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Final Goal: Amplifications, DNA methylations, translocations, and mutations are most
important major changes in cancer. But molecular methods inclucing PCR has not
been used for the clinical application of the information on those molecular changes,
and immunohistochemical staining or FISH have been used instead. The final goal of
the present study is to develop molecular methods which can detect molecular changes
in cancer and be automated, and ultimately to develop useful molecular markers for
prognosis or theragnosis. The present 1-year preliminary study is about the method
establishment for the future clinical application.

The goals for the present-year study:

1) to establish the method to analyze rearranged sequences in gastric cancer

2) to establish the method to analyze mutation detection method in gastric cancer

3) to establish the method to classify gastric cancer molecularly

4) to analyze the clinical implication of CKAP2 in gastric cancer

Methods and Results of the present-year study

1. To establish the method to analyzed rearranged sequences in gastric cancer. Gastric
cancer tissues and serial plasma samples were collected. 1) A prospective with the
prospective collection of gastric cancer tissues and serial plasma samples and 2) a
retrospective study employing gastric cancer samples in NCC tumor bank in which
serially collected plasma samples are available were planned and approved by IRB.
Currently about 20 recurrent gastric cancer samples with serially collected plasma
samples are available, and prospective collection of 50 gastric cancer tissues and

plasma samples is In progress.




Among these samples, 10 recurrent cases in which serial plasma samples are available
were analyzed. When H&E slides were reviewed, most cases did not contain enough
cancer cell proportion in tumor tissues, and microdissection was made for all 10 cases.
However, the total prepared DNA amount was not enough for all TNGS-CNB method
which is originally planned to use. Therefore we changed the plan, and whole genome
NGS method was employed. This whole genome NGS has disadvantages such as high
cost and long analysis time, but has advantages such as necessity of relatively small
DNA samples and obtaining other molecular information including mutations and copy
nubmer changes. We performed whole genome NGS analysis over 10 recurrent cases
along with paired normal samples.

The analysis result of TNGS-CNB (targeted NGS for copy number breakpoints) for
the analysis of rearrangements in colon cancer was published, and the feasibility of
this method in cancers with recurrent rearrangement sites is suggested.

2. Classification of gastric cancer with copy number changes. Several genes with
increased copy number have recently been published, and the clinical classification of
gastric cancer with copy numbers 1s suggested. In this report, the cases with FGF2,
HER2, EGFR, MET, or KRAS copy gain showed worse survival, and they suggested
that specific target agents for the amplified genes can help to improve the patient’s
survival. In this project, we are plan to classify gastric cancer molecularly by
establishing mrcPCR method and testing 24 gene copy status in gastric cancer tissues.
Currently, mrcPCR methods for 24 gene copy number have been established, and are
employed for gastric cancer tissues.

3. CKAPZ expression in gastric cancer tissues. We recently showed that
CKAP2 can be a marker for cancer cell growth, and the clinical importance of
proliferation by measuring CKAPZ expression was tested in gastric cancer. We
performed IHC study on about 400 cases, and found the -correlation with
survival in a subgroup of male gastric cancer cases. We also reported the
correlation of CKAP2 expression with breast cancer survival with the help of
this fund.
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Difference with real competitive PCR

1.Cloned competitors vs synthetic
oligonucleotides: a. more accurate control of
the input competitor amounts with cloned
competitors. b_bigger sequences can be
emploved with cloned competitors c. errors
during oligonucleotide synthesis can increase
assav variation.

2_Extra-denaturation step was introduced:
this vields more consistent results.

3. Multiplex PCR for equal to or less than
five target sequences: highly multiplexed
PCE vields more assay variation

4 Removal of remnant primers after
multiplex PCR.: reduction of non-specific
extensions

5. Single base extension: SNaPshot kit

6. Automatic sequencer vs MALDI-TOF MS:
more availability and accessibility of the
automatic sequencer
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1% 3. Measurement of ERBB2 gene copy number by mrcPCR. (A) Representative

results for measurement of ERBB2 copy number by mrcPCR using two ERBBZ2 sequences
(5-ERBB2 and 3-ERBB2) and two reference sequences (ALDOC and G6PC3). Eight peaks
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originated from either genomic DNA (blue) or the competitor (red). (B) mrcPCR assay
variation depending on extra-denaturation procedure. Standard deviation (SD) values for the
nRRs are shown. (C) Reproducibility of mrcPCR by five independent assays. (D) ERBB2
copy number by mrcPCR in control and cancer cell samples. The y-axis shows the mean
nRR values of 5-ERBB2 and 3-ERBB2. (E) mrcPCR results using various amounts of input
genomic DNA (blue, 2.5, 5, 10, 20, or 40 ng) and competitors (red, 6.25, 12.5, or 25 fg based
on ALDOC competitor). The y-axis shows the mean nRR values of 5-ERBB2 and 3-ERBB2.
(F) Detection of ERBB2 amplification in serially-diluted DNA of JIMT-1 or T47D cells. The
y-axis shows the mean nRR values of 5-ERBB2 and 3-ERBB2. The assay was performed in
duplicate. (G) Comparison of mrcPCR results with those from standard methods of
immunohistochemistry (IHC) and fluoresence in situ hybridization (FISH). Y axis: corrected
nRR for ERBB2 copy based on cancer cell percentage as described in Materials and Methods.
The red spots are the samples that contained only about 30% tumor cells. (H) Comparison of
mrcPCR results between fresh-frozen (black) and formalin—fixed paraffin-embedded (FFPE,
gray) cancer tissues (P < 0.001, R = 0980, by Pearson correlation test after logarithmic

transformation). The assay was performed in triplicate.
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Normal DNA I | I . .
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l Analysis

DNA mixture of 1 1 '
Normal and H-mole

BAF v o AR=BAF/{1-BAF)

{ -5 o = Al-Dd or
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DNA mixture of 2 } .
Cancer and H-mole BAF 2/3 1/3

ARcy  (213)[1-(213)]=2 (A3-(1/3)]=112

ARR 211=2.0 (1/2)11=0.5 ARR =ARcH/ARNH

1% 4. Schematic procedure for competitive SNP microarray. First, alter homozygous alleles were

selected (SNP3 and SNP5). From B allele frequency (BAF) values, allelic ratio (AR) was
determined for mixture samples of 1) normal and H—mole DNAs, and 2) cancer and H—mole
DNAs. B allele is automatically designated by Genome Studio software (Illumina) and is marked
in black box. From AR values from two mixture samples, ARR was obtained. The formulas for

AR and ARR were shown.
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Table 1. A2 ©& H&ZE cancer &2 normal DNAZS H-mole DNA® £35S v cancerol] A ¢

Zholr sk Aldtels WU,

N-H C-H

; . Copy Cancer Normal H-mole N-H mix C-H mix BAFy
mix  mix =

ARnyr BAFrm ARry ARR nARR

afic. TGS Number  genotype genotype penotype genotype genotype H
4 BBEB BB AA AABB AABBEB 2/4 2/2 4/6 4/2(2.00) 2.00 2.00
3 BEB BB AA AABB AABBB 2/4 2/2 3/5 3/2(1.50) 1.50 1.50
22 or 22or ; :
i $44 2 BB BB AA AABB AABB ZM 2/2 22 2/2(1.00) 1.00 100
1 B BB AA AABB AAB 2/4 2/2 1/2 1/2(0.50) 0.50 0.50
0 BB Aa AABB AA 24 2/2 0/2 0/2 (0.00) 0.00 0.00
4 BEEB BB Aa AAABB AAABBBE 2/5 2/3 4/3 4/3 2.00 2.00
3 BEB BB AA AAABB AAABBB 2 2/3 3/3 3/3 1.50 1.50
2- 2-3
23 = 2 BB BB AA AAABB AAABB 2 2/3 2/3 2/3 1.00 1.00
1 B BB AA AAABB AAAB 2/ 2/3 1/3 1/3 0.50 0.50
0 BB Ad AAABB AAA 2/5 2/3 0/3 0/3 0.00 0.00
4 BBBB BB AA AABBB AAABBBE 3/5 3/2 4/3 4/3 0.89 2.00
3 BEB BB An AABBB AAABEB 3/5 3/2 3/3 3/3 0.67 150
-2 2
32 23 2 BB BB AA AABEB AAABB 3/5 3/2 2/3 273 0.44 Loo
1 B BB AA AABEB AAAB 3/5 3/2 13 1/3 022 0.50
0 BB AA AABEB AAA 3/5 32 0/3 03 0.00 0.00

In the table example, the allele B is the B allele, and the values for various parameters are
the expected values.

