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TEMELJINA DOKUMENTACIJSKA KARTICA

6YHXpLOLAWH X =DJUHEX
PrirodoslovnePDWHPDWLpPpNL IDNXOWHW
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Uspostava kulture ibi@ RERMROLNDYDQMH RUJDQRLGD PL&AMHJ WI

6QMHADQD .RGED
Rooseveltov trg 6, 10000 Zagreb, Hrvatska

2UJDQRLGL VX QRYR SRGUXpMH X PROHNXODUQRM ELRORJL
SULPLMHQMH Q L PMInkawrbi Digany Gz@aniPitro ]QDpDM Q R sSWQINO LN XM X
nativnimdvoM QLFLPD X VYLP IL]JLROR&ANLP "VWUXNWXYBDOQLP L
MH UD]YLMHQR YLAH WLSRYD RUJDQRLGD XNOMXgvoitM XUuL OM
UDGX MD VDP XVSMHAQR X]JRMLOD L RGU &iE@DNakoWN XOW XU
optimizacijg X]JRMHQL VX RUJDQRLGL PRJOL QHRGUHVHQR GXJR
Preciznija karakterizacija anatomije i morfologije organoidapravijena je nakon

imunofluorescencijskog bojanja i b® R & dskkdvanjaNadalje, azvila sam novi protokol za

LPXQRIOXRUHVFHQFLMVNR ERMDQMH W bdnhdél p&lltdfatudmx S O M L K
GRVWXSQH SURWRNROH QRYL SURWRNRO SUHGVWDYOMD S
AV WG LMHPH L QR efuFati SUpNDYBOLUWLD RUJDQRLGL PLAMHJI WD
GROD]LWL X UD]GUpLMHFPX RaHa iaptHr@Danoid ovisi o W R [pQziRij

staniceu organoidu te o ifjovom proliferacijskom statusuNa kraju, stopa proliferacije

RUJDQRLGD RUGAMHUMWDPDONSDGD V SRYHUDQMHP EURMD GDQ
kultui. =DNOMXpQR XVSMH&EQR MH UD]J]YLMHQ SURWRNRO ]D L]R

L] PLAMHJ WDQNRJ FULMHYHD RSRWILP L PIDF SRW HQ ANLRBDLG VERIQ M
drugih organskih sustava.

(60stranica, 51 slika,3literaturnih navoda, jezik izvornika: engleski)
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Establishment and bimnaging of mouse small intestine organoids unat
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A novel field arising in molecular biology, organoids, have a great potentiaticand applied
researchMini organsgrown in a dish remarkably resemble th&tive counterparts in almost
every aspect ofheir physiological, 3D structural and apatical properties.Many different
types of organoids have yet been developed, including mandehumansmall intestine
organoids. In this thesis, | have successfully established and maintained a culture of mouse
small intestine organoidéfter some optinzation was done, the organoids were able to keep
growing and differentiating indefinitelyMore precise characterization thfeir anatomy and
morphology was made after immunofluorescent staining andhizging. | have created a
novel protocol for immundaining of cystic, hollow types of the organoikich reduces the
time and money consumedhe results haveevealed different shapes of small intestine
organoids and variation in cell size dependingtlomposition and proliferation statu¥he
proliferaion rate, however, decreases as the days in culture incieas®nclude, a novel
protocol for isolation ad propagation of complex organoid system was successfully developed
from mouse small intestine. However, it has potential for fast optimizatioadjuostment for

other typs of mouse and humasrganoids.
(60 pages, 51 figures 53eferencesoriginal in English)
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Introduction
1.1.Historical review

1.1.1. Tumor cell line
First human cell line successfully developed for long termwese HelLa cellgfigure 1) in
1951.These cells werebtained from a tissue biopsy 30-yearold woman named Henrietta
Lacks. In February 1951 she was diagnosed with an aggressive adenocarcinoma of the cervix.
Her cervical biopsyupplied tissue to the pettlogy department atie Johns Hopkins Hospital
for a better clinical picture of her state dod futureresearch purposeAt that time, George
Gey was trying to isolate and maintain normal and malignant or somehow diseased tissue as
temporary or stableell culture To growcells from a tissue in sitine collected the tissue from
surgical procedures frotme whole hospitalDespite manyreviousunauccessfulattemptsof
stable in sitigrowth of either normal cervical epithelium or cerviaarcinoman culture, the
aggressie adenocarcinomaf Henrietta Lacks gave rise to a first immortal 2D cell culture.
Moreover, firstpublished dewasin 1952 reportingases of cervical carcinoma cell cultures
(Lucey, NelsorReesand Hutchins, 2009).

Figure 1. Brightfield image of HelLa cells. 2D structure of HelLa cells seen under light

microscope (taken from Wang et al., 2017).



1.1.2. Normal cell line
It was in 1975 when James Rheinwald and Howard Gsaeoessfullydevelopedirst long
term culture of normatontransformechuman cell Ine.Cells they tried to culture were freshly
isolated keratinocytes. However, they have combined them in a disprestiously irradiated
3T3 mouse fibroblastthat werecultured in the same lab, but years earligre culture of
keratinocyteshowedsimilar behavioras functionahumanskin. That means that mitosis was
limited only to a basal layer of growing clones, whereas the superficial lagensained
terminally differentiating keratinocytes that made a cornified cell envelBpeinwaldand
Green,1975) After some enhancementstime cell culture proceduresscientists were able
cultivate large confluent sheets of epidermis which were grown from relatively small number
of primary keratinocytesBut in that time,those cellsvere still notrecognzed as stem cells.
Nevertheless, Howard Green and hiswaarkers started to use their cell cultures in medical
purposestoa. At the time, hey haveappliedtheir labgrown sheets of keratinocytes to treat a
third tdegree burs For example,n 1980 twopatients were giveautologous keratinocytes
sheets athe Peter Bent Brigham Hospital arsdiccessfullyrecovered afterward&Clevers,
2016) After asucceswvith keratinocytesRheinwald tried to establish a differdnimancell
culture, the corneeells Methodlogy he used wssimilar to oneused to culture keratinocytes
which was then later used saccessfullytreat patients with cornea blindness (Lindbetr@l,
1993).

1.1.3. Organoids
When advanced culture methods fasise scientific research communpitvas able to culture
miniature AR U JiD ® & L (8ato and Clevers, 2015)Those advanced methods enabled
scientists to mimic in vivo niche of an organism by defining tissue specific growth factors and
signaling molecules;ral development of cell struats in three dimensiordue to a novel
culturing methods using different hydrogels which provide stable and firm environment for
cellstogrowin3D.2UJDQRLGV RU 3R UJDWNand @oie pByisivlegicd) thah 2D
cell cultures model for healtrgnd cancer tissue. After embedding in 3D matrix or hydrogel
organoids can be grown into selfganizing organotypic structures which resemble thegive
counterparts (Drost and CleveB18).First experiments with organoids were done in 1965
and they vere popular to work witlup until 1985 whichis seenby an increase in PubMed
V HDUFKRVUH D B.ALtavtirhe, the term was popular in classic developmental biology
and was useatdescribe organogenesesearclby cell dissociation and reaggreigat Those

experiments were a gresitirt poinssince they demonstrated enormous-seffanizing potential



of vertebrate cell§Lancasterand Knoblich, 2014) However, after the first peak, organoids
were notagainasubject ofintensiveresearctuntil pas 10 £15 yearsThe crucial moment was
whenorganoids were defined as 3D structugeown from different types of orgaspecific
stem cells that selfrganizethrough cell sorting and spatially restricted lineage commitment
(Clevers, 2016).

Few requests ost be fulfilled to define &ollection of cells asn organoid.First, morethan

one cell type which makes an organ must be present in the culture. Moreover, itestinitd

at least some functionglated taits native organ, and laghe cells in theorganoid should be
organizedsimilarly to the cells in thenativeorgan.Thus, we can define organoidssin situ
cellular structuregontaining several cell types that usually develop from either stem cells or
organ progenitors and are capable of-eaifanizing through cell sorting and spatially restricted

linage commitmenfLancaser andKnoblich, 2014)

There are twanative sources of stem cells fan organoid culture. First ones are pluripotent
embryonic stem (ES) celishich have their synthetic aesins, induced pluripotent embryonic
stem (IPSs) cellS ogether they arealled pluripotent stem cells (PSCB)uripotent stem cells

are those from which all the embryonic structures can arise, but not thekirgonictissue

It means that from PS@sn develop tissue from all three germ layers (endodeespderm,

and ectoderm), but not trophoblast whose main role in embryonic development is to protect and
nourish the embrydNormally, pluripotent stem cells are foundthre inner cell mass of an
emlryo, but novel methods in molecular biology enabled scientist to produce IPSs from any
cell given a specific cocktail of molecules responsible for their pluripot&Segondonesare

organ restrictecddult stem cellsASCs).Thosecells are considered midbtent as they can

give rise to more different cell lines from the same tisBo#h IPSs and SCsare characterized

by their unlimited potential to dividébothin vivo and in vitro(Clevers,2016)

1.21. Organoids derived from PSCs

Although the PSCs areesh cells, scientists hawvmanagedto differentiate thento form
different tissueglue to principles of developmental biolodgirst, all kinds of different cell
types were made from those cells, but ttenprocess waaken a step furthegystem of PSCs
in situsuccessfullyecapitulatedvholeorganogenesis in vitrdorming not only different cells,
but making the whole organ from those cells comhinmt only that PSCs differentiated in
different cell types, but they assumed spatial patterning anghmgenesis of its native organ.
Different types obrganoidgproducedn presentedvay are shwnin figure2. For PSCs to give
arise to a wide range ofganoids, it is important to culture them in differgndbwth medium.

