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Background
Multispectral imaging device

Multispectral imaging system

Nuance
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Spectral scanning: 450 — 950 nm range, 10 nm step, 15 nm bandwidth

Clinical study: 221 skin lesions
(31 melanoma, 158 benign pigmented lesions, 32 vascular lesions)
- D.Jakovels, J.Spigulis. 2-D mapping of skin chromophores in the spectral range 500-700 nm. Journal of Biophotonics 3(3), 125-9, 2010.

- |.Kuzmina, I.Diebele, D.Jakovels, J.Spigulis, L.Valaine, J.Kapostins, A.Berzina. Towards noncontact skin melanoma selection by
multispectral imaging analysis. Journal of Biomedical Optics 16, 060502, 2011.



Background

RGB imaging device
with LED ring light illumination
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Clinical study: monitoring of 31 vascular lesions phototherapy

- D.Jakovels, J.Spigulis. RGB Imaging Device for Mapping and Monitoring of Haemoglobin Distribution in Skin. Lithuanian Journal of
Physics 52(1), 50-54, 2012.

- D.Jakovels, I.Kuzmina, A.Berzina, L.Valaine, J.Spigulis. Non-contact Monitoring of Vascular Lesion Phototherapy Efficiency by RGB
Multispectral Imaging. Journal of Biomedical Optics 18(12), 126019, 2013.



Background
Skimager

- Spigulis, Janis, et al. "Skimager: a concept device for in-vivo skin assessment by multimodal imaging." Proceedings of the Estonian
Academy of Sciences 63.3 (2014): 213-220.



Par InBiT projektu

Projekta visparigais meérkis:

Veicinat papildu cilvékresursu piesaisti zinatnei, veidojot jaunu starpdisciplinaru
zinatnisko grupu, kuras zinatniskajam un pétnieciskajam darbam piesaista jaunos
zinatniekus un arvalstu zinatniekus. lzveidota grupa izstradas un aprobés jaunas
tehnologijas un ierices biomedicinisko attélu iegusanai un apstradei.

Projekta specifiskais (zinatniskais) merkis:

Izstradat un kliniski aprobét inovativas metodes un ierices neinvazivai multimodalu
adas attélu veidosanai un apstradei, lai identificetu un klasificétu specifiskus adas
bojajumus, ka ar1 lai nodrosinatu bezkontakta sirdsdarbibas un asinsrites monitoringu.
Projekta izpildes termins: 2013.gada 1.septembris — 2015.gada 31.augusts.

Projekta kopéjais finansejums: 349396 LVL, no ta ESF finansejums 323086 LVL.

Projekta majas lapa: http://www.edi.lv/lv/projekti/es-projekti/11120-inbit/



InBIiT komanda
starpdisciplinara zinatniska grupa

Projekta zinatniskais vaditajs
Aivars Lorencs (Ints Mednieks) EDI matematikas doktors

Jaunie zinatnieki

Jekaterina Bula EDI inZenierzinatnu doktors

Kristine Azarjana EDI medicinas doktors

Mindaugas Tamosiunas ASI fizikas doktors, arvalstu zinatnieks
Dainis Jakovels ASI fizikas doktors, proj. zin. vad. no LU
Doktoranti

Inga Saknite ASI fizikas doktorants

Gita Krievina EDI biologijas doktorants

Dmitrijs Bliznuks ASI inzenierzinatnu doktorants
Roberts Kadikis EDI inzenierzinatnu doktorants

Parejais zinatniskais personals
Juris Sinica-Sinavskis EDI matematikas magistrs



InBiT petama tehnologija

Multimodala biomedicinas datu attélosanas tehnologija, kas apvieno:
eremisijas spektralo attélosanu,

*fluorescences spektralo attélosanu,

lazerspeklu atteélosanu.

Meérka objekts — ada.



InBiT rezultatu prezentacijas konferences

* Advanced Optical Materials and Devices 2014 (25.-27.08.2014., Riga, Latvija) —
Dainis Jakovels,
Mindaugas Tamosiunas
e Electronics 2014 (16.-18.06.2014., Palanga, Lietuva) —
Juris Sinica-Sinavskis
* OSA Biomedical Optics 2014 (26.-30.04.2014., Maiami, ASV) —
Inga Saknite
* SPIE Photonics Europe 2014 (14.-17.04.2014., Brisele, Belgija) —
Dainis Jakovels,
Inga Saknite
* Developments in Optics and Communications 2014 (9.-12.04.2014., Riga, Latvija) —
Dainis Jakovels,
Inga Saknite

8 no 12 solitajam prezentacijam



InBiT rezultatu publikacijas

e Aivars Lorencs, Ints Mednieks and Juris Sinica-Sinavskis “Simplified Classification of
Multispectral Image Fragments” ELECTRONIKA IR ELEKTROTECHNIKA, ISSN 1392-
1215, VOL. 20, NO6, 2014, lpp. 136-139.

* Inga Saknite*, Dainis Jakovels, Janis Spigulis ”Diffuse reflectance and fluorescence
multispectral imaging system for assessment of skin” Konference SPIE Photonics
Europe 2014, 14 - 17 April 2014, Brussels, Belgium. Proc. of SPIE Vol.9129 Ipp.
91293H-1 lidz 91293H-6.

» Dainis Jakovels*, Inga Saknite, Janis Spigulis “Implementation of laser speckle
contrast analysis as connection kit for mobile phone for assessment of skin blood
flow”, SPIE Photonics Europe 2014, 14 - 17 April 2014, Brussels, Belgium, Proc. of
SPIE Vol.9129 Ipp. 912931-1 [idz 912931-8.

* D. Jakovels “Mobile phone based laser speckle contrast imager for assessment of
skin blood flow”, pienemts publicésanai Proc. of SPIE.

M. TamosSiunas “Application of fluorescence spectroscopy and multispectral
imaging for non-invasive estimation of GFP transfection efficiency”, , pienemts
publicésanai Proc. of SPIE.

1+4 no 242 solitajam publikacijam



InBIT seminars
13:15-13:30 Registracijaun ievads

13:40-14:00 Kristine Azarjana

Adas veidojumu diagnostika kliniskaja prakse

14:00-14:20 Inga Saknite

LU ASI| izstradata aparatura adas veidojumu
remisijas un fluorescences attelu iegusanai,
laboratorijas izpétes rezultati

14:20-14:40 Roberts Kadikis

Algoritmi multispektralo attelu registracijai un
veidojumu segmentacijai

14:40-15:00 Juris Sinica-Sinavskis

15:30-15:50 Dainis Jakovels

Lazerspeklu izmantosana asins plusmas
novertesanai ada

15:50-16:10 Mindaugas Tamosiunas
Fluorescences spektroskopijas izmantosana in
vivo elektroforezes un sonoforezes efektivitates
novertesanai zalu ievadisanai sunas

16:10-16:30 Aivars Lorencs

Melanomas / dzimumzimes klasifikacijas
metode, izmantojot neliela skaita spektralo joslu
informaciju

16:30-16:50 Diskusija

Adas hromoforu kartééanas problému risinajumi Prasibas prakse plasiizmantojamai melanomas

un iegutie rezultati

15:00-15:30 Kafijas pauze

detektésanas aparaturai (diskusija)
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Adas veidojumu diagnostika
kliniskaja prakse

Dr. med. Kristine Azarjana
dermatologs

EDI
RSU
Lazerplasikas klinika

Projekts “Inovativas biomedicinisko attélu iegtiSanas un apstrades
tehnologijas (InBiT)”

Nr.2013/0009/1DP/1.1.1.2.0/13/APIA/VIAA/014
Riga, 05.12.2014.



