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MPOAOIO2

H SumAwpatiki auth otdbnke yla pHéva n gukalpla va e€epeuviow yla GAAn pa ¢popa tov u-
TMEPOYA HUOTNPLO KOOWO TG Moplakng kal Kuttaplkng BioAoylag. Dtdavovtog oto MEpOC Kol
kottalovtag Tiow, HE kavormoinon Slamotwvw wg ta duo xpodvia mou €lnoa otnv Kpntn f-
Tav (oW armo ta 1o SI6AKTIKA OXL LOVO YL TNV TTOPELO LOU OTOV EMLOTNHOVIKO XWwPo aAAd Kal

™ {wn pou.

Kat’ apyrv 6a nBsha va suxaplotiow tov kabnynth k. Aploteidn HALOmouAo, o omoiog fTav o
KUpLog emLBAEnovTag TNG Mapoloag epyaciag. Tov euxaplotw Bepud mou pe §€xOBnke oto gp-
YaoTAPLO TOU Kol GpuoLKA YLt OAn Tou TtV BonBeLa mpokelévou va ohokANpwOEel n petamtuyL-
ok datplpn pou. Ot cUPBOUAEC, OL EMLOTNUOVIKEG KATEUOUVOELG TOU Kal oL poPAnuatiopotl
nou £0ete Bonbnoav otnv avamntuén TNG EMLOTNUOVLKAG HoU okEWPNC Kot Ba gival moAuTiua
edodla yla TNV peténelta mopeia pou. Oepuég evyaplotiec Oa nOeha va Swow Kal oTov £mi-
KoUupo KaBnyntn K. Zwtnplo Kapmpavn mou mpwTtog Hou TPOTELVE va aoXoAnBw UE auTto To
B€pa Kat yla Tn onpavtikn BonBela tou. Emiong, Ba BeAa va euxaplotiiow tov Kabnyntn K.
Xprioto AeAlSAKN Yyl TIG EMLOTNUOVIKEG TIOPEUPACELS KOl CUMPBOUAEG Tou Tou SleukOAuvav

KaTd oAU TN Slekmepaiwon TNG SUTAWUOTLKAG LOU.

‘Eva elAKpLVEG euxaplotw Ba nBeAa, emiong, va Mw otn UETASLOAKTOPLKN) EpEUVATPLA Zwr) Be-
VETN, N BonBsLa TnG omolag ATtav avekTipnTn. Tnv euXopLoTW BEpUA YLO TIC CUPBOUALC TNG, TV
opBn kaBodrynor g, TNV EUMLOTOCUVN TIou £8€L€E OTLC LKAVOTNTEG HOU Kal TV eAeuBepia pe
NV omola pou enétpene va Soulelw. Mall Tng polpaotnka éva Xpovo Kabnuepvotntog ye-
LATO EUTIELPIEG, EUXAPLOTEG OTLYUEC, ETLOTNUOVLKEC EMLTUXIEC, OAAQ KoL amoTuyieg, Kol St6aK-
TIKECG oulntnoelc ou Ba Bupdpal pe vootadyia. Oo Atav mapdBAsPn HoOU va PNV EUXapLoTH-
ow OAa ta péEAN Tou epyaotnpiou, tn Afuntpea, t Mapia, tn Navtia, to MydAn kot tnv Kate-

piva kKaBw¢ motelw OTL Ao 6Aouc paba KAatTL mou Ba £xw va Bupaduadt.

TéNog, w¢ eAdylotn €vdelfn ekTiunoNG KAl QYAMNG, EUXAPLOTW TOUG YOVEIG HOU TIou mavta
otnpilouv pe xapd Tig mpoonabeleg Lou va BeATiwvopat Kal va poodelw, Kat Sgv mavouv va

pou urtevBupuilouv va Kuvnyw Ue alompEmeLa auTd mou Oswpw ouctwdn otn LwH.
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I. Summary

The intestinal epithelium represents the most vigorously renewing tissue in adult mammals
and its proper function requires a balance between the removing of the dead cells and the
producing of new cells of the tissue. Intestinal homeostasis is a procedure of high significance
while impaired tissue regeneration leads to inflammatory disease and cancer. This replenish-
ment of the lost cells is realized by intestinal cells that are responsible for both generating new
enterocytes and the retaining of the stem cell pool. It has been proposed that intestinal stem
cells found in the mammalian intestinal crypts are cells-of-origin of colorectal cancer. Further-
more, there is considerable evidence that genetic and environmental factors act in concert
with epigenetic mechanisms to regulate stem cell dynamics. Since experimental manipulation
of adult mammalian intestinal stem cells remains challenging, we use Drosophila as a model
system to study the involvement of epigenetics in intestinal stem cell function. By performing a
small scale in vivo RNAi screen we have identified the polycomb group gene, enhancer of zeste
(e(z)), a homologue of mammalian EZH2, as a potent regulator of intestinal stem cells. Study-
ing further its role in tissue homeostasis, we show that e(z) controls intestinal stem cell re-
newal capacity and may also impact the differentiation of transient progenitor cells, the en-

teroblasts.



