Simplifying high throughput 3D spheroid
growth and shrinkage assays using live content

ESSEN

imaging BIOSCIENCE

T. Dalel, K. Patelt, B. O’Clair?, T. O’Callaghan?, D. Appledorn?, D. Trezisel
lEssen BioScience Ltd, Welwyn Garden City, AL7 3AX UK & 2Essen BioScience Inc, Ann Arbor, Michigan, 48108 USA

@ Summary & Impact ) <" 3D Pharmacology

* Creating spheroids using Corning® Ultra Low < Spheroid fluorescence intensity can be measured 3D spheroid proliferation time-courses 96-well plate ma
Attach | id hnically simpl ith ki d b ful indi f SN T [T E T 0 N B A
ttachment plates provides a technically simple, without masking, and may be a useful indicator o o
] ) . —_l . / / //f; fr,_’.;:-'“ ,,y/--?’:ﬂj //,;///’ //»ﬁ’” p /”’ /” / / A CPT 11 4.57e-3 uM Taxol 0.05 nM Doxerubicin 0.05 nM
robust and economical approach to creating 3D spheroid 3D nature and/or cell health. XL N ~— Dl =+ icRed (1) 25/ el [SESRNSRE () St
SpherOidS in 96-well plateS (eqUivaIent to ZD) e The images and time_lapse movies provide important 8 : ///f 7L /////\ B AS49 NucRed (1) 25K / well A549NJ:I::¢I:I0(.11:?)?45K]weII Asqg[’ﬁii‘éﬁ‘etﬂc{?1‘§'§'sﬂ'?we||
: '3E.]1
* Using fluorescently labelled cells and IncuCyte information and validation regarding spheroid Q. L rla ™ I Tsdosw | ooeubenosi
Z/0O0M™, we have assembled and validated fully- morphology and the effects of test samples. e |
D / = b axol 1.23 n mptothe
kinetic, spheroid growth and shrinkage assays - 3|8 el el ol el el A Sl ... PR wcred ‘et
’ ' * These assays should prove useful for medium o | Ve P 125K/ | A9
™ . . . . . QI - / / / /ﬁ f / / / / / £ CPT 11 0.37 uM Taxol 3.7 nM Mﬂ,-la 0.1% (11) 2.5K/
* |ncuCyte ZOOM metrics  (spheroid  size, throughput, quantitative pharmacology of test c || T ASt9 Nucked (11) 25K /well [T TP oMSO il
. . . <1, 23.01
(area/confluence) and fluorescence intensity (Mean samples for effects on the growth and shrinkage of 9 F.-——--—-"/-—-»-—-———f////\_ i oTutim ot -
. . . w 23cln A549 NucR 11) 2.5K [ wel A549 Nuc 11) 2.5K / we
:Omage dflluores;enc(je, MIF)) f';\re mfsrmaﬁ;we, anﬁl cag tumor cells in 3D. § G A A D T .
e readily gatnered to monitor spheroid growtn and . ce|| proliferation/ spheroid growth can be directly T | - | '
A A . ; e, | @S | em——— LW [ PTG o " T ,
KShrlnkage over tlme' Compa red N 2D and 3D_ j : — — = — — = = — = — ua\: A549 NuCcF;{Tedll(ff)%K/well A549 Nu-LRecII %?% 2|\.45I(/well A549DNucRez (11§02c.)5|<|v:fwe|| -

Time (0 — 10 days)
n - - = * Plate views represent a facile visualisation the kinetic temporal data for spheroid growth and shrinkage (fluorescence confluence %
L\l 96-well spheroid assay workflow - an integrated solution P P Pheroid g ge )

collected from a single 96-well microtitre plate

Log [Staurosporine] (M) Y, Log [Oxaliplatin] (M) Yy, Log [Cycloheximide] (M) ) Log [KU 0063794] (M) Yy,