ADAS MELANOMA




Melanomas incidence Latvija uz 100 000 iedzivotaju laika
posma no 1988. lidz 2010. g.
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MELANOMAS PROGNOSTISKIE FAKTORI UN RISKA GENI*

* Kliniskie prognostiskie faktori: ¢ Histologiskie prognostiskie

* pacienta vecums faktori:
e pacienta dzimums * melanomas veids
* audzeja lokalizacija * melanomas Breslow biezums

e CuloSana
* pigmenta klatbutne
* Melanomas riska géni:
e augstas penetrances melanomas riska
génu mutacijas (CDKN2A, CDK4)
* polimorfismi zemas penetrances

melanomas riska génos (MCIR, TYR,
ASIP...)

*Kliniskaja prakseé par mutacijam tiek uzskatitas izmainas génos, kas izraisa slimibas attistibu,
savukart izmainas, kas slimibu nerada, sauc par polimorfismiem [Cotton, 2002].



* Breslow thickness
. <0.76 mm
0.76-1.49 mm

1.50-2.49 mm

_2.50—4.0& mim

>4 mm

~ Positive nodes
on elective neck
dissection




5 gadu dzivildze melanomas pacientiem atkariba no
Breslow biezuma

Breslow biezums (mm) 5 gadu dzivildze (%)




ANALIZETO MELANOMU HISTOLOGISKAS PAZIMES UN DZIVILDZES
RADITAJI: BRESLOW BIEZUMS (RAKUS LOC, 1998. - 2008.g.)
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Adas veidojumu izmeklésana

Histologiska (morfologiska)
Kliniska — ABCDE kriteériji
Dermoskopiska




Asimetrija K_H

Border — nelidzenas ( 3

malas O

Color — krasas
izmainas

Diametrs > 5mm

Evolution — morfologiskas izmainas
I1sa laika perioda




Dermatoskopija

e Dermatoskopija (dermoskopija, epiluminiscenta

mikroskopija) — in vivo diagnostiska metode
melanomas agrinai diagnostikai un
pigmentveidojumu diferencialdiagnostikai.

Dermoskopija lauj identificet daudzas struktlras,
krasas un asinsvadus, kas nav izvertéjami ar
neapbrunotu aci.

Dermatoskopijas pielietosana palielina diagnostikas
precizitati par 5-30% atkariba no adas veidojuma
veida un arsta pieredzes.









Atipisko (displastisko) molu sindroms




Dispalstisks nevus




Dispalstisks nevus




Dispalstisks nevus




Melanocltu veidojumi

“Neglita pilena”pazime
(Ugly duckling)




10 biezakie adas veidojumi, kuri var
lidzinaties melanomai

Dermatofibroma
Hemangioma

_entigo

Seborejiska keratoma
Bazalo sunu karcinoma
Reed/Spitz névus
Melanocitu névus
ledzimts névus

Zilai névus




Adas pigmentveidojumu
diferencialdiagnostika

Adas
pigmentveidojumi
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Pazimju analize




Brugakmens pazime







Maple-Leaf-like Areas







Balgans plivurs
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Melanoma




3 punktu algoritms
3 - point checklist



Kriteriji Punktu skaits

* Asimetrija (péc krasas un strukturam) 1
* Atipisks pigmenta tiklojums 1
e Zili-baltas strukttras 1

* Vertejums:
e 0-1 Ilabdabigs veidojums
e >2 aizdomigs

Metodes jutiba: 91,0%
Metodes specifiskums: 71,9%



Asimetrija
















Atipisks pigmenta tiklojums
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1.

Asimetrija 1
Atipisks pigmenta tiklojums 1
Zili-baltas strukturas 1

Vertejums 3

Veidojums ir laundabigs

ST ir invaziva melanoma

(audzeja biezums - 0,75 mm)



2.

Asimetrija 1
Atipisks pigmenta tiklojums 1 /
Zili-balt3s struktdras 0 5

Vertejums 2

Veidojums ir laundabigs

Dg: Melanoma in situ



Asimetrija

Atipisks pigmenta tiklojums
1

Zili-baltas strukturas

Vertejums

Dg: leguts melanocitu
nevus



4.

Asimetrija 1
Atipisks pigmenta tiklojums O
Zili-baltas struktdras 1

Vertejums 2

Veidojums ir laundabigs

Dg: Bazalo sunu karcinoma







Paldies par uzmanibu!
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SATURS

IEVADS

JAUNAS MAKETIERICES IZVEIDE

* GAISMAS AVOTA IZVELE
« MERIJUMU REZIMI

LABORATORIJAS MERIJUMI

* PETAMIE ADAS VEIDOJUMI - ATIPISKAS
DZIMUMZIMES

* MERIJUMU GAITA
« DATU PIRMAPSTRADE

REZULTATI UN SECINAJUMI



IEVADS

UZDEVUMS:

* IZVEIDOT JAUNU MAKETIERICI
MULTIMODALAI ADAS DIAGNOSTIKAI

IEPRIEKSEJA PIEREDZE:
* SKIMAGER U.C.

JAUNAS IDEJAS:

* REMISIJAS, FLUORESCENCES
SPEKTRALA ATTELOSANA UN
LAZERSPEKLU ATTELOSANA

MERIJUMU OBJEKTS:
* ATIPISKAS DZIMUMZIMES




ABSORBCIJA, REL.VIEN.

IEVADS

NORMETIADAS HROMOFORU ABSORBCIJAS SPEKTRI
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ABSORBCIJA, REL. VIEN.

IEVADS
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1.0

0.8

0.6
s O ksihemoglobins

0.4 e Deoksihemoglobins
=== Melanins

0.2

0.0

450 500 550 600 650 700 750 800 850 900 950

VILNA GARUMS, NM



JAUNAS MAKETIERICES
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GAISMAS AVOTA IZSTRADE

IEKSEJAIS APLIS

* 19 X405 NM DIODES
FLUORESCENCES MERIJUMIEM

VIDEJAIS APLIS

* 12 X770 NM DIODES
* 12 X839 NM DIODES

AREJAIS APLIS:

« 15 X BALTAS GAISMAS
DIODES

* 15X 890 NM DIODES

LAZERMODULIS 650 NM
SPEKLU MERIJUMIEM

Signal [a.u.]
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MERIJUMU REZIMI

REMSIJA (DIFUZA ATSTAROSANAS)
* VILNA GARUMU DIAPAZONS: 450-950 NM AR SOLI 10 NM;
e EKSPOZICIJAS LAIKS: PIELAGOTS
e 1 ATTELU MASIVA UZI,\IEMgANAS LAIKS: 30-40 SEKUNDES
* GAISMAS AVOTS: VISAS DIODES (IZNEMOT 405 NM)

FLUORESCENCE
* VILNA GARUMU DIAPAZONS: 450-950 NM AR SOLI 10 NM
* EKSPOZICIJAS LAIKS: 200 MS
* 4X4 PIKSELU APVIENOSANA VIENA