I. NEPIAHYH

To evteplko emBnAAL0 TwV eVAALKWY BnAacTtikwy gival évag and Toug LoToUG e TNV TILo £VIovh
Kol SUVOULKN avarTAAoTIKA Kkavotnta. H Statrpnon tou tooluyiou peTafl KUTTOPLKAC OTIOT-
TWOoNG Kal avayévvnong sivatl kaboplotikng onuaciag yla tTnv opaAn Asltoupyia Tou evtépou.
AloTOpaXEG OTNV EVIEPLKN QVAYEVVNGCN CUXVA £XOUV WE AMOTEAEoUA dAeyuovwdn voonuara,
SuoTAaOLEG KaLl KApKLVOYEVVEDN. H avavéwaon TwV KUTTAPWY TOU EVTEPOU TPAYMATOTOLETAL
oo moAudUvapa evieplka KUTTapa (evteplkda BAaotika KUTTOpA) TOU ival umevBuva tOco
YLlO TNV OVTLKATAOTAON TWV VEKPWVY ETIONALAKWY KUTTAPWY TOU EVIEPOU OCO Kal yLa Thv dla-
Tpnon tou (Slou Tou MANBUGLIOU ToU TWV evteplKwY BAaotokuttapwy. Npoadatn BLBAoypa-
dla €xel Sel€et OTL N SuvAULK TWV BAACTIKWY KUTTAPWY puBuiletal amod yeveTikoUg Kal TEPL-
BaAAovTikoU¢ mapAdyovteg ou Spouv o€ cUVOUAOUO UE ETLYEVETIKOUG pUBULOTEC. H xprion Tou
Mepapatikol povtéhou tng Drosophila yla TNV HeAETN TNG EMLYEVETLKAC pUBULONG TNG AELTOUp-
yilag Twv evieplkwv PAAOTOKUTTAPWY amodEpPel TTOAAA TAEOVEKTAUATA, KOOWE N Amopovwaon
KOL O XELPLOUOG TWV EVIEPLKWY BAOOTOKUTTAPWY ot BnAaoTtika mapapével Suokoloc. Mpon-
YOUUEVN UEAETN TOU epyaotnpiou pag €xel dei€el OtL n peBultpavodepdon e(z), n omoia avn-
KEL OTIG MpwTeiveg Tou polycomb group, puBuilel tnv Aettoupylo TWV EVIEPIKWY BAOOTIKWY
KUTTapwv. MeAstwvtag og BAB0¢ To pOAO TNC OTNV OUOLOOTOCH TOU EVIEPOU, KATAARYOUHE OTL
N e(z) eAéyxeL TNV QAVAYEVVNTIKA LKOAVOTNTA TWV BAACTIKWY KUTTAPWY TOU EVIEPOU KABWC eTti-
ong undapyouv evOeifelg evbeXxOUeEVNC EUMAOKNAG TNG 0T SLadopomoincn TWV EVIEPLKWV TIPO-

YOVIKWV KUTTAPWYV, TWV EVIEPOPBAACTWV.



II. Introduction

I1.1 Intestinal homeostasis in mammals and Drosophila

I1.1.1 The cellular organization of the adult intestinal epithelium

The organization of mammalian intestinal tissue is highly adapted to its functions, the diges-
tion of food and the absorption of the containing nutrients. The intestinal epithelium forms
finger-like structures, the villi, which maximize the digestive and absorptive surface area. Each
villus is surrounded by tubular invaginations, the crypts of the Lieberkuhn, harbouring stem
cells and progenitors in their base. The cellular organization slightly differs between the re-
gions of the intestinal track with respect to the specific functional requirements. The duode-
num, the proximal third of the small intestine closest to stomach, where the demands in ab-
sorptive area are increased, is characterized by long villi with high density of absorptive en-
terocytes that produce hydrolytic enzymes. Among the enterocytes, goblet and enteroendo-
crine cells also secrete mucus and hormones, respectively. In the base of the crypts along the
intestinal track reside Paneth cells which produce antimicrobial substances and lysozyme. The
epithelium contains at least three other cell types, cup cells, tuft cells and Peyer’s patch-
associated M cells the function of which is yet to be defined (Gerbe, Legraverend et al. 2012).
The cellular organization is different in the colon, the posterior part of the intestine which spe-
cializes in compacting of the stool for rapid excretion. The colon is characterized by absence of
villi and Paneth cells but increased number of crypts with goblet cells. All the cell types found
in intestinal track are generated by multipotent stem cells and progenitors located in the base

of each crypt.

I1.1.2 The intestinal stem cells and regeneration

The intestinal epithelium represents the most rigorously renewing tissue in adult mammals.
More than 300 million new epithelial cells must be generated daily in the small intestine in or-
der to replace the dead cells, thus retaining the proper function of the tissue. The regeneration
of the intestine occurs in the base of the crypts by small populations of adult stem cells that
reside within specialized niches (Potten 1991). Analysis of genetic marker expression patterns

has revealed that this type of cells exist since the first 2 weeks of life, exhibiting a rapid expan-



sion that leads to the establishment of a limited adult stem cells pool which is retained
throughout life (ltzkovitz, Blat et al. 2012). These undifferentiated, mitotically active crypt base
columnar cells (CBC) are distributed between Paneth cells in the base of the intestinal crypts
and express specifically Lgr5" (Leu-rich repeat contain G protein-coupled receptor 5), a WNT
target gene that has been established as intestinal stem cell marker (Barker, van Es et al.
2007). Lgr5" CBC cells divide to produce either cells that retain the multipotent identity or
highly proliferative progenitors known as transit-amplifying (TA) cells. TA cells differentiate
into various types of cells, enterocytes, globet cells, enteroendocrine cells that gradually mi-
grate upwards the villi, exiting from the crypt (Fig. 1). This process which is completed in mice
within 3-5 days, results in the necessary replacement of the dead cells and the proper renewal
of the intestinal epithelium. It has been found that Paneth cells produce signals that regulate
stem cell activity and fate, including WNT3, Notch signal in response to nutrient availability or

other conditions (Sato, van Es et al. 2011, Yilmaz, Katajisto et al. 2012)

Moreover, in the region +4 of the crypt base, above the Paneth cells reside reverse cells that
act upon damage conditions restoring intestinal stem cells pool (ISC) (Leblond and Walker
1956, Barker, van de Wetering et al. 2008, Potten, Gandara et al. 2009). These cells express
Bmil, a member of the Polycomb group gene family. Although Bmil® cells have long term self
renewal capacities and can give arise to all the cell types found within the intestinal epithelium
similarly to Lgr5" cells, they reside only in the 10% of the intestinal crypts of the proximal 10cm
murine intestinal epithelium and are absent in the ileum (Sangiorgi and Capecchi 2008, Yeung,
Chia et al. 2011). Recent studies have shown that another reverse stem cells pool is present
specifically in the colon. These Krt19" (keratin-19) cells are long-lived and able to restore the

Lgr5* cell pool in the colonic epithelium (Asfaha, Hayakawa et al. 2015).

