
Abstract. Background: Among the combinations of
coamplified genes, Myc and ERBB2 or EGFR have attracted
much attention for their relevance to cytogenetics,
carcinogenesis and cancer therapy. Materials and Methods:
Gene amplification of Myc, ERBB2 and EGFR were
examined on 97 formalin-fixed and paraffin-embedded
gallbladder carcinomas, by fluorescence in situ hybridization
(FISH). Results: FISH revealed three tumors had Myc
amplification. By dual color FISH, one of these three tumors
had two populations of tumor cells with the coexistence of
amplified Myc and ERBB2, and Myc and EGFR. The second
tumor had a high level of amplification of Myc without
amplification of ERBB2 or EGFR. The third tumor had a low
level of coamplification of Myc and ERBB2. A case of
polysomy 8 also demonstrated amplification of ERBB2 and
EGFR. Conclusion: The present study shows that genomic
instability due to Myc amplification may cause specific
amplification of EGFR and/or ERBB2. 

Gene amplification is an important genetic change found in
cancer cells. Myc, ERBB2 and EGFR are some of the
representative protooncogenes that function as oncogenes
mainly by gene amplification. Myc located on 8q24 encodes
a transcription factor which promotes cell growth and
proliferation, inhibits terminal differentiation and sensitizes
cells to apoptosis. It has been suggested that Myc can
promote genome instability through gene amplification, gene

rearrangement and karyotypic instability (1). ERBB2 and
EGFR, which are located at chromosome bands 17q12-q21
and 7p12, encode plasma membrane glycoproteins. They are
members of the family of tyrosine kinase growth factor
receptors (TKGFR) (2). Previous studies using combined
immunohistochemistry (IHC) and fluorescence in situ
hybridization (FISH) have shown ERBB2 and EGFR to be
mainly overexpressed by gene amplification, especially high
level amplification, in various solid tumors such as breast
(3), stomach (4, 5), colon (6), esophagus (7), lungs (8, 9)
and biliary tract carcinomas (10). 

Epithelial cancer frequently has multiple amplifications
and particular amplicons involving nonsyntenic genes tend
to occur together. Among the combinations of coamplified
genes, Myc and genes coding TKGFRs such as ERBB2 or
EGFR have attracted much attention for their relevance to
cytogenetics, carcinogenesis and cancer therapy. The
coamplification of these genes was previously examined in
gastric cancer and was frequently amplified; surprisingly, it
was found that the coamplification of Myc and ERBB2 or
EGFR was not incidental (11). 

Recently, Paterson et al. examined the physical structure
of coamplification of regions 8p12 and 11q13 in cancer cell
lines and found a variety of arrangements and concluded that
the mechanisms producing coamplification of non-syntenic
oncogenes are not simple (12). This encouraged us to
perform an examination of Myc amplification in gallbladder
cancer, which had demonstrated ERBB2 and EGFR to each
be amplified by 10%  (10).

Materials and Methods

Tissue samples. A total of 97 gallbladder carcinomas obtained from
consecutive surgeries performed at the Department of Surgery,
Yamanashi Medical University, between 1986 and 2006 were
examined. The patients included 26 males and 71 females ranging
from 31 to 89 years of age (mean age, 66.0 years). The conditions

19

Ccorrespondence to: Akishi Ooi, Department of Molecular and
Cellular Pathology, Kanazawa University, 13-1 Takara-machi,
Kanazawa, Ishikawa 920-8640, Japan. Tel: +81762652190, Fax:
+81762344228, e-mail: aooi@med.kanazawa-u.ac.jp

Key Words: Gallbladder, adenocarcinoma, fluorescence in situ
hybridization, Myc, gene amplification, ERBB2, EGFR.

