receptor (FGFR)-3. Tumor cellularities serially determined after initial
transurethral resection of bladder tumor (TURBT) are plotted on 3-D
line chart. All cases had FGFR3 mutations in their tumor tissues. Red
and blue lines indicate the data of recurrent (n =9) and non-
recurrent (n = 12) cases, respectively. Two asterisks indicate the events
of positive results prior to the cystoscopical detection of recurrent
tumors. In recurrent cases, the last point of serial determination
indicates tumor cellularity in the preoperative urine sediments
obtained before second TURBT.

Estimated from Poisson distribution, the probability of missing
mutated FGFR3 molecules was 4.98% on sampling the aliquot
containing FGFR3 mutations at the concentration of 1% in | ng
of the genomic DNA. The probabilities of missing mutated
DNA molecules in the template increased up to 13.5% for two
copies and 35.8% for a single copy. resulting in frequent false
negatives. These assumptions suggested that 1% of tumor cellu-
larity in 1 ng of the template DNA is actually the minimal
detectable dose in the assay.

We developed a quantitative method to determine the propor-
tion of FGFR3 mutations in the sample as tumor cellularity and
this approach disclosed the correlation between tumor cellularity
and intravesical recurrence of NMIBC.

Assessing the risk for intravesical recurrence and progression
after TURBT is another major concern in the clinical manage-
ment of NMIBC. Many efforts have been reported to establish
any(ﬂrr;(o))lecu]ur alterations in tumor t@ssucs as prognostic mark-
ers.'” 77 Although some earlier studies have analyzed FGFR3
mutation as a potential prognostic marker, the true prognostic
value of FGFR3 mutation is still controversial.®'~>* Quantita-
tive analysis revealed that the tumor cellularity in the preopera-
tive urine sediments strongly correlates with the tumor
recurrence (P = 0.008). Moreover, the ROC analysis of the pre-
operative urine sediments determined the optimal cut-off value
of FGFR3 mutations (11%) in the urine sediments that differen-
tiates between the recurrent and non-recurrent tumors (Fig. 4).
Using this cut-off value, the sensitivity, specificity. and diagnos-
tic accuracy for detecting tumor recurrence were 77.8, 83.3. and
80.9%, respectively. This is the first report elucidating that the
FGFR3 mutational status in the urine sediments may serve as a

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



Table 6. Association of fibroblast growth factor receptor (FGFR)-3 mutational status in primary tumors with cytological examination and/or
FGFR3 mutational status in voided urine samples

Non-recurrent
Recurrent cases Assay performance

Assay FGFR3 status in primary tumor cases
Positive Negative. Positive Negative Sensitivity (%) Specificity (%) Accuracy (%) - P-value

FGFR3 assay Mutated 7 2 0 15 78 . 100 92 0.0001
Wild-type 0 9 1 11 0 92 52 1.0000
Total 7 11 1 26 39 96 73 0.0042

Urine cytology Mutated 0 9 0 15 0 100 63 NA
Wild-type 5 4 0 12 56 100 81 0.0062
Total 5 13 0 27 28 100 71 0.007

Combinationt Mutated 7 2 [ 15 78 100 92 0.0001
Wild-type 5 4 1 11 56 92 76 0.0464
Total 12 6 1 26 67 96 84 <0.0001

tPositivity is defined by the positive result in either urine cytology or FGFR3 mutation detection assay. NA; not analyzed.:

prognostic indicator for tumor recurrence in NMIBC (Fig: 4¢); . 9) depending on the presence or absence of the FGFR3 muta-

indicating: that: cell. detachment or exfoliation- into  the urine " tions.

strongly correlates with the tumor recurrence: In conclusion, our results indicate the potential usetulness of
Sequential analyses of the urine sumples taken after the initial - the arine’ FGFR3 mutation: assay a8 both a significant predictor

TURBT revealed intravesical recurrence in almost 78% (7/9) of . of intravesical recurrence and a complementaiy urinary marker

the recurrent cases showing FGFR3 mutations in the primary:  for monitoring patients undergoing TURBT in combination with

tumors, while the cytological examination of the same sample - “urine cytology. Once FGER3 mutations are detected in the pri-

showed no: positive results: (Table 6). In two cases, FGFR3 mary tumors. the patients  should be indicated for monitoring

mutations were detected prior to the cystoscopical detection, . FGFR3 mutations:in the urine sediments, particularly’ when the

indicating that the urine FGFR3 assay can diagnose intravesical - tumor cellularity ‘in the préoperative urine sedimerits is above

recurrence reliably in the postoperative management of NMIBT:  the cut-off level'of 11%.

