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47). However, analyses of microarray data for clinical application require comparison
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with prior results generated at different times, from multiple arrays, under differing
experimental conditions, in a database. This is a difficult problem in comparison, e.g.,
to (internal) normalization of data within a given experimental set, .g., normalization
of data comparing, e.g., a drug’s effect on a cell’s gene expression versus the cell’s
gene expression profile before application of the drug. Consequently, the issue of
external normalization arises using a universal reference standard for a given array
type.

The normalization of microarray data to address variations that may obscure
results and interfere with data analysis is a major issue. These obscuring experimental
and/or technical variations usually result from sample preparation (e.g. different

labeling efficiency of cRNA targets, varying amounts of target cRNA, different
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expression data obtained on a given microarray for a particular biological samples,

comprising sorting said data as a function of expression degree for each gene, sorting a
reference standard of gene expression data according to the same function of expression
degree, and normalizing the expression degree of said particular gene expression data to
the corresponding value in the reference standard, the reference standard having been
obtained from gene expression data which is other than said particular gene expression
data.

In one aspect, the reference standard was obtained by arranging the expression
intensities of the genes of each of the biological samples in ascending or descending
order and calculating the arithmetic mean across each position in said ordering, the

resulting set of mean values constituting the reference standard.
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also directed to a universal reference standard for quantile normalization of tumor
microarray data, e.g., from Affymetrix HG Ul33A GeneChipsTM, e.g., so that gene
expression profiling data of NPC’s, other types of tumors, and other disease related data
can be analyzed for diagnoses, management of patients, etc.

The present invention includes a universal reference standard for quantile
normalization of microarray platforms, e.g., Affymetrix HG U133A GeneChip™ gene
expression profiling microarray data. In one preferred embodiment, this reference
standard was created by using a data set including 164 primary NPCs, 15 normal
nasopharyngeal tissues, and 23 metastatic NPCs. Inclusion of additional samples did
not further improve the resultant reference standard. This reference standard is

applicable to gene expression intensities expressed by a wide range of genes and can be
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microarray data were scaled to a trimmed mean of 500 using Affynetrix MAS 5.0

software. The gene expression intensities were logarithm transformed at a base of 2
and arranged in ascending order. The intensities of gene expression of the same rank in
two reference standards were correlated with each other. There are six correlations for
all four reference standards. Pearson linear correlation analysis was performed using R
software v.2.0.0 from the R Foundation for Statistical computing. The correlation
coefficient of each regression is shown in each panel. The P value for each correlation

is less than 0.0001.

Fig. 2. shows the correlation of the reference standards established with 202 and

284 tissue samples. To demonstrate that addition of more tissue samples does not
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Fig. 5 shows a correlation of gene expression data normalized to a PM probe set
reference standard and to an Affymetrix MAS 5.0 reference standard. The quantile
normalization reference standards were generated using the data set consisting of four
NPC samples and one normal nasopharyngeal tissue. One reference standard was
generated based on Affymetrix PM probe set data (PM standard) and the other was
generated based on Affymetrix MAS 5.0 gene expression data (MAS standard). For the
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samples. As shown in this figure, the gene expression intensities were higher for the

GeneChips processed with the new generation of fluidic station and microarray scanner.

Fig. 8 shows a correlation of intensities of gene expression obtained from the same
NPC samples on U133A GeneChips processed with different Affymetrix fluidic
stations and scanners. All gene expression intensities studied in Fig 7 were normalized
to the same universal reference standard following the method of quantile normalization
as detailed above, e.g., in Examples 1-6. The x axis represents the intensity of each gene

measured by the use of new GeneChip Fluidic Station 450 and Scanner 3000, and the y
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contained in commercial microarrays.

Typically, the number of biological samples included will be at least two, e.g.,
five or more, ten or more, fifty or more, one hundred or more, etc. The biological
samples can include only normal tissue, only abnormal tissue, e.g., diseased tissue, e.g.,
cancerous tissue, e.g., containing tumors, normal blood, abnormal blood, normal cells,
leukemic, etc. The disease tissue can all be of the same type and stage, e.g., all NPC, all
of primary type or all of metastatic type, or, instead of NPC tissue, cancerous liver,

kidney, colon, lung etc. tissue can be used, again of varying or of the same stage and

type; or samples having different types of diseases, e.g., different types of cancers; or,



slopes close to 1 (Fig. 8) and between 0.989 and 0. 995
(Table 2). P values for linear regression were <0.001
wo eoocabis7eanpl es. The regression |ines are esseOl/Usti0y045004
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invention are depicted schematically in cﬁggrams A and B.



| eukem c, etc. The disease tissue can all be of the
sane type and stage, e.g., all NPC all of primary
wo ywe/06887@l | of netastatic type, or, instead 0PCIMBS005/045004
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used to Q%Qz‘éﬂg&e Hdﬁ?arf @eefaﬁamnéeelecwd data per se,
but al so can
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i

| th
ol oEFRIERSTAM PéakaPﬂﬁﬁ heirarel s PRLATR  pe of

croarray system Such|features are also exenplified

bel ow. This invention algso relates to both the data
sets fromwhich reference standards can,.be cal cul at ed
and al Avange thefrieasities of alhggngs 'Qm'%s bot h

pr epar eddescending dedesding calur)For eRhEaBRIE. The

of

conpri sing quantile nor

a

normal i zing a set of ggene expressi on data

lizing said data set using as

r ef er ence Galewaterthe artemete B1RaNF %S indard i n

i nvention i n anot her as;‘zct also relates to a net hod
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di
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croarray type, etc. For |nst ance, in one type of

dati ng procedure stor enbodl nmen s §$
ﬁFwnetrm}é ea3p Seneliul L}S@ﬁgg a d:?a%i ef erence
eamhagelm aabd@eobtamaﬁldhr%&h yea @ descrl bed
migoairay sofivage teng, Mﬁ&aﬁ@oscxﬁyvaj B Perwith @F ar
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are depicted schematically in diagrans A and B. D agram
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y,(,) i ed as the intensity value for the jth order in the ith sample,

n is defined as the total number of samples and Gj as the mean
intensity value for jth order in the reference standard. The value ofGj is

calculated according to the following formula: G, ==

2V
J=1_

n



Expression Data, e.g., Affynmetrix UL33A GeneChip Data
A procedure for generation of a reference standard

wo c@aiogesne expression data is outlined in the POI/USMO5IQHS004
di agram Sel ect representative biological sanples to
be used for calculation of a reference standard
DREFARB IPAR QYR RY Y tilkaNaim ffizatiod (FTGddeC hip Data
avehloallue Y RANEIRMRIMAIRhIE b L8R S@lRsbedata, eg Affymetnx HG
IEPBEAGGSHHC% eﬁ Hﬁa SeERtifed (netPQ gcil dvﬂn% R8RS heet For mat)

Arrang Intensities o es I n ascendi ng or

desc I e Ln.a m Qr _each sa

descepihas rico Lo ssbomlo ol cagh gl e
sanples2 . \ Such nmean values of all rows listed in
ascendi ng or descending order is the reference
standard for quantile norjmalization. 1. Affynetrix
U133A GeneChip data is eXenplary. Such data for each
gene can beSobt therderdity @i g@achyeneswitiobr convent i onal
m croarray sof twigHdut I8y BandfBimAatiéh saf t ware of
Affymetrix, wddieahi dr%é&eh&i?\rgrdrﬂﬁm c |
transformati on. As anot her exa , Affynetrix data
for each perfect match (HM probe al so can be used. 2.
After sorting the intensigy values of all genes for
each sa yjf is defined as the intensity value for
the 'th cba@eﬂwel intensdy of pagkgpne next tasthgaunivergabs t he
total nunbeferehces atapidasd fNewidg e édrgenean intensity

val ue for dsan@Fn@ecBr d&céﬁ@n@@r&éﬁﬁﬁﬁteﬂsﬂ@%ﬁrd The
value of G is calculated according to the follow ng

formul a: Di agram B. Procedure for Quantile

Nor mal i zati on of GeneChi a‘ Data A procedure for
quantile normalization off gene expression data, e.g.,
Affymetrix HG

Normalize expression intensity of each gene
to the corresponding value in the reference standard.

l

The normalized intensity for each gene
is ready to be used for analysis.

1: For example, Affymetrix HG U133A GeneChip data can be used, with

or without logarithmic transformation according to how the reference
standard of this invention is derived.
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U 33A CGeneChip data, is outlined in the foll ow ng
diagram Cbtain a gene expression data 1 set for a new
WG 200pl0essFOrt the intensity of each gene wi th oPCTMIBI008045004
| og transformation in ascendi ng or descendi ng order.