« 1 ATTELU MASIVA UZNEMSANAS LAIKS: 20-30 SEKUNDES
* GAISMAS AVOTS: 405 NM DIODES

LAZERSPEKLU ATTELOSANA
e EKSPOZICIJAS LAIKS: 5 MS

e 2 ATTELU (650 UN 660 NM) UZNEMSANA
* GAISMAS AVOTS: 650 NM LAZERDIODE




LABORATORIJAS MERIJUMI

e UZSAUKUMS: WWW.LU.LV
. ¢ MENES|

17. FEBRUARIS —16. JUNIJS

(2014)

LU zinatnieki aicina piedaltties pétijuma par
pigmentétiem adas veidojumiem jeb dzimumzimém e

Inga SaknTte, Atomfizikas un spekiroskopijas institdts
02.06.2014

Katru gadu palielinas pacientu skaits, kuriem tiek diagnosticéta melanoma jeb laundabigais adas audzéjs.
Efektivakais veids, kd sevi pasargat no smagas saslim$anas ir reguldara un savlaiciga dzimumzimju
parbaude. Latvijas Universitates Atomfizikas un spektroskopijas institiuta (LU ASI) zinatnieki veic petjumu
par pigmentétiem adas veidojumiem un piedava iespéju brivpratigajiem sanemt bezmaksas arsta
konsultaciju un veikt diagnostiku.

LU ASI aicina pieteikties brivpratigos pétijumam par pigmentétiem adas veidojumiem. P&tijuma laika ir iesp&ja sanemt bezmaksas
konsultaciju pie arsta dermatologa. Konsultacijas laika specialists veiks dzimumzimju diagnostiku, izmantojot dermatoskopu un LU
|IFIIJU pa vidu dzimumzimei un pa\(e[gﬂetl vai ta AS| izstradatu aparattru. Izmeklgjums bas absoldti nesapigs. neinvazivs un organismam negativas sekas nerado$s. Viss process

|zvietojas simetriski abas [JUSéS ITnijai aiznem laiku ITdz 20 mindtém. Piedalisanas p&tijuma ir brivpratiga un bezmaksas.

i Dzimumzime ir asimetriska — novelciet iedomatu

Lai piedalitos p&tiluma, Jums jaatbilst Sadiem kritérijiem

Di'i'r'numz'imes robeZl

1. Vecums no 30 gadiem;

2. Nav gritniecibas vai baroSanas ar krati;

3. Uz kermena sastopamas dzimumzimes. Ipasi gaidisim Jus gadijumos, ja dzimumzime atbilst kadai no attéla
redzamajiem gadijumiem.

Petijums tiek realizéts Latvijas Universitates Atomfizikas un spektroskopijas institata, Riga, Skanu iela 4, 2. stava.

. DZII’F‘IUI‘HZII'HES pigmentacija (krasa) nav vienmeriga leprieksgja pieteikdanas, zvanot pa tel. nr. +371 26342896 (darba dienas no plkst. 9.00-16.00) vai rakstot e-pastu uz

petijums.inbit@gmail.com

Tuvakais planotais pienemsanas laiks: 5. junijs no plkst. 10.00 - 13.00

Dz’i'r"h[j'rriiihie'é' izmersirvis 5mm

Es ESF

EIROPAS SOCUALAL
FONDS

EIROPAS SAVIENIBA

Dzimumzfme laika gaita mainas — klast lielaka, IEGULDLIUMS TAVA NAKOTNE
maina krasu, rada nepatikamas sajltas uff.

 .¢ 3




LABORATORIJAS MERIJUMI

« 75 MERIJUMU DALIBNIEKI

* 85 VEIDOJUMI

* 36 TIPISKAS DZIMUMZIMES
42 ATIPISKAS DZIMUMZIMES
* 5 CITA VEIDA =

FUGUEA

AUGSSTILES

APALSSTILRS

AUGSDELIS

VEDERS/ERDSU
DALA

APALSDELIS

RIGA, 5.12.2014.



DATU PIRMAPSTRADE

ATTELU MASIVS (GAN REMISIJAS, GAN FLUORESCENCES)
ATTELA APGRIESANA (CROP)

ATTELA REGISTRESANA AR IMAGE)J

VEIDOJUMA (UN NORMALAS ADAS) SEGMENTESANA
VIDEJA SPEKTRA APREKINS VEIDOJUMAM UN NORMALAI

1
10 09
x 08
£l 07
0
06
450
0 05
400
@0 e
70 o3
. 02
- 01
100 o
10 20 30 4 5 e 70 80 9% 100 10

APGRIESANA OPTISKA BLIVUMA SEGMENTESANA
KARTE PIE 580 NM

B & 88

B ¥ B B



REZULTATI-TIPISKA
DZIMUMZIME
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FLUOROFORU ABSORBCIJAS
UN EMISIJAS SPEKTRI

Wavelength [nm]

ABSORBCIJA
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REZULTATI-HALO NEVUSS
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REZULTATI-HEMANGIOMA UN
DZIMUMZIME
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NOBEIGUMA

TIKA 1ZVEIDOTA JAUNA MAKETIERICE ADAS
VEIDOJUMU PETISANAI

VEIKTI LABORATORIJAS MERNUMI, KUROS
UZNEMTI 36 TIPISKU UN 42 ATIPISKU
VEIDOJUMU REMISIJAS UN FLUORESCENCES
ATTELU MASIVI

APLUKOTI DAZI INTERESANTAKIE VEIDOJUMI

TIPISKU UN ATIPISKU VEIDOJUMU
ATSKIRSANA AR KLASIFIKACIJAS METODEM
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Algoritmi multispektralo attelu
registracijai un veidojumu
segmentacijal

Roberts Kadikis

Projekts
Inovativas biomedicinisko attélu ieglGSanas un apstrades tehnologijas
(InBiT)
Nr. 2013/0009/1DP/1.1.1.2.0/13/APIA/VIAA/014

INSTITUTE OF

ELECTRONICS AND Roberts Kadikis 05/12/2014
COMPUTER SCIENCE




Motivacija

REGISTRACIJA

¢ Dazado vilna garuma attélu
uznemsana notiek secigi laika.
Pacienta kustibu rezultata, Sie atteli
var but nobidijusies viens pret otru.

SEGMENTACIA

¢+ Pikselu klasificesana — veidojumam
atbilstosie pikseli vai veidojumam
neatbilstosie pikseli.

INSTITUTE OF
Roberts Kadikis 05/12/2014

ELECTRONICS AND
COMPUTER SCIENCE




REGISTRACIA Attelu bidisana

¢ Pie katras nobides (i,j):

(f-z.r
o Jj-2)

Nij)=2 (1 ey )= o[y ) 110 | 100 | 504>
* N(ij) — piksela 170 (ff)/‘)lSG
intensitate nobizu attéla ’

* 1,(x,y) — piksela intensitate 200 | 200 | 70
jau registréta attela .
¢ 1,(x,y) — piksela intensitate f’;}z

registréjama attela

INSTITUTE OF
ELECTRONICS AND Roberts Kadikis 05/12/2014

COMPUTER SCIENCE




REGISTRACIA

Apgabalu bidisana

¢+ Tiek biditi vairaki apgabali (Sauri taisnstlri un krusti)
¢+ Katrs apgabals atrod savu minimumu

INSTITUTE OF

ELECTRONICS AND Roberts Kadikis 05/12/2014
COMPUTER SCIENCE




REGISTRACIJA

Raksturigie punkti

¢+ Attélos tiek atrasti raksturigie punkti

¢+ Atskaites attéls (jau registréts) ¢ Registrejamais attéls

Deskriptors Deskriptors

A

Atbilstibas
noteikSana

¢ Popularas metodes:

7
 SIFT, SURF, ORB
INSTITUTE OF
ELECTRONICS AND Roberts Kadikis 05/12/2014

COMPUTER SCIENCE



REGISTRACIA

Raksturigie punkti

* No atrastajiem punktu pariem tiek noteikta attélu transformacija

INSTITUTE OF

ELECTRONICS AND Roberts Kadikis 05/12/2014
COMPUTER SCIENCE




REGISTRACIA

Lokalo ekstremu metode

Efektiva ekstremu atrasana

¢+ Atteéls tiek sadalits vienmeérigos

¢+ Katra apgabala tiek atrasti pikseli ar
apgabalos

lielako un mazako intensitates vertibu

INSTITUTE OF .
ELECTRONICS AND Roberts Kadikis 05/12/2014
COMPUTER SCIENCE




REGISTRACIJA

Lokalo ekstremu metode

* Nobizu telpa tiek atlikts attalums starp
katru 1. attela maksimumu un katru 2.
attela maksimumu.