3



When given diverse signaling nealules and growth factors, cells differentiate in a specific

lineagemanner, following the patterns known from developmental bio{@gvers, 2016)

0ed 0,
0900
Pluripotent
( stem cells \
Activin A Minimal media

@ (@

Definitive Ectoderm/

ﬁ— endoderm ﬁ # neurocltoderm ﬁ

BMPi/FGF/  FGF/WNT Ventral foregut FGF/BMP Fgf/WNT BMP/WNT Fgf2/HHi HHi/Notchi KSR KSR
WNT/EGF “mini gut” endoderm l 1 1 1 l l 1
Stomach Intestinal Lung Thyroid Liver Kidney Hippocampal Cerebellar Adeno- Optic cup Cerebral

organoid organoid organoid organoid organoid organoid organoid organoid hypophysis organoid organoid

o 2 R organoid e
Py g ‘ = N DN m %‘;.’/ &S0 i
o, ¥ 4 b J € o e (ﬁé%%‘ N \
rud® e ® ) 3 )

Figure 2. Different types of organoids that can be made from pluripotenstem cellsThere

are eleven ifferent types of organoids that are derived from pluripotent stem cell®s&h

include stomach, intestinal, lung, thyroid, liver, kidney, hippocampal, cerebellar,
adenohypophysis, optimup,and cerebral organoids. Their differentiation depends on diverse
molecules thiacan be added or excluded from the minimal medium. All the molecules that drive

different organogenesis process are listethe picturgtaken fromClevers, 2016

1.2.2. Organoids derived from ASCs
When culturing organoids from adult stem cetlss crucial to faithfully mimic the conditions
of thespecificstem cell niche environmeptesenduring physiological tissue selénewal or
during damage repafClevers, 2016)This principlewasinitially described for gut stem cells
where the Wnsignaling pathwayvas a primary suspect for driving teeemnessf epithelial
ASCs.Wnt signaling pathway is one of the most important signaling pathwaysnansThe
complexity of Wnt signals anttheir functional role is crucial ilhothdevelopment androwth.
Whnt signaling pathways very importantduring embryogenesiwhere Wnt signals facilitate
new organism formation byinducing cell differentiation, polarization, and migration.
Activation of Wnt signaling pathwais also commoly known to happemluring development
of many tumors and otheeriousdiseasesV XFK DV $0O]KH L Fhé¢WwihHst irGpoNaAdtD V H
component of the Wnt signaling pathway is thmily of the Wnt proteinsvhose main role is
activating cell membrane receptorsgaracrine and autdoe approachSecretednt proteins

can induce cellular mechanismsf differentiation by activatng Frizzled (Fzd) membrane



proteins andy producingtranscription factorsvhich regulate genexpressior(Taciak et al.,
2018) One of the most important Wptotein is Wnt3A protein which binds tbhe LRP5/6
receptor inthe Wnt signaling pathway and induces gastrulation in an organism by blocking
primitive streak and consequently mesoderm and dgrdo formation.The receptoffor the
secreted Wnramplifying Rspondins Lgr5+ (leucinerich repeatcontaining Gprotein coupled
receptor 5)is a molecular marker of active adult stem cells in epithélgg5+ encodes a
receptor withseventransmembrane domanwhich belong to the rhodopsin family of G
proteincouplal receptors. Lgrb and its closely related homologs Lgrdnd Lgré are high
affinity coreceptors of the secreted growth facspondin 1, 2, 3, and, 4vhich also bind to
thetransmembrane E3 ubiquitin ligases Rnf43/Znrf3. In the absencespbi’din méecules
ubiquitin ligasesRnf43/Znrf3 antagonizeNnt signaling by targeting Fzd receptors for
degradation. Binding of Rpondin moleculego the receptorsLgrd+, Lgr5+ or Lg6+
sequesters Rnf43/Znrf3, resulting in stabilization of the Wnt/Fzd receptqlexmtthe cell
surface and concomitant amplification of canonicabtenindependent Wnt signalin@gure

3).

@ e

/
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Figure 3. Wnt signaling pathway depends orthe presence oR-spondin moleculesWhen
R-spondin (Rspo) molecules are not present and LgrBeeptor is lackingts substrate
Frizzled (Fzd) receptor gets internalized aadnotbind Wnt molecules (left panel). Howay

in the presence of-Bpondin molecules which bind to Lgr5+ receptor, Fzd receptor is stabilized
which allows binding otheWnt molecules andctivation of Wnt signaling pathway including

E L Q G L edteRin protein.



As theLgr5+ and Rnf43/Znrf3 are also transcriptional targets of Wo#tenin signaling, this
constitutes an intricate feedback mechanism in which canonical Wnt papirwaggaion
necessitates the presence of botsp@ndin moleculesand Wnt ligandgLeung, Tan, and
Barker, 2018)Therefore, the kegomponents of mogfrowth median ASCs culture protocols
are Wnt signaling pathway activators, including Wnt3Asgondins, and sriianolecule GSK3
inhibitor CHIR (Clevers, 2016)ln the absence of Wnt signaling stimulus, glycogen synthase
NLQDVH *6. Gdtehlo DeCGeptdfr in Wnt pathway which immediately stops stem

cell differentiation and proliferation (Krausova and Koking014).

Organoids derived from adult stem eadire shown in figuré.
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Figure 4. Types of organoids derived from ASCslt is possible to culture lungs, large
intestine, stomach, liver, pancreas, small intestine, fallopian sgieen,and taste buds
organoids from ASCs. It is necessary to isotasue cells from the organoids, which when
cultured in an appropriate, orgaspecific medium give rise to organoiftaken from Clevers,
2016)

1.3. Stem cells
Stem cell technologiggromise great advances in personal medicine and treatmkatscould
be ugd to analyze disease mechanisms and develop potential therapies. However, they are used
in research purposes, too, since modeling development of humans or etties spenabld
with modernstem cell technologig€hagastelles and Nardi, 2011)

The man characteristics which define stem cells are their unlimited dividing potantaklf
renewal as well as their differentiation potential. It means that stem cells have the potential to
differentiate in all the cell types of the organism. This is, h@wyeanly true for some types of
thestem cellsWhile totipotent and pluripotent stecells which arise only in early embryonic
stages of developmenndeed have the potential to give rise to all cell types of an organism

more differentiated multipote@ind unipotent stem cellowly lose thatapacity Multipotent



cells are usuallyigsue specific and can only make cell types of one specific eviyare their
stem cell niche is located’his means that stem cells in a small intestine can only produce
typical cells that reside iadultsmall intestine, but not neurons or hepatocyteseMit comes

to unipotent cells or progenitaells they can selfenew but a property that makes them
guestionably stem cells is their ability to only produce one yedl.tHowever, they angsually
consideredas stem cells despite this diversity fratime initial definitions (Zakrzewski et al.,
2019)

1.4. Small intestine: developmentstructure, and function
The adult gastrointestinal traffigure 5) is composed of few ceorcted organs, including

esophagus, stomach, small intestine and colon (Weaag 2019).

Mouse Human

[ Upper Gl tract

Stomach

Duodenum

Jejunum

llleum

Colon

Villi

Upper Gl tract Lower Gl tract

Figure 5. Mouse and human abdominal anatomyThe gastrointestinal (Gl) tract is divided
in two major regions: the upper (red) and the lower (blue) GI tract. fEwtangles show
schematic models of the villi of the upper and log@&strointestinalracts. Grepresentgjoblet
cells; Prepresent$aneth cells; Feepresentdorestomach; Gsepresentglanddar stomach;
Ap representappendix; Taepresentsaenia cal Ha representhaustra taken fromKeita,
Makoto,and Takao, 2016).

The intestine can be anatomically and functionally diviceithé small intestine and the large

intestine. Thdarge intestie consists of the cecum, appendix and colon which comphises t

7



ascending colon, transverse colon, descenction,and sigmoid colon. Themall intestine is
composed of the duodenujajunum,and ileum(ZietekandRath, 2018)Histologically, there

two compartments of the small inteste@uld be discriminatedilli, and cryptgfigure 6).

Figure 6. Histological view of the small intestine.A crosssection of the small intestine
histology shows two major elements: long villi and irpesitioned crypts(taken from
Shokryazdaret al, 2017).

Villi are finger-like protrusions pointing toward the lumen, whereas crypts are invaginations
into thesubmucoséSatoandClevers, 2012)The main purpose of the intestine is the absorption

of nutrients from ingested foodherefore the most abundant cell type in the inissstis
enterocytesTheir roleis to absorbwater and nutrientsvhich is done by specific nutrient
transporters in their brush border membrane (Daare Zietek, 2015).Most nutrient
transporters are localized in duodenum and jejunum since the mostinamidemnineral uptake

after food ingestiohappens there (Yoshikawaal, 2011).Another part of the small intestine,
ileum, is the place where aggregations of gut associated lymphoid tissue (GALT) localizes.
They have an important role making gut an iom@ organThe large intestine is, however,
responsible for fluids intakéBesides the absorption role of enterocytes, goblet cells secrete

mucus, enteroendocrine cells secrete intestinal hormones and Paneth cells secrete antibacterial



substances (SatmdClevers, P12).Recently, between Paneth cells another type of crypt base
columnar (CBC)cell was discoveredexpressing Lgr5 and possessing stem cell properties
which include multipotential differentiation and letgym selfrenewal(figure 7). These CBC

and Panetkells are found at the base of the crypt, while other cell types, including enterocytes,
goblet cells and enteroendocrine cells move towards the peak of thijasllBarkeret al,

2007)
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Figure 7. The location and structure of crypts anavilli. Crypts are divided into three zones:

stem cell zone containing Paneth and CBC cells; transit amplifying zone and mature cells zone.
The villi contain fully differentiated cells including enterocyse Goblet cells and
enteroendocrine cel{&EC). Thee are apoptotic cells floating surrounding the {ilken from

GehartandClevers, 2017).