N-H mixture or N-H mix, the mixture of normal and H-mole DNAs; C-H mixture or C-H
miX, the mixture of cancer and H-mole DNAs; N-H mix ratio, the ratio of normal and
H-mole DNA amounts in the N-H mixture; C-H mix ratio, the ratio of cancer and H-mole
DNA amounts in the C-H mixture; Copy Number, the copy number in cancer; Cancer
Genotype, the genotype in cancer sample DNA; Normal genotype, the genotype in normal
sample DNA; N-H mix genotype, the genotype in then-H mixture; C-H mix genotype, the
genotype in the C-H mixture; BAFNu, the ratio of B allele and total allele amounts (or B
allele frequency) in the N-H mixture; ARxn, the ratio of B allele and A allele amounts (or
allelic ratio) in the N-H mixture; BAFcy, the ratio of B allele and total allele amounts (or B
allele frequency) in the C-H mixture; ARcn, the ratio of B allele and A allele amounts (or
allelic ratio) in the C-H mixture; ARR, the ratio of ARcy and ARnm, or the AR ratio; nARR,
the ARR values which are divided by the median ARR value, or normalized ARR.

In the table example, the ARR value from copy number 2 (underlined) was used as a median

value
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I3 5. A representative results of from Log R ratio, nARCH, and nARR in a colon cancer
sample. Log R ratio was obtained from Genome Studio software; nARR was calculated
employing DNAs from a cancer tissue, the corresponding normal tissue, and H-mole with
cSNP software.
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Sample preparation
DNA samples from 7 paired colon cancer and
normal issues, and 2 colon cancercell ines

G Genomic DNA of H.mole
0008 Genomic DMA of Normal
l- 000k Genomic DMAof Cancer
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cSNP microarray

Analysis of copy alterations using ¢cSNP analysis

91 copy-number breakpoints (CNBs) amounting
10 3.8 Mb size

Probe design, targeted capture and next generation
sequencing

Single-array formatwith capture size of 2.2 Mb for

all 91 CNBs after removal of repetitive sequences

Bioinformatics analysis

23 candidate rearranged sites after alignment and
filtering of sequence reads

Confirmationwith PCR and sequencing
18 PCR-amplifiabie tumor-specific rearrangements

a3 7. TNGS-CNB scheme. Out of 91 copy-number breakpoints deduced using a novel
competitive SNP microarray technology, 19 PCR-amplifiable rearrangements were identified
from seven paired primary colon cancer and normal tissues and two colon cancer cells by

capture and next-generation sequencing of those copy—number breakpoints.
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20 and 21
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% 2. TNGS-CNBW o2 el Aujds Ads.
Copy-number TNGS ; .
Sampl breakpoint region Read end 1 Read end 2 A‘mP}.If' AmPF‘ﬁ'
e ) Predicted cDNA Gl -
Chr.!  Position (in micleotides) Chr. ! Position Chr. ! Position tomor  normal

= C1-1 1 3262098%9-32670780 1 Intergenic DNA 1 Clorf86 intron Exon 1-7 deletion of Clorf86 Y
Cl-2 13 72372766-72444211 13 DACHI intron 13 DACH]1 intron Partial exon land exon 2-3 deletion of DACH1 Y
C2-1 16 6700639-6746495 16 RBFOX1 intron 16 RBFOXI1 intron Exon 3 deletion of RBFOX1 Y
c2 (€22 16 6911049-6926992 16 RBFOX1 intron 16 RBFOXI intron Exon 3 deletion of RBFOX1 Y
C2- 16 57340898-57392483 16 Intergenic DNA 21 Intergenic DNA ¥
. €31 1 79458097-79521105 1 Intergenic DNA 1 Intergenic DNA Y
G C3-2 1 80719519-80758711 1 Intergenic DNA 2 ANXA4 intron  Exon 2-13 deletion of ANXA4 Y
- C4-1 5 3764835-3856153 5 Intergenic DNA 5 Intergenic DNA ¥

C4-2 7 54247350-54264207 7 Intergenic DNA 7 FKBPSL intron Y 2
C5 C5-1 8 3B120026-38193268 § WHSCIL1 intron 17 Intergenic DNA  Exon 1-12 deletion of WHSCIL1 Y
C6-1 16 5776180-5863513 16 Intergenic DNA 16 RBFOZXI1 intron Exon 1 deletion of RBFOX1 Y
c6 C6-2 168 6455807-6569122 16 RBFOX1 intron 16 RBFOX1 intron N
C6-3 - 16 RBFOX1 intron 16 RBFOXI intron Exon 3 deletion of RBFOX1 Y
C7-1 3  60448421-60459041 3 FHIT intron 3 FHIT intron Exon 5 deletion of FHIT Y
. €725 27040172-27058600 5 Intergenic DNA 5 Intergenic DNA Y
e C7-3 9 121112114-121136985 9 Intergenic DNA 9 ASTN2 intron Exon 4-22 deletion of ASTN2 Y
C7-4 16 83284155-83293878 16 CDHI3 intron 16 CDHI3 intron Exon 3-5 deletion of CDH13 Y
CB-1 16 6700639-6746495 16 RBFOX1 intron 16 RBFOXI intron No deletion of RBFOX1 Y
C8-2 8  128601683-128606353 g Intergenic DNA g Intergenic DNA 4
cgt C8-3 8  129746645-129857169 8 Intergenic DNA 8 Intergenic DNA ¥
C8-4 12 27552182-27572054 12 ARNTL2 intron 12 Intergenic DNA  Exon 15-17 deletion of ARNTL2 Y

C8-5 16 82855099-82866517 16 CDHI3 intron 7 Intergenic DNA Y Y2
C8-6 22 31618708-31645509 22 LIMK2 intron 22 PRRIAL intron N

!Chromosome number

’Two rearrangements were amplified also in normal samples, indicating that these are
constitutive genomic rearrangements.

Two candidate rearrangements were analyzed by next-generation sequencing in the same
region as sample C6, but only one was amplified by PCR.

‘Samples C7 and C8 are the COLO205 and SW620 cancer cell lines, respectively.

