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ABSTRACT
The purposeof this work is to establishfeasibility of cyclosarin
exposuraletectiorvia microarraydataanalysisandto evaluatehe
sensitivityof severabletectiormethodgo exposuréevel. First,we
testthemethodontheGolubleukemiadata,andthenwe applythe
methodsto multi-level cyclosarinexposuredata. Initial resultsof
theinvestigationsuggesthatrelativelylow errorratesin detection
of alow dosesarin exposurecanbe obtainedusing either Bayes
classifier,neural networkspr simple class signature matching.

1. INTRODUCTION

While the effectsof exposuréo high level doseof chemicalnerve
agentshavebeenwidely studiedsinceWorld War |, so far there
hasbeenrelativelylittle attentionpaidto theeffectsanddetectibil-
ity of the low level exposure[6]. The latter becameof interest
sincethe reportingof Gulf War syndrome possiblyattributedto
theexposurdo thecyclosarinvapor.While thelow level chemical
agentexposureusually doesnot manifestitself with easily diag-
nosablepathologiessubtlechangesn geneexpressiorevelscan
occur, which, if confirmed,might be usedto designan effective
earlywarningsystem.

Thegoalof ourwork is to investigatehefeasibility of suchan
early detectionsystemandto evaluateits potential sensitivity to
exposurdevel. In this paperwhich summarizeshefirst phaseof
our investigationwe performa comparativestudy of the efficacy
of severalvell knownclassificatiormethodsandtheirrefinements:
correlation principalcomponenanalysisjndependentomponent
analysis,Bayes,and neuralnetworks. The first andthe last two
methodsappearto be the most effective, with error ratesin the
rangeof 4%-20%. We discussthe advantagesind disadvantages
of all the methodsand suggestuture improvements. The issue
of a possiblediagnosticgeneset hasnot beenas yet answered
satisfactorilyandwill needto befurtherexploredn futureresearch
with the aid of higher dimensional data.

2. APPROACH
The processingncludedthe pre-processingtage the featureex-
traction stage,and the classificationstage. Three different fea-
tureextractionmethodsandfive differentclassificatioralgorithms
wereused.Theobjectiveof classificatiorwasto identify eitherthe
correctleucemiatype (Golub data)or the correctexposurdevel
(cyclosarindata).

2.1. Data Pre-Processing

Datapre-processingncludednormalizatiorandgenepre-selection.
Normalizationwasperformedacrosssamplenumber.Genescon-
taining outliersandweakly expressedieneswereremoved. Out-
lierswere identified by computing for each gene the z-score,
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wherez; is the i-th samplenormalizedgeneexpressiorievel, &
is the classmean,ands is the classstandarddeviation. Genedis-
criminating powemwasevaluatedy the Welch’smodified t-test
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wheren; andn, denotethe numberof samplesz: andz. de-
notethe meansands; ands, denotethe standarddeviationsof

groupsl and2, respectively. Subsequentlythe Empirical Bayes
approacH2] wasusedto estimatea posteriori probability of gene
expressiorirom themixturemodelof affectedandunaffectedyene
probability densities Genesvhich weredeterminechot to be dif-

ferentiallyexpressedgitherthroughthe Welch’smodifiedt-testor
the Empirical Bayes approach, were removed.

2.2. Feature Extraction

Threedifferent methodswere usedto identify classdifferentiat-
ing genes.Thefirst methodselectedgeneswhich hadthe highest
valuesof the modified t-test (MTT),
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wherem(*, m{® ¢ 5#) arethemedianvaluesandstandard

variationsof thetraining datatwo classegeneexpressiorvalues,
ands is the gene number.

The secondmethodrelied on geneexpressiorprofile correla-
tion (GEC)[4]. An ideal profile wasgiven by a binary stepfunc-
tion, where0 was assignedo samplesof classl, and1 wasas-
sighedto sample®f class 2.Thecorrelation withtheideal profile
wasthencalculatedior eachgene,andgeneswith the highestab-
solute valueof correlation were selected as biomarkers.

The maximumlikelihood (ML) methodselectedyenesusing
therelativedifferencesn their log likelihoods. Call M{ theclass
1 Gaussiardistributionfor geneg. In thetwo classcase the goal
is to find M7 morelikely than My givenasampleof classl, and
M3 morelikely than M7 givena sampleof class2 usingrelative
log likelihoodscores for geng,

LIK1—2 = log p(M{|X1) — log p(M5 | X1), 4
LIK2—1 = log p(M3]X2) — log p(MY[X2), 5)

where X; aresamplesof classl and X, aresamplesof class2.
Theideal genewould haveboth LIK scoresmuchgreaterthanO.
Geneswith thehighestvalueof LI K1, + LIK»_., areselected
(only thosewith both LIK;_,, and LI K, greaterthanO are
considered).

