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NEPIAHWH

2KOTTOG TNG TTapoucag epyaciag €ival n avamruén €vog CUCTHAUATOS avaAuong Kal
TagIvounong €IKOVWY dIodIACTATNG NAEKTPOPOPNONG ATTO aCBeveiG YE PUEAOYEVR Kal
AEP@OYEVA Asuxaiyia, JE TEXVIKEG AVAAUONG EIKOVAG KAl AvayvwEIoNS TTPOTUTTWV.

‘Eva onuavTikG TTAEOVEKTNUA TWwV EIKOVWY, O10dIA0TATNG NAEKTpOPOpnongG (2-d Gel
Electrophoresis), €ival n TTANBwpPa TTPWTEIVWYV TTOU ATTEIKOVICETAI 0€ KABEPIG aTT’ QUTEG,
KATI TTOU ATTOTEAEI TAOUTOXPOVA KOl QVTIKEIYEVO IOIQTEPOU EPEUVNTIKOU €VOIAPEPOVTOG,
KaBwg Ba TTPETTEl va evTOTTIOTOUV ATTO TO OUVOAO TWV KNAIdwyv, €KEIVEG OI OTTOiEC Ba
MTTOpOUCAV VA ATTOTEAECOOUV TTIBAVOUG PIODEIKTEG EITE HEMOVWMEVA, EITE OE CUVOUQTUO.

Mo TNV TTPAKTIKA €QAPUOYN XPNOIUOTTOINONKAV EIKOVEG OTTO HIa BIAdIKTUAKN BAon
OedouEVWV PE EIKOVES aTTO okavapiopéva gel diodidoTarng nAekTpopodpnong, n LECB 2-
D PAGE. H ouykekpipgévn Baon €ixe 10 TTAEOVEKTNPA OTI Ol TTEPIOXEG EVOIQPEPOVTOG,
OnAadri, ol KNAIBEG, NTav Kal auTEG OIABECIPEG, KABWG didovTav TO KEVTPO PAPOUG KABE
Miag atrd auTé.

H eCaywyn Twv TTEPIOXWV eVOIOPEPOVTOG, £YIVE PE QUO TPOTTOUG: XEIPOKIvNTA, ME
emAoyn atmmd Tov XpAoTN Twv KNAiIdwv TTou utrodeikvuovtav oTn Bdon dedouévwy Kal
QuUTOPATA, OPICOVTaG MIa TTEPIOXN EVOIOPEPOVTOG YIa KABe KnAida, ueyéBoug 13x13
EIKOVOOTOIXEIWV PE KEVTPO TO onueio 1Tou €BIve n Baon dedopévwy. ATTO TIG TTEPIOXES
evdIOPEPOVTOG (KNAideg/spot) uttoAoyioTnkav XapakTnplioTika ueng 17 kar 2" T1égewcg,
ONUIOUPYWVTAG Yia KABe KnNAida £va dIdvuoua XapaKTNEIOTIKWV.

