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Distinct types of diffuse large B—cell lymphoma identified
by gene expression profiling
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Discovering functional relationships between RNA
expression and chemotherapeutic susceptibility
using relevance networks

Atul J. Butte, Pablo Tamayo, Donna Slonim, Todd R. Golub, and Isaac
S. Kohane

PNAS 2000 97: 12182-12186
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> x <- grep ("Active”, colnames (dat) ) * Activefi i@ D51 S %#381R
> X
[1] [2 ? 56 71011121617 18 20 24 29 X ActivefliiBlcH TR 1 BH DB FORINE
> dat [1,x
ActiveDLCL.0051 ActiveDLCL.0033 ActiveDLCL.0026 ActiveDLCL.0052 ActiveDLCL.0001 ActiveDLCL.0012

SMADG6 -0.432 -0.596 -1.086 0.08 -0.376 0.331
ActiveDLCL.0004 ActiveDLCL.0023 ActiveDLCL.0010 ActiveDLCL.0008 ActiveDLCL.0015 ActiveDLCL.0003
SMAD6 -0.101 -0.528 -0.291 -0.114 -0.013 0.099
ActiveDLCL.0018 ActiveDLCL.0029
SMAD6 0.099 -0.731 . - e y— =
> dat [1.-x] ¥ non Activeffil8lc& T2 1BEHOEBEFORIRE

DLCL.0027 DLCL.0002 DLCL.0014 DLCL.0011 DLCL.0006 DLCL.0025 DLCL.0031 DLCL.0016 DLCL.0007
SMAD6 -06 0.544 -0.009 -0.234 0247 0372 -0.157 0.083 0.632

DLCL.0021 DLCL.0049 DLCL.0048 DLCL.0042 DLCL.0013 DLCL.0005
SMAD6 0.128 0.332 0651 1.062 0.265 -0.609

> ttest (dat[1,x], dat[1,-x]) k t.testB Y

Welch Two Sample t-test

data: dat[1, x] and dat[1, -x]

t = -27978, df = 26.743, p-value = 0.00942

alternative hypothesis: true difference in means is not equal to 0 ktIREDIER
95 percent confidence interval:

-0.7659915 -0.1176561

sample estimates:

mean of x mean of y

-0.2613571 0.1804667
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DRINEDEHKSVBIEF KT

BHOBIEFICOVWTHREL . top20D:EIRFZRE

> dim (dat)

>trst<-0

> for (i in 1:160) { ETHREF(1601H)
+ trst [i] <- t.test(dat[ix], dat[i,—x]) $p.value lCDULVCi.test@{TD

+ }

> trst <- as.matrix (trst) p.valueDFERIFtrstic A%
> rownames (trst) <- rownames (dat)
> sorttrst <- trst [order (trst) ] p.valueMEDK/INTIENEZ

> sorttrst [1:20] My 720 8EF
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NCBI/Gene expression omnibus (GEO

.

= NCBI

PubMed

All Databases

Search | All Databases | % Jfod \'D

Hati—f Apple Store Mat Maz 05 % Micros

Jft MacTapia Office for Macintosk

National Center for Biotechnology Information

Mational Libeary of Medicipe
BLAS™ OMIM

Znoks

TaxBrowser

Mational Institutes of Health

Structure

SITE MAP
Alphabetical List
Resource Guide

About NCBI

An introduction to
NCBI

GenBank
Sequence
submission support
and software

Literature
databases
PubMed, OMIM,
Books, and
PubMed Central

Molecular
databases
Sequences,
structures, and
taxonomy

Genomic
biology

The human
genome, whole
genomes, and
related resources

Tools
Data mining

Research at
NCBI

People, projects,
and seminars

Software
engineering
Tools, R&D, and
databases

» What does Bl do?

Established in 1988 as a national resource
for molecular biology information, NCBI
creates public databases, conducts research
in computational biology, develops software
tools for analyzing genome data, and
disseminates biomedical information - all for
the better understanding of molecular
processes affecting human health and
disease. More...

Influenza Virus Resource

Entrez Gene

You can now use Entrez to search for
information centered on the concept of a
gene, and connect to many sources of related
infarmation both within and outside NCBI,

PubMed Central

An archive of life sciences journals
@ Free fulltext
@ Over 300,000 articles from over 150 journals
@ Linked to PubMed and fully searchable

Use of PubMed Central requires no registration ar fee.
Accessit from any computer with an Internet connection.