Place the intensity of each gene next to the universal

r ef eTienprfgtedndeahdd ffor nemhalridehe paaitelasEas dxkpgsién data set is
descendln .order of intensities. Normalize expressi

quptda grofpalizatien sk @-ﬁqélwl@sqdhle Bosted spahaBiviniomnaiies |1ﬂ 185193,
2bb§ \%ﬁés%rcﬁ&?c%ufétgqg a?elaefugy%g%i}eze e h@lteﬁps”fﬁ %Rér intensity

ene IS rea e use aha
sevtmgpifethe Abdvydae st wetdGs &Hﬁfbﬁer@memdprcﬁmcarch@ltobbiagram B, the

used, with or wthou arlt tr nsfor
1%?&’&%Wdf‘r?ggli’f‘6‘ IHWTP‘E% Iy ¥ %Jé‘i%‘? éﬁﬁ!‘gﬁ% Eﬂd ’h?hét of the new data
sENUERLd Sdind ?oxgerTHﬁdsuﬂli% Q&t%{ﬁlrtlbﬁ ds eidmad deliuse of the essential

normal i zing a particular gene expression data set
inflexibilitye ofthe meferenat istamdsuds Homs givesohisertrayrtyBol bt pxincaple any

al . Bi oi nformatics 19:185-19 03 ose .di scl osu
Rl qpg D TR ARl st b AE0L S, & Spiflization
mth&N8ad ¥s& 86 k@) OF., hiie oN Vs atstlos@t inV R BSIsthd 8t al, Park et al,
ref erence standard accordln% to Diagram B, the

1S

Benite e iak, yandl Podliggetval refesences h@sq:cbﬁlecrven erothernelgr, ¢yplic losses,
SRt khiedahior 08t PlinLhS, ARMIRE ARl handdIee SRR intensity-

e su I 0N easl
dependestsent i al |aneX|b|I|ty of the reference st andar ds
for a_given mcroarray type. |In principle,

t echrﬁh&ése theoPrepgaintipytieBr BEAvidest R oRniygnsalh éefgq)éwq Aapdard  for
n§hHé1 ﬁﬁ%gene %Slhegﬁﬁ {2 CI Ogsg%pp:ﬁgék{fg go %@{‘u%lué %ogﬁar(?‘xeﬂseased or

ose
oﬂwr‘#vlsetababl;maﬂiemchﬂlrgt calceroan dtumrbuse tetuealand eb ene rkimd of gene

cEBRE b 4 e O JEUN TR U i BEsrrPL AL ol e eenes that are
o008 e on O 20303 DALY 1 o
ené)bénmm,eﬂ@t wmvkrsal feference standard is derived from the gene expression
profiling data of 164 nasopharyngeal carcinomas, 15 normal nasopharyngeal tissues,
and 23 metastatic nasopharyngeal carcinomas as shown in the examples. Also
generated was a series of reference standards using only nasopharyngeal carcinomas
(n=164), normal nasopharyngeal tissues (n=15), or metastatic nasopharyngeal
carcinomas (n-23). A Pearson linear correlation study was conducted between different
reference standards (R Software v.2.0.0, The R Foundation for Statistical Computing).
All reference standards correlated with each other in near perfect linearity and are
essentially identical (Fig. 1). The finding suggests that the reference standards
generated by us for quantile normalization are the same and can not be further improved
by inclusion of additional tissue samples. To confirm this conclusion, another reference
standard was generated by inclusion of 82 additional NPC samples to the original 202
tissue samples (164 primary NPCs, 15 normal nasopharyngeal tissues, and 23
metastatic NPCs). The new reference standard generated from a total of 284 samples
was correlated with the reference standard generated form the original 202 tissue
samples using Pearson linear correlation analysis. The results showed that both

reference standards are essentially identical (Fig. 2). Thus, all reference standards
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nornmal i zi ng gene expression data. It is applicable to
any tissue, normal or diseased or otherw se abnormal,
WO p@b068sng cancerous (tunorous) tissue, and t oPeEmyS005045004
of gene expression data set. For instance, the nethod
is applicable to all human genes that are present on
etSFFél leﬁ)l Aerbe geme dhe evicraneastendarddenedifre@s te original 202 samples

GlkRL e o egsap{e?%glgge d_enbodi ment, the universal

erence st anél erive romthe gene expr essi on
pr of | A istugly dedsaondiucidiftonagbstathnh gietdni G4l irBRARSe sthRdard can be

nasopharyngeal tissues, and 23 netastatic
‘ﬁ%\‘ig‘% %p y BSPH&%%P G geanemressontiTeliing duh generated from

th $8me erﬁ?c? SR ¥@fforh %Eécil &5 a%@;r:lelraf‘ef il e{‘[&l?dfgcgr?ng az&&ﬁgﬁletrlx HG-

usi ng on nq?dopharynge I nomas
ﬁan@&’g t Tes Adymen= HG Ud B3A‘Igeﬁs teRpriession intensity of each

|
i ﬁgﬁh D S8 Gl SR8 sctome bt heriersal reforence
sta@ligdenc @erﬁtr@{%ﬁrﬂﬁssefeaegof\ﬁ"@ars&m legglen%AlP-er linear correlat1on

Foundatl on for Statistical Conputi erence
a83ly#ig 4F igs 31 oThe Iresulisl shaw Ihlé‘éy: bigoifiant lingan e(mrelaxmrf ﬁldt show that

tl#é ﬁﬁ@%ﬂs&lyre?é}g%ct%gs%[nﬁ% 20y I %/ é]réﬁ gltg[argtﬁgﬂé atlon of NPC gene
egenei@t @doﬁiynguﬂaﬁcaogen@iﬂm 'blyethB OdaffRl hd@bhi®dy lf‘ﬁrmfetrlx HG-

gan ot be further roved by |ncIu5|o
U:lgggté IES ss 8- $anpiveds reh@glgdmdwtmusmfshm butsoroes and/or

l%qf,% d was generated by inclusion

%Sgﬁgéfﬁgéna ﬁé’% sggrr%l es to the original 202

t i ss[[tewmim d&n()ﬂfréterl rtharahe uiNveSal rdferdhee Rndard could be used for
and 23 nmetastatic NPCs). The

qHaéaﬁﬁir) ré%@ﬂ@élogtla %éﬁ% cBFrssign epfofilingn data eapratel bpghe same
nSEGOR 5 (s TahRh&lx VHG“J%%? r(?efngéﬁff)g f%n&i ?frererr]lb types of

gener at € formthe ori gi nal t1ssue sa
tupeQrrsaoipldsi ndastudyowasetatducied amatey sarglonily geleetsd lliver cancers. The

SPRORHLI e Sh8T LRSI TBERS ST by using
Asfyaraa d36STeB3A abkieChiR. t NEheS ANE- w'efﬂéenéﬁﬁzﬁ{zééﬂ% the_universal

standard derived from the original samples 1's
refigsp léierﬁt%miafdw gegpnedrabare.r SVheretheaosmalivbdr gb.ne/bxptessigvn profiling
e lish that t.hj
S LR W o Siphion gpleftify ot normalization by
medmdineaatcbrﬁaiathfn ANEXgsigethe resdRk SBSIcdhiph Qédrbéd\er lﬂéﬁlacorrelanon

erated fromthe sane m croarray | at f orm used t
%jﬂ 8engs ot Al tey easesaettie: 4): eThis Amtlingesheivg tlhvmﬂlQSMVersal reference

<SRRI eI 6L RN BRLPY St
different kyipea ol drmmmsambrsrtail;atlmﬁzetsalt MaisWitivekd abference standard as
wel?f §"ffom other reference standards discussed herein, with and without logarithm
transformation, are contained in the file: “Reference Standards.txt” in the appended CD.

It was also demonstrated that the universal reference standard could be used for
quantile normalization of gene expression profiling data generated by the same
microarray type (here Affymetrix HG-U133A GeneChips™) using newer generations
of technology, here new GeneChip Fluidics Station 450 and GeneChip Scanner 3000
(by Affymetrix) to replace the GeneChip Fluidics Station 400 and the GeneArray 2500
scarmer (by Affymetrix) used in the experiments described above and Examples 1-6.

Such instrument improvements are made, for example, in view of the increasing
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standard in ten randomy sel ected NPC sanpl es using
Pearson |inear correlation analysis (Fig. 3). The
wo e®alosss76 how hi ghly significant |inear correl BET/O82085045004
show that the universal reference standard can be used
for quantile normalization of NPC gene expression
' I 39 a SR BicPosi SAY for RN A Rfanscripts
lm%\?ﬁ{i/ﬂrrégtﬂ&i %@ﬂiﬁ%ﬁ%ﬁk@&eﬁg&ﬁ%@??% , €.g., ?% provide P
(geretasbdssiop) edtifiting dos disgnetisaxkeropaastiontion efdisenses, discovery of

rogression fromge expressi.on .data.. | I .
areeblireis e e oh S/ S Pty 88 offs s, ke all
teGRBldRidRe tHS QehekRts, HiBiiche AR BRI likatfopDNA geheligonucleotide

expression profiling data generated by the sanme
miciearmeHs ray eanseniinervelving.y métonpsgueRtiyui thez guestiga ceff few) most

ar different t . .
et LB bl PR i B SRryl BLAHOE S of
te@RBB X O 656 i 1aBis psfofdshit derladda from ehdise gemerationsenf technology

cancers_were collected by using Affynetrix HG U 33A
becRiReTI PBPOTPREISHE a wer e nornal i zed to the universal
ref eggn fANH2% e gis! WﬁﬁAaPQle%rip%v‘tﬁQasbﬁ%l by the new fluidic
normal'i Zed "géne expression profiling data were
stationr ehditthd mévt hschriver grre esteongere $isino thoiseit mpasurdde dy the previous

w t hout Po,r mal i zat i ﬁn “E% Pear son .l i near_ cor.r etl at i n, less
geapEton; of 1psBimeuty)| Res omﬂrw@ IPYa s Y JpStngy  have
' ifhsid) | 3 ioBtaird)l. from th
R0 01 Bl CRER e CorgapeamsadE gt fom i
nest austtamentcolist sanaioe be idirectlcaralizat acoprding thmethody esteblished on
can .be l.jed to normaljize differe . .
SR BB GuRSETR B 5 5P, VBRI of o 1