It has been demonstrated that Wnt and Notch signalling pathways are essential in the mainte-
nance of the stemness and determination of the intestinal stem cell fate, respectively. Inhibi-
tion of Wnt pathway in the intestinal epithelium leads to absence of progenitors and stem cells
whereas increased Wnt signal results in a tumorigenic phenotype due to accumulation of stem
cells (Pinto, Gregorieff et al. 2003). Moreover, Notch acts in concert with Wnt signalling to
control the fate of ISCs and their descendants (Fig 2). Depletion of active Notch signal in the
intestine enforces stem cells to follow the secretory lineages (mainly goblet cells) whereas
consecutive function of Notch pathway results in enterocyte generation (Koch, Lehal et al.
2013). It has been also found that simultaneous expression of both Wnt and Notch pathways

blocks the differentiation in all the cell types of the epithelium, revealing that the appropriate
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switches in the expression of these pathways are required for the proper intestinal cell fate

determination (Wang and Hou 2010).
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Fig 1. Cellular organization of the intestinal crypts (LEFT) and the multilineage differentiation potential of
the Lgr5" CBC stem cells (RIGHT). Lgr5" cells reside in the base of the mammalian intestinal crypts and
generate intestinal progenitor cells that differentiate into enterocytes, enteroendocrine, tuft, globlet
and Paneth cells (Barker 2014).
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Fig 2. The Notch pathway. A precursor protein is formatted in the Golgi by cleavage (S1 cleavage) that
results in the formation of the Notch receptor that is transported in cells surface, where it resides as a
heterodimer. Two other proteolytic cleavages, stimulated by the Interaction of Notch receptors with
Notch ligands, such as Delta-like or Jagged, S2 cleavage and S3 cleavage, release the Notch intracellular
domain (NICD) from the cell membrane. NICD then translocates to the nucleus, where it interacts with
the DNA-binding protein RBP-Jkappa and displaces corepressor proteins, thus activating the transcrip-
tion of Notch target genes. Blockade of Notch signalling has been achieved by using different strategies,
including (A) anti-DLL4 monoclonal antibodies, (B) gamma-secretase inhibitors such as DBZ and DAPT,
(C) soluble DLL4-Fc, (D) anti-Notch1 neutralising antibodies, and (E) Notch1-trap (Li and Harris 2009).

11



I1.1.3 Drosophila as a model to study intestinal homeostasis

Drosophila melanogaster is a species of fly in the family of Drosophilidae, widely known as the
common fruit fly or vinegar fly. D. melanogaster has been extensively studied for almost 100
years while it comprises all the characteristics of an ideal model organism. First of all, Droso-
phila are small (2mm), easy to grow in the laboratory and their care and culture requires little
equipment and space (Giacomotto and Segalat 2010). Moreover, it has short generation time
approximately 10-12 days at room temperature and high fecundity, with more than 100 eggs
to be laid daily from one female, thus facilitating a massive animal production (Greenspan
1997). Further, these small-sized animals require also small quantities of reagents, food and
drugs, decreasing the cost of the investigation of the activity of various drugs in pathological
situations (Heo, Lee et al. 2009). Based on these features, Drosophila is the most inexpensive

experimental model organism compared to those of mice.

In addition, the short genome of 135.5 million bp of D. melanogaster, organized in only 4
chromosomes, makes this species very useful in genetic analysis. According to the sequencing
of 2000, the genome of Drosophila contains around 15,682 genes with high overall similarity to
those of humans. Interestingly, about 75% of the known human genes associated with disease
have a recognisable match in the genome of fruit flies and 50% of fly protein sequence has
mammalian homologs (Reiter, Potocki et al. 2001, Lloyd and Taylor 2010). It has also been
demonstrated that crucial signalling pathways such as JNK, JAK-STAT, NFkB, Wnt/Wg, Notch, K-
Ras/Ras1 that regulate immune responses and are associated with intestinal homeostasis and
response to chronic inflammation, are preserved between flies and humans (Ohlstein and
Spradling 2006, Ohlstein and Spradling 2007, Panayidou and Apidianakis 2013). For these rea-
sons, Drosophila is being used as a genetic model for several human diseases like Parkinson,

Alzheimer, diabetes, cancer e.g.

Furthermore, the extensive study of D. melanogaster over years resulted in the development
of tools that allow an easy and precise gene manipulation of the organism. The generation of
transgenic animals is a simple procedure in Drosophila in which the wanted genetic element is
injected in gametic cells of flies’ embryos and is successfully expressed in approximately 10-
15% of the descendant generation. Another valuable tool established in Drosophila is the
GAL4/UAS system. This two-component system allows directed gene expression in particular

tissues. GAL4 is a modular protein consisting broadly of a DNA-binding domain and an activa-
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tion domain and specifically binds UAS promoter. The GAL4 gene is placed under the control of
a native gene promoter, or driver gene, while UAS controls the expression of the target gene.
Thus, GAL4 is only expressed in cells where the driver gene is active and in turn GAL4 protein
activates gene transcription where UAS has been introduced (Fig. 3). The expression patterns
of the target genes can then be determined by fusing them with a gene encoding a visible

marker like GFP (Duffy 2002, del Valle Rodriguez, Didiano et al. 2012).
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MNature Reviews | Genetics
Fig 3. The two-component system GAL4-UAS consists of a transcriptional activator expressed in a spe-
cific pattern and a transgene under the control of a promoter that is silent in the absence of the activa-
tor (St Johnston 2002).

Mosaic analysis with a repressible cell marker system, MARCM, is another useful tool devel-
oped, based on GAL4/UAS system, in Drosophila. MARCM is a genetic technique for creating
individually labelled homozygous cells in an otherwise heterozygous fly. It has been used 10
study the development of Drosophila nervous system but over the years its utility has become
extended to other tissues such as the intestine for the identification of the cell lineages arising
from the self renewing gastric stem cells (Lee and Luo 2001, Wu and Luo 2007). The technique
relies on recombination during mitosis mediated but FLP-FRT recombination and the labelling
of a small population of cells from a common progenitor using GAL4/UAS system. GAL4 is

ubiquitously expressed in flies and GFP is placed under the control of UAS promoter. In addi-

13



tion, GAL80, an inhibitor of GAL4 is driven by strong promoter such a tubP. This tubP-GAL80
element is placed distal to an FRT site. A second FRT site is placed in trans to the GALS&O site,
usually with a gene or mutation of interest distal to it. Finally, FLP recombinase is driven by an
inducible promoter such as heat shock. When FLP transcription is induced, it will recombine
the chromosomes at the 2 FRT sites in cells undergoing mitosis. These cells will divide into 2
homozygous daughter cells- one carrying both GAL80 elements, and one carrying none. The
daughter cell lacking GAL80 will be labelled due to expression of the marker via the GAL4-UAS
system. All subsequent daughter cells from this progenitor will also express the marker (del