< FG'* enhanced NGBl raining course

Hot Spots
» Assembly Archive

» Clusters of
orthologous groups

»

Coffee Break,
Genes &
Disease, NCBI
Handbook

» Electronic PCR

» Entrez Home

¥ Gene expression
omnibus (GEQ)

resources

» Malaria genetics &
genomics

» Map Viewer
» dbMHC

» Mouse genome
resources

» My NCBI
» ORF finder

» Rat genome
resources

» Reference
sequence project

REFTEHATER
fzl¥. DLBCL




H#ii—F (2 Appie Store Mac Mac 05 X

Microsoft MacTopia

[ Handout [ NAR 2005 Paper | NAR 2002 Paper | FAQ [ MIAME [ Email GEO

NCEI > GEO

The Gene Expression Omnibus is a high-throughput gene expression /
molecular abundance data repository, as well as a curated, online resource
for gene expression data browsing, query and retrieval. GEQ became

operational in July 2000.

NEW GEO has switched to an enhanced database, please see revision notes,

Not logged in | Login

Public data

GPL Platforms 1337
GSM Samples 40544
GSE Series 1969

GEQ accessions
DataSets

Total 43850
Platforms Sie contents
Documentation

Overview | FAQ
Web deposit guide
Batch deposit guide
Linking & citing
Journal citations

Samples

DataSet clusters

GEQ accession | [

GED announce list
Data disclaimer

=| Gene profiles |

GEO staff

=|Dara$els |

Query & Browse
DataSet browser

GEOQ BLAST

|Dlrect deposit / update |

———| Web deposit / update |

|Creale new account |

GEO help: Mouse over screen elements for information

Repository browser
SAGEmap

FTP site

GED Profiles

GED Datasets

Deposit & Update

Direct deposit
Web deposit
New account

Get GEO accession

Depositors only

[ scope: [Self 2] rormat: [FTMLT 2] amount: [Quick <] [
User : |:| Password : |:| @ Recover a password

| NLM | NIH | GED Help | Disclaimer | Section 508 |
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e Entrez, The Life Sciences Search Engine

PubMed | All Databases [

Human Genome [

GenBank | Map Viewer

BLAST

Search across databases [DLBCL

379 m PubMed: biomedical fitarature citations and abstracts

none ﬂ PubMed Centrat free, full text journal articles

23 ‘ Nudeoctide: seguence database (GanBank)

18 A, .‘ Protein: seguence database
nong !Il Genome: whole genome sequences
nong ?_ Structure: three-dimensional macremolecular structuras

nang A4 Taxonomy: crganisms in GenBank

-
fiang 1 SNP: single nudeatide polymorphism

H :
8 'H. Gene: gene-centered information

3 sl leGene: sukaryotic b

logy aroups

nona DD PubChem Compound: small molecule chemical structures

PubChem Substance: chemical substances screened for

S, bioactivity

none E Genome Project: genome project information

Fi Journaks: detailed information abowt the journals indexed in
- PubMed and other Entrez databases

s NLM Catalog: catalog of books, jeurnals, and audiovisuals in

the NLM collections

- Result counts displayed in gray indicate one or more terms not found
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17 ﬁ Bowoks: online books
2 t OMM: online Mendalian inharitance in Man

nona m Site Search: NCBI web and FTP sites

e ﬁ UniGene: gene-oriented clusters of transcript
Sequences

none t’ CDD: conserved protein domain database

none 6 3D Domains: domains from Entrez Structure

nona PP UniSTS: markers and mapping data

none nﬂ PopSet: population study data sets

s: gapression and molecular abundance

PubChem BoAssay: bicactvity screens of chemical

nons substances
e GENSAT: gene expression atlas of mouse central
Nervous system
T MeSH: detaied information about NLM's controlled

vocabulary
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About Entrez

| The GEO site

GEOFAQ
Listing of Contents

Entrez
Help | FAQ

NCBI
Al 1
Search| GEC Daasers o] forfisey

|’ Limits | Preview/Index | History | Clipboard | Details ]
Display [ Summary il Show [ 20 :l Send to il

Appie Hfi—}- Apple Store Mar Maz OS % Microsoft MacTopia Office for Macintash MSH

Stn

L e s ture
Clear | Save Search

|E

tems 1-3 of 3

distinct forms of DLBCL identified.
Type: dual channel nucleotide log ratio
Subsets: 5 disease state sets.