ordtRdAbH Rpeatlslth@santd fdyoiod @hchi eiegareiodtodmkatmedRnt, it would
di scussed herein, with and wi thout | ogarithm

bet adyiastageonsttp br ablerte neanelizerhel dith celireied frem neppingrupens based
St andards, .t xt" . i0. : dat
oriph AR P hieps 4ol r AR AEIAE A0 dereibn W sBiRent o produce data
e shtieants ediablgr usgfiAnbi thet parradd satthonlds gesde. In order to
expression profiling data, geneyated by ft he same . .
adress dhis rpé?bl?lyp@ S?rlf?éroé e;gpqry’p@}t§ a8 hgen gerfguned to provide a solution
L1RS( hngynewer generations of technol ogy,
toﬁég{gg)%gv&@%ﬁ%?g%i dics Station 450 and GeneChip )
Scankéthod0 Bidtheb glaBbratiomt it ischelteved that ave skiHed @e thecht pan, using

thg L&e%cﬁ@&ﬁe?éria%gag 8gli$eﬂ %e‘% 2)%‘@ gﬁ@rﬁ@ﬁcﬁ %(g 3@ c ?uﬁ%gtg &ltent. The
foﬂ%%ﬁga ggé?fm%é@ IRt smBodiBials hdS IHeWTBRY, th G cotsiReAT s merely

are for exanple, in view of the )
ilustcatees ambnotmnitative of the remaindereoof die dipglogyie in any way whatsoever.

ol i gpnycl got 1 de 1M £1 AL AN Swirg cxBP1 ANIGHpRhires are set forth

uncorrected in degrees Celsius and, all parts and percentages are by weight, unless

otherwise indicated.
Example 1
a) Determination of Gene Expression Profiling Data from Tissues Using
Affymetrix U-133A GeneChips™

Patients and biopsy specimens: The gene expression data were collected from
tissue samples collected from fresh biopsies or surgical resections at the Koo
Foundation Sun Yat-Sen Cancer Center (KF-SYSCC) in Taipei, Taiwan. They were
collected and banked between 1995-2003. The samples include biopsies of primary
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(gene-expression) profiling for diagnosis and
prognostication of diseases, discovery of drugable

Wwo argesss7e adj ust ment of therapy according to iPdi/uszZoR45004
risk, etc. Thus, like all technol ogies, the reagents,
instrunments and the |i ke for DNA and ol i gonucl eoti de

na S HaBATEAYRrdidin &0 ASinad) ida¥oR¥ 9 hiéd) GisséeBN R tRNIE hysophigngeal
guest’ion of how nost efficiently to analyze and
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er gt ft nol t Si r S
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by t P LOUS I: j

oo S SRR AL, RO g gt hen
tumg'r si_esmgdashq@m{] p&i gnhimliaftleizsi' 'yreagonh s g e pojyprapaiene tube.

obt ai ne r t W i nst X .
T s L et P B e S P Rpeginio for
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previous generations of instrument. In order to avoid
(Bpppektf) ngcttateds Anmimstaidy oam temphaasevdipg rierthe ilayirugtion of the

i nstrunent,. .it . .wou be .advant ageouds t:0 b
b Gt R SSCYRRS A B aB5 AAE, Be wbe v
caBPEE ShakerAvIgBiREENRE 13t sdtdadsdariieiricubated ra0Modigemperature for 5
previ ous version of instrument to produce

dat a
matsv Aherindupatigrimpatieatsycentsidigsd af §,30A £ fop &% ermiterptdnC. The
t he ol.der versi t: S j a
oL oHTHEh PR ALE st BRI R e A
ad@icH b00.5tAl isbpeppr AbdtpnandEse mpicrgram pycoghi, tthotibe was mixed
further elaboration, it is be|lieved.that one skill

with geptde wertexingnior adpw geeands grdiubaigd abwor fimparure 6t 10 min.

T réiiifeé,leﬁhg B PSSR ofuBY S Bt 9,9(5bfg[ r 110Sminutds @8 U@ X TR kupernatant

oW ng preferréd specific enbodi nents are
whi esnedvedeandttbe Ipellat ot saved! Qe melr ef Y5%0! dthanot ate-ehalledagtc-20°C

t limtati f th ' [ [
ol e S8 e T 8L o PR AR eA e 0300 &
£oir & hBWkdiGht QXA HE Supchdtart QR @élﬁb%&@iﬁ% g piRttof Ad HRNAse free
uncorrected in degrees Celsius and, al] partg and

clpar piwet digesThe eiboywaweinykrted anlaepiscoohddimvane | nandcdeiedifor 1-2
mlEr)l(ua%e@ | "FhelRNA pellet was dissolved in 100 microliter RNAse free water. RNA was
further purified using the Qiagen RNeasy kit according to the instruction of the
manufacturer. One microliter of RNA sample was diluted 60x with 59 microliter
RNAse free water and measured for concentration and purity by absorbance at 260nm
and 280nm. The quality of the purified total RNA was also assessed with an Agilent
Lab-on-a-Chip 2100 Bioanalyzer. 200ng of RNA was run on an Agilent BioAnalyzer
RNA Labchip. This instrument estimates the concentration of RNA and calculates the
amount of 18S and 28S rRNA in each sample. Quality total RNA samples have
28S/18S ratios around 1.6. Poor quality RNA samples have reduced 28S/18S ratios and
smaller size RNA fractions. The quality of RNA also can be assessed with a software
provided by the manufacturer of Agilent 2100 Bioanalyzer for RNA integrity number
(RIN). The acceptable RIN number is > 7. Only RNA samples with RIN > 7 were used
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a) Determ nation of Gene Expression Profiling Data
fromTissues Using Affynmetrix U 133A GeneChips(tm

WE106068836 and bi opsy speci nens: The gene expr eBCT/UR2005/045004
data were collected fromtissue sanples collected from
fresh biopsies or surgical resections at the Koo

in Eﬂéé@ @%&hﬁ_ﬁs Stfe X%e‘s§6ﬂ RENG8Y prleemitated (Wittr YSCihmioRium acetate

Tai pei ai wan. were collected and banked between

and 986 ool arrthetoseaquﬁ I-@@ G vesil tredy BoropEymstris GeneChip analysis.
pri n@ﬁg olgh%%rag,ea%algggrm nomas, nor mal

naso rgea sue et ast ati ¢ nasophar yngeal
car ch naelyl DO vericrogmmer of Sampk ewtale RNA olvitcREN >7 and
according to a, protocol roved by the

PreGiBAted i1 BREIONIGY PERIRIBSAS aﬁohﬂewesrsmw@f a‘i“g’ﬁ‘ﬂ“é%%\&f:d gt 9,300

G161 €6 ?rgﬁﬁ]tgﬁ HiS49@0PHL ARNAD petzlﬁtg O al8h RhERBAQMh 98 RE8EH, alcohol

based on the quality and quantity of the extracted
eriRhlA&d aARNRO°€X t Aftet imderofuge apd ranﬁwahbf elcopelothedUNA pellet was air

G iy B micghter e, roze@ﬁt UK lgmﬁﬁftgreo%“@m was

for RNIR chAR A& UE1AiGn darget
dlg&{:/\%?@é}gﬁﬂ%%%t%én%gem zerc (Fi shte Ci ent [ f| é‘lﬁf orr 20 ?o 5F%

weéi® wepaed sroan tbtali Bhide and dpbridivess tar Adfystestix &HG U338 AqGeneChip
PhaselLock vy endorf) . .incubated 5 mnute at
MCEATAYE %Cog(§8%?%&‘ﬁ@¢yd€$ﬂépfoﬁ% iction of the
ManUTREHdERTures@id 860FiBEIN(R: Rbwiky: each ml of Trizol)
was added. The tube was capped, shaken vigorously for

15 sevormdkesarad dl¥dbat ed at room tenperature for 5

m nutes. JXh C AN Bhd Svnth
6 300" ¢ GPEblsR AR o UEA KRR R GbIHAESAhY Synthesis
top Qﬁg@ﬁé frs@sInkigfoges kit (dNTPY Sapertsemptl léevbrsé Transcriptase, buffer,
m'crofu<)getube After additio i SO

| ..
al coRd ir é‘ﬁ‘%?r@@gﬁf’éh%@‘i‘%‘?%%q% (f)ggtgﬁ mattwgacgtggre %&g p%’i Qligp(dT)24
W t h &%&t L Gud Qi ems nfl(%r &ﬁ]ﬁéﬁ@es%%&% gnghounastzatgbout 1

omtenpera ure Thereafter, the tube
vvas MWrtofgagaaiteahe frs @@nd‘ dINAQ Avilch SeemdaStrand Synthiesis reagents

SUPSEILSNL S KEED ) Y RS MRl S o e

the RNMARKL eIncubAs at 1‘6’)@ 10REbAER DHoYird HoXRErad® ®NA and synthesize
m crofuged at 9,300 g for 5 mnutes at 40C. The

supedm’(ﬁastranda@CDéJnPDved using a pipettor and a RNAse

o PR PP B 5 15 Lo o o P eee

pel | et wapodbls slavast cDNWOG pincficl mtigr a R €hipr Bample cleanup

et elr\/iodE{E:IAﬁAv’},fa&iqetrix) according to the instructions.
iii) Synthesize Biotin-Labeled cRNA .

