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Poslavska O.V. Methodology for the use of software for the analysis of digital micrographs on the base of pathomor-
phology course in order to increase the professional level of students and scientists.

ABSTRACT. The article is devoted to the methodology of the use of software for the analysis of digital micrographs in pa-
thomorphology on the example of calculation of the index of proliferation by immunohistochemical staining of samples with
different plug-ins of "ImageJ]". The purpose is to familiarize medical students, post-graduate students and researchers with
modern computer technologies to enhance their professional level.
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Beryn

[TaTomopdomorist cydacHOTO piBHS BEMarae Bif
MPAKTUKYIOYOTO JIKaps Pi3HOCTOPOHHIX 3HaHb Ta
BMIHb, 1110, Ha)Kajlb, BUXOIATHh 3a MEXH 0a30BOTO
CTYJIEHTCHKOTO KypCy MaTOJIOTIYHOi aHaTOMIii 1 MOT-
peOyIOTh JOJaTKOBOI CaMOOCBITH, 30KpeMma, KOM-
m’roTepHi TexHosorii. Haie 3aBnaHHs sIK BHKJIaa-
YiB BHIIOI IIKOJH iTH B HOTY i3 Cy4YaCHUMH TEXHO-
JIOTisSIMH 1 BiIKpUBAaTH MalOyTHIM JIIKapsiM BC1 MOX-
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JMBOCTI TTOKpAIICHHS iX mpodeciiHoro piBHI. AHa-
73 mudpoBux Mikpodororpadiii cBiTIOBOI MiKpOC-
KOIIii TiCTONOTIYHMX 3pi3iB O10MCIHHOrO Ta MicIso-
MepariifHoro Marepialy € oxHa 3 Takux oOxacTei,
JUTA SIKO1 KOMIT TOTePHI TEXHOJIOT1] BUKOPHUCTOBYIOTh
0araro IOCHIHUKIB Ta MaTOJIOT0aHATOMIB B YChOMY
cBiTi. IcHye Oe3itiy cucteM, 1o po3poOIIeHi IS OIli-
HIOBaHHSl IMYHOTICTOXIMIYHHX Ta iMyHOIIOOpec-
LIEHTHUX peaklid, a Takoxx Mop¢omerpii. OnHak,
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0ararto 3 HHX MOTPEOYIOTH JOPOrOro JileH31HHOTOo
MIPOrPaAMHOTO Ta arapaTHOro 3abesnedeHHs st (i-
KCyBaHHS 300pa)keHb, 1X aHamizy i 30epiranus. OT-
XKeE, Bi[alaI_l}OBaHHH MpakKTUYHUX HABUYOK 3 IMPUBO-
Iy 1i€i METOTUKH CTYJICHTaMH, aclipaHTaMH Ta
3100yBauaMU-JIOCITITHUKAMH MEIWYHUX 3aKJIaJiB
HaIoi KpaiHu BUMarae eKOHOMIYHO BHTi/IHOI, ajie He
MeHII e(peKTUBHOI, 3 MPAKTUYHOI TOYKH 30pY, allb-
TEPHATUBH.

I'pyma mocnmigankiB Ha "omi i3 Wayne Rasband
i3 HamionaneHoro iHcTHTYTY 3mO0poB's (Maryland,
USA) po3pobuia mporpamy 0OpoOKH Ta aHallizy
uudpoBux 300paxens "Imagel" 3 BiIKpUTHUM BHXI-
JHUM KOJIOM, IO BUIBHO PO3MOBCIOUKYEThCA. lle
JIO3BOJISIE  TIOCTIHHO PO3IIUPIOBATH  MOMJIUBOCTI
"Image]" 3a BUMOTaMH JOCIITHUKIB Ta MPAKTHKYIO-
YHX JIIKapiB i TAKMM YHHOM IIHUPOKO BHKOPUCTOBY-
BaTH II0 TPOTpaMy B MEIHKO-O10JIOTIYHHX JOCIHi-
JokeHHsX [1-5].

Mera craTTi: MO3HAHOMHUTH CTYJCHTIB MEIN4-
HUX (aKyJIbTETiB, acmipaHTiB Ta 3400yBadiB-
JOCTIMHUKIB 3 METOIOJIOTIE0 aHamily Hnu(ppoBUX
mikpodoTtorpadiii mporpamoro "Image]" Ha npuk-
najl po3paxyHKy iHAekcy mpomidepanii B 3paszkax
3a0apBIICHUX IMYHOTICTOXIMIYHUM METO/IOM.

