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Development of an optimized imaging analysis tool for Live/Dead

cell

imaging of 3D cancer spheroids
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TsruzSasnundulsanfidnsnsinludndgaalanuaznisgnaiuvedlsaugiss
JuanmamdniidmasednsnisnievesUae aeiunsimue1fuuess (anti-cancer
agent) Hudsinudndusgaunntutagiuludiuvesnismeaaeulszdnsanvsendiu

LzISlusEaUad iU WAaDITil

{]aﬁgﬁumitﬁmLezjaa‘IugiJLLwamﬁa (3D cancer spheroid) tieldnagaugdui
pausuinnilesninilouanngaidludeunsiiwesiie Inswadasgnisandudeuay
18 uwd3dldenidesnimagevadluemsidonead wd25 ¥ 15Ud sunUasaes
Aounzsalaginanuuialuduues brightfield image Aaugtuiunisld Live/Dead assay
AsnAaaUildansyddansiilunisnsaata fe sreen-fluorescent dye calcein 19ay
wadniiTinuay red-fluorescent dye EthD-1 1¥8aumadiinmonda arntuayinanuda
AunwiodiTen violdfiuiivsdunwiodidenfiondnsnmnevonsadlufounsds sy
IumimiﬁﬂmwuﬁwmsﬁﬂmLawwm‘w Brightfield wa¥ Live/Dead WuU 2Dgreyscale

W LU RGB aguanimiiavauianlunisinw

Brightfield

https://worldwide.promega.com/

gﬂmwﬁ 1.1 awiaauzisely 2 WU (n) Brightfield (v) Live/Dead assay
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algorithm)
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input ‘ Segmentation ‘ Detection ‘ ‘ output
P & extraction P
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1.3 NUNIUTIUNTIU

Hubert,Et al. | 1. CellTiter-Glo® Cell 2D&3D - All cell numbers using Magnetic 3D [1]
Viability Assay magnetic 3D bioprinting. Bioprinting
2. RealTime-Glo® MT Cell - Spheroid size was highly (Hardware)
Viability Assay reproducible.

Pasarat,Et al. | - FDI-6 Inhibits TNBC Cell 3D Analyze effect of FDI-6 on LionheartFX 2]
Proliferation. the viability of the TNBC (Automated
- FDI-6 Inhibits TNBC Cell cells in 3D spheroid assays. Microscope)
Migration and Invasion.




Patricia,Et al. | Investigated the 2D&3D - Morphological and GraphPad Prism [3]
morphological differences histochemical analysis of the 5.0 software
and changes in gene and organotypic 3D SG model
protein expression of specific - Cell culture optimization of
eccrine SG markers in our 3D SG model regarding
novel organotypic 3D SG viability
model, primary 2D cultures - Gene expression of primary
and native human sweat SG cells culture in 2D vs 3D
glands. - Apical-basal orientation in

3D SG models

- Quantification of AQP5 as a
secretion marker in 2D and
3D culture

- Physiological functionality
of sweat gland cells in vitro

BioTek - Prevent cells from adhering 2D&3D Analyze 3D culture cell Gen5 (4]
to labware such that they (Software)
self-aggregate into spheroids.

- Provide a three dimensional
scaffold that cells can use
for structure and adhere to.

BioTekl Label-free imaging and Gen5 2D&3D Analyze object sum area - BioSpa Cell [5]
image analysis tools (realtime) Analysis System
automatically identify (Hardware)
spheroids and report size for - Genb (Software)
quantification and
comparison across treatment
conditions.

Ref[1] : https://worldwide.promega.com/
Ref[2] : https://www.mdpi.com/

Ref[3] : https://journals.plos.org/

Refl4] : https://www.biotek.de/

Ref[5] :

https://www.biotek.com/



https://worldwide.promega.com/
https://www.mdpi.com/
https://journals.plos.org/
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MnMsAny il imnssunssuilduimiiouasisanlassodifdaviiidsdiiunis
o¢ usiazfleg 3 253n390 Ref[21,[41,[5] fidauadsfusui mdsilagly Refl2] duazidu
NuiSefiszrhradeniiwnviludruresnishanunavesendiuusiswails (FDI6) auuuin
AUTNTUUDI87 (FDI-6 concentration(uM)) Tu 3D spheroid assays wag Live/Dead staining 984

