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BRI EREZA: 13992

B%: 2462 (%% 218, #h%). 663,
Hp: 1166, JRAEAEY): 323, HAm: 13)

B3z : 50136

FEE 4940

Tk 6221

HApss: 7291

Source: http://www.ncbi.nlm. nih. gov/genome/browse/, 2015. 10. 26
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Affymetrix http://www.affymetrix.com/ y
Agilent Technologies http://www.home.agilent.com/ = *
Applied Biosystems http://www.appliedbiosystems.com/ | &
Applied Microarrays http://www.appliedmicroarrays.com/ | & *
CombiMatrix Corporation | http://www.combimatrix.com/ =
lllumina http://www.illumina.com/ =
NimbleGen Sys tems* http://www.nimblegen.com/ = *
Oxford Gene Technologies | http://www.ogt.co.uk/ = *
Phalanx Biotech http://www.phalanxbiotech.com/ =
SuperArray Bioscience http://www.superarray.com/ yi3
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Array 1D ;| Cy3_BS Cy3_signal (Cy3_SN  Cyb_SH Cy5_BS Cyb_signal Cyb_SN
Sr01Sc01R01CO1 19. 57607737 2170 110. 8496 1964.5 12. 26637544 1844.5 150. 3704
Sr01Sc01R01C02Z 18. 33430843 42 2. 290787 132 13. 36780439 13 0.972486
Sr01Sc01R01CO3 62. 34876469 4128 66. 20821 4069 27. 876873 3950 141. 6945
Sr01Sc01R01C04 15. 82856721 0 0 122 12. 48741749 0 0
Sr01Sc01R01C05 18. 82181909 658 34. 95943 584 12.71648114 466 36. 64536
Sr01Sc01R01C06 16. 60344801 718 43. 24403 967. 13. 25245152 849.5 64.10135
Sr01Sc01R01COT 17. 0117534 837 49. 20128 839 12. 03354419 723 60. 08205
Sr01Sc01R01CO8 18. 80657111 69 3.66893 163 13. 04477968 47 3. 602974
Sr01Sc01R01C09 15. 80129994 0 0 118 11. 83347663 0 0
Sr01Sc01R01C10 15. 26872232 23 1. 506347 136 12. 29356769 19 1. 545524
Sr01Sc01R01C11 20. 41211993 3685 180.53 12295 13. 8323998 2178 157. 4564
Sr01Sc01R01C12 28. 56571657 965 33. 78175 1150 16. 03960164 1033 64. 4031
Sr01Sc01R01C13 19. 56984928 314 16. 04509 501 i 14. 38882787 1384.5 26. 72212
Sr015c¢01R01C14 20. 75239347 679 32.71912 397.5 14. 06295147 280.5 19. 94603
Sr01Sc01R01C15 15. 75445968 52 3. 300653 128 12.07106232 13 1. 076956
Sr01Sc01R01C16 17. 55824857 2828 161. 0639 3052 12. 76292006 2937 230.1198
Sr01Sc01R01C1T . 16. 1425219 308.5 19.11102 |521 13.31720769 405 30, 41178
Sr01Sc01R01C18 15. 1449806 159 10. 49853 324.5 s 12. 65218178 208 16. 43985
Sr01Sc01R02C01 17. 65926338 1205 68. 23614 2143 23. 03825668 2020 87. 68025
Sr01Sc01R02C02 20. 98985167 139 6. 622248 281.5 14. 94907665 162.5 10. 87024
Sr01Sc01R0ZC03 16. 44852148 197 11. 97676 328 15. 48309511 208 13. 43401
Sr01Sc01R02C04 16. 03530107 118 7.358764 256 11. 26796328 138 12. 24711
Sr01Sc01R02C05 : 18. 34423549 361.5 19. 70646 417 12. 28495537 298 24, 25731
Sr01Sc01R02C06 17. 6795157 89.5 5. 062356 183 12. 46740254 65 5. 213596
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IR 2T (2) — Pathway 2347

EERERITHER, EA—LEERAERESITHEIAA

B, FATRIIAHIET 1A ee 2B — TR EhER
KEGG:

Kyoto Encyclopedia of Genes and Genomes
Software :