Combine cDNA with biotin-labeled ribonucleotides and in vitro

transcription reagents from EnzoDiagnostics kit (buffer, DTT, RNase Inhibitor,
T7 RNA Polymerase). The incorporated biotin-nucleotides will be used to bind
a fluorescent dye conjugated to streptavidin. Incubation is performed at 37°C
for about 5-6 hours. Store one microliter of cRNA in freezer for analysis of
cRNA size by Agilent 2100 Bioanalyzer. Continue protocol with remaining
cRNA.

iv) Clean and Quantify cRNA
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further purified using the Q agen RNeasy kit according

to the instruction of the manufacturer. One mcroliter
w@boormKsss@npl e was diluted 60x with 59 m crol i PeT/URNOS@45004

free water and neasured for concentration and purity

by absorbance at 260nm and 280nm The quality of the

puri fi ed pugifakhcR¥ENWasINRIS 0siag Sks SedeOhip IBaatplAgli¢aand module

Lab-on-a- Chi p 2100 Bi oanal yzer. 200ng . of RNA was run

on dAffxgietrant Wrdrerlrps antlirphanclsentaingrsalutionys RFPRER Fxcess

esti [ ] |
roUgr B RS by R BcRAE A @bl ad luce
t ot ahe WA Saitipvatr havoedi2B & the Sistratiios dtimumanutadureRoor

qual ity RNA sanpl es ve reduced 28S/18S rati os and
srral‘i)dmé”mi’ée @WWJ{ 8/%‘?%]@{13 The quality of RNA al so

can be asgfzs it SeAJIVaEQIRS aypiEdRihally {1 micrograms of
manuf act ur er ggb%%illent g’fioo B(?ga}nay%/zer fo)rf RNz\mcrogr.

i nt daiveledy targether SpeRitphotdinetengeabingskan Re Nisad ripedetprgnipe the

7. Only RNA sanpl es wi RIN > 7 re u '

R R W O e
ammoRiLKm-a66 alotkand 70%edhiaehabsostiicstnr 260 atm- 6D 280 nm
until” ready for Affynetrix GeneChip anal ysis.

1 CGeneChi
ni crwaveteagthanaQyality :samples asnatht ziold 28018 ERYgy and haye 2801280
t unor ..t ot al wth RIN >7 and precipitated in
ammoAt A 3Et 4te and al cohol were renmoved and

m craf ogesical rQgddaferfgyRNKD mi nutes at 40C. The RNA
pel | et was washed once with Q.5 mni ,80%) al c

| .
pre-chi | 1spend alcoRNAaprabes i cHrpigE lammfg%svlgmaz}?n buffer
al Cgﬂgﬂg%?& Qgc%ﬁgﬁl Pl%t in¥@gctRhE Hh eﬁff?iﬂgtrigu SgRk VigGyHafion is

11 | ter e Tree water. One mcroliter of RNA
was shrfoshed a6DRCafed abeaSormihutar TdATagmmentedt (RN Agan by frozen

0D 260nm, Hybridi zation targets, were prepared fr
Cot ot RRRCENGnpEpTrIRn Tt apEpRets i B epnieysh G U133 A
Geneggﬁe@hqg.croarrays according to the Affynetrix

protocol s.” The procedures are described in the

f ol | o) Qugrfirmn)SiByafifreghetef cRIHNA Conbi ne 8 ni crogr ans

of total RNA with the FLrst .Stran t hesi .
from | nvi PRSRERRPE ¢y P %fﬁggsr g %Sr%lﬁgt ZD\?‘Z[?I; g@gﬁa&amn to

Tr anggddnpéiaseie Ritérb&iays DTRIn abeer di migrélirert ($00ng) of fragmented
instructions of the manufacturer. Add an oligo(dT)24

pr i neRNAoaedi rinragmentedo B0 @ecudHES. Librbihdtsigapn Agilent
abouhio%%g/zgroﬁlé&ou{‘hig’ assay determines the size of an RNA population
relative to known markers based on capillary electrophoresis. Quality probes
contain a mixture of cRNA fragments less than 200 bases. If necessary, probes
with large cRNA fragments are incubated at about 94°C and analyzed again.
viii) Hybridize Fragmented cRNA to Microarray
Fifteen micrograms of fragmented cRNA adjusted for its quantity
according to the instructions of Affymetrix is combined with hybridization
buffer (27mM MES, 0.885M NaCl, 20mM EDTA, 0.01% Tween 20, 0.1 mg/ml
Herring Sperm DNA, 0.5 mg/ml acetylated bovine serum albumin). Include 50
pM OligoB2 (positive control; used to orient the array and the grid) and the
Eukaryotic Hybridization Controls (1.5 pM BioB, 5 pM BioC, 25 pM BioD, 100
pM CreX; used to confirm the sensitivity of the hybridization). Denature the
hybridization cocktail at about 99° C for about 5 minutes and 45°C. for about 5
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hour to generate the first strand cDNA. Add Second

Strand Synt hesis reagents (buffer, dNTP, DNA |i gase,
wWdbcBeisgerer ase |, RNase H) according to the PCT/US2005/045004

instructions. Incubate at 160C for about 2 hours to

degrade RNA and synt hesi ze doubl e-stranded cDNA. ii)

O eapikneth! eTRinkRNdRehealhiddDeRBIe Bidetin te darc My rnstrix U133A
purified with a GeneCnhip Sanpl e cl eanup Mydul e 0

( Af f GreaGhiR thas bey b@nm’fge-ﬁ)lbsbltl%ed withhybridigation byffer at 45°C for 10
Synt l.Ze,. Bl of.] N+ : : ' i :

o o OGRS SN ABLAESINT ineChip v
t r anghiriddtddan 46 ¥afe at 1sadt 18 iokrszia Biraigssesd ovm. Ki t

(buffer, DIT, RNase Inhibitor, T7 RNA Pol ynerase). The
incof’@%‘ﬁﬁé’@dbﬁf@ﬂiﬂﬁgrﬁ%ﬂa@oti des will be used to bind a

f I uor esceﬁglgggig hg%uiib@i%h%gcmnwmeam B GehSMPhiHtAdEe and

is perforne C for about 5-6 hours. Store one
m cr filliviidr nof-stoRpet wasl beffare 'Washrthe pbibysder aferiefRpfnonstringent

size b I | ent 00 Bi oan er. L | .
i t e ﬁ@%?%"%’éﬁ!&ﬁs i )andgt%ﬁleﬁi?‘d EO@&%?‘%&VPL%{&%%‘W yhith a
the RN SERPH oSN sBRitIGANeRAkP ofaemes &hidaNnSignal is further
modul e "(Affynmetri x)., Wash col umm with _ o _
et hanoblifieththyi moubating ewraonsith Ribieinylassd: esti-skeptapigdin antibody

ncustioh, e By trin Sl RRTHAL PELEHULE payeqepytiin

t he Wshlofcétcensstoh. WEtherifstbarehtiox sips Deire paiforened according
Quantity of cRNA Good hybridization signals require
appr dxthdastugtians ofiAfEtERs of | abel ed targets.

Spec 0 ; I J; can be used to determ ne
t he %&%ge %er‘g?’%egtz”%?&géc CRNA sanpl e and the vol une
necessar y Dieact tthrdsydnt i sigrmdd ionna qoodesseidl chipetsengrianeAffymetrix

R D YT O -
rati 9x,oRr RiNhtrots u¥ihe Arerieal MisQiRa HdaBRioRuNAMAS) 5.0
software.
xi) Confirm Hybridization Quality using Control Sequences on GeneChip Test
Array
GeneChip arrays contain sets of PM and MM oligonucleotides
complementary to the 5' and 3' regions of housekeeping genes. Good cRNA
probes hybridize to both oligo sets from the same gene yielding 3'/5' signal
ratios < 3.0. They also generate background fluorescence of less than 130 units
and detect the presence of 100 pM CreX, 25 pM BioD, 5 pM BioC and often 1.5
pM BioB in the hybridization solution.

b) Conversion of U133A GeneChip data file into text format

The gene expression data file derived from the Affymetrix scanner is saved as “dat”
File. The “dat” file is converted to “cel” file. The intensity of the expression of
each gene is then calculated, scaled to a trimmed mean of 500 and saved as “chp”

file using Affymetrix MAS 5.0 software. The conversion of Affymetrix “chp” file
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Suspend all cRNA probes in 40 mcroliter of
fragnentati on buffer prepared according to the

WO 2@b/0683876 ons from Affymetri x. The incubati on PET/US2005/045004
performed at 940C for about 35 mnutes. The fragnented
CRNA can be frozen at -8C0C until hybridization with

PloRes filk Whe ity aheby iskvihis aUlhg” Ailéane Ghitrt” filel format using
Confirm Size of Fragnented cRNA Fragmentation of cRNA
t Affymetiy MY 88. i n better hybridization to
ol i gonucl eotide m croarrays. Run about 1 mcroliter
(500ng) of fragnented cRNA and non-fragnented cRNA on
ac)RArieaICTi P133: GendChipdMgnobBsaAnhyities 2100. This
assay determ nes the siz n_R opyl ati.on .
PR O RIFBiALH R L UD A3 o COHB A e sets are rerieved
ekect kSel” kY REQUSS RsBftafd WitHe® Wkkground
chﬁ& ?‘?@g&ﬁgﬁtésafles@g@ﬁ%% 200 baé%g.rm?fssfrﬁecessary, s
padjbesent ahd IrngelizBNA f Themetniesedarlatai are utsaieddn aa text file for
about 940C and anal yzed again, viii) Hybridize
FF%W&@@W to Mcroarray Fifteen mcrogranms of
fragnented cRNA adjusted for its quantity according to
the instructions of Affynetrix is conbined with