ID, identification number
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A Ao AFAS Eolr] 9dte] TAAUYZAAAMY AUME percentages: AA =
83tk HE TCGAONA = 1M Ee] percentages 60%°]/do =2 A3t §
2ol A 919 AI 9] proportions A4 87| fieto] HXE |3 A8l vzks}
Aelatar thEEe] FA oA UM ES percentage’} 50%0] FA 1
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O 9ol M9 tumor percentageo] T3 FAE= AE design® W] AJ=AHEo EA7} AL Ao
2 ddS AR w27 dE aEskA ZPd EAAT ook 2e EAE siAstax
microdissectionS A @33t 12 7FA] microdissectorES Ab&3te] AldE A=, 1 T 3y
7} microdissection?] GAIEE EWHEA THET £ AdQoH, microdissection & HAEE £
A B = gt 2™ 125 microdissectiong A3 a3+ o] 2 inflammation®] Bl U]
+d A EE0] o]l QoA macrodissection® EE A E ] percentageE Y S gl

microdissection®. 2 ©] EAE 2L 4 A

= z icrodissectiond}”7] o] A9 otz ZH o],
ZMo g FAE FHo] oA EV Rojgls BEo|t) o] FEE TS microdissectiond}ed tubeo] &
jig

gttt 2 EZ& 188 microdissectiond GAEE0] Wl yrlil YW A inflammation® A AZE
Z FHFo] Fdol Jd5S HoFa Q)

q
o
rlo
=]

O ©]9 #o] microdissectionS Al #al=d, AAFE oJHE FEEr] Ydte] HREG M S Al &8
Ak wetbA olE@ Al H&ES M3 microdissection A S A A 28 DNAY qualityel] W3H7t
AE=AE checkdt”] 93te] microdissectiond ZZtEoA DNAS st 7|9 %S A3 5o]

DNA fragment sizeZ <23, Ys 9UdZFZA A microtomel E A ZHS A& T =

vl 223 DNAS ®lulsle] 1% agarose gel electrophoresisoll Al 8 zlo) 7} givkE AL gHals)
At (29 13). WA microdissection®. E A& DNAE txAo Ao AujdE EAs=dH o] &

@ % qctw wustg.



Mr a b ¢ Mr AB C

29 13, 9 =49 microdissection ¥ DNA quality 7. S2%4< microtomel & $FA 2HabA
223 DNA (A, B, O)¢ H&EZ M % microdissections £3dto] £]3 DNA (a, b, ¢)9 qualityS
1% agarose gel electrophoresisE &}to] #2135} th. Mr, 100 bp ladder DNA marker.

O 9l #9244 microdissections Estol @& DNAYo] 2 AFolAd TNGS-CNBW
He AREEdle UF FR8kdth o5 feiMe AP 4 sAXARY AN B2
ko] zAo] FR3I A7 Wekil microdissections BA B& sectionol A A & s]oFwt 3Tl
Wzl A TNGS-CNBRUE= whole genome NGSE EA35tE Ao dAHolgta wHuhaloltt.
Whole genome NGSE #4151 H] &S @Wo] ARE I bioinformatics®24] Al 7ko] Bo] AQ ¥t}
= @do] A copy number ¥ 3Fe} mutationo] I AR Z FAH AL £ = H
k. ol9l e ko] wel whole genome NGSE &= £ 02 ZAA 1l microdissectiond 10
case] 91gAES &EE AN 924 1070, F 20702 AlFel dis] whole genome NGSE
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© Bioinformatics 4232 Astg =, o] 43 normaldl W3] cancerol] W 3}E o

O AAF} rAxe HuE Esle] EAMEES F43F 283 25 rearranged sequnces #
= Aol Zxed, A translocation¥} inversiono|Z}il FA|E F-EEo| A rearranged sequence
PN

E 2SS 5 Js Ao diHy. ueba o] F9lolA rearranged sequence’t ¥ A FHo] =
A& sequencing data® A EHWAA F2sts FHS st )t o] FPo2RE I AlaT 5
9] rearranged sequenceEs AWelil, o] F9lo tidt dxz HolAdS FWetiA PCR primer

=35 designdlil PCRS A3 g A & ot}



¥ 3. 994=x29 whole genome NGSE E43lo] A& GA XA Ex4 W3}l

Order no | Sampl Smal!| Small del Sopy Lige Copy num | Duplicati | Insertio | Deletio | Inversio | Translocat

SNPs |nsertio 5 mber gai 2
elID s etions he ber losses ons ns ns ns ions

TsAX INLC | 1168|277 246 128 4 27 2 72 60 %
1408AHX

-0001 N2_C2 3,399 1 5 52 4 6 - 37 3 -
lﬁgiﬁ?x N3_C3 | 14,816 242 271 72 8 39 3 234 8 -
1‘{%’;’3;”( Naca| 17723 350 567 354 21 169 2 136 79 94
THBAHK N5_C5 6,398 116 123 34 5 2 1 36 = 4

-0001

1%%%3'1—'}( N6_C6 | 14,819 328 256 100 4 25 2 58 38 6
Ll N7_C7 108.0 11,162 49,614 6 14 10 4 64 1 10

-0001 7

1%%%8}1—'}( N8 _C8 9,212 177 215 156 26 62 2 633 31 16
1408AHX

-0001 N9 C9 2,792 a3 70 13 21 13 - 44 27 16
1408AHX | N10_C 836,0

-0001 10 66 15,820 22,001 142 5 108 158 665 57 62
6) vl mE AY ERE AW AUF 2HPEY FY
O Av%el F7he F7hE AR AAA WS Bl vk BBl Utk H el A oA
4 F44 5707k FE50] Qoke glo] wus e, ol AlM copy number statusE 73
S S FoA MPHS BusE 277 "oke dued gPHoR FaF 9og 2 v}
BOSATE B ATANE Fae) snsuste] Be fige] 2R bsd A o RE Hels] A%
of, A el F EAol & FAA 200l the) ¥ W T 5 9 mrcPCR WL F
YA, NCI-60 A EFo4 ZAste] o A%7F d& QPCR 52 microarrayol A ¢ Ao} f-A1ath
= A2 s (29 14).
O £ 4ol FA A2 24709 listeh Al /Mg gl ds) AelstAdrt o5 Tole A d4
o AF&H = FEAE AAR A ALFoIAY ddel o7t A= FEAE] ETFH AUk
F5 olE 24 EAFAA] R EAFYAIL AW o wol AwE o Folm, olEe] Atgol
eiA EAFAR FEAUE S5 Qe B G Mol U AwA B F Qo
ne 9ol Agd =0l d Aow U & Sk



34 FEEAFAA 24709k AA AFE FolAY N EA L] St
Gene Chromosomal location Drug Ref
RAF1 3p25 *PLX4720°, AZ628°, SB590885¢ 1,2
PIK3CA | 3g26.32 NVP-BEZ235° GDC0941" it
KIT 4qll-ql2 Sorafenib?, Sunitinib?, 1
KDR 4qll-ql2 Sorafenib?, Sunitinib?, 1
PDGFRA |4qll-q13 Imatinib®, *Sorafenib?, 1
hTERT 5pl5.33 BIBR1532¢ 3
PDGFRB | 5g31-q32 Sorafenib?, Sunitinib?, 1
EGFR Tpl2 *Gefitinib?, Erlotinib? 1
ABCB1 7q21.12 *CP100356° 4
MET 7q31.2 *PHA-665752%PF-02341066" i
FGFR1 8pll.2-pll.l *PD-173074¢ il
PTK2 8g24.3 *FAK Inhibitor 14°, PF-00562271%, PF-00562271°( 1, 5-8
PF-04554878%, GSK2256098"
MYC 8q24.12-g24.13 c-Myc Inhibitor I, *c-Myc Inhibitor 11 9.10
ERBB3 12q13.2 AV-203¢ 11
Aktl 14q32.33 MEK-2206" A-443654°, AKT inhibitor VIII® 1
MAP2K1 | 15¢22.1-q22.33 PD-0325901» RDEA119°, CI-1040°, AZD6244° 1
IGF1R 15q26.3 BMS-536924¢, BMS-754807", *Podophyllotoxin® 1,12
MRP1 16p13.11 Reversan® 13
AURKB |[17pl13.1 ZM-447439<, 1
ERBB2 17q11.2-q12 Lapatinib?, TAK1655, ERBB2 inhibitor II¢, |1,
*AG825¢
TOP2A 17q21.2 Doxorubicind, Etoposided 1,
MAP2K2 [19p13.3 *PD-0325901*RDEA119? CI-1040P, AZD6244b 1
AURKA [20q13.2-q13.3 VX-680b 1
TP63** 3q28 14
A Multiplex set C
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I A, mrcPCRS 93 247 449 multiplex PCRZ 3. A-H37}A] % 6 set9] PCRZ 2470
A2 a4 =A. B, mrcPCR#FA 9l A single base extension® ZA ¥, C. A2¥3E 43 4
9] FlH s Mo g wAs a8,

7) CKAP2 27 ¥33ad9gd4S 3 CKAP2 1d%x% 437 Y& AAAA

O = AFE Al AFEBAAA APat7= e, A 1AZFAdA AP 100702 22
40070 ool AgdFA el e ZHudsistg Moz sofste] A 24| F Al FFYEr R s o,
ol a3 IRB AIZAME FAdste] I dAE IRBe $A& wku

O <F 500709 =& o2 A 23 tissue microarrayoll A CKAP2 34 & o] &3te] IHCE NS A3t
o a9 169 22 AFE A& F duh ol#He Ao CKAP2 ¥4 Mxel =71 fdskxte] A

217 15. CKAP2 immunohistochemical staining of gastric cancer tissues. The chromatin CKAP2-positive
cell numbers were clearly shown among the wvarious gastric cancer types: well differentiated
adenocarcinoma (A, intestinal type), poorly differentiated adenocarcinoma (B, diffuse type), signet-ring

cell carcinoma (C, diffuse type), and mucinous adenocarcinoma (D, mixed type). Each bar represents



100 pm.