cases harboring FGFR3 mutations in primary tumors. As shown

in Table 6, the sensitivity of FGFR3 mutations and urine cytol: Acknowledgements

ogy in the follow-up samples were mutually exclusive, indicat-
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Abstract
Purpose: The outcome of patients with advanced hepatocellular carcinoma (HCC) has remained

unsatisfactory. Patients with HCC suffer from chronic hepatitis or liver cirthosis, and their reserve liver
function is often limited.

Experimental Design: To develop new therapeutic agents that act specifically on HCC but interfere
only minimally with residual liver function, we searched for genes that were upregulated in 20 cases of
HCC [namely, discovery sets 1 (n = 10) and 2 (n = 10)] in comparison with corresponding nontumorous
liver and a panel representing normal organs using high-density microarrays capable of detecting all
exons in the human genome.

Results: Eleven transcripts whose expression was significantly increased in HCC were subjected to siRNA-
based secondary screening of genes required for HCC cell proliferation as well as quantitative reverse
transcription-PCR analysis [validation sets 1 (n = 20) and 2 (n = 44)] and immunohistochemistry
(n = 19). We finally extracted four genes, AKR1B10, HCAP-G, RRM2, and TPX2, as candidate therapeutic
targets for HCC. siRNA-mediated knockdown of these candidate genes inhibited the proliferation of HCC
cells and the growth of HCC xenografts transplanted into immunodeficient mice.

Conclusions: The four genes we identified were highly expressed in HCC, and HCC cells are highly
dependent on these genes for proliferation. Although many important genes must have been over-
looked, the selected genes were biologically relevant. The combination of genome-wide expression
and functional screening described here is a rapid and comprehensive approach that could be
applied in the identification of therapeutic targets in any type of human malignancy. Clin Cancer Res;

2518

16(9); 2518-28. ©2010 AACR.

Liver cancer is the fifth most common human cancer
worldwide and the third most common cause of cancer
mortality. Hepatocellular carcinoma (HCC) is the most
common histologic subtype of liver cancer and is highly
endemic in Southeast Asia and sub-Saharan Africa (1).
HCC develops mainly in liver affected by chronic hepatitis
or cirrhosis caused by persistent infection with hepatitis B
or C virus; however, the precise molecular mechanisms
that drive the transition from the background liver condi-
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tions to cancer are largely unknown. Liver resection,
ethanol injection, radiofrequency ablation, and chemoem-
bolization have been used successfully for the local
management of HCC; however, no single cytotoxic che-
motherapeutic agent has been proven effective for the sys-
temic treatment of HCC; thus, the outcome for patients
with locally advanced, multicentric, and/or metastatic
HCC who are not eligible for these local treatments has
remained unsatisfactory.

An increasing number of therapeutic agents targeting mo-
lecular components essential for cancer cell growth have be-
gun to be incorporated into oncological practice: Imatinib,
which blocks the Bcr-Abl fusion kinase of chronic myeloid
leukemia (CML), is currently the first-line therapy for CML
(2). The epidermal growth factor receptor inhibitors gefiti-
nib and erlotinib have been used in the treatment of ad-
vanced non-small cell lung cancer (3). Recently, it was
shown in a phase III study that sorafenib (BAY 43-9006),
a multikinase inhibitor, significantly improved the overall
survival of patients with advanced HCC (4, 5), and, conse-
quently, sorafenib has since been approved for the treat-
ment of patients with unresectable HCC by the American
Food and Drug Administration. However, most patients en-
rolled in those studies retained relatively well-compensated