Most parts othegastrointestinal tracterivefrom the embryonic endodergerm layerForegut
formsthe proximal part of the duodenum, up to the ertteaof thebile duct, whereas the midgut
formsa big part of alimentary canal, from the bile duct to the proximal parts of the transverse
colon. Lastly, the hindgdbrmsthe distal parts of the colon including the transverse colon, the
descending colonjgmoid colon, and rectum. The function of intestine is under regulation of

enteric nervous syste(Gehart and Clevers, 2017)

The gastrointestinal tract is composed of four layers which surround it: the mucosa, the

submucosa, the muscularis layer #mel serosa or aéntitia. The external layer is serosa. It is



formed by connective tissue and it encloses the muscle layers and the myenteric plexus of the
muscularislayer. The submucosanakes a connection between the inner mucosa and outer
muscle layer iad supportstheir function. The submucosa is also formed by connective tissue
including nerves, large blood vessels and lymphalib& mucosa is the inner layer of the
gastrointestinal wall ans dividedin three parts. Thérst, muscularis mucosae represents a

thin layer of smooth muscléollowed bythe lamina propriga layer of connective tissue which
contains a largaumberof immune cellgfigure 8). Finally, the epithelium is a monolayer of
intestinal epithelial cell§IECs) which cover the intestine and make arier between lumen
andthehost IECs areresponsibldor most of the digestive, absorptive and secrefiongtions

of the intestinéZietekandRath, 2018)

A b Serosa

Submucosa «---..,.

.
»
.
.
e
-------
.

Mucosa <

e Muscularis

Figure 8. Composition of the gastrointestinal tract. Mouse gastrointestinal tract is built up

from four layers starting from the outer most: serosa, muscularis, submucosa and mucosa.

The intestine morphology is not unique throughout its lengtr. example while small
intestine is hstologically built from crypts and villstructures the large itestine does not
contain them. Moreover, the length of the villus increases from duodenileurt@ making

ileumthe part of small intestine with the longest (ilietek and Rath, 2018)

1.5. The need for small intestine organoids
For a long timea unique ad satisfactory in vitro model of intestinal epithelidmas not been
available For that reason, for a lortgne no modelcouldsatisfactorilymimic the diversity nor
complexity of the small intestin&loreover, sinc@rimary cultures bintestinal epithell cells
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rapidly enter apoptosis, their cultivation is still nsticcessfullydevelopedfor longer
timeframes Another problem is the diversity of celgthin the small intestine. Noall cell
types are equallguccessfutultivated. Thereforethe information obtainedfrom the primary
cell cultures of the small intestings limited and the complexity of the organ may be
underappreciated here aresome problems witsecondaryntestinal epithelial cell lines, too.
They are mosthygeneticallymodified in some mannepr originate from tumor tissu&hich
makes them physiologically differentfn natural intestinal epitheli cells Furthermore, most
immortal intestinal cell lines are restricted to only one cell type ofii#tich limits any studies

of complexintercellular interactions between IE€ells (Zietek and Rath, 2018)

On theother hangdrecently establishedsmall intestine organoids can be kept in culture for
longer periods of time. Thayell representhe complexity of cell types and interactiqgresent
within natural intestinesince they usually contain different IECsjncluding adult stem cells,
mucinproducing goblet cells, antimicrobial peptigeducing Paneth cells, tuft cells,
hormoneproducing EEC and absorptive enterocyfdso, an important feature of organoids
is their locatiorspecific function and gene exgssion throughout loatgrm cultumg (Satoet

al., 2009)

Small intestine organoids are mostly made for three purposes: (1) to model organ development
and morphogenesis; (2) model differentntestinaldiseass; and (3) forusage irregenerative

or personalized medicin€levers, 2016)

1.6. Growth factors and signaling
Small intestine organoids or enteroids are initially grown from small intestine crypts containing
adult intestiml stem cellsMarker of those cells ikgr5+. Harvested crypts are induced to
differentiate and selfenew by addition of EGF (epithelial growthctor), Rspondin and
Noggin. Growth factorEGF is neede@hen culturing small intestine organoifids long rm
culture because it induce®pithelial cell survival. R-spondin is mostly expressed by
subepithelial fibroblasts. linds tothe Lgr5+ receptor angduppressethe degradation of Wnt
receptors othestem cellsThis pevented degradatiaf Wnt recepteos allows Whnt activation
which isimportant for maintenance of cell stemndzaneth cells produce several different Wnt
ligands and therefore assure the production of Wnt which is essential to maintain adult intestinal
stem cellsin the native intestine(Wallach and Bayrer, 2017) Similady, small intestine
organoids constitutively express Wnt reporters at their budding structures, due to Paneth cells
in the bottom of the cryptsThe central role of Wnt signaling is the maintenance of
undifferentiated cryp progenitor stateHence, the addition of Wnt3A to small intestine

11



organoids culture interferes with differentiation of organoids and yields undifferentstsit
organoids which consist mostly of progenitails. Wnt3a is usually added to small intieg
organoids 2 dayaftercrypt isolation to help Paneth cells reestablish normal, physiological Wnt
pathway signaling levels (Sato et al, 2011) Another componentNoggin a secreted
glycoprotein, works as BMP antagoni8MP signalingpathwayis involved in epithelial
differentiation and negatively regulates thenber ofstem cellgfigure 9). The BMPsignaling
pathwayis strongly activated in differentiated cells, as demonstrajethe expression of
phosphorylated SMAD1, SMADS5, and SMAD8pwinstreammolecules ofBMP signaling
(Date and Sato, 2015t was proven that Noggin is essentiat long-term maintenance of
small intestine organoids culturéd/hen organoid small intestineultures werealeprived of
Noggin, organoids loskgr5+ expression andheir proliferation stopped after 2 weeks in
culture. BMP is a mesenchymal product probably responsible for differentiation of small
intestine organoids. His role is aldescribedn pathways maintainingdult gem cell§fWallach
andBayrer, 2017)

BMP

Noggin

BMPRI () () | BMPRII

SMAD 1,58
SMAD 4

differentiation

Figure 9. Noggin is the antagonist of BMP signaling pathway.Noggin protein works as
inhibitor of BMP signaling pathway by preventing BMP molecule from binding to BMP
receptors(BMPRI and BMPRII)which causes their dimerization and phosphorylation of
SMAD 1, 5,and 8 molecules. SMAD 1,5, and 8 then activate SMAD 4 which activates cellular

differentiation.
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The base medium in which all the growth factors are added is usually DMEM F12/Advanced
medium.The color of the medium is light red due to presence of piedohdicator. When at
physiological pH (7,67,4) the described light red color appears. Howeltre pH changes to

acid, color of the medium changes to yellow. On the other hand, if for some reason the medium

becomes basic, it will change color to perp

1.7. Therapeutic potential ofthe organoids
Besides modeling basic scientifidnciples, heotherobvious advantage of culturing organoids
is disease modeling and therefore, it will probably bddhasof future organoid studie3he
spectrum of diseass requiring more complex modelings very broad, from cancer,
degenerationpifectious disease to developmental disordeis.conceived thatatient derived
organoids will also have an important role in future disease modeling and drugs validation
(LancasterandKnoblich, 2014) For example, kiney organoids wenecently generated from
patientsderived induced pluripotent stem cebdthoughdifferentiationof pluripotent cells into
renal linage$as noshown mucltsucces®arlier Therefore, this o@noid model should be an
important step towardsnderstandindiidney disordergXia et al, 2013) Another way to use
organoids is to make them from healthy, normal cells, but use modern geaimelogies to
introduce different mutations whichre knownto induce severe disordersAlso, lkrain
organoids are a very useful model for various neurodevelopmental disorders. They have been
usedfirst to model and explaimicrocephaly but have potential to explain more complex

disorders such as autisepilepsy,or schizophrenia (Lancaster al, 2013).

Another potential of organoids is testing efficacy and toxicity of drug compoumdkis
mannerorganoids could be used for drug screening experintieatsbydecreamg the use of
animal testingOrganoid apprachalso brings a few advances regarding shecificorgans,
like liver, whose metabolisrsignificantly differs between humans amdodelanimals.Using
organoidapproach, all the experimental reswtme on the liver cellsrould immediatelybe

morerelevantand trustworthyClevers, 2016)

A big advantage of organoids in clinic is the possibilityaplace current cell or whole organ
replacements strategies. Organasisdatedfrom S D W LtidsQaAtdUfidootentially provide a
good source of autologousgue for transplantatiotdowever, the biggest disadvantagfe
organoidsfor usage in whole transplantation proceduigegsheir lack of vascularization.
Because of those limitations, it ésirrently challenging to sugp all the cells in aig organ

with their daily requests for nutrients and oxygen. The biggest organ yet devilaptedor
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transplantation ismouse kidney. Any bigger orgampredicted tanot succeedn its needs for

food and oxygemfter transplantatioprocedurgLancesteandKnoblich, 2014)
Summary of all thacientific and medicgdossibilitiesof organoid usagés given infigure 10.

Disease - Drug
modeling R . efficacy
. testing

Organ @ f Drug

| t . safety
e\ DR o
Figure 10. Potential uses of organoidsOrganoids can be used to model different diseases, to

test drug efficacy and safety, without the neadldboratory animals analsoas a potential

organ replacement therapgaken fromLancesteandKnoblich, 2014.

1.8. The research aims
The main aim othis research was to successfully establish a culture of mouse small intestine
organoids. The goal was toptimize the protocols of mouse small intestine isolation,
mechanical dissociation, and crypt seeding. To estimate the efficiency of the protocms, mo
small intestine organoids were immunolabeled and bioimaged using confocal microscopy. The
purpose of imaging the organoids was to precisely defir@rimorphology and proliferation
status. Therefore'l$ DQG DFWLQ -WhihlLa@tode® Gere used to obtain the
information about the morphology of developed mouse small intestine organoids,sierea
67 antibody was used to determine their proliferation rate.
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Materials and methods

2.1. Thawing of cryovial with small intestine organoids
Cryovials with small intestine organoids wergift from prof. Geert Kops, Hubrecht Institute,
Utrecht, Nethdands.