O CKAP2¢] THCE #4435} U2 CPCC (CKAP2 positive cell count) & #2
ol 2= TMA core 4374l thate] AdAQ1 5A ] AAFES A
o} 2okt
3t 5. Correlation between CPCC and clinicopatholgic characteristics of
patients.
. dian CPCC + z
AV a me -
ariables Group+ N Lisatio mres) FPle
1 Male~ 301« 12 (6. 21)- o
Gendex: Females 136+ 8 (2. 17)e 0.002+
<500 119 8(2.17)- o
Ko 50-59- 1230 13 (5.5, 20)¢ 0.003¢
i 60-69. 1460 11 (5. 20.8)- 0.009-
=70 490 11 (5, 23)e 0.011-
WD or MD+ 166 13 (6. 21 8)¢ e
Histologic Type¢ PD+ 178 10 (4. 18.8)¢ 0.071¢
(WHO) T SRCe 68 552, 12) <0.001-
Others+ 250 18 (6.75, 44.75)¢ 0.068¢
Intestinal~ 207+ 12 (6. 21)- e
Lauren+ Diffuses 151+ 6(2, 14.8) = 0.001~
Classification 1T+ Mixed+ 36+ 10 (5. 19.8)- 0.343¢
Unknowne 430 14.5 (9.3, 32.5)¢ 0.010+
Tle 183 9(35.17) ¢ o
Depth of 20 440 15(4,28) ¢ 0.035¢
Invasionls T3+ 830 11(5.18) » 0200«
T4s 1270 12(6.22) » 0.038-
N0 219¢ 10(4.18.5) » o
_ Nle 500 125(6,22) ¢ 0.351¢
1+1
LB Mepastaas N2e 58 11(5,17) » 0.586¢
N3e 110e 11(5,23.5) ¢ 0.340¢
—— No« 411+ 11(4.20) ¢ "
i Yeso 260 8.5(6.14.5) # 0.840 «
Middles 81o 8(4,17)0 E
_ Uppere 530 9 (2. 16)» 0.624¢
T
Tumior Location peseeen 263 11(5.21) 0.030¢
Overlapping+ 40+ 13 (4.8, 22) 0.133¢
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Abstract

Background: The concept of the utilization of rearranged ends for development of personalized biomarkers has anracted
much attention owing to its dinical applicability. Although targeted next-generation sequencing (NGS) for recument
rearrangements has been successful in hematologic malignancies, its application to solid tumors ks problematic due 1o the
paucity of recument transbocations. However, copy-number breakpoints (CNBs), which are abundant in solid tumors, can be
utilized for identification of reamanged ends.

Method: As a proof of concept, we performed targeted next-generation sequencing at copy-number breakpoints (TNGS-
CMB) in nine colon cancer cases Including seven primary cancers and two cell lines, COLO205 and SW620. For deduction of
CNBs, we developed a novel competitive single-nucleotide polymorphism (cSNP) microarray method entailing CNB-region
refinement by competitor DNA

Result: Using TNGS-CNB, 19 specific rearangements out of 91 CNBs (20.9%) were identified, and two polymerase chain
reaction (PCR)-amplhifiable rearrangements were obtained in six cases (66.7%). And significanty, TNGS-CNB, with its high
positive identification rate (82.6%) of PCR-amplifiable rearrangements at candidate sites (19/23), just from filtering of
aligned sequences, requires linke effor for validation,

Conclusion: Our results indicate that TNGS-CNB, with its utility for identification of rearrangements in solid tumors, can be
successfully applied in the clinical laboratory for cancer-refapse and therapy-response monitoring.
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Intreduction malignandes [1.4,5]. Their olinical implications, in the context
of hematalogic malignancies, subsequently has been conBrmed by
acveral studies [6,7,8,9). Recurrent remrrangements, however, are
!lniu-:.-:] leature _nl' cancer, Because rem I.mqu:llmul..i.t it present raze in solid tumars, and in most cases, information on rearranged
in normal eells, it can be a useful means of momtoning cancer sequences is not availabile,

relapse and response to therapy [1,2,5]. Initially, the recurrent Recemly, whole-genome next-generation sequencing (NG S; has
rearcangerment nduding BCR-ABE, AALI-ETO, TEL-AMEL, and

TML-RARA il used with “"“““.'"ﬂl 1“_h":'|"q_":' ich and s dinical application in cancer has been sucomsfully
reversamnscription. polymerase chain eeaction (RT-PCR) 0 gepaneraed [10,01], Although the acquisivion of NGS daa by
monitor minmal  residual wmers and  classify  hemanologic now is relatively straightforward, its anabsis can be extremely

Fumor-pecific, widespread rearrangement of DNA is a

been emploved w obain nformation on rearranged sequences,
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Chromatin CKAP2, a New Proliferation Marker, as
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Abstract

Background; The level of proliferation activity is a strong prognostic or predictive indicator in breast cancer, but its optimal
measurement is still in debate, necessitating new proliferation markers, In the present study, the prognostic significance of
the CKAP2-positive cell count (CPCC), a new proliferation marker, was evaluated, and the results were compared with those
for the mitotic activity index (MAI,

Methods: This study included 375 early-stage breast cancer samples collected from two institutions between 2000 and
2006, Immunohistochemical staining was performed using a CKAP2Z monoclonal antibody. Cox proportional hazard
regression models were fitted to determine the association between the CPCC and relapse-free survival (RFS) amongst three
groups formed on the basis of the CPCC or MAI value: groups 2 and 3 showing the middle and highest values, respectively,
and group 1 the lowest

Resulrs: After adjustment for age, T stage, N stags, HER2 status, estrogen receptor status, progesterone receplor status,
Institution, and year of surgical resection, the CPCC was associated with a significantly worse RFS [hazard ratio [HR] =410
(95% Ck 1.64-10.29) for group 2; HR =435 (95% CI: 2.04-1035) for group 3). Moreover, its lc significance was
similar to or higher than that based on the MAI {HR = 2.06 (95% C: 0.94-4.65) for group 2; HR =2.35 (95% Ck 1.09-5.10) for

group 3). In subgroup analyses, the CPCC showed a prognostic significance in the luminal A and triple-negative subgroups,
but not in the HER2-positive subgroup.