ANTICANCER RESEARCH 29: 19-26 (2009)

Gene Amplification of Myc and its Coamplification 
with ERBB2 and EGFR in Gallbladder Adenocarcinoma

AKISHI OOI1, SHIOTO SUZUKI1, KUMIKO NAKAZAWA2, JUN ITAKURA3, 
ISSEI IMOTO4, HIROYUKI NAKAMURA5 and YOH DOBASHI6

Departments of 1Molecular and Cellular Pathology, and 5Public Health, 
Kanazawa University Graduate School of Medical Science, Ιshikawa; 

Departments of 2Pathology and 3Surgery, School of Medicine, University of Yamanashi; 
4Department of Molecular Cytogenetics, Medical Research Institute, Tokyo Medical and Dental University, Tokyo; 

6Department of Pathology, Omiya Medical Center, Jichi Medical University, Saitama, Japan 

0250-7005/2009 $2.00+.40



of the patients were assessed according to the system for staging
primary tumor/regional lymph nodes/distant metastasis (TNM)
described in the AJCC Cancer Staging Manual (13) and histological
classification according to The World Health Organization
Classification of Tumors (14). The 97 patients were classified using
the TNM classification system as follows: Stage I, 16 patents; Stage
II, 21 patients; Stage III, 21 patients; and Stage IV, 39 patients.
Histologically, the specimens were classified into 71 cases of tubular
adenocarcinoma (wel-differentiated in 33 cases, moderately
differentiated in 24 cases and poorly differentiated in 14 cases), 5
cases of papillary carcinomas and one case of mucinous carcinoma.
This laboratory study was approved by the Institutional Review
Board at the University of Yamanashi and written informed consent
was obtained from all patients. 

IHC. Serial sections (4 μm) cut from representative formalin-fixed,
paraffin-embedded tissues placed onto MAS™-coated slides were
used for hematoxylin-eosin staining, IHC detection and FISH
analysis. IHC detection of Myc was carried out on all 97 primary
tumors. The expression of ERBB2 and EGFR protein by IHC and
their gene amplification by FISH had been previously examined in
89 of these cases and are described elsewhere (10).

A rabbit polyclonal antibody against human Myc (Santa Cruz
Biotechnology, Inc, San Diego, CA USA; working dilution, 1:30), a
polyclonal antibody against the internal domain of the human
ERBB2 protein (Nichirei, Tokyo, Japan; working dilution, 1:100)
and a monoclonal antibody against the internal domain of human
EGFR (Novocastra Lab, Newcastle, UK; Working dilution, 1:20)
were used. For the detection of Myc and EGFR, a high-temperature
antigen unmasking technique was used. 

The IHC analyses were reviewed by two examiners (SS, KN)
who were unaware of the gene amplification data. For an evaluation
of Myc staining, only nuclear immunostaining significantly higher
than that of the control cells of the normal gallbladder mucosa were
considered to be positive. Positive staining was further classified as
2+ and 1+ according to the intensities. For the evaluation of ERBB2
and EGFR positivity, each tumor, or portion of tumor, was scored
according to the criteria recommended by Dako (Glostrup,
Denmark) for the HercepTest, except that the number of positive
cells was not taken into consideration.

FISH. A FISH analysis of Myc amplification was applied to all
primary tumors. Primary tumors with positive immunohistochemical
staining (2+ and 3+) for either ERBB2 or EGFR and those with
Myc amplification were analyzed for ERBB2/EGFR amplification
using FISH. 

For FISH probes, P1 artificial chromosome clone RP1-80K22
specific for Myc and bacterial artificial chromosomes RP11-62N23
and RP11-339F13 specific for ERBB2 and EGFR, respectively, were
used after labeling with SpectrumOrange™ using a nick translation
kit (Vysis, Downers Grove, IL, USA). To detect gene amplification,
a SpectrumGreen™–labeled pericentromeric probe (Vysis), which
was specific to the chromosome on which the gene was located, was
cohybridized in order to standardize the chromosome number. For
the simultaneous hybridization of Myc/ERBB2, Myc/EGFR and
ERBB2/EGFR, a Myc probe and an ERBB2 probe labeled with
SpectrumGreen™ were also used.

Amplification was defined as the presence in >60%  of tumor
cells in a visual field (using a ×40 magnification objective) of more
than two times as many gene signals than centromere signals of the

respective chromosome. When either >9 gene signals or tight
clusters of at least 10 gene signals were observed, the amplification
was considered to be at a high level.

Statistical analysis. Agreement among observers in the
interpretation of immunostaining of Myc was evaluated by kappa
(κ) statistics as described elsewhere (15). A chi-square for
independence test was employed to study the relationship between
gene amplification and protein overexpression of Myc and the
molecular features of Myc and clinical stages. The frequency of
coamplification observed was compared with the frequency
expected by chance using the Fisher exact test.