2Tn OUVEXEIQ YIa KABE OUVOAO {EXWPIOTA, £YIVE PEIWON TWV XAPAKTNPIOTIKWY TTPWTA
ME Bdon Ta atmmoTeAéouaTa TTOU TTPOEKUWAV aTTO TNV EQapuoyn evog Man Whitney test
OTO OTIOI0 EVTOTTIOTNKAV TA TPIA XAPAKTNPIOTIKA Yia KABe KnAida (ammd cuvoAo 22
KNAidwvV) TTOU €ixav PeyaAUTeEPN OTATIOTIKA onuavTikn dla@opd (p<0.001) uetalu Twv
QU0 KATNYOoPIWV (MUEAOYEVT KOl AEU@OYEVI AEUXQIUIA). ZTN CUVEXEIQ TTPAYHATOTTOINONKE
KATATagn Twv XapakTnPIoTIKWV PE BAaon Tn cuoxétion kal o Wilcoxon teoT. Me autév
TOV TPOTTO YIa KABe eikdva dnuioupyndnke £va didvuopa peyéBoug 16 XapakTNPIOTIKWY.
Me t1a Odiaviopara autd ekmmaideltnke éva  MBavokpatikd Neupwvikd  AikTuo
(Probabilistic Neural Network PNN), kai o KNN TagivounTtrig yia Tov o1roio doKIudoTnKav
O1a@opeg TIEG Tou K. O1 TagivounTtég ekTTaIdeUTNKAV €TOI WWOTE va dlaxwpeifouv PE TN
MEYaAUTEPN duvaTr) akpiBeia TIG BUO KATNYOPIES, XPNOIUOTIOIWVTAG TO MIKPOTEPO TTARB0G
XOPAKTNPIOTIKWY. H €AoY Twv XOPAKTNPEIOTIKWY EYIVE PE Tn HEBODO €€avTANTIKAG
ava¢ntnong. O agioAdynon Twv TagivounTwy £YIVE XPNOIYOTTOIWVTAG Tn HEBodO
atmokAEIOPOU  evog (Leave One Out-LOO). Emiong, 10 oUoTnua agioAoynonke
TTEPAITEPW, YIA KABE OUVOAO XwPIOTA, YE TN MEBODO e§wTEPIKAG dlaoTauPOoUUEVNG
emKkUpwong (External Cross Validation- ECV), pe ammokAeioyé amdé 10 OTAdIO TNG
ektraideuong Tou 30% Tou GUVOAOU TWV BEIYHATWV.

Na tov PNN ta&ivount) kai Tnv LOO péBodo agloAdynong, n OuvoAiki akpifeia
(accuracy) Tou CUCTAPATOG TAEIVOUNONG, @AVNKE va @TAvVEl TO 98.1% evw pe TN YEBOdO
ECV n amédoon tou Tagiountr) kupaivetal oto 89.4+4.5%. EmmAéov, yia 10 oUvoAo
auTo €yive Kal Tagivounon pe Tov KNN Ta&ivounTs, yia Ta 16 autd XapakTnpIoTIKA, KAl JE
TIG dU0 peBSSoug LOO, aAAd kai ECV. H oAk akpifeia Tagivéunong otnv TepiTrTwon
Tou KNN Bpébnke 96.3% yia k=3 kai k=5, pye tn LOO péBodo, evw pe tnv ECV,
uttoAhoyioTnke 89.5+4.9% yia k=3.

To Treipapa eTTavaAi@Onke Kai yia 10 OeUTEPO GUVOAO TTEPIOXWV EVOIAPEPOVTOG OTTOU
o PNN kartdgepe akpifeia 96.3%, pe Tnv LOO péBodo agfloAdynong kai 88.6£3.6% ue
MEBOBO atloAdynong Tnv ECV. Ta avrtiotoixa mooootd Tou KNN, Tagivountn gival 97.2%



pe TNV LOO péBodo, 1600 yia k=3, k=5 kal k=7. Me Tnv néBodo ECV, o KNN yia k=3 €ixe
armmodoon 91.1+4.6%.

[DlaiTepa onUAVTIKA XAPOKTNPEIOTIKA HE IKAVOTNTA OIAKPIONG METAEU Twv OUOo
Katnyopiwy, @avnke va divouv ol KnAideg {12, 22, 8} Tou atroteAoucav Tov Kopud o€
OAa Ta OUVOAQ TTOU TTPOEKUWAV YIO OAOUG TOUG TAGIVOPNTEG KAl Twv OUO CUVOAWV
TTEPIOXWV VOIAPEPOVTOG. ETITTAEOV KOl pE O€Ipd OouxvOoTNTAG E€PPAVIONG, 10IAITEPN
onuacia eavnke va éxouv ol knAideg {13, 17 ka1 5}, xwpic autd va onuaiver 0TI oTA
oUVOAQ TTOU TTPOTABNKAV aTTd TOUG TagivounTég, dev uTTHpXav Kal GAAEG KNAideg, ol
OTTOIEG €ixav ouyxvoTNTa eu@Aviong atrd dUo Kal AIyOTEPEG YOPEG OTO TTANBOG Twv dEKA
ETTAVAAAWEWV.