Conclusions: Chromatin CKAP2 is an independent prognostic marker for RFS in early-stage breast cancer, and could
potentially replace the MAI in clinical evaluation of proliferation activity. Additicnally, our study resulis suggest that the
prognostic significance of proliferation activity differs among the various subgroups of brexst cancer.
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Introduction

Proliferaton activity his been recogmized a5 one of the mos
reliabde breast cancer rlnwllnl'n'.mu!. |’|.EJ|. Muoreover, it b
been identificd as a rdmble preductive marker for anti-cancer
therapy, with higher prolferation activity correlating with stronger

wllition to clsical maonc
counting, a tmimber of murkers, incheding K67, ovclin 1, evidin
E. pf_:,’j', p2l, thymmidine kinsse, Irlpui-um)u'::lu' Mer, ol |£||m|)hu-
hisone H 3, have boen wed o measure prolifermtion activity [6.7]
Hewever, debate continues over which proliferation marker is the
most reliable for chnical apglication. For example, whereas the
matotie activity index (AIAL has been e st rediabile Baeast

TSP 10 g 1I'IIIII|]Il1il|I'!|' [-L"I. 5

PLOS ONE | were plosoreong

cancer progaeesticator [1,2], e clinicad appheation data on K67
has been meondusne [89). On the contrary, s o predictive
marker @ beeist canier, K67 hus e the most \'.pluh
evauted, showing its cindcal applicabiiey, cgpecially in ople-
negative (TN breast cancer [3,10,11] Clearly, further progiostic
and predictive evabheations of the currently availabile markers are
necessary, and development of new prolifrston markers, in s,
conlil facilitote the clinkeal applicaton of profifemiton activity 1o
bvast caneer,

(}_flmh'h'lrm-aﬂq:i. e ;:qu'ill 2 CKAP2 [l W DI - S i
e mwerotibube-asocited proteindevtiskeleton-wsocited protein
2 (TMAP/CKAPH] & a microtubuale-associated proaein that plays
iu'v_. robes in the n'gjll.ll'llm of  macreandmle -BN'IHIJ]:! il
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Cancer cells promote survival through depletion of the von Hippel-Lindau
tumor suppressor by protein crosslinking

D-S Kim'. ¥-B Choi'. B-G Han'. S-Y Park’, Y Jeon’. D-H Kim', E-R Ahn'. I-E Shin', BI Lee',

H Lee®, K-M Hong' and 5-Y Kim'

'Cameer Cell and Molecwdar Binlegy Branch, Division of Concer Biology, Rescarch fnstiture, Covang, Korea and” Cancer Rexources
Branch, Division of Cancer Bivlogy, Research fnstituce, Goyang, Korea

Nuclear factwor-kB (NF-kB) and  insulin-like  growth
fuctor-1 (IGF-1-mediated signaling is associated with
dilferent tumors including renal cell carcinoma. NF-xB-
and 1GF-1-mediated signaling is found (o be inhibited in
the presence of wild-type von Hippel-Lindan (VHL)
tumor suppresser gence. Therefore, negative regulator of
VHL may be a good tirget or regulating NF-xB and
IGEF-TR. In this study, we found that VHL. a tumor
suppressor protein that downregulates the NE=kB activity
and the stability of IGF-IR was depleted by TGase 2
through polymerization via crosslinking and proteasomal
degradation in Kidney, breast amd ovary cancer cell lines.
We also found that TGase 2 knockdown promoles
hypoxia-inducible Factor loe (HIF-12) degradation, and
therehy decrease HIF-la transeriptional activity, Impors
tantly, YHL expression was decreased foovive in TGase-2-
tramsgenic mice, and this was associated with inereased
NF-kB activity and the levels of expression of 1GF-TR.
HTF-12 and ervthropoictin in Kidney tissue, These resuolts
sugeest @ povel mechanism of regulation of the YHL
tumor suppressor by TGase 2 that appears to be indepen-
dent of the known cancer regulatory mechanisms.
Crcogerre (200 1) 30, 4T80-4790; doi: 10,1038 /one. 200 1.183:
published online 30 May 2011

Keyworids [r.'lﬁSﬁiul;uﬁiH.'!Nﬁ}' .4
Lindau; 1GF-1R; HIF-1x: EPO

NF-xB; von Hippel

Introduction

TGase 2 (EC2.1.2.13) is a crosslinking enzvme that has
been implicated in numerous cellular pathways, includ-
ing cancer ¢ell proliferation, muigralion, angEpogencesis,
epithelial mesenchymal transition and drug resistance
(Verma and Mehta, 2007; lismaa ef af., 2000; Shao of af..
2009; Seo et al., 2010). A series of studics have shown
that the induction of TGase 2 contributes to constitutive
nuclear factor-xB (NF-xB) activation via polymeriza-

Correspondence: Dr 5-Y Kim, Cancer Cell and Molecular Hiology
Branch. Mational Cancer Center, 323 lsan-ro, llsandong-gu, Goyang,
Kyunggi-do 410-769, Karea
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tiem of the inhibitor of NF-kB (Lee er af., 2004; Kim
et al., 2006; Park er af., 2006), and that this is one of the
mechanisms of drug resistance in cancer cells (Mehta
el al,, 2004; Herman er al.,, 2006, Kim et wl., 2006, 2008,
2009; Park er ol 2006; Gangadharan e al, 2009),
Increased TGase 2 expression correlates with increased
NF-xB activity in breast cancer tissue (Park er al.. 2009).
Amplification of NF-xB-mediated signaling activity by
TGase 2 appears 1o be mediated by the depletion of
peroxisome proliferator-activated receptor-y, a known
mhibitor of MF-xB (Maiuri et aof., 2008). Either case
of TGase-2-madiated downregulation of inhibitor of
NF-xB or peroxisome proliferator-activated receptor-y
presents reducing suppressor of inflammatory transenip-
twen factors, We have proposed that TGase-2-mediated
protem- protem crosshnking serves as a umque mechan-
ism of secondary signaling through post-translational
maodification (Seo er all, 2010).

The von Hippel-Lindauw (VHL) tumor suppressor
protein, as part of a ubwquitin-hgase complex, 5 well
known to downregulate msulin-like growth factor-1
(IGF-1R; Yuen er al., 2007). In renal cell carcinoma
cells, VHL also downregulates NF-kB activity by
suppressing NF-xB targetl anti-apoplolic genes such as
FLICE inhibatory protein (¢-FLIP), survivin, imhibitor
of apoptosis-1 (IAP-1) and ¢-TAP-2, which sensitizes
cells to wmor necrosis factor-induced  cytotoxicity
(G and Ohh, 2003), Importantly, VHL has been shown
to downregulate the hypoxia-inducible factor (HIF) by
targeting HIF-12 subunit for polyubiquitinylation and
proteasomal degradation, resulting i inhibit diverse
growth [actor mvelved in renal cyst formation and
angiogenesis, such as transforming growth lactor-:,
vascular endothelial growth factor, platelet-derived
growith-factor B chain and 1GF-1 (Kaehin, 2002; Carroll
and  Asheroft, 2006). Although the mechanism ol
inhibition of NF-xB and IGF-1R by VHL are well
documented, it i not Tully understood how the loss
of VHL induces the activation of NF-xB and the
level of expression of IGF-1R, Also, in contrast to the
regulation of VHL by deletion, mutation or promo-
ter methylation of the VFAL pgene, which have been
described (Curtis and Goggins, 2005 Tischofl and
Tannaplel, 2008; Cowey and Rathmell, 2009), the
mechanisms of regulation of VHL at the protein
level have wet to be elucidated. In this study, we
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1) 7194 24E 93 competitive SNP (¢cSNP) microarray 24

© copy number breakpointZ %ol 7] 93te] SNP microarrayS ©| &3lo] 71345 =A==
o, 7k zelE B EA YERNA Eshs o]l vk Ay ATl AL HHe
H-moleAl ¢ DNAZE competitor® A}€3© 22 SNP microarray S ©] &

O w2 Aok & 4 gl s 4l HlaL ©] S o838k copy number breakpoint*- ¢l 7} 2
= A AdEE F 9 4] & F A, I FH9Y regions EXR FE F AqUTh o] HHE

competitive SNP (cSNP) microarray

=
O 1% 12 c¢SNP microarraye] 9el& AwWsls 28O =2 ojuf competitor®F H-moleA 3 <]
DNAE A}8399+d, H-moledl ¥+ EE SNP7F homozygous allele® T4 % ¢t} normal
DNAZ S cancer DNA® &33te SNP microarrays Aldstx, ZA3E B4s=d], alter
homozygote SNPE Tr2 Awtsto] B A}, o], alter homozygote SNPE< normal DNA%E
homozygote®] A H-mole?] @719+ 2 G712 F+AEH SNPES Zakr).