WA 2 YA A MDA-MB-231 way Hs578T

Tudruiiisasiluiauineds ns3asieinndmsy Live/Dead images of 3D cancer
spheroids 157161 Feature 751491 830191W51211531A518%AMA"N Live/Dead assay ¥lfean
Imsﬁ"’ﬂﬂﬂ’ﬂ%’awﬁwLauaiugﬂl,wwadgﬂmw (Qualitative images) wiinafilaliausadinszy
panunduASenndeun1ea@nala (Lack of qualitative analysis) waglugiuves Ref [4],[5] azidu

TudrureamdnnisveanIsianinwaduzisaunas Software AT9nNasndULAS 997 LT IUNITAEAIN

[ YR VI VA7)
v A v v

Wwaduzkse MetvatuludiuiiisndviluleazasrueIesaennmnse Software ATAMUEDETUIN
vuntusAazdunsaselusunsufisenausiediu Segmentation ag Morphological feature
. I ) | . ' I =3 a aa
extraction {unan Ingludiuves Segmentation Frausnazilunisaiis@uaindeniieglulusunsy
Imagej noundafaguadwsnindsliiadesniasnsaunauuiansdnaziud sululdludiuves
Segmentation M2a1A% ULATAIN1TLTEUS LR IEAULEY (Machine learning) Litolwla Feature 7
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Segmentation

Detection
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- @I BATIERIUIATeIiouLLSTlugULuL Bright field 16l

- Awgzilaviandunmifen (individual images) wagnguaIn (stacks)

- Wsunsudasldnuine luidesldaunsaineisnsngudeu

Morphological

feature extraction
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output

1.07N Live/Dead
assay (Channel 1 :
Aaduz STl
3%, Channel 2 :
AaduzLS g
W& wazANTIvNg
Merge wadiiddin
LAEANBLALUIA8 Y

(Brightfield))

2. analetdunn
e (individual

images)
3.01 2D grayscale

4unuana TIFfile

Concept 1 4
Segmentation method
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Concept 2: 14
Segmentation method
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AULBY

Concept : @5 13kauly
7199 LR TIATULANIE
a o =
danaula 9199zdin1s
vy option Tigldnu
= Vo
aunsaidentesla
gausuaLgNAodlALA

I

¥ P Y
o

1 NUNIUALAENUN
WRAYVBIYARNLTIN

¥ P Y v
o

2 NUNNIVUALALNUN
WRAYYRUTARNLUTTIN

¥ ¥

A
o

3. NUNTINUABAZ T
LRABVDININ

Brightfield

L@11150ATIZHVUIN
v I
vosounLSelusiuy

Bright field &
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90N Segmentation method (*Concept 1)

nagaULAZLA W Segmentation method

(*Concept 1)

[ o A
#4110 Concept 1 14 lAnadnsN11iane o+

20NLUU Segmentation method (**Concept 2)

nATIULAZLA W Segmentation method

(**Concept 2)

v
ﬁﬂE1ﬂ1iﬁ§NTﬂﬂLﬂﬂJ

Y A Y ¥ 4 o A A
t’fiNﬁﬂu%ﬂWPﬁ%ﬂu Lﬁﬁ]ﬁi?%i}ﬂm‘WWﬁQﬁ

aul9 (Detection)

aFrasuTdsunsunndonldau

Iamnenuazasiwa

Yo a v
- VLﬂﬂ’WLuuﬂ’]ﬁ‘LL’ﬁ'J

agjsendaniung - felilAmnduns

Learning)

*Concept 1 : N34 Segmentation Method ﬁﬁagﬁuﬂ%ﬁ;ﬁ’umﬂimam’mﬁu

**Concept 2 : WasulUld Segmentation Method iaaaungslu ansaiseuslamenuias (Machine
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FEnsusudgsn i elilddndauiiui i auladuagléisnnsiugiude ang
Thresholding luismsusnnmamzdwisalaasiluldaulaendnmsidegdey
71110 1 Channel (#39 Grayscale Image) uuiUadan intensity vasusiay Pixel TG
Wed 2 @1 Ao 0h) AU 255(317) 15 SenAIMATAN intensity e 2 @1 91 “Binary
Image” Tnets19=ld Threshold Value lunisuusin Pixel il intensity XX aasfiawinlug