Cryovials are stored in liquid nitrogerprior to usage. Small intestine organoige thawed
TXLFNO\ LQ f& ZDWHU EDWK DSSUR[LPDWHO\ PLQ RU
Organoids are collected with a pipet into a 15 mL conical Olganoid basal mediun©BM,

composition detailed bellowis added(12 mL) to the tube and the tube is gently inverted.
Organoids are span down in a centrifuge (500 g, 5 min, RT). Washing step and centrifuge is
repeated (remove 8 mL of OBM aaddnew 8 mL d OBM). The supernatant is removed and
discarded. Org RLGV DUH VXVSHQGHG ZIMatKgel with- brgaroidsDisV UL JH O
dispersed on a prewarmed-24ll plate in ssmall dropR | —/ 7KH SODWH LV LQFXE
DW f & 2. Int&stinal culturenedium (ICM)is added —per well.

The viability of the organoids was suspected by the color of the medium in the cryovial where
red color suggested normal, physiological state of the organoids and yellow color proposed that

something is wrong witthe organoids which caused the changéénpH of the medium.

2.2.Mouse small intestine isolation

Mice (figure 11 and 12 were sacrificed according to applicable ethical regulations. Abdomen

of the mouse was wet with 70% ethanol. The abdominal cavagutapen by carefully cutting

the skin andur and then cutting the thin membrane protecting the internal offjgoee 13).

The position of gastrointestinal tract was determined (figdyeFirst, the stomach was found

and then it was pulled out alongth the intestines. Next, sacuum was localized and small
intestine was cut between stomach and sacutlms part was dondy Iva Bazina from
Laboratory foNHXURGHJHQHUDWLYH GLVHDVH UHVHDdimEl 5XyHU
regulationghat defire work with live laboratory animals

Isolated small intestine was placed in cold RBBosphate buffer solution\djacent tissue,

including blood vessels, fat and connective tissue was removed using forceps.
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Figure 11. The anatomy of mouse internal ogans.The goal of isolations to localize and

carefully take out the smalttestine without any damage to the organ

The impuritesinsidethe small intestinaverefirst extruded using mechanical force by fingers.
Theywerethenflushedby injecting céd PBS inside the small intestine using a thin syringe.
Small intestine was then cut in four piedepproximately 5/ cm long)and cut open with
scissors so that the luminal side was facing upwdiglsre 15, A). Afterwards, intestinevas
then cleaned nre by scratching lumen tfiesmall intestine with glass microscope slftigure

15, B) until the intestine was pale pink col@ummary is given in figure 16.
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A) B)

Figure 12. Sacrificed mouse.A mouse (A) was sacided in concordancewith ethical

regulations and outspread to ease the dissection (B).

Figure 13. Dissection of the mouseAfter cut opening the skin and the fur, a thin layer of

membrane protecting the organs must also be cut and removed.
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Figure 14. Mouse prepared for isolation of the small intestine. After removing all the

barriers, mouse gastrointestinal tract (yellow circle) can be isolated.

A) B)

Figure 15. Process of mousemall intestine dissection and crypts isolationA) Opening a
part ofthemouse small intestine. B) Scratching all the impurities on the inner side of the small

intestine with glass slide.
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Figure 16. Schematic representation of cleaning the impurities fom mouse small
intestine. After carefully dissecting the small intestine, it is cleamegthanicallyby pushing
any residing objects out of the intestii@en, he intestinenustbe washed out with cold PBS
and afterward cub openit, but beingcarefulaboutmaintaining the orientation. The inside of
the small intestine is thenrsped off with a glass slide and incubated in cold 5 mM EDTA/PBS

for 30 minutes on ice.

2.3.1solation of the intestinal crypts
All parts of small intestine werteansferrednto a 50 mL conical tube filled with ie=old 5 mM

EDTA/PBS solution. It was incubated for 30 minutes on ice and flicked every 10 minutes.

Segments of small intestine weransferrednto a new 50 mL conical tube filled with 25 mL
PBS. The tube was vigausly shaken 10 times and then immediately placed orPexs of
thesmall intestine wergansferredack tothetube filled with 5 mM ECTA/PBS.

$ IUDFWLRQ —/ R Wikahisférrédn Wikréskope Bide and was inspected
under the microscap (10x objective/40x magnification) to identify the presence of the
intestinal cryptgfigure 17). The crypts were recognized as thirsblapegfigure 18)under the

microscope which have small cells surrounding a tight gap between the two layers.
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Figure 17. Schematicrepresentation of crypt isolation.Post 30 minutes incubation of small
intestine in 5 mM EDTA/PBS, the parts of the intestineti@nesferredo a tube with PBSThe
tube is well shaken 10 times and then the parts of the small intestimareaferredack to 5
mM EDTA/PBS tube. The tubeontaining EDTA is filtered and a small drop is inspected for

the presence of crypts under the microscope.

O

Figure 18. Crypts isolated from mouse small intestineAfter a successful crypt isolation,

they are seen as thin&tructures (red circles) under the microscop&DOH EDU LV
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2.4.Seeding small intestine crypts

Small intestine crypts are span down in a centrifuge (500 g, 5 min, RT). Half of the saipierna

is removed. Other half isansferedto a new 15 mL conical tube. Equal amount of organoid

basal mediunfOBM, tablel) is addedThe tubeis again span down in a centrifuge (500 g, 5

min, RT).Supernatans completey UHPRYHG 'HVLUHG DPRXQW RI ODWULJH
200 crypts)The pellet was carefully piped up and down 10 times to thoroughly resuspend

the pelletEverything was kept on ice.

Table 1. The composition of organoid basal medium (OBM).Expect for Advanced
DMEM/F12, the medium contains GlsAla supplementPenicllin/Strep and HEPES buffer.

OBM Stock | Dilution | Final concentration | For 500 mL
Advanced DMEM/F12 444.8 mL
Glu- Ala 200 mM | 1:1000 0,2 mM —/
Penicillin/Strep 100% 1:100 1% 5 mL
HEPES 10 mM 1:10 1 mM 50 mL
Fewsmalldrops —/ R OlBWApdErsiblEreappliedper well on the 24 hours prewarmed

24-well plate. The suspension is added far from the edges of the well to form a hemispherical
droplet(figure 19)

The plateis L Q F X E D W H G%D0G to sofidify for approximately 5£10 mirutes(figure
15). The Matrigel dropleisfinally FRYHUHG ZLWK —/ R1 HOCBMiabiex O W X UH
2).

Table 2. The composition of crypt culture medium (CCM). The base for CCM is made of
OBM explained in Table &nd supplemented with B27 -Atetylcytein, mEGF, Noggin, R
spondin 1, Wnt3A and 27632.

For 10
CCM Stock Dilution | Final concentration mL

OBM 9,61 mL
B27 supplement 50x 1:50 1x —/
N-Acetylcystein 500 mM 1:500 1 mM —/
MmEGF —J K 1:400 50 ng/mL —/
Noggin —J H 1:500 100 ng/mL —/
R-spondin 1 —J H 1:100 500 ng/mL —/
Wnt3A —J K 1:500 100 ng/mL —/
Y-27632 10 mM 1:4000 —0 —/
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Figure 19. Schematicrepresentation of culturing isolated small intestine cryptsWhen the
presence of crypts is ctirmed under the microscope, they are spun down, resuspended in
OBM, and spun down again. The crypts are then dissolved in Matrigel and seeded on a
preheated 24vell plate. CCM is added to the welldter solidification, for 10 minutes
LQFXEDW LGRaQd BQCQ. f

The medium is changed every two ddisst two days after isolation, intestinal culture medium
(table3) is being used.

Table 3. The composition of intestinal culture medium.The organoid basal medium (OBM)

explainedin Table lis supplementedvith B27, N-Acetylcystein, mEGF, Noggin and-R

spondin 1.
For 10
ICM Stock Dilution | Final concentration mL

OBM 9,65 mL
B27 supplement 50x 1:50 1X — |/
N-Acetylcystein| 500 mM 1:500 1 mM —/

MmEGF —J H 1:400 50 ng/mL —/

Noggin —J H 1:500 100 ng/mL —/
R-spondin 1 —J H 1:100 500 ng/mL — |/
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2.5.Small intestine organoids splitting

When crypts haveeachedxpected density and sjzeis time to split themOrganoids should

QRW EH ELJJHU WKDQ — P \ef) the e densky should heGow &nou®R U H R
for the organoid to be transparent. The efficiency of splitting is lower when adgarecome

dark,grey,or black.

ICM is removed from wellsD Q G —/ Rl 2%0 LV DGGHG 7KH ZHOO LV
with a pipette tip, so that all the Matrigel droplets are detachdte suspension isansferred

to 15 mL conical tubend is spun down in a centrifuge (500 g, 5 min, RT). Supernatant is
UHPRYHG 7KH SHOOHW LV FDUHIXOO\ PBOVCKPIsPandsmullG LQ 0D
GURSV —/ R VXVSHQ@hpeewarbhét pMaiguee2@. R Q

Figure 20. Schematic representation of propagation of small intestine organoidsThe
intestinal culture medium is removed from the wells and organoids basalrm@iBM) is
added. The bottom of the well seratchedso that no Matrigel is left behind and the OBM is
thentransferredo a conical tube. The content is well resuspended 10 times and spun down.
The pelletigddissolvedLQ ODWULJHO L QF X®CWferG0 RiQutes gd the Gew

ICM is added.