Exnnpledi zati on buffer (27mM MES, 0.885M NaCl, 20rM

bl bR ™, 5

0% gQBRe ERQSisidry Gats BRHT Alffymised H® U163 AnGertdlhimmithyor without
and the grid) and the Eukaryotic Hybridizatiqn h
Clogariting tansBrpMia o8, serighiBiasEndsg FnvAgicsring gydgmoer eac
CreX.. us 0, cong EDA o bl h .
hﬁ?ﬂ”?laia?g% P{I)en% ﬁl %gér? g?&%ge{eftoﬁggﬁy }#ei Aélmzﬁg?‘ifl on coc ﬁrgogsi ?acatfow .
abgutlaRe for fallr samipdest Brithmetie sueand o 5 Gows distesbgugscending or

i&:{}%ﬁgg )p-lr-ajparncg%gtrﬂ@fg:]g%g{é%%g %{a%ﬁ\g@ ‘%ﬁlrg ecta% 1§e°u§3‘e'& for quantile
DEISHQM%{I%Z e@xééﬁ&%l%é Rk e Zahd darsbast sk het bﬁ gﬁi@ ih@dntion are

10 'm nutes accor to the instruction of t

meonthimed i the. filFHR eeermeifitgdaeds. thi/ in theiapeendgd CIZ0C f or
at least 18 hours in a rotisserie oven ix) Wash and
Stain Mcroarray Renove hybridization cocktail from

ths PompiRisthnahll! BorGfationd@¢ Aéference standards gemerated from
intensities of perfect-match (PM) probe sets of U133 A GeneChip and from
gene expression intensities generated by Affymetrix MAS 5.0 software.
To determine whether the gene expression data derived from PM probe sets without
background adjustment or the gene expression data obtained from the Affymetrix
MAS 5.0 software corrected with a scaling factor to a median of 500 are more
suitable for generation of a reference standard, we randomly selected microarray
data of four NPCs and one normal nasopharyngeal tissue. Two reference standards
were generated according to the steps outlined in Diagram A. One reference
standard was based on the expression data of PM probe sets (PM reference
standard) and the other was based on the scaled intensity data generated by MAS
5.0 (MAS reference standard). All gene expression data were transformed with
logarithm at a base of 2.
Quantile normalization as described in Diagram B was performed using the

reference standard for each of the five NPC samples, separately. The normalized
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fill with non-stringent wash buffer. Wash the chip
under a series of nonstringent and stringent
wa@eovdiosssaers in an Affynetrix fluidic station. BURUS2005/045004
array with a streptavidin phycoerythrin solution. Wash
of f excess stain. Signal is further anplified by

| ReERal RF BAdhaY¥vad Brrelbtedt W aha &hREd -5k I eRhaWPdl Nsample.
ant1 body solution" followed by staining with

adthprasotnaﬂlveswp@@iam don thiehysewpley d hisi showmndn Bl Sex clgs result

ag&@gaf’t est 3 P{quﬁr I‘T)nt I frlltg% S ﬁg %A’iﬁ\% Re?p%?tgl(ﬂgnoa;i(;gglgelatlons were

Anaketzel Ganeehitier Teet AP@)sakples Gind fdngaicesak ﬁhso@h@‘mageal tissue

on a processed chip using an Affynetrix GeneAr
o Bl .. Acpiaimancl ighes BREI rEsHerdV IR I expERBan alfgnsities were

SXB ?essgé)dqv%&@( BleS %én%se@?&glgﬁd&%}éjghggn&ﬁ Y78 14 ¥he PM reference

Mcr array Anal'ysts tware. Xxl)

Catrinidsah (My4is of Figs.isomd@alln tonttast, ﬂ@re:watergrbatﬁerhffemn@s among
on GeneChip Test Array .CGeneChip arr contain sets. of
PIREEFR) WA 0P Mo SHRIETES! i1BEES EO TP EReReA 908 G PHREIER Ay were
b ﬁg'ﬁﬁ QRS0 Qﬁebot Wﬁ%’e@%@%?i ax$OFFiE YYD ERerefore, it is

Ize to I go sets fromthe sane gené
ylmdnﬂlchﬁicﬁlita’o 1éergnfﬁ|d1ﬁf@wmtceély<ex3re@sedTgmys dh gy lpenmicusdy range

bac or es f th 130

(B R B ERa e B R s S B BER 4 P e of the
B'I\Q@Sat@peréﬁc% Qfindard fOMBINGR hdindallSationuf rﬁicif(ﬁrta? Iala‘ia can avoid or
solution. b) Conversion of U133A CGeneChi g data file

i rteelivete theoproblenThe dg@rﬁ@nmtpﬁswsﬁﬁ"eé@? SfF»lbOéh ther ¥ Me@ld the
fr Af f r|x sca File.
RS ARG SR B S e

intensity of the expreSS|on of each gene is then

cal cul ated, scaled to a trimed mean of 500 and saved
Exampleh" file using Affymetrix MAS 5.0 software. The

conversion of Affynetrix "chp" fileto "txt" file was
carr Eﬁdcmﬂmm)bes and type af tistye'safmiples onrthe establishment ¢ff aereference

st@cﬁ@n@f, uslfgﬂ% %énﬁ%{tfo)lr(ln{\@% Q?Tfﬁnélgg 11 \Ix:\;ertngrllyega%}lplgsf aré:J 13348 and
whether different types of nasopharyngeal tissues are necessary for construction of a
reference standard that will be used for quantile normalization of NPC gene expression
profiling data. Four reference standards for quantile normaliztion were generated using
microarray data from 23 metastatic NPCs, 15 normal nasopharyngeal tissues, and 164
primary NPCs. The first reference standard was based on 23 metastatic NPCs. The
second was based on 15 normal nasopharyngeal tissues. The third was based on 164
primary NPCs. The fourth was based on all 202 tissues as described above. All
reference standards were established by following the steps described in the Diagram A

(See the file: “Reference Standards.txt” contained in the appended CD).

When all values in the reference standards are arranged in ascending or
descending order and correlated with each other, all correlations are linear and highly
significant (Fig. 1). The results shown in Fig. 1 indicate that all reference standards

essentially are identical. Any of the four reference standards therefore can be used for
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The gene-expression intensities of UL33 A GeneChip PM
probe sets are retrieved fromAffymetrix "eel” file
Waig006968MAEXPr ess 2. 0 software without backgr oR@ITUS2005/045004
adj ustment and nornmalization. The retrieved data are
saved in a text file for subsequent analysis. Exanple

quént®d SRASNALbBF eicioafey anae. B! akdardswitr ARtk 16G U133A

nor mal i zation The gene expreSS| on data from Affynmetri x
GerdeChip83A GeneChip with or without |ogarithm

b o PR RS e thel RoARRANOhAL O ARS SERAAY are not

ord save N sp re

fuftdr B proVéE bl intleRhi 6f ABdIRoRE I @SS, e\a@fgeha\atedSa ﬁfth reference
cal cul'ated for all sanples. Arithne ans of
standwsi by sddne Hcmsrandrtgo L} BEY SR ;Ngﬁa do the affabase of the

o BISP 53ySTOEAEr Ehr c, d

23?ﬁ|étawtat§i‘ll?m§)y Tihei fifth gﬁfﬁamdecsltandand geoeratddriesn ariotahef 284 tissue
Ile erere

sotBlfs YA GRS DG BEoOHGh o ronet Srbird TenanF agn 202 tissue

saﬂl‘éﬂa@r a}-ﬁ% f’gf%ofgf&@ﬁ@en Sthhd£8 195159 eohtded Mt 6B apfdedrCbeFile=

GeneChi p and from gene expression
“Refiremsi Sthmkrdyaxtet élf@cres;lts/sho\ymt they avpssentallyotentinab (Fig. 2).

S R B DS S S EIREE BB e L3P St

nomgh%%ﬁ R REBSS mproded By alhaiones Iﬁlbwmsa elauafoffylteeadculmnal 82
.0 software corrected with a scaling factor to a

tlsﬁrefdaiaalplcﬁf 500 are nore suitable for generatl on of a

refer lg ep C e]%‘élbﬁ n%%égdaﬁ%&or s%ggvotqggty 12 6LRE é»% S'Egﬁlgég?rg%é&ated from

dat a ne norna naso

diffefett Gumb¥e of ehepRE eeschtialyd aredie samhe. géieeﬁoatﬂe deference standard
according to the steps outline

waseg@iceried bY cambining THEORE bty %é%@%ﬁﬁ”@%&pﬁaﬂmggawssues
1&“@1@%&1&%? 5&{1& RN &%{a@%ﬁ@ M &t aPgiREherdd sthBarlib EEl;l/eoretlcally

e sca Intensity data generated b
mSebrelerfthiBal. e Mée ese thesfoarth aefdencaslandmd exs exprieersdl dﬁference

L T SR OO e Byt o
NPT b BEthy&dt4Gn iBsequent studies, e.g., of gene expression signatures for

prognostication and classification.