[

fal

!
ISP

1. pixel NIA1 11NNTL1IAU Threshold Value AU 255 wiadw7

2. pixel #18A1 WounI1 Threshold Value HAWYINAU 0 wi0dA1UULDS

oad - o
= .,’r‘

Original image Thresholding

7311 : 21NN15910 Thresholdine TulUswnsy Imagej

2.2 Histogram

Histogram 131809 AT INALEAIDITIUINTDIRNLEATALET A9 U 9N WIS

S¥UU RGB Way gray scale lnauussyaumnuainsoandy 256 seaumaus 0 fia 255 lag
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TuwnuusulaszsuauaiIgeianiamuaIuss@e) lUdmurndenilaiaiu

A2190N(FYN) WALLNUAILEAIDIINUIUANDA M ULARL TEAUANNAIN

Number of pixels that tone

Pure black Pure White

awilsznaui 1 Histogram depicting the frequency distribution.

a
NUA : (http//digital-photography-school.com/how-to-read-and-use-histograms/)

Histogram dUselevuazls

— Wonswl histogram 7laluilssuiisuiuninass ieUsunissulawasnassln

WALNZAUNUNINARDINTITAY

- Tlunsusunsisiazauaulnuduaanin

2.3 Trainable Weka Segmentation

Trainable Weka Segmentation fioUan8uves Imagel/Fii sy AveIsaneaIiuNIg
Seuiveaniostuynnudnvazsunmiidenifioatrsnsutsdumuiinies @
L5 8n Weka (Waikato Environment for Knowledge Analysis) TdanUa ney 4
Usznaudisyaas esileaiunimuazsaneI iudmiumsiiasgsideyauaznisaing

U

LuUTIReugInanisal nieumedumesladlduuunsfinnelvidifslsnduillade


http://digital-photography-school.com/how-to-read-and-use-histograms/
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DRVDY Weka 94l
11gnuldegnueasniels GNU General Public License
2 gnnsnvhanulauuieuynunannesy

3.M5unumaliansuszlanadlminuaznsaswuuiaesieyaiinseunqy

—> Classifier —» U

nput
labeling

. Trainable Weka Segmentation -

WEKA
Training set "-‘-‘—“ Segmentation

a
VAU : https//imagej.net/

2.4 MorpholLibJ

MorphoLibJ A8%a18335115 morphology N19AElAAIANT LAz Ua NS UdIM5U

9

14 1
= a Y

Image)J RGEORT U WU URN1S INRA-UPB Modeling waz Digital Imaging waztlu

Hefdun1sviaunatgegsivinmeluly Image) wazUandudue lilarseurgunse

AsoUARLeIUsadIuwidulagly Morpholib) fifee1eisialuil

1. Morphological filtering : tJusianses alufianunsadiuisiuduii enoulegdud

nannuiany


https://imagej.net/

2. Morphological reconstruction : tJudane3fiufiaunsaviin1snsraduaIfIgnves
a G| ! v A
QHNANTBAZIEALUA N TEA U
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3. Watershed segmentation : \Juganesfiufnasusinanseaudmididuiuuinass

FAUAUGILUUARYE UarnTIadulasiniiiutimeg

4. Binary / label images utilities : LduganasNud11SUn15USELIANALAZNSIANNS

anluusuaznmndrennty

Openlng

| f
i% yf;

'y tr S
Erosion Closm;: :

The collection of morpholosgical filters is available in the Plugins > MorpholibJ menu. Filters

[ 4 ‘

are implemented both for 2D and 3D images, and work for binary, gray level or color

(RGB) images.

fian : https://imagej.net/
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MR AT NTITEUURUULR Uz dnvi lutunaun sAliuulasanulidedl

input # Segmentation - Detection - Morphological - output

feature extraction

3.1.1 input

mﬂmaﬁﬂwﬂuﬁﬁdmmuﬁamwmuaﬂ@mé’ﬂwmmaqmwﬁﬂmﬂsﬂumﬁﬁﬂm
oevadd
- sUnmdunuu 2D grayscale
- wwanan wJuTIF file
- AN Live/Dead assay (Channel 1 : mwmaémﬁfaﬁé’ﬁ%ﬁm, Channel 2 : a9
waduzISfinneudy uaznmiiviinig Merge wadiifiiddnuasmeududseiy
(Brightfield))