Marepiaau Ta meToau

Jlisi mpoBeJeHHsI IMyHOTICTOXIMIYHOTO JOCITi-
JDKEHHS BHKOpPHUCTOBYBaiMCsl (popmaiin-¢ikcoBaHi
napadin-3anuri 6J0ku. B siIKOCTI MEpBUHHOTO MOHO-
KJIOHAJILHOTO aHTUTiNA Oys0 Biniopano Ki-67 (kioH
SP6, LabVision, CIIIA), 110 € 3010TUM CTaHAAPTOM
JOCITIPKEHHS TIpoJTiepaTHBHOI aKTUBHOCTI KIIITHH.
Inentndikanis peaxuii mpoBoanIach 3aBIsSKH HaHe-
CEHHI0O XPOMOTEHY 3-IiaMiHOOCH3UINH TETPaxJio-
pun (JIAB).

3pisu 3abapBleHUX TKaHUH Mix 30UTBIICHHSIM
x400 cBiTiioBoro Mikpockony Leica DMLS Oymnu
3adikcoBaHi, sk mudposi 300pakenns JPG Gpopmary
(pyunuit pexum dororpadysanns A/N/M: cBitio-
gyTuBicth ISO 100, ekcrmosumis 1/15 cekynam,
nmiapparma 1,6MM) 3a momomoror nuppoBoi ¢oro-
xamepu Canon EOS 30D.

OnucaHHs METOAUKH

[Mporpama "Image]" mae nexinbka iHCTpyMeH-
TiB IS pO3PaxyHKy iHAEKCY Mpodidepallii: pydHwid
po3paxyHok (maria Cell Counter) Ta aBTOMaTH30-
Banwmii (Tutaria ImmunoRatio).

Jist aHami3zy uudpoBoro 300paykeHHs micis 3a-
mycKy iHTepdeiicy mporpamu "Imagel" (puc. 1) He-
0OXiZIHO BIAKpUTH TOTPIOHY MikpodoTorpadiro:
File>Open.
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Puc.1. InTepdeiic nporpamu Imaged.

3 METO pYYHOrO IMiAPaxyHKYy 3amycKaeMo
miarin Cell Counter: Plugins>Analyze>Cell Coun-
ter>Initialize. Bubupaemo HEOOXimHWU THIT sAmep
(Type 1 — cnermivyHa KOpUIHEBa IHTPaHYKICapHA
peakis 3 Ki-67, Type 2 — He3abapBiieHi CuHi sapa)
1 «KJTIKAF04Yn» MHUIICIO Ha 300paykeHHS KIITHH 3 MiK-
podoTorpadii BigMiuaEMO BiANOBIAHHIA THIT SIEP
(puc. 2). Hatuckaroun Ha KHONIKY Results Mu oTpu-
MY€EMO KUTBKICTh 3a0apBlicHHMX Ta He3a0apBJICHHX
KIITHH Ui pO3paxyHKy IHJEeKcy mpouideparii:
Type 1/ (Type 1+ Type 2).

ABTOMaTHYHMH PO3paxyHOK iHAEKCY mpomide-
pauii  3OIfCHIOETBCST 32  JOMOMOTOK  NJIATIHY
ImmunoRatio. Iliarin 103BoJs€ OQHOYACHO aHAII-
3yBaTH IeKiJbKka MikpodoTorpadiii ogHOTO mIpermna-
pary, B pe3ynbTaTi Oyae po3paxoBaHO CEpelHE 3Ha-
yeHHs iHzpekcy. Jlns modatky poOoTH HEOOXimHO
Biakputu oany (File>Open) un nexinbka mikpodo-
torpadiii (File>Import>Image Sequence), mnotim
sanyctutd  ImmunoRatio:  Plugins>Analyze>

ImmunoRatio. Binkpuerbcss BIKHO HaJalITyBaHb
iariny (puc. 3).

Jlns HaWOLIBII TOYHOTO PE3yJIbTaTy BUMIpIO-
BaHb HEOOXiTHO 3amaTu MacmrTad Mikpodororpadii
B MIKCEIAX/MIKPOH (source image scale) Ta BKa3aTh
IUIAX 10 KaaibpoBouHoi Mikpodororpadii «oOimoro
nosist 30py» (blankfield correction image). Hatuc-
Kafouu Ha KHONMKY Ok MU OTpPUMYEMO 3BEICHE 30-
OpaxkenHs (puc. 4), O MiCTUTH BUXiIHI QoTorpadii
(BepxHiii psim), NMpoaHai30BaHI CErMEHTOBaHI 30-
OpakeHHs (HIDKHIN psil) Ta cepeiHiil piBeHb 1HIEK-
cy npodiidepauii (BkazaHHI B BEPXHbOMY JIBOMY
KyTi), sIKMi Bignosimae 3HaueHHio DAB / nuclear
area average.