2.6. Seeding small intestine organoids for immunlabeling
Matrigel is dissolved in OBM (0,8 mg/mL). Coverslips (12 mm) are cleaned in G0t
they are let to dry andrepositioned in the middle awell of the 24-well plate. The 24well
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plate is puR4h before the experiment in the incubator onf3 W R StiMaKideidsolved

in 2%0 —/ L Mo BaGhGneliT he platewith Matrigel/OBM s incubatedR Q f&

for 2h before seeding organds. Organoids aregitted 1,5 h after dissolving Miagel in OBM

as explained earlier. Instead relsuspendinghe pellet in Matrigel,it is resuspenedin ICM

without Wnt3Ato the density of RUJDQRLGYV SUHHSDUHG VXVSHQVLRQ
is plated in wells with Matrigel dissolved in OBM qaneheated 24vell plate.The medium is

changed after two days tGM.

2.7.Fixation and blocking

Immunofluorescencstaining protocois started third day after seeding organoids. Coverslips
aretransferredo the new clean wells on a 24ell plate. 3 DUDIRUPDOGHK\GH

added to each well antle plateis incubated 5 min at room temperatugach wellis washed

2x with PBS ( —/ HDFK ZDVK IRU PLQ 7KH VDPSOH LV SHUPF
Triton X- LQ 3%6 IRU PLQ 7KH VDPSOH LV ZDVKHG [ ZLWK
5 min. If the immunolabeling of samples with antibodies is not dahe protocol should

proceedo stainingwith DAPI and Phalloidinsee below)Blocking solution (3%BSA/PBS)

is added to the sampler 1 ouU DW URRP WHPSHUDWXUH —/

2.8.Immunolabeling
Humid chambeis preparedor antibody incubationThe sample isncubate with primary
antibody (diluted in 3% BSA/PBS) over night atf48A drop of antibody ( —/ LV DGGHG W
parafiim and coverslipsvere incubatedupsidedown on the drop of diluted antibody on
parafilm inahumidifiedchamber. Coverslips are put back to wells again. The sample is washed

[ ZLWK EORFNLQJ VRO XWhLfét ® min. Seeeridary-abtbedy died in 3%
BSA/PBS is added to the sample for 1 hour at room temperature. Coverslipyaire
incubatedupsidedown on the drop of diluted antibody on parafilm in humidified chamber.
Coverslips are put badk wells again. The sgnte is washed 2x with blocking solution, each

wash for 5 minAll antibodies used in the experiment are listed in table 4.

The K67 protein is a marker for proliferation in cells. It is present in cells during all phases of
cell cycle including G1, S, Gghase and mitosiglowever, it is absent in resting GO phase of
the cell cycle An increase in kib7 mark happens during progressithrough S phase of the
cell cycle and remains until end of mitosis. During interphasé7Kis found throughout the
nucleus whereas during mitosis it is mostly bound to the chromos¢8w®lzen and Gerdes,
2000)
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7KH DQWLE®dh ishaund R . V X E X Q #ubNin Rimer. Tubulin dimers make
microtubules, cytoskeleton proteins important in cell divisidficrotubules are main
components of mitotic spindle, multiprotein complex which segregates chronm®gornveo
daughter cell§Wloga, Joachimiak, and Fabczak, 2Q17)

Table 4. Antibodies usedin the experiments. Different primary and secondary antibodies for

.-tubulin and Ki67 were used.

Protein of interes Antibody Producer Dilution
-~tubulin Primary RabbitT3526 SigmaAldrich 1:100
antibody (Merck-KGaA), St.
Louis, MO, SAD
Secondary Alexa Fluor 594 AbCam, 1:500
antibody | conjugated donkey] Cambridge, UK
antirabbit antibody
Aberrior StarRed | Aberrior GmbH, 1:500
antirabbitKK114 Gottingen, GER
antibody
Ki-67 Primary Rabbit AntiKi67 AbCam, 1:100
antibody antibody Cambridge, UK
Secondary Aberrior StarRed | Aberrior GmbH, 1:500
antibody | antirabbit KK114 Gottingen, GER
antibody
Aberrior StarOrang¢ Aberrior GmbH, 1:500
antirabbit KK114 Gottingen GER
antibody

2.9.DAPI and Phalloidin staining

Coverslips are incubated with phalloidin (1:200 in PBS) and DAPI (1:1000 in PBS) for 30 min

at room temperature. The sample is washed 2x with PBS, each wash 5 min. Coverslips are dried
in 96% ethanol, excessthanol istipped off and air dried. Coverslipare mounted onto
PLFURVFRSH VO loSijuid iiatdittikgmedium is previously added. The sample is

left to dryovernighton room temperaturandnext day issealed withail polishfor long term

storag.
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2.10.Microscopy
Bright-field imaging wasdoneon Carl Zeiss Opton inverted microscope with powers supply

invertoscope under magnificat®of61lx and 1®x.

Immunocytochemistry imaging of unlabeled small intestine organessdperformedon two
microsopes. First waBruker Opterra Multipoint Scanning Confocal Microscope (Bruker
Nano Surfaces, Middleton, WI, U3AThe system was mounted on a NikonETinverted
microscope equipped with a Nikon CFI Plan Apo §@/1.4 numerical aperture oil objective
(Nikon, Tokyo, Jaan).To obtain the optimal balance between spatial resolution and gmnal
noise ratio, 22- — Pslit aperture was used. Opterra Dichroic and Barrier Filter Set
405/488/561/640 was used to separate the excitation light from the emitted ciunmes
Following emission filters were used: BL HC 525/30, BL B@0/37,and BL HC 673/11 (all
from Semrock, Rochester, NY, USA). Images were captured with an Evolve 512 Delta Electron
Multiplying Charge Coupled Device (EMCCD) Camera (Photometrics, TuesdnUSA)
using al50 ms exposure time. Electron multiplying gain wasose00. Camera readout mode
was 20 MHz. No binning was performed. Thepiyel size in the image was 83 nm. The system

was controlled with the Prairie View Imaging Software (Bruker).

Other images were taken dndor Dragonflymulti-point confocamicrosompe(Andor, Oxford
Instruments, UKYor high-speed and higkensitivity imaging.The system was mounted on
Nikon Ti2 inverted microscope (single de@quipped withCFI P-Apo 63x Lambda / NA 1.40

/ WD 0.13 mm=oil (MRD01605)objective(Nikon, Tokyo, Japan)following emission filters
were used: 445/46, 521/38, 594/43, 620/60, 685/47 and 41818Fes were captured wiflx
Andor iZyla EMCCD cameralAndor, Oxford instruments, UK)sing100 ms exposure time
No binning was performed. They-pixel size in the image wabk00 nm. The system was
controlled with thdmaris Fusionimaging Softwarel(aris, Oxford instruments, UKSome
of the image$rom Andor Dragonfly microscopeere taken by UXQR 9XNXaLdud

2.11.lmage and data analysis

All image analysisvasdone in ImageJ program (National Institute of Health, Bethesda, MD,
SAD) andImaris Viewersoftware(Imaris, Oxford Instruments, UKJmageJ isa specialized
opensourcesoftwarefor processing images obtained from a microscoplatlab oftware
(The MathWorks Inc.USA, R2018awas used for data quantification and acquiring diagrams.
Schemes were made in BioRender softwditee estimationof significance of results was

preformed doingwo-sample ttest. It producesp-value” which determines the sigrifince of
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the result. In logical experiments, if the-yalue is lower than 0,05; the differmbetween

the two examined groups is considerechgigant (Krzywinski and Altman, 2013)

2.12.0rganoids morphology characterization

Confocal microscopy images were opened in Imagdétermine the morphology the mouse

small intestine organoids. Some of the organoids e@mgletelyround, cystic (figurel), the

others were fully differentiated (figu&®2), and some of th were just begging to differentiate
(figure 23). In some cases, the presence of dead cells was noticed, characterized by small, not
nicely shaped mass of cells containing a strange DNAP(D signal just outside of the

organoids (figure4).

A) B) C)

Figure 21. Cystic shaped organoidsSome of the small intestine organoigtre of more
rounded, cystidike morphology(A, B and C) DNA is stained with DAPI 1:1000,magenta)
andactin isstained with Phalloidinl(;200,cyan).
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A) B)

Figure 22. Morphology of differentiated small intestine organoids.The differentiated small
intestine organoids have more budding struct(yeBow arrow)and brancHike shapeDNA

is stained with DAPI1X:1000,magenta) and actin is stained wirhalloidin(1:200,cyan).

A) B)

Figure 23. Morphology of organoids starting to differertiate. Organoids which arén
between maintaining high proliferation and starting to rapidly differentiate have somewhat
simpler structures with arising budgellow arrow) DNA is stained withDAPI (1:1000,

magenta) and actin is stained with Phalloidir2Q0,cyan).
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Figure 24. Apoptotic cells surrounding the organoidsWhen cells rapidly die imrganoids,
they ter to surround it(yellow arrow) They lose their typical structure and reduce in size.
DNA is stained with DAPI1:1000,magenta), actin istained withPhalloidin(1:200,cyan),
and proliferative cells are stained wii-67 antibody cell proliferation marker1:500,

yellow).

2.13.Cell sizemeasurements

To define the length and width of single cells in small intestine organardstool in ImageJ
software is usednly middle plane is taken when measuring cell length and \{fidtire 25).

A line is drawn fronthe oneendof the cell toborder withanoter, while the ends are marked
with phalloidin, marking the distribution of-&ctin in @lls. The same protocol is done two

times, to measure length and widththe cellg(figure 26).

Figure 25. Microscope images divided in stackdVhen obtaining images from a confocal
microscope, they are divided intesfacks which combined give a 3D repentation of the

specimen. Only middle plane orsfack was taken to measure cell size and width.
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Figure 26. Measuring cell size A line (red line) was drawn usingine tool in ImageJ on the
longer axis of the organoid to determine the length of éle m organoidsMeasuretool was

used to measure its lengiWhen determining the width of the cells, a limgeénline) was

drown along the shorter axis of the c8INA is stained with DAPI 1:1000,green) actin is

stained with Phalloidin1(200,red), and proliferative cells are stained with-&7 antibody

(1:500, yellow) Insert shows bigger picture of cells in mouse small intestine organoid.