© ©] ¢SNP microarrays A& & w competitore} A& 50:500.2 oA Myt qF Ao Q72
oA Agg ver JAPHA F= A9 gFEY Aotk o)F 1EskA @i ] FE ALkt
W oAdE e 237t g 5 Ak oleld Al sl ¢SNP microarrayol A M &S A2 T2
Hold AdE sl 7h9 57t FdskA ALe =S sk algorhythme] Zeskqinh. webs o]
& v gol wep oy 7R AS ARgske] #33 o] A8, nARR #& AR&SE A§ ojugh
ASHE A5 5 ut2A AtE] ¥ Aok RS F1Eka o] FAS AREE Als A9
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Alter homozvgote SNPs

4 N
Samples SNP1 SNP2 SNP3 SNP4 SNPS5 | SNPo6
Normal DNA I | I .
H-moleDNA . . .
l Analysis ,L

DNA mixture of 1 1 n
Normal and H-mole

BAF - o AR =BAF/(1-BAF)

{ = o = Al-Dd or

ARnH 0.5/(1-0.5)=1 (1-0.5)0.5=1 (1.BAF)BAF
DNA mixture of - I .
Cancer and H-mole BAFqy 2/3 1/3

ARcy  (213)[1-(213)]=2 (113)[1-(1/3)]=1/2
ARR 2M1=2.0 (1/2)11=0.5 ARR =AR-H/ARH

2% 1. Schematic procedure for competitive SNP microarray. First, alter homozygous alleles were

selected (SNP3 and SNP5). From B allele frequency (BAF) values, allelic ratio (AR) was
determined for mixture samples of 1) normal and H—mole DNAs, and 2) cancer and H—mole
DNAs. B allele is automatically designated by Genome Studio software (Illumina) and is marked

in black box. From AR values from two mixture samples, ARR was obtained. The formulas for
AR and ARR were shown.

¥ 1. A2 ©E 9L =2 cancer &2 normal DNAS H-mole DNA9} £391S wl cancerol A2 713
P

T WsE Atee UL

N-H C-H - " : ;
mix mix C_opy Cancer Normal H-mole N-H mix C-H mix BAFy ARw:  BAFex ARgx ARR 2ARR
: i Number  genotype genotype genotype genotype genotype H
ratio  ratio § = : g 3 S 2 = 2
4 BBEB BB AA AABB AABBEB 2/4 22 4/6 4/2 (2.00) 2.00 2.00
3 BBB BB AA AABB AABBB 2/4 2/2 3/5 3/2(1.50) 1.50 1L.50
22 or 22er a0 S 5
11 11 2 BB BB AA AABB AABB 2/4 2/2 2/2 2/2(1.00) 00 1.00
1 B BB AA AABB AAB 2/4 2/2 1/2 1/2 (0.50) 0.50 0.50
0 BB AA AABB AA 2/4 22 0/2 0/2 (0.00) 0.00 0.00
4 BBEB BB AA AAABB AAABBBB 2/5 2/3 4/3 4/3 2.00 2.00
3 BBB BB AA AAABB AAABBB 2/5 2/3 3/3 3/3 1.50 1.50
I 2-3
23 = 2 BB EB AA AAABB AAABB 2/5 2/3 2/3 2/3 1.00 1.00
1 B BB AA AAABB AAAB 2/ 2/3 1/3 1/3 0.50 0.50
0 BB AA AAABB AAA 2/5 2/3 0/3 0/3 0.00 0.00
4 BBEB EB AA AAEBB AAABBBB 3/5 3/2 4/3 4/3 0.89 2.00
3 BBE BB AA AABEBB AAABEB 3/5 3/2 3/3 3/3 067 1.50
39 9-
- 3 2 BB EB AA AAEBB AAABB 3/5 3/2 2/3 2/3 0.44 L.00
1 B BB AA AABBB AAAB 3/5 3/2 1/3 1/3 022 0.50
0 BB AA AABBB AAA 3/5 3/2 0/3 0/3 0.00 0.00




In the table example, the allele B is the B allele, and the values for various parameters are
the expected values.

N-H mixture or N-H mix, the mixture of normal and H-mole DNAs; C-H mixture or C-H
mix, the mixture of cancer and H-mole DNAs; N-H mix ratio, the ratio of normal and
H-mole DNA amounts in the N-H mixture; C-H mix ratio, the ratio of cancer and H-mole
DNA amounts in the C-H mixture; Copy Number, the copy number in cancer; Cancer
Genotype, the genotype in cancer sample DNA; Normal genotype, the genotype in normal
sample DNA; N-H mix genotype, the genotype in then—-H mixture; C-H mix genotype, the
genotype in the C-H mixture; BAF\u, the ratio of B allele and total allele amounts (or B
allele frequency) in the N-H mixture; ARnn, the ratio of B allele and A allele amounts (or
allelic ratio) in the N-H mixture; BAFcn, the ratio of B allele and total allele amounts (or B
allele frequency) in the C-H mixture; ARcph, the ratio of B allele and A allele amounts (or
allelic ratio) in the C-H mixture; ARR, the ratio of ARcy and ARnm, or the AR ratio; nARR,
the ARR values which are divided by the median ARR value, or normalized ARR.

In the table example, the ARR value from copy number 2 (underlined) was used as a median

value
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a9 2. A representative results of from Log R ratio, nARCH, and nARR in a colon cancer
sample. Log R ratio was obtained from Genome Studio software; nARR was calculated
employing DNAs from a cancer tissue, the corresponding normal tissue, and H-mole with
cSNP software.

3) dxFoA Auld ME BRE 2719 % TNGS-CNB WU ¢ &§

© 20103 Science translational medicine®] whole genome NGS= ¢Foll A o] rearrangements #

A3la o] HRZE o] E3to] cancer specific PCRS 1otdte] #xte] gl o] = cell free

DNAo| A ¢t ell cell free DNAS monitoring@ 224 ¢te] AwrS RUEE At idea”}
FH AT (27 3, Larray et al, 2010). L& o2& Wi o A &o] 7HsdA 5 &4
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o] 29859, bicinformaticsZ £4¥ A3 A= A7 & & vt ALsHT 2 A
TAHEL ofDNA9| A 2] rearranged sequenceE ©]-€3H AT TUE o] dddd F8& 4+ Ut
= AL = ¢ dFsty] 9ste, 4 dxAd A 47 rearranged sequenceS Loldl £ o= b

Mo =2 whole genome NGS©o|€e WHS AZetr. Z2Yd ¢SNP microarraye] CNBell
rearranged sequence’} WFEA] Sty o] EAE Flolm=Z o] BE XFIEE 3o probed
design3d} 1L cancer DNAOA o] E5& ¥ 3t3l= M IS capturedt}d rearranged sequenceEol] o
b ARE AdS F S Ao=Z UgqE & du. mEkA o]Z TNGS-CNB (targeted next
generation sequencing for copy number breakpoints)Ztil WH 3R +=dl, I procedure= 1Y 4

9} 2t} o] WS o] 83}9] colon cancer caseZ Ao ®E WA A&
Plasma or other
- bodily fuids

Mext=generation
mate=pair sequence

analysis p - Theragy
.i - -__". 1
B "\\ Thavagy
i W
=B OO OO B - E o= —
R EED S e e =