Pathway Assist; Pathway Editor; Pathway Finder
Network/pathway: ZIN Sk

Pilpel Y, etc. Identifying regulatory networks by
combinatorial analysis of promoter elements. Nat
Genet 2001 Oct;29(2):153-9.
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5T U
the tasks performed by individual gene products; examples
are carbohydrate binding and ATPase activity

A

broad

A
+

biological goals, such as mitosis or purine

metabolism, that are accomplished by ordered assemblies
of molecular functions

DA )i Iy

subcel

lular structures, locations, and macromolecular

complexes; examples include nucleus, telomere, and origin
recognition complex
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(Text Mining or Literature mining)
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NCBI www. ncbi.nlm.nih.gov

Affymetrix www.affymetrix.com

Michael Eisen Lab at LBL (hierarchical clustering software “Cluster”
and “Tree View” (Windows))

rana.lbl.gov/

Stanford MicroArray Database ( “Xcluster” (Linux))
genome-www4.stanford.edu/MicroArray/SMD/

Review of Currently Available Microarray Software
www.the-scientist.com/yr2001/apr/profile 1_010430.html

Microarray DB
www.biologie.ens.fr/en/genetiqu/puces/bddeng.himl
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aCGH : Array Based Comparative Genomic Hybridization

 High-resolution
 High-throughput
» Quantitative

« Highly-flexibile

Oligo aCGH

Mechanisms of disease onset
and progression,

Identification of novel
therapeutic targets,

Drug resistance mechanisms
and patient stratification
Biomarkers for diagnostics and
prognosis



Huang J et al., FEBS Letters. 2006
Correlation between genomic DNA copy number alterations and
transcriptional expression in hepatitis B virus-associated
hepatocellular carcinoma

1. HBV-induced HCC have unique pattern of DNA
copy number alterations

(1) HCC (n=41) and HCC cell lines (n=12)
occur significant DNA copy number alterations as
compared with normal livers (n=2) , and
adjacent non-cancerous livers (n=5)

C=Cancer
N=non-cancerous liver
NL=normal liver
Red=amplification(gain)
Green=deletion(loss)

Figure 1




High-resolution Survey of Human Lung Cancer

lung cancer

High-resolution genomic profiles of human

Giovanni Tonon**, Kwok-Kin Wong***, Gautam Maulik**, Cameron Brennan*, Bin Feng*, Yunyu Zhang*,
Deepak B. Khatry*, Alexei Protopopov*, Mingjian James You®, Andrew J. Aguirre*, Eric S. Martin®,
Zhaohui Yang*, Hengbin Ji*, Lynda Chin*", and Ronald A. DePinho**

*Department of Medical Oncology, Dana—Farber Cancer Institute, Boston, MA 02115; SDepartment of Pathology, Brigham and Women's Hospital,

Communicated by Webster K, Cavense, University of California at 5an Diege, La Jolla, CA, May 18, 2005 (received for review April 13, 2005)

Lung cancer is the leading cause of cancer mortality worldwide, yet
there exists a limited view of the genetic lesicns driving this
disease. In this study, an integrated high-resolution survey of
regional amplifications and deletions, coupled with gene-expres-
sion profiling of non-small-cell lung cancer subtypes, adenocarci-
noma and squamous-cell carcinema (5CC), identified 93 focal copy-
number alterations, of which 21 span <0.5 megabases and contain
a median of five genes. Whereas all known lung cancer genes/loci
are contained in the dataset, most of these recurrent copy -number
alterations are previously uncharacterized and include high-ampli-
tude amplifications and homozygous deletions. Notably, despite
their distinct histopathelogical phenotypes, adenocarcinoma and
SCC genomic profiles showed a nearly complete overlap, with only
one cear SCCspecific amplicon. Amoeng the few genes residing
within this amplicon and showing consistent cverexpression in SCC
is p63, a known regulator of squamous-cell differentiation. Fur-
thermore, intersection with the published pancreatic cancer com-
parative genomic hybridization dataset yielded, among others,
two focal amplicons on 8p12 and 20g11 commeon te both cancer
types. Integrated DNA-RNA analyses identified WHSCTLT and TPX2
as two candidates likely targeted for amplification in both pan-
creatic ductal adenocarcinema and non-small-cell lung cancer.

array comparative genomic hybridization | expression profiling | lung
acdenocardnoma | squamnous-cell lung carcinomna | TPT3L

