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Purpose: Currently existing biological testing strategies still involve an extensive animal experimentation in vertebrate models, which is expensive and is associated

with a number of important ethical concerns and regulatory constraints. The alternative methods to animal testing are typically based on cellular models. The main

limitation of these in vitro techniques is that they cannot predict complex responses at the level of an organism, usually involving a multi-organ crosstalk. Caenorhab-
ditis elegans (C.elegans KDV EHHQ NQRZQ IRU PRUH WKDQ \HDUV DV D SRZHUIXO PRGHO RUJDQLVP LQ IXQGDP
DJLQJ GHYHORSPHQW QHXURVFLHQFHV DQG JHQRPLFV 7KLV QHPDWRGH JDLQHG SRSXODULW\ DPRQJVW
FXOWLYDWLRQ DQG SURSDIJDWLRQ DQG D SRZHUIXO JHQHWLF WRRONLW 'HVSLWH WKHLU UHODWLYH VLP
tissues. Nowadays C. elegans starts to get recognition as a valuable alternative for rodent and cell models in predictive toxicology studies. However, experimentation
inC.elegansLY VWLOO PDLQO\ EDVHG RQ PDQXDO ODERU DQG UHTXLUHYVY D VSHFL4F VNLOO VHW IURP WKH SHU
handling techniques and direct observation by the operator hence lack reproducibility and standardization, overall largely limiting the potential of the worms for
high-throughput and high-content screenings required for toxicology studies.

Methods: 1DJL %LRVFLHQFH 6% GHYHORSHG D PLFURSXLGLF EDVHG SODWIRUP IRU DXWRPDWHG ORQJ WHUP
within a system for automated multiplexed liquid delivery and large-scale image acquisition we are capable to perform high-content phenotypic analysis of C. elegans.

/KH LPDJLQJ SRWHQWLDO LV IXUWKHU HWHQGHG E\ D SRVVLELOLW\ WR DFTXLUH 5XRUHVFHQW SLFWXUH
WURO IRU WKH ZKROH GXUDWLRQ RI WKH H[SHULPHQW 2YHUDOO RXU SODWIRUP R HUV WKH SRVVLELOL

Results: 8VLQJ WKLV SODWIRUP ZH VXFFHVVIXOO\ HIHFXWHG G Cséldgdhs) MEIWinG tHe/addsamiénfd df R deludiiveDdaicy\VWeve1 H
RSPHOWDO WR[LFLW\ DFXWH WR[LFLW\ DQG HPEU\RWR[LFLW\ ORUHRYHU ZH DSSOLHG WKHVH QHZ WHVW
RI VXEVWDQFHY FRPSULVLQJ VPDOO PROHFXOHY OQODQRSDUWLFOHV DQWKHOPLOQWLFV RU IRRG DGGLWLY
HG WR SUR4W IURP WKH ODUJB8. ¢igdans\iephdpidr $trieids OnHtisvihbri €y aRiser can collect additional information on the underlying molecular mech-
DOQLVPV E\ PROQLWRULQJ WKH DFWRUV RI GL HUHQW VWUHVY SDWKZD\V

MLFURSXLGLF SODWIRUP R Y HDatd gragessing pipeline

2XU PLFURSXLGLF WHFERBODHR Y \FDO B R2ZV X G L H YV for the parallel characterization of mltpd WLPH ODSVH EULJKW4HOG SLFWXUHYV
GUXJV DQG FKHPLFD G.\MldganspaputhatibAsQMYe robotic platform provides fully-auto -
PDWHG FXOWXUH WUHDWPHQW &ffhB war@sioveQdage@riepemants. The
high-content information extracted using our dedicated image processing and data interpretation
algorithms enables detailed multi-phenotypic screening at the whole-organism level.

fertility (eggs apparition and number)and SURJHQ\ S UR G niMalhRRiQdegree of reproducibili -
ty accross replicates.

Nagi Chips SydLab System WormAnalyzer o/ EDVHG REMHFWYV GHWHFWLRQ
Image processing and
@ multi-phenotypic analysis
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PLFURVFR

Frame 1 (t: +1s)

N C. elegans R*HUVHPDKHOOHQW HWKLFDO DO
vertebrate animal testing, providing fast and
high-throughput results through a whole-organism, vali-

GDWHG E\ \HDUV RI VFLHQWL4F UHVH
obtained in worms proved themselves WR EH SUHGLFWL
of outcomes in mammals and the LC _ ranking in C. ele-
Jgans matches the LD _, ranking in mouse and rat.

L YH WGQ@®ur platform implements  both
s %) DQG 5XRUHVFHQ-W
py. With the possibility to track
R[LFLYRPGIDMW DN a time resolved
manner, we can take advantage
of the large collection of exist-
Ing C. elegans reporter strains.