Quantitative measurernent of personalized

lentification of patient-specific ;
bigmarker for tumor monitoring

reamrangements

13 3. Whole genome next generation sequencing= ©] &3 gz} Aol Ry, gz o=x32



DNAE o] &3}l whole genome NGSE Ald3l1 o] ZFF rearranged sequence JHE ¥ 53}
o gz dA cfDNA = 473 cell free DNAS Eojxog Ao gy 3xlo AHe o=
g 4 ke 89 =Fo] 2010 xSt

- -

= Sample preparation
1 DMNA samples from 7 paired colon cancer and
@ normai tissues, and 2 colon cancer cell lines

el [

M0 Genomic DMA of H.mole
WOOE Genomic DMA of Normal
l 000k Genomic DMA of Cancer

cSNP microarray

Analysis of copy alterations using cSNP analysis

91 copy-number breakpoints (CNBs) amounting
10 3.8 Mb size

@

Probe design, targeted capture and next generation
sequencing

Single-array formatwith capture size of 2.2 Mb for

all 91 CNEBs after removal of repetitive sequences

Bioinformatics analysis

23 candidate rearranged sites after alignment and
filtering of sequence reads

Confirmationwith PCR and sequencing
18 PCR-amplifiable tumor-specific rearrangements

a3 4. TNGS-CNB scheme. Out of 91 copy-number breakpoints deduced using a novel
competitive SNP microarray technology, 19 PCR-amplifiable rearrangements were identified
from seven paired primary colon cancer and normal tissues and two colon cancer cells by

capture and next-generation sequencing of those copy-number breakpoints.
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s AL & 5 2
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159572793(chr13:72372766) - rs4884967(chr13:72444211)
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rs1787781(chr16:57340898) - rs4350426(chr16:57392483)
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rs13436137(chr5:3764835) - rs9313059(chr5:3856153)
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rs2795534(chr16:6455807) - rs17540794(chr16:6569122)
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% 2. TNGS-CNBW o2 el Aujds Ads.
Copy-number TNGS ; .
Sampl breakpoint region Read end 1 Read end 2 A‘mP}.Iﬁ' AmPF‘ﬁ'
e ) Predicted cDNA Gl -
Chr.!  Position (in micleotides) Chr. ! Position Chr. ! Position tomor  normal

= C1-1 1 3262098%9-32670780 1 Intergenic DNA 1 Clorf86 intron Exon 1-7 deletion of Clorf86 Y
Cl-2 13 72372766-72444211 13 DACHI intron 13 DACH]1 intron Partial exon land exon 2-3 deletion of DACH1 Y
C2-1 16 6700639-6746495 16 RBFOX1 intron 16 RBFOXI1 intron Exon 3 deletion of RBFOX1 Y
c2 (€22 16 6911049-6926992 16 RBFOX1 intron 16 RBFOXI intron Exon 3 deletion of RBFOX1 Y
C2-3 16 57340898-57392483 16 Intergenic DNA 21 Intergenic DNA ¥
. €31 1 79458097-79521105 1 Intergenic DNA 1 Intergenic DNA Y
G C3-2 1 80719519-80758711 1 Intergenic DNA 2 ANXA4 intron  Exon 2-13 deletion of ANXA4 Y
- C4-1 5 3764835-3856153 5 Intergenic DNA 5 Intergenic DNA ¥

C4-2 7 54247350-54264207 7 Intergenic DNA 7 FKBPSL intron Y 2
C5 C5-1 8 3B120026-38193268 § WHSCIL1 intron 17 Intergenic DNA  Exon 1-12 deletion of WHSCIL1 Y
C6-1 16 5776180-5863513 16 Intergenic DNA 16 RBFOZXI1 intron Exon 1 deletion of RBFOX1 Y
ce C6-2 168 6455807-6569122 16 RBFOX1 intron 16 RBFOX1 intron N
C6-3 o - 16 RBFOX1 intron 16 RBFOXI intron Exon 3 deletion of RBFOX1 Y
C7-1 3  60448421-60459041 3 FHIT intron 3 FHIT intron Exon 5 deletion of FHIT Y
. €72 5 27040172-27058600 5 Intergenic DNA 5 Intergenic DNA Y
e C7-3 9 121112114-121136985 9 Intergenic DNA 9 ASTN2 intron Exon 4-22 deletion of ASTN2 Y
C7-4 16 83284155-83293878 16 CDHI3 intron 16 CDHI3 intron Exon 3-5 deletion of CDH13 Y
CB-1 16 6700639-6746495 16 RBFOX1 intron 16 RBFOXI intron No deletion of RBFOX1 Y
C8-2 8  128601683-128606353 g Intergenic DNA g Intergenic DNA 4
cgt C8-3 8  129746645-129857169 8 Intergenic DNA 8 Intergenic DNA ¥
C8-4 12 27552182-27572054 12 ARNTL2 intron 12 Intergenic DNA  Exon 15-17 deletion of ARNTL2 Y

C8-5 16 82855099-82866517 16 CDHI3 intron 7 Intergenic DNA Y Y2
C8-6 22 31618708-31645509 22 LIMK2 intron 22 PRRIAL intron N

!Chromosome number

’Two rearrangements were amplified also in normal samples, indicating that these are
constitutive genomic rearrangements.

Two candidate rearrangements were analyzed by next-generation sequencing in the same
region as sample C6, but only one was amplified by PCR.

‘Samples C7 and C8 are the COLO205 and SW620 cancer cell lines, respectively.

ID, identification number
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O fdelAe] Auid AE HRE TNGS-CNBHH oz #43t= A5 Agsd=d, HREY
Ao A 9k ZA YA tumor percentage’t U olAl macrodissection®Z AT = §lojA
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o} ojuf +x2 DNAol9o] A4 fx=AoA 42 DNALE 7 4393, F4 DNA| H|F

o 2tz g ExA WHIEL bioinformatics7| H o2 EA1 5t}
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F 3% AA 10 case°l W3+ whole genome NGSEH-E #2413k x4 w3l ojst ZAo|t},

EF 10 case & 8 case°llA] translocations <1& 4 =, inversions X33}9] insertion



°lt} duplication¥} Z2 MAE%E Auld Mol EAstuz 9ol o] k5] fDNAE 2<l3}
=d o] 88 F AS 7Aool Y. dA translocationFH ol tisl ¥ 79 paired end readt -©]
translocation® 2 B HQ=Ao dlal B4t = Folth o5 A7) reliabledsttb® 7}
cased S/ =7AA ] Aujd M LES PCR= &elstar Auld Ao A7IMEdS AAT oA o]
ot A7 dig ARV 25 ZGR1HH, ofDNAYA Awd AES &Rlsty] 918t 2h7}e
Al M 5o] quantitative PCR HS FHT oFojry. dwtzoz fDNAS 4-¢

fragment sizeZ} ZtolAl ¢F 100 bpd =2l PCR fragment’} A 7125 PCR primerE designZ 7l

_l

_lZi

Folt}, o]59] ¢ EolAS ¢t AAxA DNAES o] &dlo] 8el3t S cfDNAOIA %S =4
& A g ol
¥ 3. 919dx3 2 whole genome NGSE #243t0] A& A EoA 2] x4 W3}

Order no | Sampl Smal!| Small del Sopy i Copy num | Duplicati | Insertio | Deletio | Inversio | Translocat

SNPs |nsertio 5 mber gai 2
. elD s etions s ber losses ons ns ns ns ions

1{%%;?}{ NLCl| 11685| 277 246 128 4 27 2 72 60 96
T408AHX

o1 | N2c2| 3399 1 5 52 4 6 . 37 3 .
WX IN3.c3 | 14816] 242 271 72 8 39 e] =Y 8 &
lﬁf%i'g;'x N4.ca | 17723] 350 567 354 21 169 2 136 79 94
1408AHX | N 5 | 6,308 116 123 34 5 2 1 36 . 4

-0001

uf%i’g?x N6.C6 | 14819| 328 256 100 4 25 2 58 38 6
A0 g o | 192| Saes]  d9fad 6 14 10 4 64 1 10