2.14.Cell proliferation determination
Cells were immunolabeled with proliferation marker@d. Therefore the cells stained with
Ki-67 weredetermired as proliferatingones whereas cells which were lacking-87 marker

were marked as resting cells@® phasdfigure27, 28, and ®).
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Figure 27. Determining the proliferation rate of the organoids. Cells ©ntaining the
proliferation markerKi-67 antibody (1:500, yellow) were countedand their number was
divided with the number of cells in the whole organdidagenta DNA is stained with DAPI
(1:2000,magentaand actin is stained with Phalloidin (1:209an).

Figure 28. Proliferati ng cells in mouse small intestine organoiddNumber of proliferative
cells labeled with Ki67 antibody (1:500, yellow) varies between different organoids. DNA is
stained with DAPI (1:1000, magenta) and actin is stained wilidthin (1:200, cyan).
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Figure 29. Cell proliferation in mouse small intestine organoidsYellow cells labeled with
Ki-67 antibody (1:500) represent proliferating cells viewed from the top plane. DNA is stained
with DAPI (1:100Q magentaand actin is stined with Phalloidin (1:2QQyar).
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Results
In the result section | wiltlescribe three experiments with cryovials containing mouse small
intestine organoids and three experiments with mice. All the sefulio-imaging come from

the third attempt ofrypt isolation from a mouse.

3.1.1. Cryovial 1
Small intestine organoidsere thawed, but aftespnning them down, there was no visible
pellet. However, small amount of remaining liquid was plated in Matrigel. No organoids were

seen under the microgo®in next 7 days he color of the medium in tHgst cryovial was red.

3.12. Cryovial 2

The color of the medium ithe secondryovial was redSmall intestine organoids were
successfully plated on a prewarmedv2dll plate. However, they did not graamd after 3 days

they started snappindigure 30). Snapping happens becaudethe osmotic dysregulation in
organoids and is characterized by mushroom like structures which have arms extending from
the organoid. Main characteristic of this structureértlack of an envelope which usually

surrounds th cellsin the mouse small intestine organoid

Figure 30. The growth of the small intestine organoids from a cryovialAfter seeding mouse
small intestine organoids, they did not grow. After only titdags they started rupturing (day
6FDOH EDU LV —P

3.1.3.Cryovial 3

The color of the medium in thiird cryovial was yellow.Small intestine organoids were
efficiently plated on a prewarmed 2#ell plate. Nonetheless, they looked the same agaye
passed. After nine days in culture, they looked about the same as the first day in(foglingre

31). Sum of the three experiment attempts is given in tble
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Figure 31. Development of the mouse small intestine organoid¥he organoids remained
almost the same size through five days of their development in culture. There were no signs of
death like rupturing, but they also did not differentiate like normal meusal intestine
RUJDQRLGY 6FDOH EDU LV —P

Table 5. Results from three differentcryovial thawing.

Cystic organoids | Differentiated organoids
Cryovial 1 % *
Cryovial 2 % %
Cryovial 3 3 s

In summary, m the first o attempts no cystieeither differentiated organoids appeared. In the

third attempt, there were some differentthteganoids, yet they did not grow.

3.2.1.Mouse 1
Mouse was male C57BLIg 6 weeks old. Haveighedl19,2 g.

In the first attemptrypts isolationvas donesuccessfullyMany crypts were isolated from the
small intestine and seeded opraheated®4-well plate in a drop of Matrigel. However, after

seeding them, cryptid notmake any cystic or spherical organoids. TH&lynotgrow at all.
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3.2.2.Mouse 2
Mouse was male C57BLXNg 3 weeks old. Heveighed14,5 g.

In the second experimeantypt isolationwas a@ain verysuccessfylbut after seeding them on
a preheate®4-well plate they started developing. After a day they have already grown into
nicely shaped cystic organoid$owever, after removinthe medium withWnt3aand Y-27632

organoids began to diestead of forming branched small intestine organfidare 32).

Figure 32. Growth of the mouse small intestine organoidsAfter a successful crypt isolation,
some cystic, round organoids were formed, yet they all showed signs of rupturing (arrow) on
the second day after isolatidhcale bar i$0 — P

3.2.3.Mouse 3
Mouse was female C57B&J, 5 weeks old. Sheeighedl7,2 g.

In the last trycrypt isolation wadessefficient There were still enough @fypts to proceed
with the experimentout considably lesshanin any ofprevious attempt<ryptsdeveloped

as expected, gave lots of tigsorganoids irthefirst two days After changing the medium to
ICM, cystic organoidbecamalifferentiated and continue to grdfigure 33). Sum of the three

experments is given in Tablé.

Table 6. The summary of the results from a mouse.

Crypt formation | Cystic organoids | Differentiated organoids
Mouse 1 i 8 %
Mouse 2 ot n %
Mouse 3 i qr ot

In conclusion, in every case nicely shaped @ypere found and culted, yet in the first

attempt they did not give rise to any cystic or differentiated organoids. In the second attempt,
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cystic organoids were formed on the second day, however, they did not start do differentiate
after removing WnBA from the medium. Last] in the third attempt, every step of the protocol

was successful.

Figure 33. The growth of mouse small intestine organoid#fter a successful crypt isolation
(day 0), cystic organoids started to arise (day 2). On the third dagtidneed to differetmate,
and completely mimicked the small intestine morphology on the fith @&yDOH EDU LV

3.3.Efficiency of immunolabeling

DAPI and Phalloidirstainingwas donesuccessfullyonthesmall intestine organoids, as DAPI
stained blue the DNA in singlcells and Phalloidin stained green (488 nractn in single
cells(figure 34 and35).
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Figure 34. Representation of a differentiated mouse small intestine organoidA
differentiated mouse small intestine organoid with a few growing buds. DNA is dabéle
DAPI (1:1000,magentaand actin is labeled with Phalloidif:200,cyan).

Figure 35. A differentiated mouse small intestine organoid Branchlike structure of a
differentiated mouse small intestine organoid. DNA is labeled with DARDQO,magenta)
and actin is labeled witRhalloidin(1:200,cyan).
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Immunolabeling small intestine organoidéth tubulin antibodydid notwork so well. The
antibody was stopped at the membranes of outer cetesmall intestine organoids arid
notenter innecells at al(figure36). However, the antibody entered the dead cells surrounding

some of theorganoids.

Figure 36. A differentiating mouse small intestine organoidMouse small intestine organoid
in which DNA is labeled with DAPI1:1000,magentaard tubulin is labeled with antibodies

(1:500,green. Tubulin did not enter the organoid and remained on the membranes.

However, immunostaining of the mouse small intestine organoids aitibody for
proliferation marker Ki67 was successfully done. Thatibody for Ki67 penetrated well
inside the cell®f the organoidsso all the proliferating cells chromosomes were marked with
antibody for K67 (figure 37 and38).

38



Figure 37. A labeled mouse small intestine organoidA representation of a successful
antibody penetration of K&7 antibody 1:500,yellow). DNA is labeled with DAPIX:1000,
magenta) and actin is labeled with Phalloidir2Q0,cyan).

Figure 38. Proliferation of mouse small intestine organoidSuccessful antibody staining of
mouse smaintestine organoid showed proliferating cells (yellow) labeled witbKantibog
(1:500) DNA is labeled with DAPI 1:1000,magenta) and actin is labeled with Phalloidin
(1:200,cyan).
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3.4.Different morphology of the mousesmall intestine organoids

When growing mouse small intestine organoids, they are recognized due to their specific
morphological characteristics. Some of them tend to be roundly shaped and cystic, while others
differentiate more toward¥ebranching structures, full of new buddingres. However, some

of them grow to have many budding structures, whereas others remain with only a few branch
like structures(figure 39). There are also organoids wh are just starting to differentiate
(figure 40).

A) B) C)

Figure 39. Different structures of mouse small intestine organoiddViouse small intestine
organoids can grow to become differentiated, brdikehstructures (A), or be round, cystic
organoids (B). Howesr, organoids can also lre a state between two previously described,
being long, but round and not fully differentidt€C). DNA is labeled with DAPI (1:1000, cyan
in A; magenta in B and C) and actin is labeled with Phalloidin (1:200, magenta in Apdyan
and C).
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Figure 40. Morphology of mouse small intestine organoidsWhen mouse small intestine
organoids start to differentiate, they change their morphology from cystic to more branched.
The transition state is shown here where smaller brasthggo appear (yellow arronpNA

is stained with DAPI (1:1000, magenta) and actin is stained with Phalloidin (1:200, cyan).

3.5.Small intestine is a hollow organ

Hollow structure of small intestine organoids is noticdtemiooking at images at diffent
heights Enteroids are made of external cells that make a sheet which surrounds a hollaw inside
The statement concerns both differetimig (figure 41) and undifferentiated, cystic organoids
(figure 42). The same is seen fully differentiated organids (figure 8). However, these

organoids turned out somewhat flattenigutre 44).
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Figure 41. A differentiated mouse small intestine organoid visualized frontop and middle
plane. Mouse small intestine organoids are hollow structures (right picturepunded by a
one cell layer (left picturePNA is labeled with DAPI1:1000,magentaandtubulinis labeled

with .-tubulin antibody(1:500, greer).