Results

Status of ERBB2 and EGFR. An overexpression of ERBB2
and EGFR was found in 14 and 11 out of a total of 97 cases,
respectively. In nine of 14 ERBB2-overexpressing tumors
and in nine of 11 EGFR-overexpressing tumors, the
respective gene amplification was observed by FISH analysis
(10). FISH images of high level gene amplification appeared
as two distinct types: large clustered signals (LC) and
multiple scattered signals (MS) as reported in previous FISH
studies (6, 10, 11).

Coamplification, and therefore the co-overexpression of
ERBB2 and EGFR in a single tumor was confirmed in two
cases. Case 1 was a fungating tumor, with invasion limited
to the mucosa. Immunostaining of ERBB2 and EGFR was
demonstrated in the cell membranes in approximately 30%
and 10%  of tumor cell populations, respectively.
Occasionally, immunoreactive cells for each were found to
be intermingled as shown in Figure 1A and B; however,
ERBB2 and EGFR were not found to be co-overexpressed
in single cells. The amplifications of ERBB2 and EGFR,
which precisely corresponded to protein overexpression on a
cell by cell basis, appeared as LC and MS types, respectively
(Figure 1C). Case 2 also had coamplification of ERBB2 and
EGFR in the LC and MS type respectively. However, each
of the amplified cell types was found to occupy separate
areas of the tumor.

Status of Myc. The interobserver agreement of IHC of Myc
was ‘fair’ (κ=0.36). The frequencies of the positive
overexpression examined by two observers were 42%  and
53% . FISH analysis of Myc amplification was applied to all
cases. Successful probe hybridization was achieved in 81 out
of 97 cases (84% ). Gene amplification of Myc was found in
three (3.7% ) tumors and their clinicopathological data are
shown in Table I. Case 1 showed 2+ immunostaining of Myc,
in which distinct nuclear immunostaining of Myc protein was
found in the tumor cells. FISH revealed that Myc was
amplified predominantly by LC but some by MS as shown in
Figure 2A and B, respectively. In the second tumor (case 3),
cancer nuclei showed 1+ immunostaining of Myc. According
to the FISH analysis, approximately 50%  of the tumor cells
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had several clustered signals of Myc as shown in Figure 2C.
The remaining tumor nuclei showed one or two copies of
Myc and of centromere 8. Case 4 was another case with Myc
amplification in which FISH showed from 1-7 additional Myc
signals in comparison to the number of centromere 8 signals
as shown in Figure 2D. An increased copy number of Myc

was observed in the other 22 tumors; however, they also had
the same number of centromere 8 signals, therefore, they
were considered to demonstrate polysomy 8. In all cases with
polysomy 8, the number of Myc genes was less than five,
except for case 2 in which 6-9 Myc signals were found
(Figure 2E). In 56 cases, no more than two signals of Myc
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Figure 1. IHC on serial sections alternately stained for ERBB2 (A) and
EGFR (B), and dual-color FISH (C) of ERBB2 and EGFR (case 1).
ERBB2-positive cells were negative for EGFR and EGFR-positive cells
were negative for ERBB2, even though they were situated close together.
Cancer nuclei with ERBB2 amplification were identified as clustered
green signals and cells with EGFR amplification as multiple scattered
orange signals. 

Table I. Pathological details and results of IHC and FISH analysis of 3 tumors with Myc amplification.

No. Age Gender Gross classification Microscopic T N M Stage myc ERBB2 EGFR
(years) classification

IHC FISH IHC FISH IHC FISH

1 58 M Fungating, 3.4×3.0×2.7cm Mod 1 0 0 I 2+ LC>MS 3+ LC 3+ MS
3 55 F Fungating, 6.5×3.5×3.0cm Mod 3 0 0 III 1+ LC - Trisomy - Disomy
4 39 F Nodular, 5.0×4.0×1.3cm Poor 3 2 Liver IVB 1+ Low amp 2+ Low amp - Trisomy

M, male; F, female; Mod, moderately differentiated tubular adenocarcinoma; Poor, poorly differentiated adenocarcinoma; LC, large clustered signal;
MS, multiple scattered signals; Low amp, low level amplification.



were found in the tumor cell populations and thus they were
considered to be disomies of chromosome 8.