Thecardinalityof theclassdifferentiatinggenelists produced
by the threemethodsfor both the Golub andthe cyclosarindata
ranged from 50 to 80.
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2.3. Classification

Fivedifferentclassificatioralgorithmswereused.Thefirst method,
the ClassSignatureMatchedFilter Contest(CSMFC), relied on
classmodel estimatesobtainedfrom processinghe training set.
Thisis aversionof oneof the simplestandmostwidely usedclas-
sificationmethodsandis realizedby computingcross-correlation
betweerthe class model and the unknowample.

The next two methods,the PCA and ICA ProjectionMeth-
ods(PCAPMandICAPM), rely onprojectionsof theclassification
datamatrix onto subspacespannedy subsetof the principal or
independentomponent®f the matrix of training and classifica-
tion data. The main motivationfor useof PCA andICA is noise
reductionandde-couplingof the disease-inducegeneexpression
patternfrom competing gene expressipatterns, respectively.

Thefourthclassificatiormethodusedartificial neuralnetworks
(ANN). A simplemulti-layerperceptromwith onehiddenlayerwas
usedto classifysamplesTheadvantag®f the ANN methodis ro-
bustness$o nonlinearities, noise and missing samples.

The last methodtestedwasthe naive Bayesclassifier(NBC)
[5]. NBC classifiesa testsampleby determiningthe classmodel
for which the samplehasthe largesta posteriori probability. A
Gaussiarsample distributiomas been assumed in this method.

3. GOLUB LEUKEMIA DATA

Thefeatureextractionandclassificatiormethodsdescribedn the
previoussectionwere appliedto the Golub leukemiadatato dis-
criminatethe AML andALL leukemiatypes[4]. Thetrainingset
consistedof 38 samples27 ALL and11 AML, while the inde-
pendentestingsetwascomprisedof 34 samples20 ALL and14
AML.

Thedetectiornrates(definedasthe numberof correctclassas-
signmentgdivided by the numberof samplesyangedfrom 76.5%
to 97.1%(Table1). The bestresultswere obtainedusingMTT/
CSMFC(97.1%)and GEC/ANN (95.6%)featureselection/clas-
sificationapproachesTheseresultsaresimilar to the resultscited
in theliterature(97.1-88.2%uwith self-organizingnaps[4], 88.2-
82.4%with between-groumnalysis[1], and91.2%with bagged
clusteringprocedures [2]).

Method Detection rate [%]
MTT/CSMFC 97.1
MTT/PCAPM 91.2
MTT/ICAPM 76.5

ML/NBC 88.2

GEC/ANN 95.6

Tablel: Classification results for the Golub leukendiata.
Methodrefers to the combination of differefgature extraction
andclassification algorithms.

4. CYCLOSARIN DATA

Cyclosarinis a colorlessliquid organophosphateerveagent. Its
primary mechanismof action is to inhibit Acetylcholinesterase
(AChE), causingaccumulatiorof Acetylcholine(ACh) atthe syn-
apsesThisresultsin hyperstimulatiorof the muscarinicandnico-
tinic ACh receptors.

The datawascollectedfrom low-level whole bodyinhalation
exposuref ratsto cyclosarinvapor. Threedifferentexposurdev-
els(0.004,0.0134and0.0251mg/m?>) werechoserto investigate

the effectsof low-level chemicalnerveagentexposure After ex-
posure,the rat brain tissueswere collectedand snapfrozen, the
mRNA wasextracted andfollowing the processdescribedn [6]
mMRNA expressionevelsfor 8799genesand90 samplesverecol-
lected from the Affymetrixmicroarray data.

The datawassplit into independentraining andtestingsets,
with eachsetcontainingl5 controlsamplesand 10 samplesrom
eachof theexposuresAll groupswereevenlysplit betweermale
andfemalesamplesThetraining setwasusedto extractdifferen-
tiating genesthetestsetwasusedin theclassificatiorstage . Table
2 summarizes results of processing.

Detection rate [%]

Method 15 504 mg/ [0.0134 Mg/ [ 0.025T Mg/
MTT/CSMFC 92.0 84.0 84.0
MTT/PCAPM 64.0 60.0 84.0
MTT/ICAPM 72.0 80.0 88.0

ML/NBC 84.0 80.0 88.0

GEC/NN 96.0 84.0 88.0

Table2: Classification results for the cyclosadata.

5. CONCLUSIONS
We havecomparedhreefeatureextractionmethodsandfive clas-
sificationmethoddor cyclosarinexposuraletectiorefficacy. Among
those threeapproache@MTT/CSMFC,ML/NBC andGEC/ANN)
performedconsistentlywell. The error ratesobtainedwith the
Golub leukemiadata(2.9-11.8%) are comparableo the results
publishedn literatureobtainedby useof moresophisticateaneth-
ods.Theerrorratesobtainedwith thecyclosarindataaremarkedly
higher(4-20%), whichmightbeduein partto low datadimension-
ality andarelativelylow level of exposure Furtherrefinementof
the geneselectionprocedure the classificationalgorithms,and,
most of all, analysisof larger datasetswill needto be under-
takento arrive at final determinationof feasibility of a practical
cyclosarinexposureearly detection system.
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