Valle Rodriguez, Didiano et al. 2012) (Fig. 4).
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Fig 4. Mosaic analysis with a repressible cell marker (MARCM). (A) Gal4 transcription factor (blue oval)
binds the activation sequence of UAS (white box), thus promoting the expression of green fluorescent
protein (GFP) gene (green box). Gal80 (red oval) blocks this procedure by inactivating GAL4. As a result,
when GAL80 is absent, GFP is expressed and marks the cell. (B) In MARCM, the GAL80 repressor gene
(red box) is placed in a chromosome between a sequence that can be recognized by a flippase, the flip-
pase recognition target (FRTs) (grey triangle) and the wild type sequence of the gene of interest (yellow
box). The homologous chromosome lacks GAL80 but carries the FRT and a mutated form of the gene
interest (orange box) in the same position as in the WT allele. These chromosomes coexist in the cells
with the GAL4-UAS-GFP system. After DNA replication, in G2 phase, the flippase exhibits the recombina-
tion of the sequences that are surrounded by the FRTs, resulting in the formation of one chromatid that
carries the WT allele and GAL80 and a second that has only the mutated allele. After mitosis and the
separation of the chromatid alleles in the daughter cells, two different types of cells are generated in
the same fly, the homozygous cells for the mutant allele that lack GAL8O and as a result express GFP and
the homozygous WT cells where GAL80 blocks the expression of GFP (Ejsmont and Hassan 2014).
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I1.1.4 Drosophila life cycle

Drosophila melanogaster is a holometabolous insect where a larval and a pupal stage precede
the adult stage of life. The adult flies live for more than 50 days in 18°C and almost continu-
ously lay 50-70 eggs daily. The eggs are laid half buried in the medium, carrying two respiratory
filaments that facilitate gas exchange and hatch in 22-24h at 25°C. The larval life time is di-
vided into 3 larval stages. During the first two stages the larva are stationary in the medium
while the third instar larvas climb upwards looking for more clean and dry conditions required
for the pupation. The third instar larva molts into a stationary pupa after 30 hours. During the
pupal stage, the larva is metamorphosing into the adult fly through a procedure that includes
the lyses of the most larval structure although some organs are preserved such as the nervous
system, fat bodies and gonads. The pupal stage lasts for 3-4 days, after which the adult fly
emerges from the pupal case with a procedure called eclosion. Adult flies are sexually active
within 6-8 hours but females do not lay eggs until 2 days after eclosion. Drosophila can live

maximum 50-60 days in good conditions.

I1.1.5 Cellular organisation of the intestine and ISCs in Drosophila

Although the majority of the studies of intestinal stem cells biology and gut renewal have been
conducted in mammals, the mammalian intestine due to its complexity is not yet a convenient
system for the investigation of gut responses under experimental or environmental challenges.
From the other hand, Drosophila digestive tract characterized by flat architecture, simple cellu-
lar organization and high equivalence with the respect mammalian system, converts the fruit

fly to an excellent model in the study of intestinal stem cells dynamics and tissue regeneration.

The equivalent of mammalian small intestine in Drosophila is the region of posterior midgut,
defined as region R4, the main role of which is the absorption of nutrients and electrolytes. It is
typified by large polyploid cells of the intestinal epithelium, the enterocytes (EC) (Buchon,
Osman et al. 2013). Enterocytes comprise the most abundant cell population of Drosophila
midgut and secrete digestive enzymes and produce antimicrobial peptides, resembling the Pa-
neth cells of the mammalian intestinal epithelium (Santaolalla and Abreu 2012, Buchon,

Osman et al. 2013). Apart from ECs, Drosophila midgut also carries secretory enteroendrocrine
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cells (EE) that secrete hormones in response to luminal contents, precursor enteroblasts (EB)

and multipotent intestinal stem cells (ISCs).

ISCs resemble the morphology of the mammalian Lgr5" CBC population and are equally dis-
tributed along the adult Drosophila midgut, located basally to the mature enterocytes. In Dro-
sophila intestine, ISCs are the only cell type with proliferation capacity, being therefore re-
sponsible either for the proper regeneration of all the other intestinal cell populations and/or
for the retaining of the intestinal stem cells pool (Micchelli and Perrimon 2006, Ohlstein and
Spradling 2006). After an asymmetric division, ISC gives rise to one new ISC that retains the
multipotent identity and one EB that is not able to divide but undergoes differentiation into EE
or EC (Fig. 5). In contrast, an ISC symmetric division results in the generation of either two ISCs
or two EBs, leading eventually to two ECs or two EE. Available evidence demonstrates that
among various regulatory factors and signalling pathways, the orientation of ISC division is also
significant for the determination of stem cell fate (Ohlstein and Spradling 2007, O'Brien,
Soliman et al. 2011, de Navascues, Perdigoto et al. 2012, Goulas, Conder et al. 2012). More-
over, recent studies have shown that asymmetric divisions in midgut are twofold more than
symmetric and the 90% percent of the newborn enteroblasts will differentiate into entero-
cytes (Micchelli and Perrimon 2006, Ohlstein and Spradling 2007). The decision between a
symmetric or asymmetric division as well as the EB differentiation into ECs or EE is dependent

on a complex of numerous interacting signalling pathways.

enterocyte (8n)

enteroblast
—+| @
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AL > Ah
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Delta Notch Prospero

Fig 5. An illustration of the cell types and differentiation pathways in adult midgut of Drosophila. When
an ISC divides asymmetrically, it generates an ISC daughter cell and an enteroblast. Enteroblasts differ-
entiate into either enterocytes that undergo endoreplication or enteroendocrine cells (Amcheslavsky,
Jiang et al. 2009).
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I1.1.6 Signalling pathways involved in ISC homeostasis

A variety of different signalling pathways, regulatory factors and environmental signals act in
concert to control the process of initiation of ISC division to the final differentiation and the

proper regeneration of the tissue.