Coamplification of Myc and ERBB2 or EGFR. In case 1,
dual-color FISH demonstrated the coexistence of amplified

genes in individual nuclei for ERBB2 and Myc, and EGFR
and Myc. Amplified signals representing the Myc and ERBB2
genes formed LC opposed to each other as shown in Figure
3A, and amplified Myc and EGFR were found as MS in the
nuclei as shown in Figure 3B. In both the LC and MS,
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Figure 2. Results of dual-color FISH of Myc (orange signals) and
centromere 8 (green signals). Myc is amplified as clustered signals in A
(case 1) and C (case 3), numerous scattered signals in B (case 1), or a
moderately increased number of signals in D (case 4) and E (case 2).
In case 2 (E), a similar number of centromere 8 signals in comparison
with Myc signals are visible in most nuclei.



however, the overlapping signals of coamplified genes were
only incidental. In case 4, no close association of amplified
signals of Myc and ERBB2 were observed in dual-color
FISH (Figure 3C). In case 2, cancer nuclei with polysomy 8
showed amplified ERBB2 and EGFR in LC and MS form
respectively as shown in Figure 3D-G.

Statistics. Although all three tumors with Myc amplification
had protein overexpression, Myc amplification and/or
polysomy 8 were not statistically related to the overexpression
of Myc (data not shown). There was no correlation between
the overexpression of Myc protein and the pathological stages
(data not shown). The expected numbers of cases with
coamplification of Myc/ERBB2/EGFR, Myc/ERBB2 and
Myc/EGFR were 0.026, 0.28 and 0.28, respectively, whereas
the observed number of cases with coamplification were 1, 2

and 1, resepectively. The differences between the expected and
observed values were not significant; however, this does not
necessarily prove that they are incidental. 

Discussion

The present study identified very interesting cases,
especially case 1, with regard to the cytogenetics and
combinations of amplified genes. Although FISH has
limited resolving power on a tissue section, it demonstrated
clonal heterogeneity of gene amplification within single
tumors, a combination of the coamplified oncogenes and
the intranuclear topologies of the amplified genes. This
suggested several possibilities concerning the cytogenetic
mechanism of gene amplification, especially the
coamplification of nonsyntenic oncogenes. 
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Figure 3. Results of dual-color FISH. Cancer cells with coamplification of ERBB2 (orange signals) and Myc (green signals) in LC (A) and those with
coamplification of EGFR (orange signals) and Myc (green signals) in MS (B) were found in case 1. In all nuclei, green signals and orange signals only
occasionally overlap. Fewer than ten signals of ERBB2 (orange) and Myc (green) are visible scattered in the nuclei in case 4 (C). LC of ERBB2 (D) and
MS of EGFR (F) with increased number of Myc (E and G) were found in case 2. (D and F, triple-band filter; E and G, SpecrumGreen™-specific filter).



Firstly, in mammalian cells, high-level amplification is
detected in two major forms of metaphase structures:
homogeneously staining regions (HSR) and centromere-free
extrachromosomal double minute chromosomes (DM) (16).
An analysis of interphase nuclei with FISH shows that the
amplified gene of interest in HSR appears as LC, while those
in DMs appear as MS (17, 18). As a result, the MS and LC
signals found in this study would usually, although not
exclusively, correspond to the amplified genes in DM and
HSR, respectively. Therefore, Myc and ERBB2 appear to be
amplified in HSR, and Myc and EGFR in DM in case 1, Myc
in HSR in case 3, and ERBB2 and EGFR in HSR and DM,
respectively, in case 2. 

Secondly, the cytogenetic mechanism leading to non-
syntenic gene coamplification remains to be clarified. In a
previous study on gastric cancer in which coamplification of
Myc and ERBB2 or EGFR were observed, a case in which
numerous overlapped FISH signals of Myc and ERBB2 were
scattered in almost all amplification-positive cancer cells was
identified (11). Therefore, the coamplification of non-
syntenic genes could occur through translocational junction
and subsequent rearrangement. In the present study, however,
the coamplification of Myc and ERBB2, or EGFR found in
case 1 are hard to explain as the result of amplification of
pre-existing translocation junctions. This is because (i) Myc
amplification-positive populations contained both amplified
and non-amplified subpopulations of ERBB2 or EGFR; (ii)
in nuclei with coamplified Myc and ERBB2 or Myc and
EGFR, the distribution of the coamplified signals did not
overlap; and (iii) Myc was amplified both in the HSR type
and DM type structures, although the coamplification of
ERBB2 was exclusively associated with the HSR type and
EGFR with the DM type. If translocational fusion of Myc
and ERBB2 or of Myc and EGFR preceded amplification,
then coamplification of Myc and ERBB2 in DM and
coamplification of Myc and EGFR in HSR should have
appeared. Alternatively, Myc may have been amplified,
yielding two clones with HSR and DM and then each clone
acquired secondary amplification of ERBB2 and EGFR,
respectively. However, it is still unknown why subsequent
amplification of ERBB2 and EGFR occurred faithfully in the
same structure as Myc amplification.