0001 7

LesiiX Ins.ca | 9212|177 215 156 2 62 2| 633 31 16
1408AHX

Yooy | Nees | 2782 & 70 13 21 13 . 44 27 16
1408AHX | NI0.C | 836,0

iy " vo| 15820 22001 142 5 108 158 665 57 62

AF+AY ng L 28
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A T Ve
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O & duATeAs AdelA ook 2o wRor Amd AEEAS szt e, AdxzA e
inflammatory cell®] F&oly AA2A3 S8 AolA ©@<3d macrodissection? o2+ &
oA et Aol EVlestte AS ¢, laser microdissections Al & EHA E ATh
laser microdissection®] A& AXA FetAEH x| A DNAE d& $57F dA 3
A= Aol & ¢ = DNAS o] AlgAd = vhol gl whebA A= vz 42
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4. ATHT R BRLGHE
(1) A3}
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2955, 34 == AXAS AFH, A 7L S8, VI ofd, WA
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L FEAA Y e A9
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H 24s SANStS.
A AFPA o] DNA o] w@ol HQ kgl =, laser
microdissection®] ZQoAdo =z Q3 WS o DNAS o
Yo o] BEad B4 S g 8= A WH%Oﬂ whole genome NGS¥H o2 A
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1. Y44zA M2 microdissection. 9% 1H-L microdissectiond}”] o] H e $JUFZ o]l

= 2
Ao R FAIE Fito] bAETE Holol= FaEolth o] ERES microdissectiondte] tubeel] X
= < microdissectiond A EE0] "Wolx yrta YA inflammation®} A ZE
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o] ¢} #o] microdissectionS A3t AdAE RS Aty 9ste] HKEAAMS A 33t
. 2349 o2 A HREY M3 microdissection A8 S A 4L DNAQ qualityol w3}7}
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GOPC3# 84 & T Fd4 L& ddsid (29 4).
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Difference with real competitive PCR

1. Cloned competitors vs svnthetic
oligonucleotides: a. more accurate control of
the input competitor amounts with cloned
competitors. b. bigger sequences can be
emploved with cloned competitors c. errors
during cligonucleotide svnthesis can increase
assayv variation.

2 Extra-denaturation step was introduced:
this vields more consistent results.

3. Multiplex PCR for equal to or less than
five target sequences: highlv multiplexed
PCR. vields more assay variation

4. Removal of remnant primers after
multiplex PCER: reduction of non-specific
extensions

3. Single base extension: SINaPshot kit

6. Automatic sequencer vs MALDI-TOF MS:
more availability and accessibilitv of the
automatic sequencer
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Cancer cell percentage ERBBX- ERBB2 +

Breast cancer samples

19 5. Measurement of ERBB2 gene copy number by mrcPCR. (A) Representative results for
measurement of ERBB2 copy number by mrcPCR using two ERBB2 sequences (5-ERBB2 and
3-ERBB2) and two reference sequences (ALDOC and G6PC3). Eight peaks originated from either
genomic DNA (blue) or the competitor (red). (B) mrcPCR assay variation depending on



extra-denaturation procedure. Standard deviation (SD) values for the nRRs are shown. (C)
Reproducibility of mrcPCR by five independent assays. (D) ERBB2 copy number by mrcPCR in
control and cancer cell samples. The y-axis shows the mean nRR values of 5-ERBBZ and
3-ERBB2. (E) mrcPCR results using various amounts of input genomic DNA (blue, 2.5, 5, 10, 20,
or 40 ng) and competitors (red, 6.25, 12.5, or 25 fg based on ALDOC competitor). The y-axis
shows the mean nRR values of 5-ERBB2 and 3-ERBB2. (F) Detection of ERBB2 amplification in
serially—diluted DNA of JIMT-1 or T47D cells. The y-axis shows the mean nRR values of
5-ERBB2 and 3-ERBB2. The assay was performed in duplicate. (G) Comparison of mrcPCR results
with those from standard methods of immunohistochemistry (IHC) and fluoresence in situ
hybridization (FISH). Y axis: corrected nRR for ERBB2 copy based on cancer cell percentage as
described in Materials and Methods. The red spots are the samples that contained only about 30%
tumor cells. (H) Comparison of mrcPCR results between fresh—frozen (black) and formalin-fixed
paraffin-embedded (FFPE, gray) cancer tissues (P < 0.001, R = 0.980, by Pearson correlation test

after logarithmic transformation). The assay was performed in triplicate.
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Male~ 301+ 12 (6. 21 e
Eopmitien Females 1364 g El 1?32 0.002
<500 119~ 8 (2. 17)¢ o
Ages 50-594 123+ 13 (5.5, 20)¢ 0.003
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Histologic Type- PD~ 178+ 10 (4, 18.8)¢ 0.071¢
(WHO) T« SRC# 68+ 552, 1) < 0.001<
Otherse 256 18 (6.75, 44.75)¢ 0.068<
Intestinals 207+ 12 (6. 21)¢ B
Lauren« Diffuses 151+ 6 (2. 14.8)¢ <0.001~
Classification’ 1T Mixeds 36+ 10 (5, 19.8)« 0.343¢
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Depth of T20 440 15(4.28) & 0.035¢
Invasion'e T3¢ HER I1{3 18) » 0.200¢
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; N1« 500 125(6,22) ¢ 0.351¢
LN MetastasisTe 0, 58« 11 (55 17) )c 0,586
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Metastasis< oe e i _{4= 20 5 .
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Tamor Location™" szrep.- 263 11{(5'= 21};: 0.050-
Overlapping+ 40+ 13 (4.8, 22)» 0.133¢
1(<3.0 cm)- 99 10 (3. 18)~
. 2(3.0< <50 cmy 1440 10 (5. 8)¢ 0.473¢
g e 3 Es_t} < <70 cm;; 90+ 13 Ei :.z);y 0.1420
4(>7.0cm)e 109+ 11 (5. 24)¢ 0.109+
Adjuvant Now 207 10 (4, 18)-
Chemotherapy+ Yese 230¢ 11.5 (5, 22) 0.065¢
O 24 FAEA CPCC A& AAAPS B I =, A LA A= 17 8AS}
o] CPCCetol ##do] A=, WA A 5 Tl T2 stage®] oA A& Fod & BT (1L
4 80). 1y v A5l = FoAdE KHolA skt dA o]l th3k multivariate analysis
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2 g | — =
= Log-rank P = 0,218 = Log-rank P =0.120
i Multivariate* HR = 0.90 (0.59 to 1.37) % Multivariate® HR = 1.09 (0.66 to 1.83)
i 3l
2 2.
= o ey - T -
o 50 100 150 ] 50 100 150
Cverall Survival {months) Crverall Survival (month)
CRCC Group 1 CPCC Group 2 [ CPCT Group 1 CPCC Group 2 |
CPCC Group 3 —— CPCC Group 3

1.00

075
075

1.00

G50
.50

Log-rank P = 0.001
Multivariate® HR = 3.05 (1.06 to B.76)

@ i
= = Log-rank P = 0.619
Multivariate* HR = 0.88 (0 46 to 1.66)
g g
o b T T T = :
o0 100 150 o 80 100 180
Crverall Sunvical (month) Crverall Sundval {menth)
CPCC Graup 1 CPCC Group 2 | CPCE Group 1 CPCC Group 2 |
CPCGC Group 3 | ——— CPEC Growp 3 |

1% 8. Correlation of CPCC with OS. A Kaplan—Meier plots of the CPCCs for the total (A),
male (B), T1 or T2 male (C), and T3 or T4 male (D) of gastric cancer cases are shown.
The P values were determined by log—rank test. The HRs and 95% Cls of CPCC group 3
compared with CPCC group 1 by multivariate analyses are shown. CPCC, chromatin

CKAP2—positive cell count; X—axis, OS in months; Y—axis, survival probability.
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