Example 4
Comparison and correlation of gene expression before and after quantile

normalization for ten randomly selected NPC samples

To demonstrate the validity of using the universal reference standard for
quantile normalization of Affymetrix HG U1333A GeneChip NPC microarray data, we
conducted a correlation study on ten randomly selected NPC cases. The gene
expression profiling data of these ten NPCs were determined by Affymetrix HG U133A
GeneChips. The intensities of each gene were obtained from Affymetrix MAS 5.0 and
normalized to the universal reference standard as described in Diagram B. The
normalized intensity of each gene was correlated with the gene expression intensity
derived from Affymetrix MAS 5.0. The results shown in Fig. 3 indicate that the

normalized expression intensity of each gene is highly linearly correlated with the
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reference standard for each of the five NPC sanpl es,

separately. The normalizedi ntensity of each was
waeerebsred with each other for each NPC sanpl BCT/US2005/045004

Representative correlation for the sanple 1 is shown

in Fig. 5. The result denonstrates a proportiona
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normal 1 zation of NPC gene expression profi lqi ng dat a.
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nerowlizeticsr diget)st Zhersfare the unkigessl referenss sandagy iesnergiefly the
. a : i

in{EREPE eyt 1 SRR BocCBf Anl & NI A fidrancers) and
isphdesdrupiviiRels. The first reference standard was based

on 23 netastatic NPCs. The second was based on 15

normal nasopharyngeal tissues. The third was based on

E mary NPCs. The fourth was based on all 202

j s eSGL Ve, f . a ohni
ehFE BRI AR 5 L 91 B5ERAM RS e
vahigtibasagram A (See the file: "Reference Standards.txt”

BT NN s TR AR S
variations that may obscure results and interfere with data analysis of microarrays. Due
to consistency of the Affymetrix HG U133A GeneChip and careful execution of the
experimental procedures, variations in the microarray data are small. Consequently, the
microarray data even without quantile normalization were highly correlated with the
normalized data (Figs. 3 and 4). Nevertheless, it is expected that quantile
normalization should further reduce any slight variations. If such reduction of
variations has occurred after quantile normalization, the degree of expression variation
of each gene in the tested tissue samples should have been reduced. We therefore
compared the degree of variation of the expression intensity of every gene with and
without log, transformation for 246 primary NPC samples before and after quantile

normalization. The Standard Deviations (SD) of the expression intensities of each gene
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descendi ng order and correlated with each other, al
correlations are linear and highly significant (Fig.
wa 2006/068876 esul ts shown in Fig. 1 indicate thatPel/IS2005/045004
reference standards essentially are identical. Any of
the four reference standards therefore can be used
béBFCinanitel GuAIEBbInZRizhifh Were WaluRdd Ay whab @oﬁtp@red by a paired
generated with Affynetrix HG U 33A GeneChi
t feak vsieg SA48rfbhsefwars. t Hirepulis shpwed ﬁ!@atttheoﬁé@farfé flg¥iatigmof cach
stan 0
b e el A s FRIRY YarPed BELMEL ML Riion withou
qSdndiel Adrehalliyatestd (?®.000¢y ¢Ballayl)d aT& oésuEs? ofi éhis casparabifve study
NPCs to the database of the ori.g tissue
haygrismenstratehithat ayantile ngppalizajign Icalh@ BEATRHERS
tissues, and 23 netaastatic NPCs). The fifth reference
st andar d generated froma total of 284 tissue sanples
En@mpuﬂrrelated mrth the fourth reference standard

generated.for sue
ref er&g"ng %{?%I gy t% rt%‘%{tl CH'@H eﬁloFH%llngB% 3 he applied
0 et infToarbsf @hE Hffﬁ:re%%@é’%éﬁ%ed fFdm st i frereat t&s@ﬂ@w fluidic
at they aré essenti al i dentical (Fi 2). Thu
stahensf andrschnmees isr dapintedsinabidgram dentpegifisal Y. Ay mezix G U133 A

I Sssue sanp uanti |l .e. narmal i 0 i
s patsaonyrpir drd PRned PR A BRARP FRLAES Bekion 450
afitetlGepBehipBcahh&SI0B0 TN BE E6nverttt) @hrbﬁ@rﬂdﬁaﬁtﬂi&ﬁﬂ‘ﬁiaﬁﬁhon using
above show that the reference standards generate?
a dinfiYesvab meferenae staaded eeaﬂ@teésfr@@s@ﬁtm@rqayaard@t% fel a‘%ﬁ‘emth an
Tl RS 1 e A BB Rlon, e microaray
dmxasissebae )qi@%ntt ﬂOS‘BlHelﬁlcrmy pdaitmb;almdla(?&omn‘dhe%e of the earlier
metastatjic NPCs. This refere st andard
geneagiont PE AnSpmgst.e The frosmatize ¢ flAagen then s apply7ech g linical
@ﬂ&gf&pce standard as a universal reference standard.

I's universal reference standard has been used for
guantile normalization of NPC mcroarray data in
subsequent studies, e.g., of gene expression
signatures for prognostication and classification.

Exanpl e 4 Conpari son and correl ation of gene
expression before and after quantile nornalization for
ten randomy sel ected NPC sanples To denonstrate the
validity of using the universal reference standard for
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quantile normalization of Affynetrix HG U1333A
GeneChip NPC m croarray data, we conducted a
W@ e0o6ebssré on study on ten randomy sel ect ed NPECT/HSES5/045004
The gene expression profiling data of these ten NPCs
were determ ned by Affymetrix HG U 33A CGeneChips. The
Didssnsati es of each gene were obtained fromAffynetrix
S 5.0 and nornmalized to the universal reference

st andgk e@ﬁnémérnbgﬁgn mommm@? Coeveesion of Adfymetrix U133A

| Nt eGaineCRip PRAAGENR aTES GéenaChiptFiaigiveEStation 450 and

expression i @mé%d@o ity Datd E'qm«fléwmtw GeMEChiPData

The K?féh%lfj;ﬁeﬂqﬁgméu #:G@neth i FRsidecs Sratiote400 and Scanner 2500
|1 Zze SSI1 O

nor ma expr ntensity of each gene is highly
linearly correlated with theexpression intensity of
the sane gene wi thout normalization. These results
denonstrate the validity of using the universa

ref erence stand d for quantile r |zat|o

m croarray data, ésﬁe Fg‘?QJFﬂ% P{/ﬁ%tsppkaﬂ@ﬁlﬁ%ﬁ\amer
CGeneChi ps. Exanple 5 Conparison gnd correl ati on of
gene expression data before and gfter quantile
normal i zation for ten randomy sg}ected |iver cancer
sanpl es. The primary pur t i AWas to
denonstrate that the uniggﬁggﬁgp g?é%tgggtandard
generated by the invention can be] applied to normalize
m croarray data of tunors other than NPCs. For this
study, gene expression profilingMata of 10 I|iver

cancers was obt ai ned Af f trix

GeneChi ps. The inten tggs '%Qgkuéﬁggﬁkiﬁéﬁéh from
Affymetrix MAS 5.0 were normal i zed to the universal
reference standard. The normalized intensity of each
gene is then correlated with the tensity derived
from Affymetrix MAS Sginipesiost BistitRIdIadicRNAThe
results show highly significant |inear correl ation
between the data before and after jquantile
normal i zation (Fig. 4). Therefore} the universa
reference standard generated by tNe invention can be
applied to different typeq:rg@rﬁmngn(cﬁ dRNMPCs and
liver cancers) and is indeed uni al. Exanple 6

Ef fect of quantile normalizati ction of
experimental and technica

ari ati ons.

Hvbridization onto Hybridization onto
yU133Achip U131A chip
Processed withGeneChip Processed withGeneChip
fluidics station 400 and fluidics station 450 and
scanner 2500 scanner 3000

Correlation of data with or without
gunatile normalization between
microarray data collected from the same sample
and processed with different fluidics stations and scanners.
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A purpose of quantile normalization is to reduce
experinmental and technical variations that nay obscure
wo eaalosss7@nd i nterfere with data anal ysis of nPCT/OSI008945004
s. Due to consistency of the Affynmetrix HG U 33A
GeneChi p and careful execution of the experinental
proEggﬂ gsg variations in the mcroarray data are
nsequently, the mcroarray data even w tho
quaiﬁh¢ procsdvigato deienaine weneerrgiiop riptling detadrem tPﬁtl?IFi dissues
noJ.
DT AR SR AL BRuechPRere e B RASHES in Floshie 1. Tor
the etuiyeasaddpisted g Dingmanaid, dl’@mdnfedé:ﬂoﬂm—iaéﬁmtbtRNA fbm the same
vari ations, has occurred aft uantile nor ation,
SoRIRS (i DEICBH TR SHBIO A esth GO SRA T e B e e RNA
fl‘{)lﬁ @l?altl ot Were dfz%d%gﬁ)ue{ gl@.@( Eehaemprad l}b?@éésse&@mth the new
re conpare egree of variation of
orexldr AaRkian s’uand)re Iphlst gcamﬁere\sqaayatqe n®isgram ) Ehet gemgt expression