Recently, Paterson et al. examined the physical structure
of the coamplification of regions 8p12 and 11q13 in five
breast cancer cell lines using dual-color FISH with many
BAC probes. These regions are frequently coamplified in
breast cancer. They found a variety of rearrangements: 8p12
and 11q13 fragments overlapping in the same location of the
chromosomes in two cell lines, entirely independent
amplification of the two regions on separate chromosomes
in one cell line and separate amplification of 8p and 11q
sequences in distinct sites on the same rearranged
chromosome in two lines. They concluded that in the latter

three cell lines, the coamplification of 8p and 11q most likely
reflects the selection of clones that have amplified both foci
(12). They also analyzed the coamplification frequencies of
representative genes on 8p12 and 11q13 of 171 breast tumors
using a CGH array. Most of the associations of amplified
genes on 8p12 and 11q13 reached statistical significance;
however, the number of cases with a gain for both loci was
only about 1.5-2 times that expected by chance. Therefore,
they concluded that the results were consistent with the
coamplification arising by selection rather than as a direct
result of prior fusions. Unfortunately, in the present study,
due to the small size of the cohort, the statistical analysis
was not definitive in determining whether the amplification
of Myc and ERBB2 and Myc and EGFR were incidental.

The combination of the coamplified genes also seems to
support the mechanism suggested above. Cancer progression
occurs in a process in which different clones or subclones are
produced by genetic instability and at the same time are subject
to selective forces. One of the cellular effects caused by the
action of Myc is the destabilization of the cellular genome
(19), which could facilitate the accumulation of subsequent
genetic or chromosomal aberrations. It is also likely that
coamplification of Myc and either ERBB2 or EGFR, may result
in a growth advantage. In case 1 of the current study, Myc,
ERBB2 and EGFR were overexpressed; however, these are the
results of gene amplification and there is probably no benefit
that a possible translocation preceding the amplification would
have given to the tumor. Being coexpressed with Myc, both
EGFR and ERBB2 were found to be amplified in mutually
exclusive cancer cells in case 1. This observation could be
explained by ERBB2 and EGFR sharing the same downstream
signal transduction systems and therefore the action of the two
molecules might be functionally redundant.

Case 4 had low level amplification of Myc and case 2
showed polysomy of chromosome 8 on which Myc is
located. Although there are fundamental cytogenetic
differences between gene amplification and polysomy, the
copy numbers of Myc genes per cell in these two tumors
were similar. There are some clinical data showing that the
gene copy number, irrespective of amplification or
aneusomy, is associated with the biological behavior of
tumor cells. For example, in non-small cell lung carcinomas,
the copy number of EGFR genes per cell significantly
correlates with the levels of EGFR protein expression (20).
Furthermore, copy numbers are important in predicting
overall survival following tyrosine kinase inhibitor therapy
in patients with advanced carcinoma (21). Reportedly, in
breast cancer an increased copy number of Myc genes is
significantly associated with poorer outcomes (22). It is
possible that in cases 4 and 2, a highly increased number of
Myc genes may have induced gene instability, which caused
associated gene amplification of ERBB2 and ERBB2 and
EGFR, respectively.
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Coamplification of Myc and ERBB2 has been extensively
examined in breast cancer; however, its frequency still
remains controversial (23-25). Interestingly, while patients
with breast cancer with coamplification of Myc and ERBB2
had worse outcomes when treated with chemotherapy alone,
the addition of monoclonal antibodies against ERBB2
reversed this trend. This has been suggested to be due to
cancer apoptosis induced by Myc because the antiapoptotic
signals from ERBB2 are blocked (26).