- amldfiausediewesnisiasyiulnvedgaauzis

- MNERRNESINYNTg treat e1duNSIaS AU lnvRLTaaNELS
3.1.2 N1998NLLUU Segmentation
Tutunauilisnazuutaandu 2 Tuneu fe

- TunBuKINLI19¥ILen Segmentation N doglulusunsui ts19gldasg

Segmentation method (Imagej) 1NUsznausmiuLiaIeuisuAINgNABIVRY

U

A launludunouileTnvila Segmentation o8 quas Tunausalua ol

Segmentation #aguNTAuN A Reuly i MuetwielinnnTEUIUATT

=

ﬁwmLfﬁluLLUUé’@IuﬁaLLazﬁmeﬂéfaaumﬁammsﬁ'l%’mu%mmmaam%’ulﬁ
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- Jumauiiaes azidunsAnwiiuiulugiuves Segmentation method N1aann

11N89UU (W1nAtutuneuwsn) Weagihuudlulanlugiun Segmentation

v
a 1 L2

method w3nyilule ludunauiln1agdnAnindtuneunsnlilaaiainugnees

e

AUN AR BIN1T Nazildsusnlddunauillaneiiil Segmentation method N1ag

AnwnAail MorpholibJ uag Trainable Weka Segmentation

3.1.3 n1999nLlUU Detection

Y
a %

Tutumautazidunisasateuluiionsiaduiansdmaula Tunifs asasguanie

wunnwadinznguiuluious dwnduwedidnuinuseugivzgn remove oanty

3.1.4 Morphological feature extraction

TugutlaziJunadnsnlanantuneu Segmentation F9azdnNaanoneil

14 1Y
L%

1 NUN VUL AL NUNLRASUDIRRN LTI

14 1Y
(Y

2 NUNTIMUALa NUNLRAsUD1ad N LUdT A0

14 1Y
U

3 NUNTIRUALAE N UTLRaYURIN W Brightfield

3.1.5 output
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Tudutlagludivesilusunsuindeuligldauldaulusunsuliegnsleenn
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waglinaansmundens ddlutuneuildavilanunuliinagldlusunsy Matlab lu
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Segmentation Tugunauilnagdniilavinnisi Segmentation ileglulusunsy

. 1 LY 1< 2 d{' o 3 2 a (Y] dy (Y] 5
Imagej wsesutunatsldulng Macro ievinnisuenwaduziseanaulanunumnaans 3
wUU oA Mz Sangasldin, MnwadusiSaNnNewa, MNad UL S INAewaIka

FINUIINNIT Merge fiu (Brightfield) Ingaziudnal

]
U

1. Macro[1] = ldfun naduz 5ssiTin
2. Macro[2] =P l¥iunniwaduziSeiniendn

3. Macro[3] =2 l¢fiunm Brightfield

Macro[1] : I%ann15NaIUFIN

Scaleconversions(8-bit) 95etThreshold(30,255) =» Convert to Mask™ Mean filter(radius=>5)
=» Fill hole

[ D9.01.2.12_GFP_001-1.4if (75%) = o X
1224x904 pixels; 16-bit; 2.1M8

SUAN : HAdNEINNTTIU Macro[1] T Imagej
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Macro[2] : I%ann1579IUeai

Scaleconversions(8-bit) 95etThreshold(55,255) =» Convert to Mask™ Mean filter(radius=2)
= Maximum filter(radius=2) " Fill hole

SUAN : HAENEINN1TTU Macro[2] lu Imagej

U

Macro[3] : H%ann1SYINUAIN

Scaleconversions(8-bit) 95etThreshoLd(O,122) =» Convert to Mask™® Remove

outliers(radius=40,threshold=50,which=Bright) = Maximum filter(radius=8) " Fill hole

SUAMN : HadnaNN153U Macro[3] Tu Imagej
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d111509 ud U049 Segmentation 8089 laLd 1T unaus olUAon15ULE
Segmentation sJ'af-JG]u?ummmﬁumsfl,é]’ﬁ"aulmﬁgﬂﬁaaLLazmmzam evilinszuiuns
wanuadulsuusaludduasUssdunadnsinai i vuaunsosousuldnisls
(%accuracy) ﬁ”wmﬂlaﬂﬁmwﬁmﬁ’]ﬁmLﬂgaulﬂiﬁi’f Segmentation method fiaaaun

akaly (Concept 2)