Lung cancer is the leading cause of cancer-related mortality in
the United States, accounting for more than one-fourth of all
cancer fatalities in 2004, Lung cancer is classified into two major
subtypes, small-cell and non-small-cell lung cancer (NSCLC).
NSCLC constitutes 75% of lung cancer cases and is subdivided
further into three major histological subtypes: adenocarcinoma
(AC), squamous-cell carcinoma (SCC), and large-cell carci-
noma. The AC and SCC subtypes represent =85% of NSCLC
cases. Although these NSCLC subtypes exhibit distinct patho-
logical characteristics, the treatment approaches have remained
generic and largely ineffective, despite advances in cytotoxic
drugs, radiotherapy, and clinical management. For all stages of
NSCLC, the 5-year survival rate has remained fixed at 15% for
the last 15 years. The recent success of molecularly targeted
therapies for a limited subset of cancer genotypes (1) has
solidified the view that a more detailed knowledge of the
spectrum of genetic lesions in lung cancer will, in turn, lead to
meaningful therapeutic progress.

To date, the majority of lung cancer genetic studies have cata-
loged mutations or the promoter methylation status of known

Eoston, MA 02115; and Departments of WDermatology and lGenetics and Medicine, Harvard Medical School, Boston, MA 02115

Freely avallable online through the PMAS open access option.

particularly amplifications and deletions, suggests that only a small
fraction of lung cancer genes has been identified. In particular,
chromosomal CGH studies have revealed recurrent gains at 1931,
3q25-27, 5pl3-14, and 8g23-24 and deletions at 3p2l, 8pl2,
Op21-22,13q22, and 17p12-13 (3-T). A recent array-CGH (aCGH)
survey of known genes/loci using 348 BAC clones has confirmed
recurrent chromosome-3p deletions and -3q gains and identified
PIK3CA as aresident of the chromosome-3q amplicon (8).

Integrated CGH and expression profiling have emerged as
effective entry points for cancer genme discovery, capable of
providing a high-resolution view of the regional gains and losses
throughout the cancer genome (%) and the associated copy-
number-driven changes in gene expression (10, 11). In the
microarray format, the resolution of CGH is dictated by
the number and quality of mapped probes positioned along the
genome (12). Inthisstudy, high-density gene-specific arrays were
used to conduct high-resolution surveys of CNAs present in a
collection of primary ACs and SCCs and of established NSCLC
cell lines. Together with expression profiling, these datasets
provide insights into the origins of, and genetic mechanisms
driving, AC and SCC subtypes.

Materials and Methods

Cell Lines and Primary Tumors. All of the primary tumors were
acquired from the Cooperative Human Tissue Network (Phila-
delphia) and the Brigham and Women's Hospital tissue bank
(Boston) under an approved institutional protocol. The tumor
histology was confirmed by a pathologist (M.1.Y.) before inclu-
sion in this study. All of the cell lines were obtained from the
American Type Culture Collection. The characteristics of the
primary tumors and cell lines are detailed in Tables 2 and 3,
respectively, which are published as supporting information on
the PNAS web site. Three independent, normal RNA references
isolated from adjacent, histologically normal lung tissues were
used as the normal control for the expression analysis.

aCGH Profiling on Oligonucleotide and ¢DNA Microarrays. Genomic
DMNAs from cell lines and primary tumors were extracted ac-
cording to manufacturer’s instructions (Gentra Systems).
Genomic DNA was fragmented and random-prime labeled
as described in ref. 11 and http://genomic.dfeiharvard.edu/
array.CGH.htm and hybridized to either human cDNA or
oligonucleotide microarrays. The ¢cDNA microarray contains

Application: Copy Number (aCGH)

* Integrating high-resolution gene
amplification and deletion data with gene
expression profiling

» 93 focal copy-number alterations

* 74 amplifications

* 19 deletions

* median size = 1.53 MB

« 21 within highly focal subset with
median size < 0.5 MB
(spanning ~ 5 genes)