Y nobide

>
X nobide

INSTITUTE OF
ELECTRONICS AND Roberts Kadikis 05/12/2014

COMPUTER SCIENCE



REGISTRACIA

Lokalo ekstremu metode

Atrasto ekstremu salidzinasana

¢+ Registréjamo attélu savstarpéjo nobizu telpa

Nobide pa Y asi

a0 100 150 200 250 300 350

- Nobide pa X asi
INSTITUTE OF
ELECTRONICS AND Roberts Kadikis 05/12/2014

COMPUTER SCIENCE




REGISTRACIA

Attelu apstrades seciba

+ Salidzinat attélu n ar pirmo attélu (450nm)
+ Salidzinat attélu n ar iepriekséjo (n-1)
¢ Salidzinat attélu n ar (n-1) un (n-3)

INSTITUTE OF

ELECTRONICS AND Roberts Kadikis 05/12/2014
COMPUTER SCIENCE




REGISTRACIA

Isteno$ana, testi

¢ OpenCV C++, MATLAB

Metode Veiksmiga registracija Vidéjais laiks 51 attéla
registréSanai (sekundes)

Apgabalu bidiSanas 30/90 70
metode

ORB raksturigie punkti 15790 43

Apgabalu bidiSana + 34 /90 92

ORB raksturigie punkti

Lokalo ekstremu nobizu 61 /90 22
metode

INSTITUTE OF

ELECTRONICS AND Roberts Kadikis 05/12/2014
COMPUTER SCIENCE




SEGMENTACIA

Pec intensitates

¢+ Otsu metodé pikseli tiek sadaliti tadejadi, ka fona un prieksplana pikselu
izkliezu summa ir minimala

W, — prieksplana (veidojuma) pikselu skaits
2 2 W, —fona (adas) pikselu skaits
Ow ™ Wf Oy + Wb Op o2 — priekdplana pikse|u dispersija
0,2 — fona pikse|u dispersija

o,,2 —svaroto dispersiju summa

INSTITUTE OF

ELECTRONICS AND Roberts Kadikis 05/12/2014
COMPUTER SCIENCE




SEGMENTACIJA

Kludu labosana

¢+ Sastopamas segmentésanas kludas:

*+ Adas apgabals tiek segmentéts ka
veidojums

¢+ Dala no veidojuma tiek segmentéta
ka ada

* Morfologiska robezas
paplasinasana

¢+ Segmentacija péc cita vilna
garuma attéla

INSTITUTE OF

ELECTRONICS AND Roberts Kadikis 05/12/2014
COMPUTER SCIENCE




Secinajumi / Turpmakie darbi

¢+ Pacientu datu registrésanai pietiek ar nobides noteiksanu starp dazado vilna
garumu attéliem

* No 1stenotajam registracijas metodém veiksmigaka ir attélu lokalo ekstremu
salidzinasana

¢+ Lokalo ekstrému registracijas algoritma paplasinasana (rotacijas un izmeéra
mainas noteiksSana)

¢ Segmentacijas rezultata uzlabosana

¢ Segmentacijas automatizacija

INSTITUTE OF
ELECTRONICS AND Roberts Kadikis 05/12/2014
COMPUTER SCIENCE




Paldies par uzmanibul!

¢+ Atteli pirms un péc registracijas:

INSTITUTE OF
ELECTRONICS AND Roberts Kadikis 05/12/2014

COMPUTER SCIENCE
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Adas hromoforu kartésanas
problému risinajumi un iegutie
rezultati

Juris Sinica — Sinavskis
Zinatniskais asistents

Elektronikas un datorzinatnu institiits
e-pasts: jss@edi.lv

5/12/2014 Seminars: «Adas attélu iegiiSanas un apstrades tehnologijas, to
izmantoSana mediciniskaja diagnostika»

*ESF lidzfinanséta projekta ,Inovativas biomedicinisko att€lu iegiiSanas un apstrades
tehnologijas (INBiT)” vienoSanas Nr.2013/0009/1DP/1.1.1.2.0/13/APIA/VIAA/014



Saturs

Regresijas modelis
Gradienta metode
Adas hromoforu kartes

Melanomu un nevusu attélu pikselu kategoriju
detektésana, klasifikacijas rezultati

Turpmakie pétijumi



Regresijas modelis
f(x)=u, £, (%) +u, £, () +uy 5 (x) +u, £,(x)

* fj(x) - bazes funkcijas J-tal hromoforal, kur x ir spektrala josla.
Piezime: bazes funkciju vieta mums ir dotas tabul€tas vertibas
ka oksthemoglobina, deoksithemoglobina un melanina
absorbcijas koeficienti, f,(x) =const

* Uy, U, U, U, ir nezinamie koeficienti, kuri atkarigi no pétama
piksela

e Aproksiméjam optisko blivumu OD(ﬂ)z —Iog(l (/1)/ Io(/l))

I(A)- no adas atstarotas gaismas intensitate
l,(A)- no baltas lapas atstarotas gaismas intensitate
A - spektralas joslas vilpa garums

Motivacija: noverst regresijas modela optiska blivuma aproksimacijas rezultata iegltas
absorbcijas spektra negativas vertibas



Gradienta metode

TeYieT
U= (F F ) F y Regresijas koeficientu novertéjumi pec MKM formulas
. T Nezinamo koefici .
= ul’ U2 : U3, U4 ezinamo koeficientu novertejumi
. f . — Hromoforu tabulétas absorbcijas koeficientu véertibas j-tai
=\T. )= T.|X =14 AR e
1] ]\ hromoforai un i-tai spektralajai joslai ar vilna garumu x;

u
F
T : i s
y — (yl’ y2 I yn ) Viena attéla pikse]a optiska blivuma vektors
J

(Ul, u,,u;,u, ) = i (yl — f (Xi ))2 aproksimacijas precizitates mérs OD

dJ(u,) dJ(uy) dI(u,) dI(u,)

Glu, )= , ,
(U) du, '~ du, ' du, ' du,

Pieeja: J minimizacija balstita uz pakapenisku tuvinajumu konstrukciju minimuma punktam u *,
ejot gradientam pretéja virziena un garantéjot, ka U* bus ar pozitivam véertibam

