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Analysis of gene amplifications of CCND1, CCNE1l, and CDK6 in gastric cancers.
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In solid cancers amplified genes are potential targets of molecular
therapies. In this study the 16 genes and 22 genes reportedly amplified in gastric and mammary
cancers were examined by multiplex ligation-dependent probe amplification and fluorescence in situ
hybridization. In gastric cancers amplification of G1-S regulatory genes (CCNE1l, CCNDland CDK6)
were co-amplified with ERBB2, EGFR and/or KRAS in single cancer nuclei. In breast cancers The
frequencies of the amplification of four regions containing known driver oncogenes were as follows:
8pl11l (ZNF703, FGFR1, ADAM9 and IKBKB), 8g24 (MYC), 1113 (CCND1, C110RF30), and 17q11-21 (CPD, MED1,

ERBB2, CDC6, TOP2A, MAPT) exhibited amplification in 9.6%, 9.6%, 12.4%, and 12.1% of the tumors,
respectively. Co-localization of the amplicon on 8pll and the amplicon on 11ql13 in single cells was
frequently observed. Precise and feasible analysis of gene amplification status can be obtained
using a combination of MLPA and FISH.

MLPA  FISH



ERBB2, FGFR1, CCND1, MYC , TOP2A, ERBB2, EGFR,

ERBB2, FGFR2, MET, MYC, MDM2, CDK N-MYC
ERBB2 EGFR
single nucleotid polymorphism (SNP) oligonuclectide array comparative
genomic hybridization receptor tyrosine kinase
(ERBB2, EGFR, MET, FGFR2) cyclin E CCNE1 , cyclin D1
CCND1 |, cyclin-dependent kinase 6 CDK®6 [1-3]
ERBB2
[4-7] ERBB2 (HER2) trastuzumab
[6] Cell cycle mediator genes

1. Deng, N., et al., Gut, 2012. 61(5): p. 673-84. 2. Rossi, E., et a., Hum Pathol. 42(12): p. 1937-45. 3.
Cancer Genome Atlas Research, Network, Nature, 2014. 507(7492): p. 315-22. 4. Bizari, L., et a.,
Cancer Genet Cytogenet, 2006. 165(1): p. 41-50. 5. Lee, J.Y., et a., Sci Rep, 2015. 5: p. 9289. 6. Kim, J.,
etal., JClin Invest, 2014. 124(12): p. 5145-58.

Cyclin D1 Cyclin E G1 Cyclin D1
cyclin-dependent kinase (CDK4) CDK6 Cyclin E CDK2
S
multiplex ligation-dependent probe amplification 3
16 fluorescence in situ hybridization
179
DNA MLPA FISH
FISH Cyclin D, E, CDK4
FISH Cyclin D, E CDK6
cyclin E
hCDC4
CCND1 11q11.3  ERBBZ
17q12-21 11q11 8pll1-12
420 20

multiplex ligation-dependent probe amplification kit

cut-off fluoresence in situ hybridization (FISH)



179 35 G1-S CCNE1, CCND1, CDK4

2 FISH 13
G1-S
ERBB2 EGFR, KRAS
G1-S
420 65 (15%) ERBB2 ERBB2  17ql12-21

MED1, CDC6 TOP2A MAPT1 8pll ZNF703, FGFR1, ADAM9,
1KBKB 31 11913 CCND1  C110RF30, 8qg24 MYC

51, 41 ESR

MLPA  FISH

7
1. Oai A, Inokuchi M, Horike S, Kawashima H, Ishikawa S, MD, lkeda H, Nakamura R, Oyama T,

Dobashi Y. Amplicons in breast cancers analyzed by nultiplex ligation-dependent probe amplification
and fluorescence in situ hybridization. Hum Pathol 85:33-43, 2019
doi: .0rg/10.1016/j.humpathol .2018.10.017

Hum Pathol. 85:33-43, 2019. doi: 10.1016/j.humpath.2018.10.017. Epub 2018 Oct 30

2. Ooi A and Oyama T. Detection of CCND1 gene copy number variations using multiplex
ligation-dependent probe amplification and fluorescence in situ hybridization Methods Mol Biol.
2018;1726:101-109. doi: 10.1007/978-1-4939-7565-5_10. PMID: 29468547

3. Dobashi Y, Tsubouchi H, Ninegishi K, Kitagawa M, Otani S, Ooi A. Regulation of p27 by ubiquitin
ligases and its pathological significance in human lung carcinomas. Hum Pathol 66: 67-78, 2017. . doi:

10.1016/j.humpath.2017.05.022. Epub 2017 Jun 7.

4. Miyanaga S, Ojima E, Michiwa Y, Nakano T, Higashi K, Nishida H, Nishi K, Ooci.A. A case of
PY Y-secreting neuroendocrine tumor of the rectum associated with severely increasing constipation. .
AJSP: Reviews & Reports. 22:275-279, 2017

5. 00i A, OyamaT, Nakamura R, Tgjiri R, IkedaH, Fushida S, Dobashi Y. Gene amplification of
CCNE1, CCND1 and CDK®6 in gastric cancers detected by multiplex ligation-dependent probe
amplification and fluorescence in situ hybridization. Hum Pathol. 61:58-67 2017. doi:
10.1016/j.humpath.2016.10.025. Epub 2016 Nov 15.

6. Ooi A. HER? status examination of biopsy specimens from gastric mucosa. Letter to Editor J
Gastroenterol Digest Dis 1 (1): 4 2016.

7. Goto A, Y oh Dabashi, Tsubochi H, Maeda D, Ooi A. MicroRNASs associated with increased AKT
gene number in human lung carcinoma. Hum Pathol 56:1-10, 2016. Doi:10.1016/j.humpatol.2016.04011



2
1. Ooi A, Inokuchi M, Nakamura R, Oyama T, Dobashi Y. Amplicons in breast cancers analyzed b

y multiplex ligation-dependent gene amplification and fluorescence in situ hybridizartion. 77" Annual
Meeting of the Japanese Cancer Association. Yolohama, Sep 27-29, 2018. Osaka
2. . MLPA FISH
106
2017 4 27-29

74 2019