ISC division is controlled by pathways that are activated by neighbouring cells or tissue. In par-
ticular, the enteroblasts and the enterocytes of the ISCs microenvironment stimulate ISC divi-
sion by secreting ligands and cytokines which stimulate, EGFR and JAK/STAT signalling path-
ways. Activation of EGFR pathway results in the expression of the transcription factor, FOS,
required for ISC survival (Biteau and Jasper 2011, Xu, Wang et al. 2011). It has also been found
that the dividing ISC regulates its own division through Pvf2/Pvr activation (Bond and Foley
2012). Other mechanisms such as Wg/Wnt and the interaction of the proteins Integrin and
Laminin A with the basement membrane are also required for the progression of ISC division
(Lin, Xu et al. 2008, Lin, Zhang et al. 2013). Moreover, the neighbouring tissues and cellular
structures such as the visceral mesoderm and the haemolymph are involved in the process of
secreting signals to the dividing cells. In contrast, the activation of the pathways Hpo/Yki and
BMP/TGFB has an inhibitory effect on ISC division (Fig. 6) (Badouel and McNeill 2011,

Vanuytsel, Senger et al. 2013).
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Fig 6. Control of ISC division. Various signalling pathways stimulated by many sources induce or inhibit
ISC division.

Upon ISC division, the fate of the dividing cells is highly determined by the Notch signalling
pathway which is active in the ‘newborn’ EBs. Notch acts by downregulating two transcription
factors, Hairless and Daughterless required for ISC proliferation, thus inducing cell cycle arrest
and promotion of differentiation into EC and EE (Bardin, Perdigoto et al. 2010). Notch is in turn
regulated by delta expressed in ISCs, a transmembrane ligand of Notch receptor. Following an
asymmetric division, delta expressed in ISC binds the Notch receptor of the EB and, through
cleavage and nuclear mobilization, activates Notch target genes that block the expression of
delta, leading the cells to an non-ISC phenotype (Perdigoto and Bardin 2013). Recently con-
ducted studies suggest that the BMP pathway and Pvf2/Pvr, a homolog of the mammalian
PDGF/VEGF in Drosophila, are also implicated in cell fate determination by acting antagonisti-

cally to Notch and sustaining stemness (Bond and Foley 2012, Tian and Jiang 2014).
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The orientation of ISC division, symmetric or asymmetric, has also an important role in the de-
termination of cell fate upon ISC division. Par complex and integrins are regulatory factors in-
volved in this decision. During asymmetric ISC mitosis, Par complex is apically disturbed in the
dividing cells, retaining the mitotic spindle vertical to the basement membrane while integrins
keep the daughter ISC in touch with the membrane in the appropriate niche. Instead, the api-
cal daughter cell moves away from the niche and commits differentiation. On the other hand,
upon a symmetric division, Par complex forms parallel orientation of the spindle to the mem-
brane by being equally distributed with the daughter cells (Goulas, Conder et al. 2012,
Wolfenson, Lavelin et al. 2013, Scadden 2014).

Once the division is completed the daughter EB cell will follow the EC or EE lineage depending
on the levels of Notch signalling. High levels of Notch signal are associated with differentiation
into EC whereas low levels with differentiation into EE (Perdigoto and Bardin 2013). It has been
proposed that the contact of EB with ISC increases Notch levels, forcing the EB to become EC.
JAK/STAT signalling promotes differentiation towards EE by interacting with Notch. High levels
of Notch reduce JAK/STAT whereas low levels of Notch are unable to inhibit the Upd-mediated
activation of JAK/STAT, leading to EE generation (Lin, Xu et al. 2010, Liu, Singh et al. 2010). Fi-
nally, EGFR, BMP and the growth factor Dilp3 are essential for EC growth and EC endoreplica-
tion, respectively (Buchon, Broderick et al. 2010, Li, Zhang et al. 2013).

II.2 Chronic Intestinal Inflammation and Colorectal Cancer

I1.2.1 Dextran Sodium Sulfate-induced gut pathology

The mammalian gastro-intestinal track is one of the most vulnerable tissues of the organism
due to highly exposure to numerous bacteria and food or environmental toxins, thus increas-
ing its susceptibility to develop inflammatory bowel disease (IBD). IBD includes a range of in-
testinal pathologies characterized by similar symptoms, such as diarrhea, blood in stools, ab-
dominal pain and weight loss (Sands 2004). Ulcerative colitis (UC) and Crohn’s disease (CD) are
the most common IBD with their prevalence ranging from 10 to 70 per 100,000 people. UC and
CD are histologically characterized by intestinal crypts reduction and deterioration, loss of tis-
sue integrity and ulcerational infiltration of neutrophils, monocytes and lymphocytes. Although

there is evidence that genetic and environmental factors are equally involved in the patho-
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genesis of these diseases, the exact mechanisms underlying these pathologies remains un-

known.

To date, various experimental models of colitis have been developed either by generating
strains of animals susceptible to disease or by administration of chemicals that promote intes-
tinal inflammation (Sartor, Bond et al. 1988, Morris, Beck et al. 1989, Okayasu, Hatakeyama et
al. 1990, Kuhn, Lohler et al. 1993, Mombaerts, Mizoguchi et al. 1993, Sadlack, Merz et al. 1993,
Mashimo, Wu et al. 1996, Bang and Lichtenberger 2016). Among of the chemical induced in-
flammation models, DSS (Dextran Sodium Sulfate)-induced colitis model is the most successful
and widely used in the study of IBD because of its simple administration protocol (through the
animals’ drinking water) and its reproducibility in inducing intestinal pathology. DSS is a nega-
tively charged, heparin-like polysaccharide with highly variable molecular weight from 5 to
1400 kD. DSS causes either acute or chronic inflammation depending on the molecular weight

of DSS administered (Elson, Sartor et al. 1995).

DSS damages the colonic epithelial cells by forming nano-lipocomplexes with medium-chain
length fatty acids (MCFAs), causing erosions and increased colonic epithelial permeability
(Cooper, Murthy et al. 1993, Laroui, Sitaraman et al. 2012), thus allowing the infiltration of in-
testinal bacteria, neutrophils and mononuclear leukocytes into the underneath cellular layers,
lamina propria and submucosa, similarly to human IBD. It has also been found that DSS ad-
ministration provokes changes in the expression of tight junction proteins and increased ex-
pression of proinflammatory cytokines. In particular, upon DSS challenge the cytokines IL-4, IL-
la/b, IL-6, IL-8 and the major target of therapeutic approaches against IBD, TNFa, are upregu-
lated indicating the association of DSS with colonic inflammation (Chassaing, Aitken et al.
2014). Regarding stem cells dynamics, it has been observed that in mice treated with DSS, the

proliferation of progenitor cells is increased (Pull, Doherty et al. 2005).