Io 2. transf on fo r PC.sa $ bef
fish rGrie UInT GoBr ey 2D SRS il sepRARA -G mSortiafmgea
ca%é’x‘s%d SwéroBindeinly fectePlopfifi @iyl Nt ensities of each
genebefore and after quantile nor mal i zation were
cal cul ated and were conpared by a paired t test using
SASMEQ ware. The results showed that the standard
dev f each gene after quantile nornmalization
was Qaeftile BforinaRmMtibh¢ Q)fSthél A exiessioat intonsity tdlatwi?vas performed as

quantile_normalization (p<0.0001) (Table 1)
desexibed 1 Brampie - dbaparvatrsal efetencs stindped a%ﬁ%ﬁéw éﬁ thg foregoing

e>¥af11r?ptle q&%gehg&%m ?%%%lp%gbﬁ}deed can reduce

Vari at 1 ons sign of a study to
denonstrate that quantile normalization can be applied

to m&gﬁgélm croarray data differences generated from
[

usi n erent versions of fluidic st %FI ons and
sca ér%ﬁ@swépln&né@eﬁrp D?%Br%‘i@@ ggﬂf’e ferayie yby processing a
3 &€ r @il @8k
RNt e S0 KOV RS AR il AR s

wafedolbthmedsdjyeﬁmng)mamm M;z&sos &aoﬁ\berecasn@@pnbcﬂ trhthmfgtegomg

quantile normalizatjon, usi a rs refer
XA el gV@FFe?%ff‘iﬁ 4 Pt %aﬁﬂ e ﬁs% %93 Bl R pmglization
oM LRhaNpearshinBle. I8REpRIcEARe Af t‘({iﬁnﬂll@shémﬁhﬁon”aﬁ) a universal

above. After uch normalization, the mcroarray data
refierenceestapdavchivenss dataitedebnie rlomar @gr@anoa a@blt/a¢sn7é¢ie perdprmed by

o S 8o B SRS Ry B ok gy T 5. e
re3RRbioR e Rvekd 8@5AMh Golid lines. The values of all slopes in Figs. 7 and 8 are
shown in Table 2. The results show that the gene expression intensities measured by
the use of the new generation fluidic station and scanner are higher than those measured
by the use of old generation instrument (Fig. 7). The regression lines of gene intensities
after quantile normalization are essentially superimposed with the ideal diagonal lines
(Fig. 8). The results validate that quantile normalization to the universal reference
standard can be utilized to correct deviations resulting from the use of new generation

of instruments.
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Experimental Design for Validating Conversion of
Affymetrix UL33A GeneChi p DataGenerated by Using

w@e0ve0bssps Fl ui di cs Station 450 and Scanner 300BCT/0S1Das/645004

Equi val ent to GeneChip Data Cenerated by Using
GeneChip Fluidics Station 400 and Scanner 2500 Ti ssue
Speci nen of Nasopharyngeal Cancer Extraction of Tot al
RNA Synt hesi s of Double Strand cDNA %nt hesi s of |,

Bi ot i rbablepleCemparin of sty daripiéensd By rRgene expression
Hybri di zat i orbefore endigfieri qiiantle inormaivaBoni@N)' A chi p U133
A chip Processed withGeneChip Processed wi thGeneChip
fluidics station 400 and fiuidics station 450 and

scanner 2500 scanner 3000 Correlation of data with or

wi t hout qunajr hberARNARLERAL i On bet BBRIT IMHes Tekfomned ditensity’
coll ectedifromthe sane Sanple and processed wth
different fluidics stations and scanners. Exanpl e Th
procedur es BefaaeQN ni neAge@Nexpr essi Bafgse QN | | ng‘gﬁﬁ‘féN
frompatient tissues by using Affymetrix U 133A

CGeneChi ps are the sane as described in Exanple 1. For

tudy a picted i | agram C, fpagmented 08
Mgﬁlgltulﬁln-l abl ZldﬂzgRNA fromrbf’}t?e same sanpl e was divi ded

4 Qto two al|j ts. Fift m crogr ans t he

1 f(E ht ed from ea%g'gé\l i quot vver(e)'QL ybri di zed 'o%t 0
a U 33A GeneChip and processed with g new or o(bng
Medighdi cs s2289bn plus <8&dder, separal®y (Di agrafPt)
The gene expression intensities were obtained usin

3 Ndantiket r i X249 5. 0 sof 23878, Si x nasofdr yngeal C%EZer
sanpl es were randomy selected for the study. Exanple
M8ximum 12502.58 7941.05 3.71 3.75

Overall Mean 258.54 - 238.72 0.69 0.68
of standard deviations”

1: Standard deviations of expression intensity of each gene before and after
quantile normalization to the reference standard 4 were calculated for 164 primary
NPC samples. The calculation was made for intensities with and without Log,
transformation.

2. The raw intensities without log, transformation were obtained by using MAS 5.0
and scaled to a trimmed mean of 500 and were used for calculation of standard
deviations of each gene.

3. Log, transformation of raw intensities were used for calculation of a standard
deviation of each gene.

4. Paired t test was used to compare the means of standard deviations before and
after quantile normalization. The results indicate that the standard deviations were
smaller after quantile normalization and p values for two sets of data were
<0.0001. Standard deviation values of minimum, 1% quantile, median, 3" quantile,
maximum and overall mean of standard deviations before and after quantile
normalization to the reference standard 4 are listed in the table.



Quantile normalization of the gene expression

i ntensit

WQ 200610688061 ver sal

y data was perforned as described in Exanple

foregoi ng exanpl es was used for quantile
normal i zati on. Exanple 10 The expression intensities

of each

human gene determ ned by processing a UL33A

GeneChlf) through the old or the new Affyrretrlx fluidic

station
MAS 5.0

Sdepepilingay regrserion Wess sBownda RigustAapets i x
softmare as described in the foregoing

exanpl es and were correlated with each ot her before

ref erence standard establ i shedI/Usonies5004

and after uantll nor [izatio | e.
The pF gpedgre of ?Q‘eﬁilp 10];'@%‘ Pﬁmaﬁcmp%ng

uni ver s
Li near r

I reference standard mas as detail ed above.
efoedsSin H0dr923Es k0681 f oTABD488 udidsg0257

T98-0406

Before Qu$le6

Norm 1 %4 ﬂ
Fig 4L 7

t hat the

After Quangie t

Normaiza thvgh

software (Insightful Corp.). The results are
Figs. 7 and 8. The regression |lines were
s®.83%6 | i nes0.90he val & 1of al 10.843pes i B.945
and 8 are shown in Table 2. The results show
gene expression intensities measured by the
he new generation fluidic station and scanner
er 0692 t hos@99Basur ef.98P t he U3894f ol d0.992

0.774

0.991

(Fgeseratijon instrunment (Fig. 7). The regression lines

Of gene tntensitres arter quantiTe normalization are
essentially superinposed with the ideal diagonal |ines
(Fig. 8). The results validate that quantile
normal i zation to the universal reference standard can
be utTht ede@ dilesardsestalidgyliedtionnspatansibhtid peblicatonst biged herein
use of new generation of instrunents. Table. 1
G APUPPIeH by reistonpbegindevi at i ons (SD) of gene
eXpr S W dedAly) QMbstituting th
q‘ﬁé b%%e(ﬂﬁé %{aﬁn@gggﬁgeﬁé SD o#l 1Log Tr ac\ns }}or mserlju e the
gd:rlHrElBy toy Selificallye debbrifet ercacihtBedmolfe Qperatinge cofghitions of this
M ni_nmu 72 0.74 18 0.08 1st antile 52.98 48.93
lfb’eﬂfaorogn&é‘%k}?%né%p@ﬁe%x’?@p& 69 0.68 3rd quantile
%2;5%‘9013 3Re fotethifd dBsBiptiMRXdEWKilledbRP e &t S¢hl eddfly Isdektain the
essential characteristics of this invention and, without departing from the spirit and

scope thereof, can make various changes and modifications of the invention to adapt it

to various usages and conditions.
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Overal | Mean 258.54 238.72 0.69 0.68 of standard
devi ations 1. Standard devi ations of expression

WO paoe06ssrey of each gene before and after quant PCBUS2005/045004

normali zation to the reference standard 4 were
calcul ated for 164 primary NPC sanples. The
cal culation was nade for intensities with and w t hout

LOg2 transformation. 2. The raw intensities w thout
BEMQEM mation were obtai ned by using MAS 5.0 and
S’Clal %‘aluttool"ﬁ, & hﬁnﬁﬂ)ééaErﬁgP 8&@5@9&0@”& éf’étﬁéé?: ﬁﬁ?sddig&rvgry and class

cal cul’ati o of "stan evi ations of each gene.
Log2pietiiztish by gahd exprafion awnitotiegs Sticese 286r53 168360199

cal cul ati on of _a_standard devi ati on of each gene, 4
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st aggg{e%xpfe\géiéﬁ ?ﬁffﬁin@?ﬁ&ﬁ& AL, 200mnt i 1 e

[ e

nor zat | on. results 1 ndicate that the standard

devi BerooEMyetr Al.svidl¢oglar abiteits fihnman breagirtvmbisz Biatuoe 406:747-
and g?rlglog@s for two sets of data were O 0001.