Temozolomide N\

DAYO Cell seeding * Cells seeded into each well on a ULA plate and placed 4 Staurosporin N\ Oxaliplatin N Cycloheximide N KU0063794 ™\
HARVEST & e : : - < < < <
SEEDCELLS |/ Seed cells (100 pil/well, 1-5K/well, + ECM) into 96W ULA within the IncuCyte ZOOM™ to monitor spheroid formation S 257 o a6nM  + 120M o 0.33 M S 251 © 0050M & 124 © 33 M S 251 ¢ 460M & 120M o 30 S 251 ¢ 46MM  + 0120 & 33 M
% o ; i ; — ) < 1.4nM & 37nM < 1.0uM 3] % 014uM B 37uM -e 100 uM ) ) 37nM - 10 uM (D) . -
plate (Corning 7007). Centrifuge (1000 rpm, 5 mins.) (72 — 96h) % ol Lam - & 0.12p|v| LM 3 e M2 3T - 1 DMSO 3 n sl e 1.1nu|v| sl 8 N s @ ﬁ?uklﬂlvl - é.(?l.g/l(l)leMSO
DAYO -3 ~_* Plate removed, samples added, plate returned to the S . E ' E 3 =
— Spheroid formation (0-3d) IncuCyte to monitor and quantify spheroid parameters § 151 S 15 § 15, § " AAAAAA
SPHEROIDS Position plate in IncuCyte ZOOM and gather images (size, fluorescence) g g > s i =2
\‘/ (10x, every 6h, 72-96h) , _ , 2 107 e 107 e e 10; e 10
e Option to re-feed spheroids every 96h: remove media from G 2 SRS 3 ' < :
DAY 3 each well, replace with an equal volume of test samples in o 5 o 5 o 5 o 5
TREAT Sample addition (3d) di o o o o
Remove plate, add samples (100 ul/well) and media e F t tibl ith 96- & E 0 ; ; ; ; ; rf 0 ; - - - - E 0 . . : ; ; E 0 . . : : :
SPHEROIDS w return to IncuCyte ZOOM e ormat compatible wi - 0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
| i 384-well ULA plates, manual or Time (h) _ Time (h) Time (h) Time (h)
DAY 7,11 L automated liquid handling = = =
' Spheroid growth & shrinkage (3-12d) — = , . 5 4000 i B 4000
RE-FEED . . . . P * Method compatible with a large N < N
SPHEROIDS Monitor & quantify spheroid parameters over time , SR | [ . o o o
_ Re-feeds (remove 100 pl/well, & replace with treatments) RTW - selection of cell types (> 30 cell Q Q Q
(optional) Spheroid formation protocol adapted from Vinci et al. BMC Biology 2012,10:29 —— . types tested) S_;SOOO- < $3000-
S S %
o 3 o
S 2000 = S 2000
"g c
S S
) )
- 1000——————————— 1000+—————————— 1000———M8m8 ————————————— ~ 1000——————— -
L""".11-10-9 -8 -7 6 -5 -4 -11-10 -9 -8 -7 6 -5 -4 -11-10 -9 -8 -7 -6 -5 -4 L"""11-10-9 8 -7 6 -5 -4
\- -
4 4

Camptothecin ) CPT 11 ) Taxol )

N
an

1 ¢ 46nM =+« 12nM e 0.33 M

+ 14nM & 37nM = 1.0pM
4 41nM - 0.11uM - 0.1% DMSO

N
an

© 460M = 0.12uM © 3.3 M
+ 14nM & 0.37 M * 10 M
4 41nM = 11uM - 0.1% DMSO

257 ¢ 46nM =« 0.12M © 33uM

<+ 14nM & 0.37uM * 10M
# 41nM = 11uM -* 0.1% DMSO

< 46pM =* 1.2nM -© 33nM
<+ 0.14nM & 3.7nM -& 100nM
- 041nM = 11nM -e I! % DMSO

N
Q
N
Q
N
Q

[
ol

SKOV-3 (7.5K) \ MDA-MB-231 (5K)

=
Q
[HEN
Q@
[HEN
=)

I

R
S
S
SS3a
oAy
S Sl

Fluorescence Confluence (%) N\ [ FLucCont
N
o1
Fluorescence Confluence (%) N FLU Confluence (AUC 0 - 258h)

Fluorescence Confluence (%)
[EEN
o1
Fluorescence Confluence (%)
F—A
o1

5 5 5 5
o o o 0]
O 50 100 150 200 250 O 50 100 150 200 250 O 50 100 150 200 250 O 50 100 150 200 250
Time (h) Time (h) Time (h) Time (h)
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« Different 3D morphologies are observed (tight spheroids, compact and loose aggregates)

* Note, the 3D structure of loose aggregates can be improved by the inclusion of a basement membrane extract (e.g. 2.5% Matrigel™)
at the stage of spheroid initiation
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A panel of compounds with different mechanisms of action were profiled in a 3D spheroid culture of human A549 cells stably expressing

* HD phase and fluorescent images of a red fluorescent label (A549 NuclLight Red™)
A549 human lung epithelial

carcinoma cells stably expressing
nuclear restricted RFP (A549 NucLight * The dotted line on the CRC plots represents the FLU confluence at time = 0 h, thus compounds yielding inhibition below this level (e.g.

Red™ Essen BioScience) KU0063794) are likely to be inducing spheroid shrinkage and cell death

* Time-course plots with the corresponding concentration response curves derived from the calculated area under the curve (AUC)

* Spheroids were treated with vehicle
(0.1% DMSO) or the cytotoxic agent,
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