The knowledge of the impact of DSS in the Drosophila intestine remains limited. Amcheslavsky
et. al have elegantly demonstrated that Drosophila could present a simpler model of DSS-
induced intestinal damage. DSS administration in Drosophila deregulates the basement mem-
brane structure but has no additional effect on the overall gut morphology. Moreover, it has
been found that upon DSS challenge the rates of intestinal stem cell divisions and the numbers
of enteroblasts are increased. DSS also promotes accumulation of enteroblasts but blocks their

differentiation into enterocytes (Amcheslavsky, Jiang et al. 2009).

21



I1.2.2 Colitis associated colorectal cancer

Chronic inflammation represents a major pathological basis for tumor development and it is
estimated that 25% of all cancers are associated with chronic inflammatory conditions caused
by various environmental factors. It has been suggested that the link between inflammation
and cancer arises from cytokines and other inflammatory mediators and reactive oxygen spe-
cies that are produced in inflamed tissue which deregulate local immune responses and estab-
lish a microenviroment conductive of malignant transformation. (Mantovani, Allavena et al.

2008).

A representative example of inflammation- driven cancer is Colitis Associated Cancer (CAC), a
subtype of Colorectal Cancer (CRC) highly associated with inflammatory bowel diseases. More
than 20% of IBD patients develop CAC within 30 years of disease onset and almost 50% of
these will die from CAC (Lakatos and Lakatos 2008). The exact mechanism by which colonic
inflammation leads to tumorigenesis is still to be defined, but there is considerable evidence
that within the localized inflammatory microenvironment of colitis, reactive oxygen species
(ROS) and reactive nitrogen intermediates (RNI) produced by activated inflammatory cells, in-
duce mutations and epigenetic changes that transform normal colonic epithelial cells and stem
cells into cancer cells (Meira, Bugni et al. 2008, Westbrook, Wei et al. 2009). Colorectal malig-
nant cells mainly carry mutations associated with activation of Wnt signalling pathway or B-
catenin, an intracellular signal transducer in the Wnt pathway as well as inactivation of APC, a
B-catenin inhibitor, thus resulting in the early formation of intestinal adenomas (Korinek,
Barker et al. 1997, Morin, Sparks et al. 1997, Bienz and Clevers 2000). Moreover, colorectal
tumors are usually characterized by mutations in p53 gene caused by inflammation mediated

oxidative stress (Choi, Yoon et al. 2002).

Interestingly, additional genetic aberrations are required for adenoma transition to carcinoma.
The activation of the oncogenes K-ras and B-raf, Cyclooxyganese 2 (COX2), an enzyme essential
in prostaglandin biosynthesis, as well as the inactivation of tumor suppressor TGF-B and DNA
integrity checkpoint genes are also observed in early and late stages of colorectal tumors
(Oshima, Dinchuk et al. 1996, Korinek, Barker et al. 1997, Takaku, Oshima et al. 1998, Gupta
and Dubois 2001, Biswas, Chytil et al. 2004, Koehne and Dubois 2004, Grady and Carethers
2008) (Fig. 7).
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In addition, several alterations in epigenetic modifiers and microRNAs have been implicated in
CAC and CRC. It has thus been proposed that epigenetic events, being capable of altering both
alleles of a tumor suppressor, may serve as a more possible and successful way of gene silenc-
ing compared to genetic mutations that require the contribution of two independent altera-
tion events. DNA methyl transferases, Dnmtl and Dnmt3 are upregulated during colorectal
inflammatory and cancer conditions, reducing the expression of numerous target genes. The
expression of EZH2, a member protein of Polycomb Repressive Complex 2 (PRC2), has also
been found elevated in colorectal tumors making this protein frequent target of therapeutic

strategies against several types of cancer.

Colitis
associated
ki) ATNF
4I1L-17
Environmental 4IL-23 "Cryipt
",'{3359;',}7/ 41FN-y DNI} ssion
4IL-6 +repair ANF-
Tissue injury 4NF-xB
and repair 4 Stat3 4p-catenin
—_— —_—
[AcF]
Environmental +APC
mutagens 43-catenin
Hereditary
mutations
Crypt fission
and outgrowth
Spontaneous
colon
cancer

Fig 7. Mechanisms of colorectal cancer (CRC) and colitis-associated cancer (CAC) development. The
hallmark of CRC development is the accumulation of mutations in tumor suppressor genes and onco-
genes, resulting in abnormal function of catenin signalling pathway. Additional mutations in adenoma-
tous polyposis coli (APC) lead to the formation of adenoma and carcinoma (Terzic, Grivennikov et al.
2010).
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I1.2.3 Stem cell association with colorectal cancer

Recent discoveries implicate intestinal stem cells with the development of colorectal tumors,
assuming that mammalian crypt stem cells are the cells-of-origin of intestinal cancer. Barker et
al. very elegantly revealed that deletion of APC in Lgr5" cells promotes their aberrant prolifera-
tion and transformation into cancer cells, resulting in formation adenomas (Barker, Ridgway et
al. 2009). The upregulation of Wnt signalling pathway in Lgr5" and Bmil® cells causes the same
effects whereas its activation on progenitors and differentiated cells does not induce tumori-
genesis (Sangiorgi and Capecchi 2008). Moreover, strong evidence for intestinal stem cell asso-
ciation with cancer development is provided by the high levels of Lgr5in cancer stem cells and
ISC that reside in colorectal tumors. In addition, Lgr5 levels are elevated in human metastatic
colon cancer lines (Batlle, Henderson et al. 2002, Uchida, Yamazaki et al. 2010). All these find-
ings support the hypothesis that colorectal cancers mainly occur due to mutations in intestinal

stem cells.