Gradients punkta U,



Regresijas modelis

Spektralo joslu vilnu garumi izvéléti 500-700nm ar 10 nm soli

Tiek aprékinata fona kompenséjama dala u,, kura tiek izslégta no
attéla, izlidzinot sakotnéja attéla vienmerigo apgaismojumu

Normalas adas spektra aproksimacija

5000

Tiek apréekinati novertéjumi u,, u, un us

4000 =~ -

3500

f(x)=u, f,(x)+u, f,(x)+u, f5(x) - o

2000

u=(FTF) FT(y-a,) u=(u,u,u,) -

0
500 520 540 560 580 600 620 640 660 680 700

. __ vipa ganums, am . B
Plakana nevusa attéls Novértéjuma u, attéls Lineara interpolacija Y —U, attéls 640nm josla

4500

4000 10

3500 20
3000 30

2500 40

2000 g

1500 60

1000
70

500

80

& !

i 0
10 20 30 40 50 60 70 80 920

10 20 30 40 50 60 70 80 920



Melanomas attela hromoforu kartes

deoxyhemoglobin deoxyhemoglobin

1500 1500

1000 1000

500

melanin melanin

8}

oxyhemoglobin
400 : 400
e 200 200
G 0 0
-200 : -200
-400 = -400
-600 -600
legUtas izmantojot legUtas izmantojot

MKM optimizacijas algoritmu



Piepacelta nevusa attéla hromoforu kartes

deoxyhemoglobin deoxyhemoglobin

1500 1500

ni_21.mat

1000 1000

500

500

0 0

melanin melanin

oxyhemoglobin oxyhemoglobin

400 400
200 200
;L o
- -200 -200
400 -400
-600 -600
legutas izmantojot legutas izmantojot

MKM optimizacijas algoritmu



Plakana nevusa attela hromoforu kartes

deoxyhemoglobin deoxyhemoglobin

1500 1500

1000 1000

500 500

0 0

melanin melanin

oxyhemoglobin oxyhemoglobin

200
0 0
-200 -200
-400 -400
-600 -600
legUtas izmantojot legUtas izmantojot

MKM optimizacijas algoritmu



Melanomu un nevusu attélu pikselu

kategoriju detektésana

Empiriska cela tika izvélétas pielaujamas deoksihemoglobina
(650) un melanina (5000) relativas koncentracijas vértibas

deoxyhemaglobin maxD=1162 deoxyhemoglobin

1500 1500

1000 1000

a00 500

0 a

melanin maxhi=5410

oxyhemoglobin maxD=1162 maxM=5410 Offs= 703

sensitivitate- 100%
8 no 94 nevusiem ari tika atziti par melanomam (specificitate- 91.5%).

maxD= 561

maxhi=4429

axD= 561 maxM=4429 Offs=2167

0.5

-0.5

0.5

-0.5

0.5

-0.5



Turpmakie péetijumi

Zilumu hromoforu kartes

deoxyhemoglobin melanin

8000 6000

6000

100

4000

200

300

bilirubin

biliverdin

400

500

600

oxyhemoglobin

700 8000

6000

800
100 200 300 400 500 600 700 800




Paldies par Jusu uzmanibu!
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Laser speckle imaging for
assessment of skin blood flow
using mobile phone

Dainis Jakovels

Biophotonics Laboratory

Institute of Atomic Physics and Spectroscopy
University of Latvia

E-mail: dainis.jakovels@]|u.lv

European Social Fund project “Innovative biomedical image acquisition and processing technologies”
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Motivation

Commercially available laser Doppler imagers

=

~MEl N —
'

’ll“!!l"
4 — 1
g
moorlDI-2 Laser Doppler Imager PeriCam PSI System
from Moor Instruments from Perimed AB
http://gb.moor.co.uk/ http://www.perimed-instruments.com/
Ischemic hind limb Stroke Model Imaging Flare analysis Raynaud evaluation Breast reconstruction

| AOM0)
ow

www.perimed-instruments.com



Motivation

Commercially available laser speckle contrast imagers

moorFLPI-2 Speckle Contrast Imager PeriCam PSI System
from Moor Instruments from Perimed AB
http://gb.moor.co.uk/ http://www.perimed-instruments.com/
Stroke model imaging Mouse brain Ischemic hind limb NR Ischemic h;’id limb HR
\ A
L | ’ "’"'
lontophoresi PORH Burn wound assessment Burn wound assessment
M ‘\iﬁ"! a ‘ * '& C
Ol v W g 1= — T =
5, [¥'o, [0 o3 | L
Flap survival Ischemic toe assessment

L/ > www.perimed-instruments.com




Motivation

Mobile phone based solutions for health monitoring

Gmate®sMART

Handyscope dermascope

from FotoFinder
http://www.handyscope.net

Gmate Smart glucometer

from Gmate
http://www.gmate.com

AliveCore ECG monitor

from AliveCore
http://www.alivecor.com



Laser speckle contrast analysis (LASCA)
Theory

Speckle contrast  Blood flow (perfusion)

sc= ‘ BF ~
I SC

mean

J.D. Briers, S. Webster, , Laser speckle contrast analysis (LASCA): a nonscanning, full-field technique for monitoring capillary blood
flow,” J. Biomed. Opt. 1, 174-179 (1996)



Experimental setup and LASCA algorithm

Mobile phone camera

Two laser illumination White light.illumination

Region of
interest

Step 3:
Step 1: Calculate Std map
Extract R channel 505 = (R-Im).A2;
R = single{RGB(; 1)) Std = sgrt{imresize(imresize(505, 0.1), [size(505,1) size(505,2)]));

v

Std map

N |

'

Step 2: Step &:
Calculate Imean map Calculate BF map
Im =imresize(imresize(R, 0.1), BF = im./Std;

[size(R. 1} size(R.2)]);



Arterial occlusion test
650 nm laser illumination

Arterial occlusion
T

Mean intensity
[a.u.]

Standard deviation
[a.u

! : !
180 i 50 E 100 150

Blood flow
[a.u.]
~ (00]

i 1 !
o T 50 100 150
Time [s]



Arterial occlusion test
532 nm laser illumination

Standard deviation Mean intanisty

Blood flow

[a.u.]

[a.u.]

—————————

Arterial occlusion
T

50 100 | !

S0 100

S0 100
Time [s]

150



Arterial occlusion test

Dual (650 and 532 nm) laser illumination

8 OD

Arterial occlusion

— 10 ‘
S
§ 8- ‘ \N\//\A—"\/W
g | \
® ® i 50 100
0.1 ! T ‘ T
0.05 \ Rt -
0 o~
-0.05+ ‘ I i
‘ GR 1
01, o 50 100




Finger occlusion
Dual (650 and 532 nm) laser illumination

Laser speckle images

"
N

Blood flow [a.u)]

il
]

2




LASCI connection kit for mobile phone

c) 10°;

Molar Extinction [em-1/M]

4| Deoxyhemoglobin

LASCI LDPI
650 nm 780 nm

Oxyhemoglobin

400

500 600 700 800 S00
Wavelength [nm]



Arterial occlusion test
180...200 mmHg

T |
Occlusion

1/SC [a.u]

—

Mean Intensity [a.u.]

-k

Std [a.ul]

[0 1]

LASCI

0 20 40 60 a0 100 120 140 160 180
Time [s]




Arterial occlusion test
180...200 mmHg

o 2

s

2o ﬂ
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Heat test
44°C

N s O
8 8 8

Perfusion [a.u.]