Samples: 67 (listing 18)

GSM2025: CD1 9+ G5M2026: FL-9

GSM2028: CD19+ GSM2029: FL-11
GSM2031: FL-11 GSM2032: FL-10
GSM2034: FL-10 GSM2035: DLCL-0052

GSM2037: DLCL-0049 GSMZ2038: DLCL-0048

2: GDS74 record:

Type: dual channel nucleotide log ratio
Subsets: 6 disease state sets.
Samples: 35 (listing 18)

GSM2003: CLL-T1 GSM2002: CLL-71

GSM1995: DLCL-0034 GSM1996: DLCL-0032
GSM1998: DLCL-0030 GSM1999: DLCL-0029
GSM2001: DLCL-0024 GSM2016: DLCL-0023

GSM1990: OCILy10 I1lc7bD42 GSM1989: OCILy12

[11: GDS75 record: Diffuse large B-cell lymphoma (LC-8) [Homo sapiens] GEO Profiles, Links

Summary: Demonstration that diversity in gene expression among tumors of DLBCL patients reflects variation
in tumor proliferation rate, host response and differentiation state of the tumor. Two molecularly

Parent platform: GPL176, reference series: GSEG0

G5M2023: OCILy3 GSM2071: OCILy10 lllcBn0BE GSMZ0Z4: FL-9

se large B-cell lymphoma (LC-7b) [Homo sapiens] GEO Profiles, Links

#lion that diversity in gene expression among tumors of diffuse large B-cell lymphoma
) patients reflects variation in tumor proliferation rate, host response and differentiation
state of the tumor. Two distinct forms of DLBCL identified.

Parent platform: GPL175, reference series: GSEGO

One page.

GSM2027: FL-12
GSM2030: CD19+
GSM2033: CD19+
GSM2036: DLCL-D051
GSMZ039: DLCL-0047

GSM2019: CLL-13 lc7b048  GSM2018: CLL-35 Ic7b0O70 GSM2017: CLL-52 Illc7b069

GSM1994: Richter's

G5M1997: DLCL-0031
GSM2000: DLCL-0027
GSM2015: DLCL-0028 I1lc7b025
GSM1991: OCILy13.2

[13: GDS73 record: Diffuse large B-cell lymphoma (LC-4b) [Homo sapiens] GEO Profiles, Links

Summary: Demonstration that diversity in gene expression among tumors of diffuse large B-cell lymphoma
(DLBCL) patients reflects variation in tumor proliferation rate, host response and differentiation i
state of the tumor. Two distinct forms of DLBCL identified. Y




Office for Ma

DataSet %y €

[ NCBI Handbook Chapter | NAR 2002 Paper | FAQ | MIAME | Email GEQ

| NCBI

> GEO > GDS

; GDS Summary N
= Accession: GDS74 =r View Expression Profiles (Entrez-GEQ)
? Title: Diffuse large B-cell lymphoma (LC-7b)
? Demenstration that diversity in gene expression among tumors of diffuse large B-cell lymphoma (DLBCL)
| Summary: patients reflects variation in tumor proliferation rate, host response and differentiation state of the tumor. Two
/ distinct forms of DLBCL identified.

Organism: Homo sapiens

Platform: GPL175: LC-7b

Experiment type: |dual channel nucleotide
; No. of probes: 9216
i Value type: log ratio

Series: GSEBD

PubMed id: 10676951

Series published: | June 27 2002

Last GDS update: |April 04 2003

Subset and Sample Info

=)

uncheck all

Ciy

toggle

)

check all

™ Gsmz019 :cLi-13 ke
src1: Lymphopool
src2: CLL-13

M csmz002 - cLL71Rie

6 assigned subsets @[ Two-tailed t-test (A vs B) 0|
| [ 0.050 significance level T 2]

|E|(g} disease state diffuse large B-cell lymphoma B — ]
||E|(5} disease state chronic lymphocytic leukernia B — ]
||E|(3) disease state normal lymphoid subset @] — a3
||E|(5) disease state hematopoetic cell line @] — a3
||E|(2) disease state follicular lymphoma @] — al
|11y | |disease state activated blood B (& — Il

|E|GDS?4 only |g|rank5 |g|va|ues subset effects Query Avs. B
35 samples, order: none

moss [ Gsm2018 :cLiasnicreoro [ Gsm2017 cuisziniernoss [ Gsmz003 LT
src1: Lymphopool src1: Lymphopool src1: Lymphopool
src2: CLL-39 src2: CLL-52 src2: CLL-71

mers M GSM1994 - pLCL-0oas M c<mi995 - pLeL.oose M csmi996 - DLoL.00a1
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O > GDS Browser

+ Move/resize box to select region of interest
s Double click or hit space bar in box to zoom in cluster region with annotation

Display Options Clustering
High expression level: Distance: | Uncentered Correlation % |
Low expression level: Hierarchical: [ UPGMA |

Ge

Stack selections

[Pldff selected gene profils| [fet profiles in Entrez-§EO]

Fullimage : 9216 X 35 spots [Resat]