This is apparently the first FISH study examining Myc
amplification in gallbladder cancer. Myc amplification was
found in only 3.7%  of the gallbladder cancer cases but this
information might be useful for “tailored” target therapy to
Myc in the future. In addition, a genetic analysis using DNA
or cDNA expression microarrays may be very convenient;
however, caution should be exercised in the interpretation of
the data from studies assessing gene amplification using
“grind and bind” methodologies that fail to preserve the
topology. In case 1, if the methods based on DNA extraction
had been applied, then neither the specific combinations of
Myc and ERBB2 or EGFR, nor the mutually exclusive
amplification of EGFR and ERBB2, would have been
clarified. 

Acknowledgements

We are grateful to Dr. Johji Inazawa, Department of Molecular
Cytogenetics, Medical Research Institute, Tokyo Medical and
Dental University, for his helpful discussions.

Grant Supports: The Japanese Ministry of Education, Sports,
Science and Culture, Grants-in Aid for Scientic Research C
19590342 (AO) and C 18590327 (YD) and for Young Scientists B
19790256 (SS)

Conflict of Interest Statement

We declare that we have no conflict of interest.

References

1 Mai S and Mushinski JF: c-Myc-induced genomic instability. 
J Environ Pathol Toxicol Oncol 22: 179-199, 2003.

2 Yamamoto T, Ikawa S, Akiyama T, Semba K, Nomura N,
Miyajima N, Saito T and Toyoshima K: Similarity of protein
encoded by the human c-erb-B-2 gene to epidermal growth
factor receptor. Nature 319: 230-234, 1986.

3 Kobayashi M, Ooi A, Oda Y and Nakanishi I: Protein
overexpression and gene amplification of c-erbB-2 in breast
carcinomas: a comparative study of immunohistochemistry and
fluorescence in situ hybridization of formalin-fixed, paraffin-
embedded tissues. Hum Pathol 33: 21-28, 2002.

4 Takehana T, Kunitomo K, Kono K, Kitahara F, Iizuka H,
Matsumoto Y, Fujino MA and Ooi A: Status of c-erbB-2 in
gastric adenocarcinoma: a comparative study of immunohisto-
chemistry, fluorescence in situ hybridization and enzyme-linked
immunosorbent assay. Int J Cancer 98: 833-837, 2002.

5 Takehana T, Kunitomo K, Suzuki S, Kono K, Fujii H,
Matsumoto Y and Ooi A: Expression of epidermal growth factor
receptor in gastric carcinomas. Clin Gastroenterol Hepatol 1:
438-445, 2003.

6 Ooi A, Takehana T, Li X, Suzuki S, Kunitomo K, Iino H, Fujii
H, Takeda Y and Dobashi Y: Protein overexpression and gene
amplification of HER-2 and EGFR in colorectal cancers: an
immunohistochemical and fluorescent in situ hybridization study.
Mod Pathol 17: 895-904, 2004.

7 Hanawa M, Suzuki S, Dobashi Y, Yamane T, Kono K, Enomoto
N and Ooi A: EGFR protein overexpression and gene
amplification in squamous cell carcinomas of the esophagus. Int
J Cancer 118: 1173-1180, 2006.

8 Hirashima N, Takahashi W, Yoshii S, Yamane T and Ooi A: Protein
overexpression and gene amplification of c-erbB-2 in pulmonary
carcinomas: a comparative immunohistochemical and fluorescence
in situ hybridization study. Mod Pathol 14: 556-562, 2001.

9 Suzuki S, Dobashi Y, Sakurai H, Nishikawa K, Hanawa M and
Ooi A: Protein overexpression and gene amplification of
epidermal growth factor receptor in non-small cell lung
carcinomas. Cancer 103: 1265-1273, 2005.

10 Nakazawa K, Dobashi Y, Suzuki S, Fujii H, Takeda Y and Ooi A:
Amplification and overexpression of c-erbB-2, epidermal growth
factor receptor, and c-met in biliary tract cancers. J Pathol 206:
356-365, 2005.

11 Mitsui F, Dobashi Y, Imoto I, Inazawa J, Kono K, Fujii H and
Ooi A: Non-incidental coamplification of Myc and ERBB2, and
Myc and EGFR, in gastric adenocarcinomas. Mod Pathol 20(6):
622-631, 2007.