{ ~
o~ o

1/SC [a.u]
()]

LDPI/1500

50 100 150 200 250
Time [s]

300

350



Conclusions

v" Simple dual (650 and 532 nm) wavelength LASCA device based on mobile
phone camera was build and tested by arterial occlusion showing its potential
for primary fast monitoring and mapping of skin blood flow and
implementation as connection kit for smartphone.

v" Blood flow values can be calculated from intensity signal in red (R) channel
where 650 nm laser is detected. Green (G) channel can be used to provide
more information about hemoglobin content. AOD signal in R channel
corresponds well with deoxyhemoglobin concentration changes, but AOD
difference between G and R channels represents oxyhemoglobin changes.

v' Comparison measurements of mobile phone based LASCI and commercially
available LDPI showed that LASCI device could provide satisfactory results in
case of arterial occlusion and can be used for further extraction of PORH
parameters. But heat test demonstrated difference between both techniques -
LASCI could be characterized as superficial, but LDPI has deeper sampling
depth.

v LASCI device could be used for observation and analysis of alternating signal
component of blood flow that is related to heart rate.



Publicity

v’ Dainis Jakovels, Inga Saknite, Janis Spigulis “Implementation of laser speckle
contrast analysis as connection kit for mobile phone for assessment of skin
blood flow”, SPIE Photonics Europe 2014, 14 - 17 April 2014, Brussels,
Belgium, Proc. of SPIE 9129, 912931 (2014).

v' Dainis Jakovels, Inga Saknite, Gita Krievina, Janis Zaharans, Janis Spigulis
“Mobile phone based laser speckle contrast imager for assessment of skin
blood flow”. Eighth International Conference on Advanced Optical Materials
and Devices (AOMD-8) 25-27 August 2014, Riga, Latvia, Proc. of SPIE 9421,
94210J (2014).
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Application of fluorescence spectroscopy and multispectral
imaging for non-invasive estimation of GFP transfection efficiency
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Transfection =
Introduction of DNA into mammalian cells

Gene is transcribed and translated into protein = “expressed”

Gene vectors can be viral

Oor Non-vira

Infection: use recombinant viruses to deliver DNA

Retroviruses, adenoviruses

Electroporation — electric field temporarily disrupts cell plasma
membrane barrier.

Sonoporation — direct propelling of DNA mediated by

ultrasound

induced microbubble cavitation.

Carrier-mediated introduction of the DNA - positively charged
carrier molecules (e.g. liposomes, micelles )
are mixed with the DNA

Rinlictirc [ceane o11n) - fire DNIA rnated nartirlec intn roll




Gene therapy applications

e Curing genetic diseases

e Correcting cancer genes

* Inducing cancerous cells to make toxins so they kill themselves
* Blocking viral genes (e.g. HIV)

* Creating stem cells from somatic cells

Viral vectors Non-viral vectors
Advantages
long-term expression non-toxic
low toxicity no immune response

high capacity
low antivector immunity
(allowing repeat administration)

Problems

Lack of cell specificity. need to improve the delivery

Strong immune response efficiency.
Do not insert into genome
Resulting in normal gene function alteration



Electroporation setup

High voltage
generator

800-1500 V/em

80 V/em

= - b L -

Sonoporation setup

Ll
Ultrasound
transducers

Ultrasound
~ generator

~aDNA
Qm %}’ JLipid

US diagnostic setup (B-Scan) wmmbum
é%“
gy
Computer

el B-scan

VI tran r

TV tuner SPYIR0 Echoscope ansduce

"Mentor Mu

Electroporation and sonoporation protocols adapted from :
1. Satkauskas et al. Mechanisms of in vivo DNA electrotransfer: respective contributions of cell
electropermeabilization and DNA electrophoresis. Mol Ther;5:133-40 (2002).
2. Tamosiunas et al. Microbubble sonodestruction rate as a metric to evaluate sonporation
efficiency, Journal of Ultrasound in Medicine, 31(12), 1993-2000 (2012).



Electroporation: basic principles

When cell 1s subjected to external electric field £, tranmembrane

potential A@ is induced. A@m is basicaly dependent on cell radius R
and strength of electric field £

exceeds critical value A@m cr, which 1s
- - between 0.4-1.2 V, permeability of the
membrane drastically increases, formation of
hydrophilic pores is induced.

ADm =1.5 ER cosc When induced transmembrane potential

.

o

ADn < ADm cr ADn > ADm cr

TITTTY TN _TT00e, 2207
| 4osss o000 0600° “Ccess

hydrophobic pore hydrophilic pore




Sonoporation: basics =

ultrasound
(sono- means ultrasound)

transducer

plane wave
through tissues

Time

Accustic pressure

Microbubbles, o
Cell o
GFP coding plasmid

Ultrasound-induced
microbubble cavitation,
cell sonoporation and
plasmid sonotransfer

The CHO cell suspension was supplemented with amicrobubbles and exposed to US, operating at the frequency
of 880 kHz, with a 100% duty cycle and with an output peak negative pressure at 500kPa for 30s.



The objective:

to apply non-invasive optical diagnostic methods for the evaluation of

GFP transfection efficiency in vivo, facilitating the transfer with various
combinations of high voltage (HV) and low voltage (LV) electric pulses,

ultrasound (sonoporation) and electrosonoporation.

To reach these goals following tasks have been raised:

i) to detect the fluorescence intensity from the surface of the skin;

ii) to estimate a correlation of the detected fluorescence intensity to the
actual fluorescence intensity on the surface muscle;

iii) to determine the particular parameters allowing to compare the
efficiency of GFP transfection for different experimental conditions;

iv) according to those parameters, to compare the efficiency of GFP
transfer after electroporation and after sonoporation.




Experiment design




Experimental protocol

15t gr. Control mice (GFP);

2"d gr. GFP +EP (1 HV: 800 V/cm; 100 ps);

3 gr. GFP+ EP (1HV)+EP(4LV: 80 V/cm; 100 ms);
Ath gr. GFP+ EP (4LV);

5th gr. GFP + SP (2W/cm?; 20% DC; 5 min);

6t gr. GFP+SP (2W/cm?; 100% DC; 5 min);

7t" gr. GFP+ SP (100% DC)+EP(1HV);

8t gr. GFP + EP(1HV) + SP (100% DC);



Diagnostic setup

Fluorescence point measurements

LIGHT —* ———0H smA|
SOURCE
(DPSS

laser
473 nm
excitation)

Fiber bundle

Fiber tip

Location of tibialis cranialis muscle

Injection of pGFP

SPECTROMETER
AvaSpec-2048,
Avantes

PC

Multispectral imaging

Anesthesed mouse
(Ketamin/Xylazin, 0.5 mli.p.)

LP filter
T(500 nm)=50%



Up to date, the commercial
live mouse imaging systems
are more expensive and

sophisticated:

The CSB Xenogen IVIS Imaging
System 100 consists of a back-
illuminated CCD camera with a
closed-cycle refrigeration
system, a camera controller, and
a light-tight box for
bioluminescence imaging. The
field of view can be adjusted
from 10-25 cm to allow for
imaging of two to five mice at a
time on a heated platform.
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D. Jakovels, A. Lihacheyv, J. Spigulis, S. Satkauskas, M. Tamosgitnas, C. W. Lo, W. S. Chen.
Assessment of efficiencies of electroporation and sonoporation methods by fluorescence
RGB imaging method// in Biophotonics—Riga 2013, edited by Janis Spigulis, llona
Kuzmina, Proceedings of SPIE Vol. 9032 (SPIE, Bellingham, WA, 2013) 9032-4.




r
- Results: muscle model

Skin covers the GFP
transfcted TA muscle

Fluorescence of the
TA muscle surface
(the skin is removed)

Fluorescence, r.u.