Uncantered Corralation UPGMA, - Diffuse large B-cell iymphoma (LC-7b) [Home sapiens]
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(@) LiveHome Page (@) Appie (T #i—+ (@ Appte store (@) Mac- (E) Mac 05X () Microsoft MacTopia  (T) Office for Macintosh. () MSN
—-| GDS74 : log expression value of genes vs samples - Diffuse large B-cell lymphoma (LC-7b) [Homo sapiens].
& < + t L : H
1]
' 4
[
il
: 3 .
.:J
¢ 2
4
4 1
s
E ]
=
-2
-3
GamZ013  GEMZE002 GEMZ003  GEMEZ0NE GSMEMY GSMZ005  GEME004 GsmZ014  GEM1339 GaMZ00M GEmz0oo  Gsk
H12633 BBEZETEE MTE348 88745376 G240 A8E29659 T3 M3t 362
[Get profiles in Entrez-GEQ| [Show heat map region| Get selected data




Live Home Page Apple Hafi—f Apple Store Mat Mac 05 % Microsaft MacTopia Dffice for Macintosh M5

Erntraes " i
GED frogites OO
- e [Sign In] [Register]
All Dat PubMed hucleotide Protein : Struc ture Journals B
Search | GEO Profiles = |f(,r [GDS7A[ACCN] AND ("H12639" OR "AA226782 (Clear | Save Search
|, Limits '|{ Preview/Index | History '|{ Clipboard '|{ Details |
About Entrez Dlsplay [ Summary il Show [ 20 ¢[ Subgroup effect il Send to il
The GED site | All: 16
GEDFAQ ltems 1-160f 16 Ore page.
:‘ 1: GDS74 record | GPFL175 B298 [HDI'TIO sapiens} 35 samples  Profile Neighbors, Seguence Neighbors, Links
oy o S Annotation:  BTK: Bruton agammaglobulinemia tyrosine kinase
Graph caption Reporter: N75948 IMAGE:295208 (clone)
Entrez Experiment: Diffuse large B-cell lymphoma (LC-7b). dual channel nucleotide log ratio
Help | FAQ
'__’2: GDS74 record | GPL175 6034 [HGI’TIO sapiens] 35 samples.  Profile Meighbors, Sequence Neighbors, Links
Annotation:  NF)| 3: Nuclear factor, interleukin 3 regulated nn-r-n_lIII_--Irl-rl{-.mu-u_l_l_m-l
Reporter:  AA226782 IMAGE:663776 (clone) quL_“HlHLlL l“llJl"“lL'j
NSTTTRENIT TR ARTRTEN| SRRETRRENAT
Experiment: Diffuse large B-cell lymphoma (LC-7b}, dual channel nucleotide log ratio
[13: GDS74 record | GPL175 9163 [Homo sapiens] 35 samples  Profils Neighbors, Links
0a54g04.s1 NCI_CGAP_GCB1 Homo sapiens cONA clone IMAGE: 1308822 3" similarto e oo e
Annotation: SW:EXTN_TOBAC P13983 EXTENSIN PRECURSOR ;contains element MSR1 repetitive -, ) T 5 e
element ;, mRNA sequence r 1 l |J {
e bl Il I‘I. |11
Reporter: AA748376 IMAGE:1308822 (clone) AETTETTI TS TTITTEN Y NPT
Experiment: Diffuse large B-cell lymphoma (LC-7b}, dual channel nucleotide log ratio
24: GDS74 record | GPFL175 B266 [HDI’TIO sapiens} 35 samples  Profile Neighbors, Sequence Neighbors, Links
Annotation:  MAPK1]1: Mitogen-activated protein kinase 11 wI-HIIIIlrlrllhl{flll[m“l]m'
Reporter: T71113 IMAGE:84148 (clone) o J--[- h |-' J'-I IJL-'
(NN IIIIIIIIIIIIIIIIIIIIIIIIIIIF

Experiment: Diffuse large B-cell lymphoma (LC-7b}. dual channel nucleotide log ratio

I_._!S: GDS74 record | GPL175 B833 [HGI’TIO sapiens] 35 samples  Profile Neighbors, Sequance Neighbors, Homologs, Links
Annotation: | yp; W-yes-1 Yamaguchi sarcoma viral related oncogene homolog ............T.L.... ...LH........
Reporter: R83836 IMAGE:193913 (clone) 0 """-!'J“ Al
Experiment: Diffuse large B-cell lymphoma (LC-7b}, dual channel nucleotide log ratio B oo
Eﬁ: GDS74 record | GFL175 6000 [HOI'TIO sapiens} 35 samplas  Profile Neighbors, Sequence Neighbors, Links

Annotation: gy T1A1: Sulfotransferase family, cytasolic, 1A, phenol-preferring, member 1 [CTEFTTT T T TR T T T LTI
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