An option to UHFRUG
videos instead of pic-

tures is also available. By
processing the acquired
videos we are capable to
extract multiple motili-

ty parameters
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REWDLQHG GXULQJ WKH H[%H“B
by an extensively trained PDFKLQH OHDUQLQJ 0/ VRIWZDUH. Through this ML softwaje wesmogitoL..
the growthrate RI WKH ZRUP SRSXODWLRQ ZLWKLQ WKH PLFURSXLGLF FKILS

-~ *, Developmental toxicity assay

Purpose: WKH DvvD\ LV GHVLIJQHG WR H[SORUH WKH SRWH
cules on the development of C. elegans It can be used as a prediction for terato-
JHQLF SRWHQF\of the test compounds.

Ve

OHWKRG GHYV FddyikWwdnRed populationofC.elegans LV LOMHFWHG LOQWR WKH PLFIUHSKRGLG FSVOHBEMYRNroriz€d population of
form atthe 4UVW ODUYDO VWDV DUH FRQ4QHG ZLWKLQ GHGLFDWHG PLRURTXM GLKHFKDWVWHEHHLUDMUYDO VWDJH /

and are continuously fed with an  E. coli solution.

Data acquisition
Worms injection

(L1 larvae)
Compound treatment

« + = Reproductive toxicity assay

o @
WL O @e-HRuNbseH WK MW \D RV P\ROVH-GHVLIJQHG WR H[SORUH WKH SRW

o O cules on the reproductive capacity of C. elegans. It can be used as a prediction for
fertilization problems/ HPEU\RWR|[LF H*HFWV RI WKH WHVW FRPSI

C.elegans LV LOMHFWHG LQWR WKH
'RUPV DUH FRQ4QHG ZLWKL

continuously fed with an  E. coli solution.

developmental period reproductive period
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L Data acquisition
Worms injection

(L1 larvae)
Compound treatment

Wormsare FKURQLFDOO\ H[S RV H Gtothe test compounds right after their injection (L1 stage) for 180@orms are chronically exposed to the test compounds starting from the last larval stage prior to

hours (corresponding to the full larval development + 2 day of adulthood). The compounds to be
tested are mixed with the E. coli solution. Freeze-dried OP50 E. coli are used as a food source for
the whole duration of the experiment, preventing the metabolization of the tested molecules by
the bacteria.

/KH LPDJHV RI
readouts are then extracted from the collected images.

Readouts: 9HKLFOHt_;§h62 'R[\F\t;:hLQH
& worm lethality
¢ worm size
& growth dynamics
€ sexual maturity
& worms’ shape
m|

C. elegans development over 96 hours post-hatching for wild-type worms

treated with the antibiotic doxycycline starting from the L1 larval stage (right)

DQG XQWUHDWHG ZRUPV OHIW DV REVHUYHG YLD EUL
system. Overlay masks for the detection of worms and eggs are automatical-

Results analyzed: ly generated by SydLab’s Al-based computer vision algorithm.
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Temporal evolution of the average worm Average time to reach half of the maximal
size for wild-type worms treated with the size (r) for wild-type worms treated with the
antibiotic doxycycline starting from the L1 DOWLELRWLF GR[\F\FOLQH DW
larval stage vs untreated worms (vehicle). normalized to the value measured for the ve-
7KH WUHDWPHQW VLJQL4FDQNI®) Ddxiagdine Waatmeéne delay worms’
worms’ development, size and growth rate. development in a dose-dependent manner.

Doxycycline treatment sig-

LPSDFWYV
GDWD

QLAFDQWO\

@armE gaevalppmeRiRWItH V
a slower growth dynamic

and smaller worms.

M ode of action

Purpose: the assay is designed to establish which commonly known
fense pathways are activated by the test compounds in C. elegans.

stress de-

/7KH HIFLHQW REMHFW UHFRJQLWLRQ DOORZV WKH 0/ DOJRUWLKPV| W RO HWKWRIF®HW K 9L 1IRAEIRBAVE @le Sdvantadgehiihid existing O.[élegans-reporter strains
W #OiHa valdeWWef kéy tholecular stress pathways, as well
HG5XRUHVFHOQW .LPDJLQJ

DV WKH FDSDFLW\ RI RXU GHYLF

Readouts: OLWRFKRQGULDO VWU#8WYWp)HSRUWHU

Dynamics of mitochondrial
stress activation in hsp-6::gfp
C. eleganstreated with the an-
tibiotic doxycycline starting
from the L1 larval stage (right)
vS untreated worms (left), as

& dev/repro readouts
@ oxidative stress

& ER stress

€ mitochondrial stress

@ cytosolic stress aging by the SydLab system.