12 Paterson AL, Pole JC, Blood KA, Garcia MJ, Cooke SL,
Teschendorff AE, Wang Y, Chin SF, Ylstra B, Caldas C and
Edwards PA: Co-amplification of 8p12 and 11q13 in breast
cancers is not the result of a single genomic event. Genes
Chromosomes Cancer 46: 427-439, 2007.

13 Hennson DE, Lawrence W and Klatt GR: Digestive sites. In:
AJCC Cancer Staging Manual (5th edn), Flemming ID, Cooper
JS and Henson DE (eds.). Philadelphia, Lippincott Williams and
Wilkins: pp. 97-119, 1997.

14 Albores-Saavedral J, Scoazec JC, Wittekind C, Sripa B, Menck
HR, Soehenda N and Siriam PVJ: Carcinoma of the gallbladder
and extrahepatic bile duct. Hamilton SR, Aaltonen LA (eds.). In:
World Health Organization Classification of Tumours. Tumours
of the Digestive System. Lyon, IARCPress: pp. 206-214. 2000.

15 Landis JR and Koch GG: The measurement of observer
agreement for categorical data. Biometrics 33: 159-174, 1977.

16 Cowell JK: Double minutes and homogeneously staining
regions: gene amplification in mammalian cells. Annu Rev Genet
16: 21-59, 1982.

17 Coquelle A, Rozier L, Dutrillaux B and Debatisse M: Induction
of multiple double-strand breaks within an hsr by meganucleaseI-
SceI expression or fragile site activation leads to formation of
double minutes and other chromosomal rearrangements.
Oncogene 21: 7671-7679, 2002.

18 Hara T, Ooi A, Kobayashi M, Mai M, Yanagihara K and
Nakanishi I: Amplification of c-myc, K-sam, and c-met in gastric
cancers: detection by fluorescence in situ hybridization. Lab
Invest 78: 1143-1153, 1998.

19 Mai S, Hanley-Hyde J and Fluri M: c-Myc overexpression
associated DHFR gene amplification in hamster, rat, mouse and
human cell lines. Oncogene 12: 277-288, 1996.

Ooi et al: Myc in Gallbladder Cancer

25



20 Hirsch FR, Varella-Garcia M, Bunn PA, Jr., Di Maria MV, Veve
R, Bremmes RM, Baron AE, Zeng C and Franklin WA:
Epidermal growth factor receptor in non-small cell lung
carcinomas: correlation between gene copy number and protein
expression and impact on prognosis. J Clin Oncol 21: 3798-
3807, 2003.

21 Hirsch FR, Varella-Garcia M, Bunn PA Jr, Franklin WA,
Dziadziuszko R, Thatcher N, Chang A, Parikh P, Pereira JR,
Ciuleanu T, von Pawel J, Watkins C, Flannery A, Ellison G,
Donald E, Knight L, Parums D, Botwood N and Holloway B:
Molecular predictors of outcome with gefitinib in a phase III
placebo-controlled study in advanced non-small cell lung cancer.
J Clin Oncol 24: 5034-5042, 2006.

22 Rummukainen JK, Salminen T, Lundin J, Joensuu H and Isola
JJ: Amplification of c-myc oncogene by chromogenic and
fluorescence in situ hybridization in archival breast cancer tissue
array samples. Lab Invest 81: 1545-1551, 2001.

23 Persons DL, Borelli KA and Hsu PH: Quantitation of HER-2/
neu and c-myc gene amplification in breast carcinoma using
fluorescence in situ hybridization. Mod Pathol 10: 720-727,
1997.

24 Park K, Kwak K, Kim J, Lim S and Han S: c-myc Amplification
is associated with HER2 amplification and closely linked with
cell proliferation in tissue microarray of nonselected breast
cancers. Hum Pathol 36: 634-639, 2005.

25 Rodriguez-Pinilla SM, Jones RL, Lambros MB, Arriola E, Savage
K, James M, Pinder SE and Reis-Filho JS: MYC amplification in
breast cancer: a chromogenic in situ hybridisation study. J Clin
Pathology 60: 1017-1023, 2007.

26 Kim C: Trastuzumab sensitivity of breast cancer with co-
amplification of HER2 and cMyc in vivo. Breast Cancer Res
Treat 54(Suppl 1): S6 (abstract), 2005.

Received June 13, 2008
Revised November 20, 2008

Accepted November 27, 2008

ANTICANCER RESEARCH 29: 19-26 (2009)

26



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