» 7 cross-tumor-type candidates

» Rational starting point for productive
gene-discovery efforts

DANA-FARBER

CANCER INSTITUTE




Autism Assoclation

Strong Association of De Novo Copy Number Mutations with Autism

Jonathan Sebat,'* B. Lakshmi, ! Dheeraj Malhotra,'T Jennifer Troge.!” Christa Lese-Martin 2 Tom Walsh,?
Boris Yamrom, ' Seungtai Yoon,! Alex Krasnitz." Jude Kendall,' Anthony Leotta," Deepa Pai,' Ray Zhang,'
Yoon-Ha I:.ee:1 James Hicks.’ Sarah J Spence:" Annette T. Lee” K:lg’ja Puura.® Terho Lehtimaki.” David
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We tested the hypothesis that de novo copy number
variation (CNV) is associated with autism spectrum
disorders (ASDs). We performed comparative genomic
hybridization (CGH) on the genomic DNA of patients and
unaffected subjects to detect copy number variants not
present in their respective parents. Candidate genomic
regions were validated by higher-resolution CGH,
paternity testing, cytogenetics, fluorescence in situ
hybridization, and microsatellite genotyping. Confirmed
de nove CNVs were significantly associated with autism
(P = 0.0005). Such CNVs were identified in 12 out of 118
(10%0) of patients with sporadic autism, in 2 out of 77
(2%0) of patients with an affected first-degree relative, and
in 2 out of 196 (1.0%%) of controls. Most de nove CNVs
were smaller than microscopic resolution. Affected
genomic regions were highly heterogeneons and included
mutations of single genes. These findings establish de novo
germline mutation as a more significant risk factor for
ASD than previously recognized.

Antism spectum disorders (ASDe) [MIN 209850] are

characterized by language impairments. social deficits and
repetitive behaviors. The onset of symptoms occurs by the

age of 3, and usually reguires extensive support for the
lifetime of the afflicted. The prevalence of ASD is estimated
to be 11n 166 (1), making it a major burden to society.

Genetics plays a major role in the eticlogy of autism. The
concordance rates in monozygotic twins are 70% for autism
and 90%: for ASD, while the concordance rates m dizygotic
rwins are 5% and 10% respectively. Previous studies suggest
autism displays a high degree of genetic heterogeneity.
Efforts to map disease genes using linkage analysis have
found evidence for autism loci on 20 different chromosomes.
Regions imphcated by multiple smdies include 1p. 5q. 7q.
13g, 16p. 17q. 19p and Xqg (2). Moreover. micrescopy studies
have identified cytogenetic abnormalities in =3%: of affectad
children, involving many different loci on all chromesomes
(3). In some rare syndromic forms of autism. such as Fett
syndrome (4) and tuberous sclerosis (3). mutations in & single
gene have been identified. Otherwise, neither linkage nor
cytogenetics has unambiguounsly identified specific genes
mvolved.

Genetic heterogeneity poses a considerable challenge to
traditional approaches for gene mapping (6). Some of these
limitations are overcome by methods which rely on the direct
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Utilized ROMA and Agilent 244k arrays
for CGH analysis.

Key conclusions:

Each de novo CNV was rare in
patient population

Lesions at different loci can
contribute to autism

Clear evidence that the two classes
of autism, familial and sporadic, are
genetically distinct

Methods for detecting CNVs
genome wide are a powerful
alternative to traditional gene
mapping approaches
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Copy number variation (CNV) of DNA sequences is functionally significant but has yet to be fully ascertained. We have
constructed a first-generation CNV map of the human genome through the study of 270 individuals from four populations
with ancestry in Europe, Africa or Asia (the HapMap collection). DNA from these individuals was screened for CNV using two
complementary technologies: single-nucleotide polymorphism (SNP) genotyping arrays, and clone-based comparative
genomic hybridization. A total of 1,447 copy number variable regions (CNVRs), which can encompass overlapping or
adjacent gains or losses, covering 360 megabases (12% of the genome ) were identified in these populations. These CNVRs
contained hundreds of genes, disease loci, functional elements and segmental duplications. Notably, the CNVRs
encompassed more nucleotide content per genome than SNPs, underscoring the importance of CNV in genetic diversity and
evolution. The data obtained delineate linkage disequilibrium patterns for many CNVs, and reveal marked variation in copy
number among populations. We also demonstrate the utility of this resource for genetic disease studies.
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Identification of genes expression profile of dorsal root ganglion
In the rat peripheral axotomy model of neuropathic pain
Normal rats Rats 14 days peripheral nerve injury

Rat DRG cDNA libraries
7,523 genes and expressed sequence tags (ESTS)