513 -517

GFP chromophore

5-(4-hydroxybenzylidene}-2,4-imidazolidinedione

| 7 '|I ¥—\

~ GFP transfected muscles

__ Skin abpve the muscle

Excitation
473 nm




(Results: fluorescence spectra analysis

Comparison between GFP fluorescence intensity measured
from the skin covering muscle and muscle surface

Correlation revealed from spectral data... sl

Fluorescence of the
TA muscle surface
(the skin is removed)

Skin covers th(—:J GFP
transfcted TA muscle

GFP flucrescence (skin), r. u.

Tk

GFP fluorescencence (muscle surface), r.u.

Comparison between GFP fluorescence intensity measured
in TA muscle homogenate and TA muscle surface
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Analysis of multispectral images in vivo

Raw RGB GFP fluorescence (green)

The parameters acquired:

1)Muscle area

2)Muscle diameter

3)Area of GFP fluorescent region;

4) Mean intensity of fluorescent region in the 510 nm spectral band image;
5) Sum intensity of fluorescent region in the 510 nm spectral band image;




Muscle area, r.u.

Parameters derived from in vivo measurements:

15t parameter: muscle area 2"d parameter: muscle diameter
6000 60
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Control (GFP)

’__a-f-

Parameters derived from in vivo measurements:

3 parameter: GFP fluorescence area
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(3) and (4) parameters are similar with:
Tevz et al. Gene electrotransfer into murine skeletal muscle: a systematic analysis
of parameters for long-term gene expression. TCRT 2008 Apr;7(2):91-101.




GFP fluorescent area, r.u.

Parameters derived from in vivo measurements:

3 parameter: GFP fluorescence area
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Mean of GFP fluorescence, r.u.

Parameters derived from in vivo measurements:

4th parameter: mean of GFP fluorescence
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Control (GFP)

’__a-f-

Parameters derived from in vivo measurements:

EP (1HV)

5th parameter: integral of GFP fluorescence

=)

| S

6-:

= 5 EP (1HV+4LYV)
X ;
) .
O d
Q
(O] o 4 F
o -
() ~

(O]

—

o

-]

(= 1

o

L

O

Y

o

©

53

= 0 : .

I I I I
Control 1HV 4LV HV+4LV SP  EP+SP

Experimental group EP(HV)+SP




Multispectral imaging in vivo ” Multispectral imaging ex vivo

Control (GFP)

s i
- .

v
pn- ~
]

EP (1HV)

EP (IHV-+LYV)

Control (GFP)

Table 1. Results of multispectral image analysis.

SP (100% DC)

Parameter, r.u.

GFP fluorescent area of the muscle (%)

Mean of GFP fluorescence, r.u.

(3™ parameter) (4™ parameter)
Group in vivo ex vivo in vivo ex vivo
GFP 0 0 15 0
GFP+SP (20% ) 0 <1 0 0
GFP+SP (100% ) 12 6 22 7 400 £56 304+170
GFP+EP (4LV) 84 16+ 8 182 +£54 98 £50
GFP+EP (1HV) 46 £ 6 69 +3 1046 + 220 1192 + 131
GFP+EP (IHV+4LV) 14+6 28 £10 376 +44 360 149
GFP+EP(1HV)+SP(100%) 43 11 38 18 472 +134 326 £97




Multispectral imaging in vivo ﬁ Multispectral imaging ex vivo

3d parameter: GFP fluorescent area of the muscle (%)

Fluorescent area in vivo, %
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Multispectral imaging in vivo ﬁ Multispectral imaging ex vivo

4% parameter: mean of GFP fluorescence
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Type of transfection: stable

(Integration of the transfected DNA into the cell genome)

EP (1HV) MEAN:
y 1046+220 r.u.

Data from
hystological
sections

o

: i R,
APV P o,

[multiple fibers are left fluorescent]

MEAN:
400156 r.u.

[only single fibers are left fluorescent]

From diagnostics point of view, would it be possible to correlate fluorescence for
results 2D non-invasive measurements (spectroscopy, imaging) and 2D (muscle

rrncc cartinn)?



Experiment setup:
Fluorescence microscopy of muscle histological sections

The parameters:

1 -
2 Muscle cross- section area (= muscle diameter)
3  Percentage of GFP positive fibers
3-1 Area of GFP positive fibers/ total area of muscle)
3-2 Number of GFP positive fibers/total no of fibers in the sample)
4. Mean fluorescence intensity of GFP; IMAGING
5. Integral fluorescence intensity of GFP. 1OR SPECTROSCOPY

IMAGING

The parameters acquired in vivo:
1)Muscle area ( manual selection)
2)Muscle diameter

(useful for calibration of 4th & 5th parameter — fluorescence intensity)
3) Percentage of GFP positive fibers

3-1 Area of GFP fluorescent region/ total area of manual selection; | IMAGING

4) Mean intensity of fluorescent region in the 510 nm spectral band image; IOR SPEC-
5) Sum intensity of fluorescent region in the 510 nm spectral band image; TROSCOPY

IMAGING




* Such experimental mice model and registration device
has proved its suitability for non-invasive estimation of
GFP transfection efficiency, possibly offering us the
updates on GFP transfection protocols for transfection
efficiency increase.

* The significant increase of GFP transfection efficiency
in skeletal muscle by application of electroporation in
comparison to sonoporation has been revealed by
using non-invasive multispectral imaging;




 The observation that no LV is needed to
obtain efficient gene transfer is at least
surprising..

EP (1HV) EP (1HV+4LV)

The comparisson between 1HV and 1HV+4LV did not reveal the signifficant
difference for the mean value of GFP fluorescence;

e ...and this gives us the opportunity to address
some of the mechanisms underlying gene
electrotransfer.



I
pPDNA must be electrophoretically relocated or: pDNA is directry propelled

enters the cell via endocytosis pathway l
I Ultrasound:
0.1 ms I Transducer: cylindrical, focused.
I pulse duration: 1, 2, 5, and 10 cycles;
I Optison concentration 4.5 10 MB/ml.
1200 V/iem I Acoustic pressure: 0.09-0.25-0.48-0.79-1.09-1.32
80 V/iem I MPa
I 100 ms : Total US exposure time: 60s (but the MB were destroyed
ALyl Lyped Lypd Lyud L I in first few seconds);
Electroporation Sonoporation

Free and rapid entrance of pDNA/membrane complexes

According to our data, the high efficiency in gene
electrotransfer achieved by single HV pulse (and without
HV+LV pulse combination) implies that it is important to
destabilize the membrane.




Evaluation of EP, SP and EP+SP damage to the muscle fibers

Muscle fiber damage

The experimental protocol from:
Devor ST, Faulkner JA. Regeneration of new fibers in muscles of old rats reduces
contraction-induced injury. J Appl Physiol 1999;87(2):750-6.