Ooov agopd Ta XAPOKTNEIOTIKA UPNG Ta OTToia ATAV TTI0 OUXVA €P@AVI(OPEVA OTA
oUvOoAQ, auTd Tav 0 JECOG Kal TO EUPOG TNG evépyelag (mean Energy, range Energy) Kai
NG avrtiBeong, (mean Contrast, range Contrast) kabwg eTmiong kKali 0 PEOCOG TNG
opoloyévelag (mean Homogeneity).

OEMATIKH MNMEPIOXH: Emreéepyaoia Eikovag

AEZEIZX KAEIAIA: Aiodidotatn nAektpo@opnon Mueloyeveig Aeuxaiyia, Aeu@oyevAig
Aeuxaiyia, Avayvwpion TIpOTUTTWY, Blodeikteg, [MBavokpaTiko

Neupwvikd AikTuo, KNN.



ABSTRACT

The aim of the present study was the design and development of a computer based
system for the classification of two dimensional gel electrophoresis images, from
patients with either Myeloid or Lymphoid Leukemia, using image analysis methods and
pattern recognition techniques.

A significant advantage of two-dimensional polyacrylamide gel electrophoresis of
proteins images (2D-gel electrophoresis), is the plethora of proteins presented on a
single gel, where as at the same time it may be difficulty to detect protein-spots of high
significance (possible biomarkers). This paper presents the design and development of
an image processing and analysis system for the detection of 2D gels spots that can
effectively distinguish between patients with Myeloid Leukemia (ML) and Lymphoid
Leukemia (LL). The publicly available LECB 2-D PAGE gel images database was
employed. These images were produced by scanned 2D electrophoresis gels and the
sites of the particular spots of interest were known.

Regions of Interest (ROIs) were extracted both manually and automatically by
defining an area of 13x13 pixels, the center of which was stored in the database as
centroid of the spot. Thus, two sets of ROIs were obtained, one manually and one
automatically. For each spot a number of textural features were calculated based on
first and second order statistical measures.

Feature reduction took place by applying the Man Whitney test for the detection of
statistical significant differences (p<0.001). Thus, for each one of the 22 spots, three
features were retained having the higher statistical significant differences between the
two categories (ML and LL). Then, the features were ranked based on the combination
criterion of correlation and Wilcoxon statistical test.

Consequently, based on the retained feature vectors, a Probabilistic Neural Network
(PNN) classifier and a kNN classifier were trained so as to discriminate the two classes
(ML-LL). Feature selection was based on the exhaustive search method. The system
classification accuracy was evaluated by the Leave One Out (LOO) method, and the
External Cross Validation method (ECV).

The overall accuracy of the system, when the PNN classifier and the LOO method
were employed was found to be 98.1%. Regarding the ECV method, the mean
accuracy was 89.414.5%. Concerning the kNN classifier and the LOO method the
overall accuracy was 96.3% for with k=3, while employing the ECV evaluation method
an average of 89.51£4.9% was attained for k=3.

Regarding the automatically obtained ROIS, results were 96.3% for the PNN
classifier and the LOO method, and when the PNN was evaluated by the ECV method
the overall accuracy was reduced to 88.6+3.6%. Employing the LOO method for the
evaluation of kNN classifier with k=3, the overall accuracy was 97.2%, whereas
employing the ECV method the mean overall classification accuracy was 91.114.6%.

Features extracted from spots {8, 12, 22}, as defined in the original online database,
seem to have significant differentiating capabilities between the ML and LL 2D-gel
images. Those features were the average and range of the Energy, the average and
range of the Contrast, and the average of Homogeneity.
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Recognition, Biomarkers, PNN, KNN