St andar vi ation values of mninum 1st quantil e,

egli ARden?sId AR | GoneBRpicE316M PRITIIOY BY RdrbdifiPABreast cancer. New
standard devi ati ons before and after quantile

nor mihg 2 MadoHtt B X518, 2&¥ler ence standard 4 are |isted

inthe table. Taple 2. Sl ope L nea [ [
sriowl o Trehe oo T L e b PE Vel BT BF clfesy' i eene
appl egaédsions prafingninsl andiclbhduedlt handrksc Natate hefegi 7:673-679,

are incorporated by reference herein. The preceding
exangP@s can be repeated with sinilar success by

Cituti " . - . : .
P LSPUHLN, B 058 E St R SRR SR e
i Nveby igee dxprestioapeofiligdNaturd 4@3:pOREE2AQ0.exanpl es.

Fromthe foreggjng description, one skill]ed.in the art
o Dugnassiast M a e A nd>Bineafion F it BioBikeS G brostre
thi s RUERHRR 43980086t Bet departing fromthe spirit

and scope thereof, can nmake various changes and
notli Shireteiypasalofdentificationefdifferentinllycrxpressed gepes/iar hepatocellular
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angl RagBswamy S, et. al. Multiclass cancer diagnosis using tumor gene expression
signatures. PNAS 98:15149-15154, 2001.
10. van’tVeer LJ, et. al. Gene expression profiling predicts clinical oputcome of
breast cancer. Nature 415:530-536, 2002.
11. Shipp MA, et. al. Diffuse large B-cell lymphoma outcome prediction by gene-

expression profiling and supervised machine learning. Nature Med 8:68-74,
2002.
12. Armstrong SA, et al. MLL translocations specify a distinct gene expression
profile that distinguishes a unique leukemia. Nature Genetics 30:41-47, 2002.
13. Bolstad et al. A comparison of normalization methods for high density
oligonucleotide array data based on variance and bias. Bioinformatics 19:185-
193, 2003.

14. Park T et al. Evaluation of normalization methods for microarray data.BMC
Bioinformatics 4:33-45, 2003.

15.Benito M. et al. Adjustment of systematic microarray data biases.
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193, 2003. 14. Park T et al. Evaluation of

normal i zati on nmet hods for mcroarray data. BMC
w®e@onéssrerat i cs 4: 33-45, 2003. 15. Benito M ePCHIUS2005/045004

Adj ust nent of systematic mcroarray data

bi ases. Bi oi nformati cs 20: 105-114, 2004. 16. Sorlie T,

et al. Repeated observation of breast tunor subtypes
ciarviglependent gene expression data sets. Proc Nat
~“Acad Sci, USA 100:8418-8423, 2003.CLAIMS: 1. A nethod

100 R0fTRI Qoﬂﬂal&ﬁgge‘:ﬁ)é%&gﬁe%i&? flﬁ@togtaﬂ%}l‘%nne? ive nficroarray for a

given mcroarray tor a particular biologicar sanple
partoyar Siblogicad sameple zomgrisiag chodaslzingssaid) datafusirgneerence standard

standard gene expression.data, which was obt.ained on a
EIRCERBEFTEY daGrvaeh g OOk GunATy LoutRng fhgspme genes as
sdfd %?\%ﬁrﬁl?éfo'ﬁi’a L h L ERIEIRNOSY Ofid $hé BeRLSifkf@Msets of

| fferent sets of biological sanples different from

bishigitap sarhples differew fpine said\partioylan garorler @esiging depressfaprdata for

each e Wit hi id.sets t | cul at f ,
o caratrny Sl turdet el NP Bl pes for said
o&RE foRREcHI84te il AbReminhal tHdh@he Qb @h@drisonS sAll reRtefice standard

reference standard val ues anpn‘gy said sets are
vaugst ampegishigd setsgare ysusiiciently bighly tignificani dhatethe refecace standard

tandard,val ues_for are essentially

V%Hees:}‘?’f %aaclh.se are ssfcrlg{laf%glglag?&%%r mal i zi ng gene expression

data obtained on a given mcroarray for a particul ar

bi ol ogi cal sanmple, conprising sorting said data as a
2§ dneethod oSmosRyizang: BN rarsEen fafp ofRie e 21vep iR Tay for 2

| i di :

phEbEREBERALANARER, Shpffs SERENAICRNEEE 3 SRERAE Bipression
deppedrfdricacin gerieh sorting nasferance diagdaé ob Eersadgrgsaioni datal acording to

gene expressipn dat.a to the correspandi.ng value in the,. .
R SPEIeSHRRI HrtraTaSioR KEetess BFHTBALALR HiF BRIRE IO §ToBies o said
p AL RLNE el BPE 6K 8at8 P HRSSIrRBpHALR WlieCh the reTérbfde stdhahrd, the

said particular gene expression data. 3. A nmethod of
raférancn Qandaed bivingsbéent absdinedficm gepeAxpressionadats wibidhrie @ther than

a.m croarra\é contﬁéni ng the sane genes as said

0

Sad?%‘ﬁlc}‘r]iaﬁg%réere?( IPSHOL H'&suri ng expression of said
genes_from sets of biological sanples different from
sai d particular sanple, averagi ng expression data for

3 e de meghwdeofiglaim hwharein sud sefesneasiandagd wap eplined g a microarray
i f i . .
oG e PESTAER, YlFoel BB 9 ISR Efdson of s

genes_from sets of biological samples different from said particular sample, averaging

expression data for each gene within said sets to calculate reference standard expression
values for said genes for each set, and determining that the correlations of said
reference standard values among said sets are sufficiently highly significant that the

reference standard values for each set are essentially identical.

4, A method of claim 3 wherein said reference standard was obtained by arranging the
expression intensities of the genes of each of the biological samples in ascending or
descending order and calculating the arithmetic mean across each position in said

ordering, the resulting set of mean values constituting the reference standard.

5. A method of claim 4 wherein the number of biological samples is five or more.
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ref erence standard val ues anong said sets are
sufficiently highly significant that the reference

wge@ndessds val ues for each set are essential |y PCT/US2005/045004
identical. 4. A nethod of claim3 wherein said
reference standard was obtained by arranging the
expr essi on intensities of the genes of each of the
biolo i cal | es in_ascendi ng .or descendi ng .qrder

S0 E AT b vPRes B oD 6 HOlgACaL SRSy o more

p03|t|on in said ordering, the resulting set of mean
val ues constituting the reference standard. 5. A

7.mathetlod bf dhiai 4whendine sad notohedizakinrbie ruardtilb notodize@dn.
sanples is five or nore.6. A nmethod of claim4 wherein
the nunber of biological sanples is fifty or nore. 7.

8 AAriﬁ&ﬁip&' oPLlaitd ?wneéelm@ﬁa %ana‘i%ﬁ’orf‘@ rqualiliﬂeattdrﬁama%on ,
quanti e normalization . A nethod of claim®6 wherein
said normalization is quanitile nornalization 9. A

hod of d |
9 ol BBkt SRl SRt Agh PRRELs i floelh ERR! capprises
nﬁ@ﬁﬁ&&n@z@ﬂﬁs@;ﬁ@%&hﬁ@noﬁneméh@’@fjc@@&@ttﬂ| ng to claim?9

wherein the biological sanples used to obtain the
reference standard conpri se nasopharyngeal tissue

Rl Ty T, SRR i) T o
refi§estet s@ar@@id&:lomptrlhé nigbhngngal dishe cdich i mﬁnalaﬁd/ or cancerous.

nasopharyngeal tissue which is normal and/or
cancerous. 12." A nethod of claim 11 wherein said

?ar& et A cpdrg ggtb %lﬁ@Weﬁilg&f%ih@gﬁggéa%ﬁﬂi% R % obtaln the

‘han nasop eal tissue laim1l
refiérenci stamiardoboi:rq:rise asdophatyngdab tjssna whicnis nermampd/os emcerous
normal and/or cancerous liver tissue. 14. A reference
standard for quantile normalization of gene expression

18lata Lo S | DYIBRAE sBY RalRalaP %1&@@1@a10§canipﬁec&hﬁ1@ses tissue
"Ref erence Standards.txt” in the appended CD.

otiret thad nefopbdrgngeabtissuer ei n sai d ref erence st andard |s
that of the file "Reference Standards.txt" in the
appended CD and the normalization nethod is quantile

19O RlethoAtdf @Thim 18. wherdRY ARDpAficitarebislogicaheingild caipiises normal
gene expression data to be normalized is obtained on

ardpricagstons lives tiswer ay by use of first associated
instrunmentation and wherein said reference standard
data i s obtai ned on an equivalent mcroarray by use of

14. A reference standard for quantile normalization of gene expression data comprising

the gene expression data of the file “Reference Standards.txt” in the appended CD.

15. A method of claim 2 wherein said reference standard is that of the file “Reference
Standards.txt” in the appended CD and the normalization method is quantile

normalization.

16. A method of claim 2 wherein said gene expression data to be normalized is
obtained on said given microarray by use of first associated instrumentation and
wherein said reference standard data is obtained on an equivalent microarray by use of

second associated instrumentation different from said first associated instrumentation.

30



second associated instrunentation different from said
first associated instrumentation.17. A method of claim
wQa Boosloessaé n sai d second associ at ed i nstrunent aPCDOS20895/645004
| ater generation of said first associated
instrunentation. 18. A method of claim 17 wherein said
17 NSA iR 8t £ain C@RhérsRSsait] Edcohdiagsoctitadt inSiturBtaBion is a later

gene array scanner . . .
generation of said first associated instrumentation.

18. A method of claim 17 wherein said instrumentation comprises a fluidics station and

a gene array scanner.
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