Clin Cancer Res; 16(9) May 1, 2010

AR American Association for Cancer Research



Survey of Therapeutic Targets for HCC

Translational Relevance

Liver cancer is the fifth most common human cancer
worldwide and the third most common cause of can-
cer mortality. Recently, a multikinase inhibitor, sorafe-
nib, has been approved as a systemic chemotherapeutic
drug for advanced hepatocellular carcinoma (HCC);
however, further improvement seems to be necessary.
To identify an “Achilles heel” of HCC cells and develop
new therapeutic agents that act specifically on HCC but
interfere only minimally with residual liver function,
we performed an unbiased survey of the whole ge-
nome. We finally identified four genes as candidates.
siRNA-mediated knockdown of these candidate genes
inhibited the proliferation of HCC cells and the growth
of HCC xenografts transplanted into immunodeficient
mice, confirming their feasibility as therapy targets.

liver function. In reality, the reserve liver function of HCC
patients is often limited due to underlying liver conditions.
Therefore, the safety and tolerability of sorafenib remain to
be determined in HCC patients with compromised liver
function. Therapeutic targeting molecules other than pro-
tein kinases have also been developed against various
tumors of other organs (6-8). To identify a molecule essen-
tial for HCC cell growth and develop new therapeutic
agents that would act specifically on HCC and only mini-
mally interfere with residual liver function, a survey of the
whole genome would be necessary.

In this study, we adopted a combined functional ap-
proach. We first searched for genes that were upregu-
lated in HCC in comparison with the background
nontumorous liver tissue. This was followed by siRNA-
based screening of genes required for HCC cell prolifer-
ation. Recently, whole-genome RNA interference
(RNAi)-based functional screening has been reported
to successfully identify genes that sensitize lung cancer
cells to a chemotherapeutic drug and genes required
for proliferation and survival of several cancer cell lines;
however, in those studies, the expressional specificity of
the identified targets was not taken into consideration
(9-12). Here, we report the identification of possible
therapeutic target molecules of HCC through a combi-
nation of genome-wide expression and functional
screening.

Materials and Methods

Patients and microarray analysis. Samples of HCC and
surrounding nontumorous liver tissue were collected from
84 patients who underwent liver resection for HCC at the
National Cancer Center Hospital (Tokyo, Japan) with in-
formed consent. The clinical and histologic data for these
patients are summarized in Supplementary Table S1. Total

RNA of normal human organs was obtained from a
commercial source (FirstChoice Human Total RNA Survey
Panel, Ambion).

One microgram of total RNA was converted to end-
labeled cRNA using a Whole Transcript Sense Target Label-
ing kit (Affymetrix). The fluorescent cRNA probes were
hybridized to Human Exon 1.0 ST arrays (Affymetrix), as
instructed by the supplier. Data analysis was carried out
using the ArrayAssist software package (version 5.5.1,
Stratagene). A GC content-based background correction
followed by quantile normalization was done with an
exonRMA algorithm available in the package. Multiple exo-
nic expression data were also summarized into a single va-
lue using the same algorithm, as instructed by the supplier
(http://www.stratagene.com/manuals/ArrayAssist.pdf).

The protocol of this study was reviewed and approved
by the ethics committee of the National Cancer Center
(Tokyo, Japan).

Cell lines. Three human cell lines derived from HCC
were used in this study. KIM-1 was kindly provided by
Dr. Masamichi Kojiro (Kurume University, Kurume,
Japan). Hep3B was obtained from the Cell Resource Center
for Biomedical Research, Tohoku University (Sendai,
Japan). HLE was obtained from the Health Science
Research Resources Bank (Osaka, Japan). KIM-1 and Hep3B
were maintained in RPMI 1640 (Invitrogen) supplemented
with 10% fetal bovine serum. HLE was maintained in Dul-
becco's modified Eagle's medium (Invitrogen) supplemen-
ted with 10% fetal bovine serum.

siRNA-based functional screening. The day before siRNA
transfection, cells were seeded at 5 x 103 per well in
96-well plates to obtain 50% to 60% confluency. They
were then transfected with siRNA using Lipofectamine
2000 (Invitrogen) at a concentration of 10, 20, or
50 nmol/L in KIM1, Hep3B, or HLE cells, respectively.
Three days later, the relative proportion of living cells
was assessed using a Premix WST-1 Cell Proliferation
Assay System (Takara Bio) in accordance with the manu-
facturer's instructions. The siRNA was synthesized by
Ambion, and the identification (ID) numbers of siRNAs
used in this study are listed in Supplementary Table S4.
Silencer Negative Control #1 siRNA (Ambion) was used
as a nontargeting control. siRNA targeting TOP2A was
described previously (13).