Tpeba Big3HauuTH, IO ICHY€ OHJANH CEpBic,
cTBOpeHu# Ha 0a3i miaariny ImmunoRatio, sixuit He
norpedye BCTaHOBJIEHHS porpamu Imagel 1 gocry-
mHUE 32 azgpecoro  http://imtmicroscope.uta.fi/
immunoratio/ (puc. 5).
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| Counter Window - CRW_5050_R1.JPG (50%) Cell Counter o ] 1|
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Puc. 2. Bukopuctanhsa nnaridy Cell Counter.

| ImmunoRatio 1.0c N x|

Blankfield carrection image: D:ICHW_EDEE_HJ.JF‘H Brovwse. ..
Log file: =blankif nones= Browse. ..
Fesultimane directory: =hlank if none= Browse. .
Source image copy directony: =blankifnone= Browwse. .
Brown threshold adjustment: j J j 1]

Blue threshold adjustment: j J j 1]

Source image scale; 2.0 pizel(s) S um (default 4.00)

Fesult correction equation: Vo= oaetd o+ bt o+ oo+ d

o= |F.44; b=|-n.nn c= (061" d=|043
[T Ask sample identifier

Dk | Cancell

Puc. 3. BikHo HanawTyBaHb nnariHy ImmunoRatio.
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ImmunoRatio

Sample ID: &

Date: 4.10.2016 16:41

DAB | nuclear area average: 17.5%
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Puc. 4. Pe3synbTaT aHanidy 3o6paxeHb nnarivom ImmunoRatio.
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Puc. 5. OHnaiiH cepsic po3pobnexuin Ha 6asi nnariHy ImmunoRatio.

BucHoBkn

Koxen 3 onmcanux iHcTpymeHTiB Image] mae
CBOI MepeBard Ta HENONIKH. ABTOMAaTHYHUN METO.
PO3paxyHKy iHaekcy npoutidepaii miarinvom Immu-
noRatio, y pa3i BUKOpHCTaHHsS 0€3IOTaHHUX TICTO-
JIOTIYHUX MpenapariB Ta iX YiTKUX MikpodoTorpa-
(i, Hagae BUCOKY TOYHICTH PO3PaxyHKIB MPU MiHi-
MaJIHHUX 3aTparax 4dacy, JI0 TOTO K BiH MOXe Ipo-
aHaJI3yBaTH JIEKUIbKA IOJIB 30Dy 1 € HE3aMIHHUM B
HayKOBUX JTOCIIDKCHHSAX 3 BEIHMKOI KUIBKICTIO BU-

MaaKiB. Ayle TPYHOOMICTKHI pyYHHH METOX Uepes
marin Cell Counter Tpe6a 3aBXI1 BUKOPHUCTOBYBa-
TH TIPH HESIKICHUX 300pa)KEHHSIX Ta KOJIM € HEBiJ0-
MUMH BHXigHI mapamerpu QotorpadyBanus abo
MiKpocKomii (CyMHiBHU# MaciiTad ¢ororpadii).

IlepcneKTHBY MOAATBINUX JA0CTiTAKEHD

LIst cTarTst BiAKPHBAE MUK HAYKOBO-METOIHY-
HUX IyOJIiKaIii, MPUCBIYEHUX METOJIOJIOTII aHaIli3y
g poBUX 300paxkeHs Ha 0a3i Kypcy naromMopdoio-
Til JUTS CTYJICHTIB Ta HyKOBIIIB MEJIMYHHX 3aKIIAIiB.
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IMocnapckasa A.B. MeTom0/10rusl MCNO/Ib30BAHUS MPOrPAMMHOI0 o0ecnedeHHus! JJIs aHaJIu3a uudpo-
BbIX MHKpodoTorpadguii Ha 6a3ze Kypca maToMop¢0J0ruM ¢ Hedbl0 NMOBBIEHUA MPOoQecCHOHATLHOIO

YPOBHS CTYJICHTOB H HAYYHBIX COTPY/IHHKOB.

Pegepar. CraThs MOCBSIIEHA METOMOJOTHH HCIIONB30BAaHMUS MPOTPaMMHOIO OOecreueHus A aHalu3a
uudpoBsix MukpodoTorpaduii B maroMmopdosioruy Ha IpUMeEpe pacueTa WHIAeKca Mmposindepanni o0pasioB ¢
MMMYHOTHCTOXUMHUYECKUM OKPALINBAHWEM pa3IMYHBIME IUTarmHaMu nporpammsl "Imagel]". Llensto ctaButcs
03HAKOMJICHHE CTYJCHTOB MEIUIMHCKHUX (haKyJIbTEeTOB, aCIIMPAHTOB MU COUCKATElNei-uccienoBareneii ¢ coBpe-
MCHHBIMH KOMIIBIOTCPHBIMH TCXHOJIOTUAMU JI ITOBBILICHUSA UX npocbeccnonanbﬂoro YpPOBH:.

KuroueBble cjioBa: aHanu3 MU poBbIX U300pakenuii, Imagel, naaekc nposudepanuu.
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