Figure 42. A cystic mouse small intestine organoid visualized frontop and middle plane.
Mouse smh intestine organoids are hollow structures (right picture) which are surrounded by
a one cell layer (left picture). DNA is labeled with DARIX000,magentaand actin is ladled

with .-tubulin antibody(1:500, greer).
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Figure 43. Fully differentia ted mouse small intestine organoighown from top and middle
plane. Mouse small intestine organoiget their hollow structures early in cystic form and keep
them until they are fully grown and differentiated. DNA is stained with DAPI (1:1000, magenta)
andWXEXOLQ LV Qubuir-b@tidagy Z1:500Kgreens FDOH EDU LV —P
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Figure 44. 3D visualization of mouse small intestine organoidsDue to technical
disadvantages of the protocol, some of the small intestine organoids lose their voluane and
therefore flattened. DNA is labeled with DAPIL:1000,magenty and actin is labeled with
Phalloidin :200,cya). 6 FDOH EDU LV —P

3.6.Cells vary in size insmall intestineorganoids

Cell size is very different whelooking at proliferating or neproliferating cells Therefore,

cells in the small intestine organoids were classified as resting cells which l&dkrarker,

and proliferating cells which were stained with-B¥ proliferation marke(figure 45). Other
classification divided cells gending on their location as cells whose DNA is near the outer
membrane of the small intestine organoid and cells whose DNA is away from the outer

membrane of small intestine organoid.
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Figure 45. A mouse small irtestineorganoid as viewed from themiddle plane Appearance
of the cells inthesmall intestine organoids from tin@ddle plane Cell lengths Iflue line are
determined irproliferating (yellow) andrestingcells (nagentia DNA is labeled with DAPI
(1:1000,magenty, actin is labeled with PHhaldin (1:200,cyar), and proliferating cells are
labeled with Ki67 antibody (1:500yellow).

Depending on the proliferation status and cell location, cell length greatly variessmalie
intestine organoid@igure 46) A subpopulation of proliferatacells which is located closer to
the outer membrane “ — P, v@h their DNA touching the membrane is
significantly smaller (p= 0,0001) than proliferating cells whose DNA is away from that
PHPEUDQH “ Hew@&ver,Qhe iference in length is not significant
(p=0,3972)between proliferating6,20 “ — P a@Qd resting, noproliferating cells
“ — P wi@ch are both located near the membraret, when comparinghe

lengthof the proliferating cellsnear the membrane “ — P ar@ resting cells
whose DNA is awga from the membrane “ — P, tiigre is a significant
difference (p < 0,0001)his is also the case when comparing proliferating cells whose DNA
is away fromthend PE U D Q H “ —P Q DQG UHVWLQJ FHOO
membUD QH “ —P Q There is also a significant difference (p =

EHWZHHQ WKH OHQJWK RI SUROLIHUDWLQJ 8 “
“ —P Q ZKRVH '"1$ LV DZzZD\ WiéhRakMdKicdhsideatidD @iy
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resting cells, they significantly differ (p < 0,0001) in their length depending on the location of
'1$ QHDU WKH PHPEUDQH “ —P Q@DORWU DZD\“IURP W

—P Q

Figure 46. Difference in the length of mouse small intestine organoid cellsThere is

significant differenceén thelength ofthe proliferating cells whose DNA is near the membrane

(Prolifer-near ¢ — B, pQliferating cellswhose DNA isaway from the
membrangProlifer- D Z D \ “ »-&hd @sting cells whose DNA is away
from the outer membrane of the small intestine organoids (Restiag “ —P

n=8). However, there is no sigmant difference (p = 0,3972) between pratifitng and resting
cells whose DNA is near the outer membréRestingnear; “ — P ofGzmall

intestine organoids.

Width of the cells does not appear to be significantly diffef@nt= 0,6747)between
proliferating cells whether their DNA iaway “ — P oinear the outer
membrane “ — P ofQhe small intestine organoiddigure 47) nor when

comparing proliferating — P ang resting cells whose DN# near the outer

membrane — P of@he small intestine organoid® = 0,9842)Also, there
was no significant differend@ = 0,8135petween proliferating cells away from the membrane
“ —P Q DQG UHVWLIQ dedf th® @evhbZaikdr(¥,2B*"' 1 $
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— P QHowever, there is a significant difference (p = 0,0012) between resting cells whose

DNA is near the membrane . — P a@ proliferating cells with the same
ORFDWLRQ “ e-siall @testinke Qrgwvdeid.he same is true for the
difference between resting cells whose DNA is away from the membrane “ —P
n=8) compared to resting cells whose DNA is near the membrane “ —P Q S
0,0229)and to proliferahg cells whose DNA is nedéine membrane . —P Q
=0,0079.

Figure 47. Difference in the width of cells in mouse small intestine organoidsChere is no
significant difference ithewidth of proliferating cells whose DNA is ne@rolifer-near; 5,274
“ — P @away(Prolifer-rD Z D\ “ —rBm Qe outer membrane of
the small intestine and resting cells whose DNA is near the mem{Rasgng Q HD U

— P Mowever, when compared with the widthre$ting cells whose DNA is away
from the outer membrar{Resting D Z D\ “ —tRere(@s significant difference
(p = 0,007%or Prolifernear p = 0,001Xor Pwlifer-away, p = 0,022%or Restingnea.
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3.7.Cell viability in small intestine organoids
An immunofluorescencassay was done to determine how the cellthensmall intestine
organoids grow and divideCells positively stained for proliferation marker K7 were

classified as proliferating cells, while the others were classifieesting cells (figurel8).

Figure 48. Proliferative cells in culture. Actively dividing cells in mouse small intestine
organoids are stained with 46i7 antibody (1:500, yellow). They are dispersed across the
organoid. DNA is stained with DAPIL(1000,magenta) and actin is stained with Phalloidin
(1:200,cyan).

Overall prolferation rate of the biamaged small intestine organoids is 12,3%. Most of the
cells (87,7%) are in theesting GO phasef the cell cyock (figure 49).
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Figure 49. Proliferation rate of mouse small intestine organoidsMost of the cells in
organoids were resting celf87,7%; purple), while only a smaller portion of the cells were

captured duringhe preparation to divide (12,3%; green).

However, whertloselyexamined day by day, dif@ration rate of the small intestine organoids
shows a decrease when the organoids are older. Less cells were stained positig& foh&mn
organoids that were already 5 days in culture were used tharfreblelypropagated ganoids

wereimmunoassaye(figure 50).
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Figure 50. Proliferation rate of mouse small intestine organoids depending on days
already spentin culture. The proliferation rate is at its highest when immunostaining was

done on the first day after culture pegation and slowly deaees as older organoids were

used.
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Discussion

To successfullyestablish and maintasn organoid culture it is crucial toptimizethe growth
medium.When there is even a minor disbalance in growth factors and signadiegules, the
organoids tend torgw slower, stop differentiating or worsgecaying and dyinglhe biggest
problem inthe first experiments was inaccuratencentratiorof R-spondin moleculeghich

was added to the OBM he first kit that we used contained the wrong instructions formgaki
ICM, so the experiments were more successful in the second attempt with a different kit where
the right concentration of -Bpondin was listedSince Rspondin is the key regulator of Wn
signaling pathway, organoids start to die when lackiRgspondin It was clear that the
deficiency in Rspondin caused organoids to stop growing and developing and finally resulted
in organoids death. However, thbnormalitiesvere first noticed only te days after starting

to grow organoids, since the first two day trganoid culture medium is supplemented with
recombinant Wnt3A protein. When Wnt3#oteinis added tahe culture it drives the Wnt
signaling pathwawnd there is no need forgpondin molecules to inhibit the internalization of
LRP6 receptorsat leasfor the first two daysAfterwards, the Paneth cells in the cryptshad

small intestine start to produce their own Wnt molecules, so no furthergaddithe
recombinant Wnt3A protein is needesince in the first steps of establishing arganoid
culture, whether directly from a mouse or cryovials, cells go througbtiaeableamount of
stress, a rhd&inase inhibitor ¥27632 is added. If it is beirgmitted from the organoid growth
medium, most of the organoids die frapoptosigLevin et al., 202Q)

An important step in propagation of organoids is removal of the old Matrigel which isrdone
the step of centrifugation. This step remained a critinalin every experiment done witie

organoids. Suggested literature centrifuge speed ig1800cf,but that speed was never big
enough to pellet the organoidshe speed waadjustedo 500 or 600 rcf and gave results only
after 5 min centrifugation at the speed00 rcf. Sometimes thepeed had to be 700 rcf to give
any pellet to propagatee organids Although the literatursuggestshat those speeds would
destroy and kill organoids, the cells remained viable and organomsuedto grow and
differentiate after splittinfor weelks and monthvahe et al., 2013}t is also important to use
swinging bucket type of centrifuge instead of fixed angle centrifuge. The swinging bucket
centrifuge allows the tubes to positibarizontallyagainst the centef the centrifugavhich
preventsthe pellet from dispersing once the rotatiordae It is thetype adjusted for cell
biology, while the fixed angle centrifuge specializedn small molecules biology, used for

pelleting of proteins angimilar molecules. The probable reason why thawingheffirst
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cryovial did notgive any pellet of organoids éxactly the use dhewrong type of centrifuge.

In the second attempt of thawg the cryovialsimilar problemaccruedThere was no pellet at

the bottom of the tube, but a white cloud of organoids was seen fl@atmg the tube. It was
impossible to gt it tothe bottom of the tube, but | coutdtmanage to remove the liquid dia

while maintaining most of the cloud of the organoids intact to dissolve them in Matrigel and
plate themagain Regarding the speed of centrifugatiavhile risking the deatlof all the
organoids with higher speeds, it prevented to klsef themduring supernatantemoval. It

was showed that organoids could resist higher speeds up to 700 rcf, whereas they were all lost
while using the literature recommended speed of 3Q0Thefrefore, it was better to risk the

death of the organoids instead of losing theth@supernatant.

Even thoughall the supplements were at the right concentration, thawing of the third cryovial
did not work. While following the protocol for cryovighawingand incubating it for a minute
inwater bathat3f & WKH PHGLXP FKDQJHG FRORU WR LQWHQVH \H
it remained redSince the frozen organoids were sent fittiaNetherlands, it is possible that
something happened daogthetravel which caused them to die or it was jioststressful for
them to surviveThe yellow colorsuggestedhat something would be wrong with them and it
was confirmed because theyould notgrow even after 7 days in culture. However, it is
interesting that theydid not show any obvious signs of snapping or dying like segmented
structures, but thegid notgrow or differentiate They seemed to look the same on the first and
eighth day in cultureUnlike them, the organoids which died in the firdempts of direct
isolation from mouse, which died because of the lack-ghéhdin, have showmushroom like
segmated structures that have obviously snapped.