. Non invasive estimation of GFP transfection kinetics

Spectra normalization:

4
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A& 517 e 5157
c 2 ;]
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—=— GFP
—e— GFP+EP
—4A— GFP+SP100%
* —v— GFP+SP20%
94 More accurate detection if it is possible to
correlate the parameters from

*fluorescence parameters derived from in
- vivo spectral measurements (e.g. 3, 4

parameter — simplest case)
: : ) *fluorescence parameters derived from
— ¥

microscopy of muscle histological sections

I

Fluorescence ratio 517/590 nm, r.u.
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Conclusions

In conclusion, our study leads to the new strategies for GFP transfection
efficiency quantification in vivo. Using the GFP coding plasmid, we
demonstrate the suitability of fluorescence spectroscopy and hyperspectral
imaging method and the selected muscle model for non-invasive
guantification of GFP transfection efficiency.

Our study showed that both electroporation and sonoporation methods
are feasible for mice muscle transfection. However, evaluation of mean
GFP fluorescence intensity revealed that in comparison with sonoporation,
electroporation (with the single HV electric pulse) resulted in more intense
GFP signal during the long term period of GFP expression.
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* Gene Therapy is a technique for correcting defective genes
that are responsible for disease development

There are four approaches:

1.

A normal gene inserted to compensate for a
nonfunctional gene.

An abnormal gene traded for a normal gene

An abnormal gene repaired through selective reverse
mutation

Change the regulation of gene pairs



Target cell

Severe combined
immunodeficiency

Duchenne dystrophy
Hemophilia

Cystic fibrosis
Cancer

Neurological diseases:
Parkinson’s/ Alzheimers

Infectious diseases:
AIDS, hepatitis B

Bone marrow cells or T-lymphocytes

Muscle

Liver, muscle
Lung Cells
Many cell types

Nerve Cells

White Blood Cells



Problems with Gene Therapy

Short Lived

— Hard to rapidly integrate therapeutic DNA into genome and rapidly
dividing nature of cells prevent gene therapy from long time

— Would have to have multiple rounds of therapy
Immune Response
— new things introduced leads to immune response
— increased response when a repeat offender enters
Viral Vectors
— patient could have toxic, immune, inflammatory response
— also may cause disease once inside
Multigene Disorders

— Heart disease, high blood pressure, Alzheimer’s, arthritis and diabetes are
hard to treat because you need to introduce more than one gene

May induce a tumor if integrated in a tumor suppressor gene because
insertional mutagenesis
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Melanomas / dzimumzimes
klasifikacijas metode, izmantojot
neliela skaita spektralo joslu
informaciju

Dr.habil.math. Aivars Lorencs
Projekta zinatniskais vaditajs
Elektronikas un datorzinatnu institiits
e-pasts: lorencs@edi.lv

5/12/2014 Seminars: «Adas attélu iegiiSanas un apstrades tehnologijas, to
izmantoSana mediciniskaja diagnostika»

*ESF lidzfinanséta projekta ,,Inovativas biomedicinisko att€lu iegtiSanas un apstrades
tehnologijas (InBiT)” vienosanas Nr.2013/0009/1DP/1.1.1.2.0/13/APIA/VIAA/014



Lietota simbolika

Attelu skaits: 32 melanomas, 94 nevusi

Vispariga situacija: m melanomu attéli, n névusu attéli

p-tas melanomas pikselu optisko blivumu vidéja vertiba j-taja josla #; (p) p=1lm

g-ta nevusa pikseju optisko blivumu vidéja vertiba j-taja josla v, (q) q

I
—_
S

p-tas melanomas pikselu optisko blivumu sadalijuma standartnovirze j-taja
josla _ 1 &
a=—2u,(p)
m p=1

g-ta nevusa pikselu optisko blivumu sadalijuma standartnovirze j-taja josla

_ 1
v, :;ZVj(Q)
qg=1



Joslu harakteristiku kritiskas zonas

ajlzrrlpinﬂj(p) bﬂ:In]jIlSj(p)
a;, :m3XVj(Q) b, :meGJ(Q)



Slieksnu definicija

Ja 6 ir reals skaitlis, kas apmierina nosacijumu a;, <6<a,, , tad
c,(6)ir u,(p) skaits, kas mazaks par &;
Cj2(5) - V,-(q)skaits, kas lielaki vai vienadi par 6.
Ja &’ ir reals skaitlis, kas apmierina nosacijumu b, <6’ <b,, , tad
d,()- s,(p) skaits, kas mazaks par &’;
d,(6")- o,(qg) skaits, kas lielaki vai vienadi par &’.
Ja 6 dod minimalo vértibu summai ¢,,(8)+¢,,(5), tad to
apzime ar §;
Ja & dod minimalo vértibu summai d,(5')+d ,(5"), tad to
apzime ar 6’;;



Joslu izvele

Defingjam: g, = ¢ (8)+ cj2(5)

Joslu j sauksim par

informativaku par

volume of outlier sets

josluk, jah;<h,
vai h;=h,un g;<g,

10/ 540 20 /640 30/ 740 40 f 840 50 7 840
band / wavelength, nm 5



Joslu koreletiba

iz(m 1), (p)-7,)- (w0, (p)-7,) -1, (@)-7,)- (v, (q)-

J
COI"}"M(j,k):pl COVFN(jak): q=1
v O, 0y
corr(j,k)z m - corr,, (j,k)+n-corry(j,k)
m+n
) e . o - .

e mialanomas
—S— raked nevi

085F —#— flal pevi

095}

08
x
0.75} 1 075}
ﬂ? ‘ ‘ . . L i i i ﬂ?
10 12 14 16 18 20 2 24 2 28 3 20




Klasifikacijas kartulas

X — konkréeta attéla prezentétais adas regions

o, — X pikse|u optiska blivuma vidéja vertiba j-taja josla

B, — X pikse|u optiska blivuma vértibu sadalijuma standartnovirze j-taja josla
l(a;) — izteikuma o, >6; patiesuma vértiba

I(B,) — izteikuma B, >6," patiesuma veértiba

Ja izteikums patiess, tad ta vertiba 1, pretéja gadijuma — 0.

Klasifikacijas kartula atskirigiem izteikumiem pierakstiti atskirigi svara
koeficienti.

Ja klasifikatora bazes joslu triplets ir (10,20,40), tad klasifikacijas kartula
formuléta sadi:

X —melanoma, ja 3
5 (mz(aj)+2ll(ﬂj))>o.s )

;j€{10,20,40}
Ja (1) neizpildas, tad X — nevuss. So klasifikatoru apzimésim ar W,.
Analogiska kartula bazes joslu tripletam (10,20,30), kuru apzimésim ar W,

4



Stabilitates problema

lzvéléta bazes joslu tripleta katru pamatjoslu j paplasina ar
blakus joslu j-1 un j+1 pievienoSanu.

Regiona X patvaliga piksela z optisko blivumu j-taja josla
apzimé&jam ar e,(j), j=151.

lzvéleta joslu tripleta pamatjoslu paplasinajums notiek péc
principa:

piksela z optiska blivuma vértiba e,(j) tiek aizstata ar optiska
blivuma veértibu

0.25e,(j-1)+0.5e,(j)+0.25e,(j+1)

Klasifikatora konstrukcija talak noris péc ieprieks aprakstitas
shémas. Ja pamatjoslu triplets ir (10,20,40), tad iegutais
klasifikators apziméts ar W, ‘. Ja pamatjoslu triplets ir
(10,20,30), tad iegutais klasifikators apzimeéts ar W,




Testésanas rezultati

Wl WZ Wll WZI
Melanoma | O 0 0 0
Nevuss | 5 4 1 1
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