I1.3 Epigenetics and Polycomb repressive complex 2 in stem cells
and cancer

I1.3.1 Epigenetic regulation in adult stem cells

Epigenetics is the study of the heritable alterations in the gene expression that take place
without changes to the underlying DNA sequence (Jaenisch and Bird 2003). These changes oc-
cur by modifications either on DNA bases and/or histones that alter the structure of the chro-
matin, influencing its accessibility to the transcriptional machinery. In particular for histones,
this procedure is mediated mainly by methylation and acetylation of the key residues of core
histone tails but also by ubiquitination, phosphorylation and sumoylation that act antagonisti-
cally or synergistically, regulating crucial biological contexts, such as X inactivation, develop-
ment and cell fate determination (Kouzarides 2007). Moreover, it has been demonstrated that
impaired function of the epigenetic modifiers, the enzymes that exhibit the histone and DNA

modifications, results in the development of malignancies (Chen, Zhang et al. 2010).
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A number of studies has uncovered important roles of epigenetic mechanisms in maintaining
stem cells identity and activity. This epigenetic regulation changes the expression of several

genes and the conduction of signalling pathways in multiple adult stem cell lineages.

For example, it has been revealed that wdr-5, a member of ASH-2 complex that exhibits
trimethylation of histone H3 lysine 4 in C. elegans is required for the differentiation of germ
stem cells (GSCs) and the proper gametogenesis (Li and Kelly 2011). Moreover, the H3K9 me-
thyltransferase dG9a in Drosophila is essential for the asymmetric divisions of female GSCS and
the formation of the oocytes (Lee, Yoon et al. 2010). Furthermore, deficiency of Jarid2, a re-
cruiter of Polycomb Repressive Complex (PRC2) leads to reduced proliferation and delayed hair

follicle cycling of HF-SC in mice.

Regarding intestinal stem cells dynamics, recent studies in Drosophila midgut support that
several histone-modifying enzymes participate in stem cells-driven intestinal homeostasis. One
of them is Scrawny (Scny) enzyme that exhibits gene silencing properties via deubiquitination
of mono-ubiquitinated histone H2 (H2B). Mutations in Scny result in impaired activation of
Notch pathway due to open chromatin formation, thus leading to a dramatically decreased
numbers of ISCs (Lee, Yoon et al. 2010). Another epigenetic enzyme that regulates ISCs is the
histone acetyltransferase HAT which causes alterations associated with gene activation. Over-
expression of HAT stimulates rapid ISC differentiation whereas loss of HAT results in ISC in-
crease (Ma, Chen et al. 2013). Moreover, SWI/SNF chromatin-remodeling complex is also re-
quired for ISC proliferation and damage-induced midgut regeneration in a lineage-specific
manner (Zeng, Lin et al. 2013). Reduced histone acetylation caused by loss of the zinc-finger
protein Charlatan led to severe ISC division defects (Amcheslavsky, Nie et al. 2014). Finally,
expression of human methyl-CpG-binding protein-2, a bridge factor that links DNA methylation

and histone modification, in Drosophila ECs, stimulated ISC proliferation (Lee, Kim et al. 2011).

I1.3.2 Epigenetics and colorectal cancer

Although abundance of information about the role of gene mutations in tumorigenesis exists
and the implication of genomic instability in the onset of cancer is well studied and widely ac-
cepted, the significance of epigenetics in cancer was until the past decade quite controversial.
Feinberg and Vogelstein were the first 3 decades ago to reveal increased global hypomethyla-

tion in the genome of colonic cancer cells (Feinberg and Vogelstein 1983). This finding trig-
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gered further investigation of the epigenetic patterns of tumors in several tissues, showing
eventually that hypomethylation is associated with early genomic instability and that aberrant
hypermethylation is mainly present in normally unmethylated CpG islands of tumor suppressor
genes and promoters (Inamdar, Ehrlich et al. 1991). This hypermethylation takes place in the 1-
10% of the CpG islands of the promoters of tumor suppressor genes such as CDKN2A, MLH1,
CDH1 and VHL (Fig. 8) (Cunningham, Christensen et al. 1998, Grady, Willis et al. 2000, Baylin
and Bestor 2002). Moreover, reduced expression of TET family DNA demethylases due to mu-
tations are observed in a number of human cancers, including breast, liver, pancreatic cancer
and leukemia, suggesting an essential role of DNA methylation in carcinogenesis (Yang, Liu et
al. 2013). On the other hand, the histone demethylase LSD1 is overexpressed in pluripotent
tumors such as teratocarcinoma and seminoma, revealing complex roles of epigenetic changes

in cancer (Wang, Lu et al. 2011).

Regarding the contribution of epigenetic changes in the pathogenesis of colorectal cancer,
numerous hypermethylated and silenced genes have been identified in adenomas as well as
adenocarcinomas. Some examples are the APC gene, the proapoptotic protein RASSF1A, the
Wnt antagonists SFRP1 and SFRP2 and the CRABP1 that promotes apoptosis (Lao and Grady
2011). However, there is no clear functional class of genes that seem to be more commonly
affected by DNA methylation in the adenoma step of colon cancer development compared
with other steps in the progression sequence (Oster, Thorsen et al. 2011). Moreover, it has
been proposed that colorectal cancer is promoted by hypermethylation-mediated silencing or
impaired function of DNA repair genes that leads to establishment of mutation in oncogenes
such as K-RAS and in tumor suppressor genes (Estecio, Gharibyan et al. 2007). Finally, although
hypermethylation is the most common epigenetic aberration in colorectal cancer, DNA hy-
pomethylation and histone deacetylation also take place. For example, the metastasis-
associated gene S100A4 and the oncogene R-RAS region both associated with colon cancer are
found hypomethylated while loss of acetylation has also been reported as a hallmark of colo-
rectal cancer (Nakamura and Takenaga 1998, Fraga, Ballestar et al. 2005, Nishigaki, Aoyagi et
al. 2005).
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Fig 8. Epigenetic involvement in the development of cancer. Hypermethylation marks in the promoters
of tumor suppressor, DNA repair, cell growth and apoptosis regulatory genes block the binding of the
transcriptional machinery leading to gene silencing and malignant transformation.