Despite thainsuccessfuirst two attempts of direct isolation of small intestine organoiois fr

a mouse, the crypt isolation waseticeablybetterin those attemptthan in the last, thirdry.

The reason may be in the different strain a¢eused. While in the first two attempasnale
C57BL/6N mouse was used, in the last attempt organoids iselaed froma female
C57BL/6J mouse. The main differences between two strains are metaboliconautati
C57BL/6J mouse. Those mutations are even raprghasizedn female miceWhen on high

fat diet, these mice tend to develop obefyyant, 2016) Futhermore, they were fed with
high fat food in the laboratory before they were sacrificed. Howéwegs shown that for an
increase in crypt density thesmall intestine, it is better for mice to go through longer fasting
periods(Mihaylova et al., 209). Therefore, it would be better to sacrifi@€57BL/6N mouse

in the next experiments.
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It is very important tdoe careful during organoid propagation due to their sensitivity. If the
organoids are mechanicaliyo much dissolved prior to seeding whicm ¢eppen if too many
3XSV DQG GRZQV’™ DU He BhbyGI farmimgledceBd. B/ken single cellsari
organoid are seeded, they tend to stop growing or grow much slower. This happens because
organoidsneed inner cell contacts to fully grow addpend on the communication between
cells. However, wheorganoids are naesuspended enough, the cells do not dissoaielie

and they need to be splitted more often which is not preferable because the organoids are
stressed more during the processe $tress can also cause them to stop growing after a whil

of therepeated process2 5RXUNH HW DO

The protocol for immunostaining represents somehow modified protocol for seeding organoids
and immunofluorescence staining of normal, 2D cell cetuThe main point of this upgraded
protocol is to reduce the amount of Matrigel used, since it is a qeritgedextracellular matrix
alike hydrogel which limits the antibody penetratidn.is known that Matrigelprevents
antibodies fronpenetratiortowards the organoids and therefore causesspatific staining
throughout itsel{Dekkers et al., 2019 o bypass this problem, organoids were not cultured
asusualwhen prepared for immunostaining protocol. When propagating mouse small intestine
organoids,they were seeded in a small drop of Matrigel, making them hardly accessible,
surrounded with hydrogel fromldhe sides. However, this new method enables us to grow
organoids close to the surface of a thin layer of Matrigel. While using this methogt &ce
easier antibodpenetrationa lot of Matrigel is spared@asic principle of the protocol is firstly
seeding a thin layer of Matrigel dissolvedtire OBM which should be justnoughto slightly

cover the bottom of the well. It is important not taka the layer too thin because it coldad

to formation of 2D culire of small intestineWhen Matrigel is dissolved ithe OBM and not
seeded by itself as in normal propagatjmmotocol it does notsolidify and allowspost
incubationentering ofthe organoids. However, they do not penetrate as deep as they would
whendirectly dissolvel in Matrigel. Moreover, it allows Matrigel to nicely spread across the
bottom of the well while the exse OBM anyway evaporates and is removed while changing
the mediumlf the Matrigel is not dissolved well in the OBM it can form clumps on the bottom
of the well which then contagll theorganoidsbutare more likely to be lost during the fixation
step.The biggest problem with immunofluorescence staininp®brganods is the possibility

to lose them while changing the solutions needed to fipatepeabilizestain and wash them.

While using 4% paraformaldehydihe structure of Matrigel can be disrupted and therefore
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organoids are released in the paraformaldehydeEhwnis washed out together with the

organoidsHowever, using this method, most of the problem is solved.

Another bigimprovemenin this method comared to the others developed for immunostaining

of the organoids ishortertimescaleneeded to finish therotocol. The fixation periodare
prolongated to overnight incubation in common protocols mostly becaute ekcess of
Matrigel (Dekkers et al.2019) While this protocol was developed to reduce the amount of
Matrigel, the fixation period was also rexkd to that of normal 2D cultures ofl® minutes.
Moreover, duration of incubation with secondary antibody was also reduced from an overnight
to orly 2 hours incubation period. Overall process takes around two days less than most of the
protocok which makes this protocol a lot less time consuming.

A problem thatraisedwhile developing this method was the flattening of the small intestine
organoids. After all thetepsdone with coverslip which has organoids on it, the coverslip was
put upsidedown on gylass microscope slide. Due to a big pressamingfrom the coveslip,
most of the organoids were flattened to a different dedi@@revent this issue, a small piece
of adhesive tape can be put on a glass microscope slide to prevent the coversigiditgm
adhering to ifDekkers et al., 2019)his way, a thin lagr of air is left between the coverslip

andglassmicroscope slide.

Efficacy of the V W D L @ati€g di§pénding on the used antibddginingswithout antibodies,
with DNA stain DAPI andactin stain Phalloidin were mostly done successfully, meaning the
shapes of DNA and actin in cells were nicely shoWthile the concentration of mentioned
stains remained constamtyrationsof different solution treatments were changed to reach a
best saltion. However, the efficiency of those staining did not dependhe duration of

fixation or permeabilization

Antibody staining was not as successful as above mentigvieeh trying to visualize tubulin

in small intestine organoidshe biggest problervas to get the tubulin antibody inside the cells.
Instead of entering the organoids and its cells, tubulin antibody remained attached to the
membranes of the cells. Although two different antibodies were usgédharime of the
fixation, permeabilizatiorand incubation with antibodies were varied, none of the attempts
worked. Anotheladjustmentvas a higher concentration of Tritor2X0, the permeabilization
reagent, but there was still no nice localization of the tubulin antibody. However, another

problemmay arise from the fact that amét antibodies were used. Due to similarities between
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mouse and raantigensa better solution would be to use antibodies from another, evolutionary

more distinct species.

Since the immunostaining with ¥G7 antibodiesvorked better and the localization of the
proliferation marker was consistent with litenaguthat validates thedevelopedmethod.
However, the question remains why it worked for@%i antibody and dichot for tubulin

antibody.

Morphology of the mouse shantestine organoids changed during the experiment. First, they
were rounder and mouoggstic, but when lacking Wn#8they became differentiated, full of new

buds and branches. Their behavior is therefore consistent with previously described organoids
in publications Another feature aofhesmall intestine organoids is their cavity which represents

the cavity inthe physiological small intestingnrough which food passes during digestibms

one of theevidence®f similarity between organoids and natiergangZietek and Rath, 2018)

Cell size inthemouse small intestine organoids vary depending on their proliferation status and
location within the organoid.ength of the cells whose DNA is located away from the outer
membrane of mouse small integtiarganoids is longer, whether theme proliferating or not.

When the cells get close to the outer membrane, they are smaller because they have just finished
mitosis if they are not proliferating, meaning they lack6Ki marker; or because they are
finishing mitosis at the momergnteringanaphase or telophasethey are labeled with K67
antibody.Their size and position are in consent with the orientation of cell divisibie mouse

small intestine organoids. When cells dividetive mouse small itestine organoids, two
daughter cells move together towards the outer membrane of the small intestine organoid
(figure 51). However, despite their differences, their size does nferdiflot fromthe primary
intestinal epithelial cell§Fujimichi et al.,2019)
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Figure 51. The division of cells in mouse small intestine organoidé/hen a cell divides in
themouse small intestine organoid, its two smaller daughter cells tendimoagowerlayer,

closer to the outer membrane of mouse small intestin@oidjaRed cell is entering mitosis.

The main characteristic of stem cells is their high proliferation rate. The proliferation rate must
be higher than differentiation rate to maimt stemnes®f cells However, in organoids
differentiation rate slowly exaeds the proliferation rate which can be seen as budding structures
appearing on small intestine organoidisvas shown here that proliferation in organoids slowly
decreases asdi are older which is in consent with previous experimérits. proliferatio

rate in my experiments with mouse small intestine orgar@gpens to be somewhat smaller
than described in previous experiments (Carrol et al., 2018). This may be becausatoer
Ki-67 antibody penetration in organoids or their worse physiolbgiate which causes them

to stop dividingor divide slower
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Conclusion

Analysis ofconfocal microscopy images tfe mouse small intestine organoids showed that
the optimization wasuccessfuand could be a routine protocol for establishing the ongano
and their propagation the lab The most important steps in growing a culture of small intestine
organoids are pper medium preparaticand quick, yetarefulhandling of the organoids. The
key is to apply just the right amounttbEmechanical fare to dissociate them, but not to make
them single cells. The protocol could be applied for mouse colon organoidsinahamnmanges

in it.

The immunofluorescence assaytbamouse small intestine organoids culture works for some
of the choserantibodiesbut needs majormprovementdor others. The duration of each step

in the processs yet to be established more properly.

The characterizatiorof organoidmorphologyrevealedthat the small intestine organoids are
alike the native organ in their struaturA thin layer of cells suounds a cavity in the inner
organoid Non differentiated organoids tend tofnereroundy, cysticallyshapedwhereas the

advanced differentiation leads to more branched structures full of new budding organoid arms.

The analysis ofthe cell size measured across the organodmtcated the presence of a
population of a bigger nedividing and dividing cellsvhose DNA is located away from the
outer membraneand smaller divichg and restingcellswhose DNA is at the outenembrane
of themousesmall intestine organoid heir length wasignificantlydifferent while measuring

the width showed only slight, nonsignificant changes

The proliferationrate of the organoids decreaselden organoids that were longer in culture
were used, suggesg that increased differentiationnterferes with maintenance of

proliferation.

To conclude, guccessfuprotocol optimization lead tihegrowth of fully differentiatedgystic
and brancHike mouse small intestineorganoids that showed normal small intestine

morphologyand a healthy proliferation ratéhenimmunofluorescemy stained
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