O9HKLFOH W

... (non exhaustive list)

Pathway activation (dynamics) Pathway activation (intensity - dose-response)

Temporal evolution of the > $YHUDJH SHDN 5XR LQ
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2 treated with the antibiotic % 2:57 GR[\F\FOLQH DW GL-H
% 4 doxycycline vs untreated > 2:01 doses. Doxycycline treat-
= worms (vehicle). Increased 8’1'5' ment activate the mito-
= 5] ) N < 1.0{@ ® @ .
ol expression of the hsp-6::.gfp S 0. chondrial stress response
("B 0 reporter reveals the activa- S o.o In a dose-dependent
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stress induced by the drug
treatment.
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New approach methodologies: 3D models, stem cells, organ-on-a-chip, micro uidics - P06-14

HDEFK PLFURS5XLGLF FKDPEH U7 DRIH UWHMRANGHE FKHHURRIEYS

W%EI—Y Impacts the reproductive process.

observed via 5XRUHVFHQFH LP-

sexual maturity (L4) |R U KRXUV GD\ RI DGXOWKRRG /KH SURWRFR
avoid a treatment with the compounds during the developmental phase: the goal was to evaluate
WKH SRWHOQWLDO DGYHUVH H*eHFWV RQ C.eleganV UHSURGXFWLRQ RQ

O9HKLFOH '062 5-FU
. t:96h t:96h
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@ worms’ shape _ E!
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L Reprotox
© embryonic viability rea%outs

_ C. elegans reproduction over 96 hours post-hatching for wild-type worms

& progeny accumulation

treated with the anticancer drug 5-FU starting from the L4 larval stage

ULJKW DQG XQWUHDWHG ZRUPV OHIW DV REVHU)Y
SydLab system. Overlay masks for the detection of worms and eggs are au-
tomatically generated by SydLab’s Al-based computer vision algorithm.

Results analyzed:
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Temporal evolution of the average number
of larvae produced by wild-type C. elegans

5-Fluorouracil concentration (UM)

SURJHQ\ SL_JRGXI_:WLRQ UDWH Y'j'é" WB'I_—'IDAl\/VlyllINQW VSH
hours of reproduction for wild-type worms
treated with the anticancer drug 5-FU start- WUHDWHG ZLWK )8 DW GLeHUHORWFYRWKH cBWBYV UF
Ing from the L4 larval stage vs untreated normalized to the value measured for the tion, with a strong embryo-
ZRUPV YHKLFOH 7TKH GUXJd WU iDinep bR Mredtrhent3 indluce an embry- i~ oh

RWR[LF H*HFW LQ D GRVH GHsHBENEWSDooHU

M otility assay

Purpose: WKH DVVD\ LV GHVLIJQHG WR HYDOXDWH WEK.HlddesH
gans behavior and motility.

OHWKRG GHYVFtaltdddEsayQshort video sequences are recorded every 1 to 6 hours for each
PLFURS5XLGLF FKDPEHU 7LPH UHVROYHG UHDGRXWYV DUH WKHQ@- HI)\
YHUVL4A4HG FKDUDFWHUL]DWLRQ RI WKH ZRUPV PRWLOLW\ DQG EHK

Readouts: Motility (low activity) Motility (high activity)
D bemirg frdguenoyP Am;'réi?\ad Amzlil\ead

@ amplitude of the head

@ amplitude of the mid body 2 (XOF 3 2 z
@ amplitude of the tail > > 7

Frequency Frequency

5HSUHVHQWDWLYH PXOWL SKHQRW\SLF 4QJHUSULQW SORW F
(left) or less (right) active worm at day 1 of adulthood, which includes readouts of body

bends frequency, velocity, curvature and amplitude of the movement at the head, tail and

middle of the body. This high-content motion analysis reveals very subtle changes in C. ele-
gans movements, beyond average motility measurements.

Q curvature

Conclusion & Outlook

We presenteda QRYHO PLFURS5XL @dsignetl @bfviy &utdidated analyses of C.
2iegans nematodes. 2 XU WHFKQRORJ\ R*HUV XQSUHFHGHQWHG

mation in long-term C. elegans experiments. Dedicated ML software allows monitoring

of a variety of worm phenotypes, including body size, fertility, reproduction and motili-

ty WKDW DUH UHOHYDQW IRU HDUO\ WRILFLW\ LGHQWLA4FD
4UVW DOC.le@@gBQOHLFURSXLGLF ODEORZDYRUDSLG LGHAQ
compounds In the early stages of the drug/chemical discovery pipeline
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