Real-time PCR. First-strand cDNA was synthesized
from 1 pg of total RNA using SuperScript reverse tran-
scriptase (Invitrogen). Real-time PCR was done as de-
scribed previously (14). Primers and probes sets were
obtained from Applied Biosystems, and their Assay IDs
are provided in Supplementary Table S5. The amplifica-
tion reaction was done according to the manufacturer's
instructions (95°C for 10 minutes followed by 40 cycles
of 95°C for 15 seconds, 50°C for 2 minutes, and 60°C
for 1 minute).

Immunohistochemistry and immunoblot analysis. Anti-
AKR1B10 (clone 1A6) and anti-HCAP-G (clone 4B1)
monoclonal antibodies were purchased from Abnova.
Anti-RRM2 antibody (E-16) was purchased from Santa

www.aacrjournals.org
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Fig. 1. Genes differentially expressed between HCC and nontumorous liver. A, hierarchical clustering of 124 genes whose expression differed significantly
(P < 0.001 and >3-fold change) between HCC and adjacent nontumorous liver. Transcriptional signal intensity is shown as a heat map. Red indicates
higher signals, whereas blue indicates lower signals. Arrows indicate eight genes selected for validation by real-time PCR (B). B, validation of the microarray
data by real-time RT-PCR. The expression levels of eight representative genes whose expression differed significantly between adjacent nontumorous
liver (left) and HCC (right) were validated by real-time RT-PCR (shown in arbitrary units). Significant correlation between array (discovery set 1) and
real-time RT-PCR data was confirmed by calculating correlation coefficient values in eight randomly selected genes (indicated by arrows in A): C7, 0.96;
COLEC10, 0.97; CRHBP, 0.98; HAMP, 0.98; CCNA2, 0.82; RGS5, 0.80; AKR1B10, 0.98; ANLA, 0.92. The significance of differential expression

between HCC and adjacent nontumorous liver tissue was assessed using a permutation paired t test, and Bonferroni-corrected P values are provided.
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Cruz Biotechnology. Anti-TPX2 antibody was purchased
from Novus Biologicals.

Formalin-fixed and paraffin-embedded liver tissues
containing HCC were obtained from the National Cancer
Center Hospital, and stained as described previously
(15, 16). Immunoblot analysis of the KIM-1 cell lysate
was done as described previously (15). '

Animal experiments. Eight million KIM-1 cells suspended
in 0.1 mL of PBS were s.c. inoculated into the flanks of
5-week-old female BALB/c nu/nu nude mice (SLC). Eight

days later, the tumor-bearing mice were treated with siRNA
together with atelocollagen (Koken Co., Ltd.), as described
previously (17, 18). The final concentration of siRNA and
atelocollagen was 11 pmol/L and 0.5%, respectively, and
200 pL of the siRNA solution were injected directly into each
tumor. Tumor volume was determined every 3 days using
the formula V = 1/2 (A x. B?), where A and B represent the
largest and smallest dimensions of the tumor, respectively.

Animal experiments were reviewed by the institutional
ethics committee and performed in compliance with the
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Fig. 3. Validation of differential expression. A, mRNA expression levels of selected genes in 20 independent pairs of HCC (21-40T) and adjacent
nontumorous liver tissue (21-40N; validation set 1) determined by real-time PCR (left). The expression levels in HCC were realigned according to histologic
differentiation (right). W, well differentiated; W to M, well to moderately differentiated; M, moderately differentiated; M to P, moderately to poorly

differentiated, P, poorly differentiated.

guidelines for Laboratory Animal Research of the National
Cancer Center Research Institute (Tokyo, Japan).
Statistical analysis. To extract differentially expressed
genes from the array data, a paired ¢ test with no correction
was done (19) with asymptotic distribution to determine
the P value. Correlations between array data and real-time
PCR measurements were assessed using the Pearson

correlation coefficient. The significance of differential gene
expression between HCC and adjacent nontumorous
liver tissue was assessed using the permutation paired ¢ test
followed by Bonferroni correction.

The weights and volumes of tumors are given as means
(+SE). To evaluate the chronological effect of siRNAs on the
growth of xenografts in comparison with control siRNA,
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