CDNAarray ' NCBI rat DRG unigene library

RT-PCR In situ hybridization Northern blotting

4

Gene expression profile

l Xiao et al., (2002) PNAS. 99: 8360-8365

Physiological and pharmacological
analysis of important molecules



Markedly regulated 122 genes and 51 novel ESTs
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Unexpectedly several antidepressant, antianxiety and anticonvolsant
drug target moleculars were up regulated in sensory neuron after
axotomy. These provided the candidate genes for developing new
drugs and therapeutic methods to treat neuropathic pain with
minimal side effects.
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Insight into hepatocellular carcinogenesis at
transcriptome level by comparing gene expression
profiles of hepatocellular carcinoma with

those of corresponding noncancerous liver
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Identified 2,253 genes or ESTs as candidates with
differential expression by EST sequencing and
cDNA microarray. Many genes involved in cell
cycle regulation such as cyclins, cyclin-dependent
kinases, andcell cycle negative regulators were
deregulated in most patients with HCC. Aberrant
expression of the Wnt--catenin pathway and
enzymes for DNA replication also could contribute
to the pathogenesis of HCC.
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A GENE-EXPRESSION SIGNATURE AS A PREDIC
IN BREAST CANCER
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ABSTRACT DJUV:
Backgrouwnd A more accurate means of prognos- 1mprove

tication in breast cancer will improve the selection of both pre

patients for adjuvant systemic therapy. women

Methods  Using microarray analysis to evaluate our lymph-node—negal
previously established 70-gene prognosis profile, we cancer? Tt is gene
classified a series of 295 consecutive patients with pri- | rognostic feature
mary breast carcinomas as having a gene-expression | pepam: 24 The mai
signature associated with either a poor prognoesis or
a good prognosis. All patients had stage | or |l breast
cancer and were younger than 53 years old; 151 had
lymph-node-negative disease, and 144 had lymph- N )
node—positive disease. We evaluated the predictive factors have been i
power of the prognosis profile using univariable and | dict the outcome
multivariable statistical analyses. only limited predichve power.

Results  Amaong thed295 ;;agems, ‘IdBO had a poor- Usi DNA (cDNA i ’

rognosis signature and 115 had a good-prognosis sig- L J V t V PhD
gatgre, and ?he mean (= SE) overgl\ 1(}353% surw'v%l aura L] an eer,
rates weTe E:.G:ti.d perc%ntandb9465|:2.6fpercent, re-
spectively. At 10 years, the probability of remaining COO d C _f d
free of distant metastases was 50.6+4.5 percentin the an O O u n e r1 Ag e n

group with a poor-prognosis signature and 85.2+4.3

cer arc age, tumor
histologic type of
hormaone-receptor

The estimated hazard ratio for distant metastases in
the group with a poor-prognosis signature, as com-

ture, was 5.1 (95 percent confidence interval, 2.9 to
9.0; P<0.001). This ratio remained significant when the
groups were analyzed according to lymph-node sta-

tus. Multivariable Cox regression analysis showed that
the prognosis profile was a strong independent factor Erom the Divisions of Diagn Q
in predicﬁng disease outcome. DA, AW, AG, LD, Radior

. . (S.R.), Biometrics (T:V.), Surg
Conclusions The gene-expression profile we stud- cinogencsis {R.B., Netherlanc

L
ied is a more powerful predictor of the outcome of dis- | for Biomedical Genetics, Amste A e n d I a
ease inyoung patients with breast cancer than stand- | land, Wash. (LDH. HD, G
ard systems based on clinical and histologic criteria. | f mabessts Dr. Bernards
etherlands Cancer Institute,
(N Engl J Med 2002;347:1999-2009.) Netherands, or at rbernards@
Copyright © 2002 Massachusetts Medical Sociaty, s, van de Vijver, He.and v

percent in the group with a goed-prognesis signature. H ead , Fam I Iy Can C er Center
pared with the group with the good-prognosis signa- N et h er I an d S Can C er I n Stl t u te

Application: Gene Expression

» |ldentifying gene expression signature
that reflects biological behavior of a
tumor

» 70-gene prognostic profile tested
« 295 breast cancer samples
« outperformed all clinical variables for
predicting patient survival
* Microarray classifiers to direct
customized therapy
« Starting point for targeted and rational
drug development
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