I1.3.3 Polycomb Repressive Complex 2 (PRC2) and Enhancer of Zeste H2
(EZH2)

Polycomb repressive Complexes (PrC) are epigenetic modifiers that promote chromatin con-
densation and higher order chromatin organization, thus resulting in transcriptional repression
of several genes (Bantignies, Roure et al. 2011). The member proteins of the complexes were
firstly identified in Drosophila as developmental regulators essential for the proper formation
of the body axis. One of the best characterized PrC is PRC2 which is conserved in almost all
species from flies to mammals, plants and nematodes (Margueron and Reinberg 2011). In
mammals, PRC2 comprises EZH2, the catalytic core of the complex which contains a SET do-
main that exhibits the trimethylation of lysine 27 of histone 3 (H2K27me3), EED and SUZ12
that are required for the proper function of the complex in vivo and the protein RbAp48 that
has been shown to contribute to the enzymatic activity of the complex at least in vitro
(Margueron and Reinberg 2011). The respective homologues in Drosophila are named e(z)

(Enhancer of zeste), Esc (Extra sex combs), Su(z)12 (Suppressor of zeste 12) and Nurf-55.

Te PRC2 complex is recruited in specific DNA stretches, the Polycomb Response Elements (PRE)
and CpG-rich sequences in Drosophila and mammals respectively (Ku, Koche et al. 2008) and it
has been proposed that this PRC2 recruitment is mediated by interaction of the complex with
other proteins such as JARID2, AEBP2 and PCL1-3 as well as transcriptional factors or IncRNAs
(Zhao, Sun et al. 2008, Di Croce and Helin 2013) (Fig. 9). Interestingly, the methylation mark of

PRC2 acts as a recruiter of PRC1 complex, another member of PrC family that also represses
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gene expression via H2AK118ubl. Apart from PRC1, it has been reported that there is a physi-
cal and functional cooperation between EZH2 and DNA methyltransferases (DNMTs) and his-
tone deacetylases (HDACs). The proposed model is that the activity of HDACs is usually re-
quired for the acetylation of K27 in order to make g-amino group of lysine side chains available
for PRC2 binding. Moreover, EZH2 cooperates with DNMTs in order to enhance the methyla-
tion status and in turn modify the chromatin structure into a more compact form (van der Vlag

and Otte 1999, Tie, Furuyama et al. 2001, Vire, Brenner et al. 2006).
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Fig 9. The structure of PRC2. PRC2 is consisted in mammals by EZH2, the catalytic core of the complex
which contains a SET domain that exhibits the trimethylation of lysine 27 of histone 3 (H2K27me3), EED,
SUZ12 and RbAp48. PCR2 recruitment is mediated by interaction of the complex with other proteins
such as JARID2, AEBP2 AND PCL1-3 as well as transcriptional factors or IncRNAs (Margueron and
Reinberg 2011).
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I1.3.4 PRC2 complex in stem cells and cancer

The role of PRC2 complex in retaining embryonic and tissue specific stem cell pluripotency has
been widely studied for the past decades. Collectively, the plethora of these studies demon-
strate important roles of chromatin repressive complexes in governing cell identity and retain-
ing pluripotent state of ESCs. In particular, it has been revealed that mESCs knockout for PRC2
complex results in impaired function of pluripotent factors and abnormal differentiation
(Pasini, Bracken et al. 2004, Chamberlain, Yee et al. 2008). The proposed explanation for this
finding is that epigenetic modifiers increase the threshold of the signal required for altering
the transcriptional program of the open-formatted chromatin of the mESCs, ensuring that
strong signal will lead mESCs to differentiation (Lam, Steger et al. 2008). Moreover, PRC2 com-
plex is required for the generation of iPSCs from human fibroblasts while PRC2 deficiency
blocks the reprogramming of human B cells (Pereira, Piccolo et al. 2010, Onder, Kara et al.
2012). Regarding tissue stem cells, the significance of PRC2 complex was firstly identified by
defects in neuronal formation of mice knockdown for JARID2, an interacting protein required
for the recruitment of PRC2 in histones (Takeuchi, Yamazaki et al. 1995). Moreover, studies of
PRC2 in hematopoietic system show that EZH2 is required for normal lymphopoiesis and HSC-
self renewal during fetal liver hematopoiesis (Su, Basavaraj et al. 2003). In addition, PRC2 has
been also found to be important for the proper function of epidermal, skeletal and cardiac
stem cells as well as in the differentiation of neural stem cells to astrocytes (Hirabayashi, Suzki
et al. 2009, Laugesen and Helin 2014). According to a suggested model delineating the in-
volvement of PRC2 in lineage-committed cells, the complex regulates the chromatin switch
from an open, aberrantly transcriptional active stage of stem cells to a compact, transcription-
ally limited form that is required for the expression of tissue-specific genes upon differentia-

tion.

Several studies have also been conducted regarding the role of PRC2 in intestinal stem cells. To
date, the findings suggest that blockade of stem cell differentiation occur by PRC2 mediated
H3K27me3 (Benoit, Lepage et al. 2012). Similarly, deficiency of PRC2 in intestinal crypt and co-
lon cancer cells caused increased cell differentiation (Benoit, Lepage et al. 2012). However,
further studies are needed for the identification of the molecular mechanisms by which PRC2

regulates cell fate determination in TA zone cells.

29



PrC gene expression has also been found deregulated in many types of malignancy including
colorectal cancer (Benoit, Lepage et al. 2012). One described mechanism that elaborates the
involvement of repressive complexes in tumorigenesis is that hypermethylation of INK4A-ARF-
INK4B locus due to PrC overexpression, blocks the expression of the stress responders pl14
(ARF), p15 (INK4B) and p16 (INK4A) (Bracken, Kleine-Kohlbrecher et al. 2007). Moreover, the
majority of the types of cancers are characterized by EZH2 hyperactivation. This gain of func-
tion is caused by either EZH2 overexpression or mutation that increases its enzymatic activity.
It has been revealed that MEK-ERK-ELK1 pathway, which frequently activated in cancers, is re-
sponsible for EZH2 overexpression by influencing its promoter (Volkel, Dupret et al. 2015).
Mutations in EZH2 regulators such as mir-25, mir-30d, mir-98, mir-101, mir-137 and mir-214
also deregulate the activation of the methyltransferase (Volkel, Dupret et al. 2015). Moreover,
the gain of function EZH2 mutation Y641 have been reported in the 22% of the diffuse B cell
lymphoma and 7% of large follicular lymphomas (Guo, Ying et al. 2013). It has been suggested
that this EZH2 overexpression promotes silencing of tumor suppressor genes and tumor angio-
genesis and is associated with poor prognosis (Ohm, McGarvey et al. 2007, Lu, Han et al.
2010). In addition, cells overexpressing EZH2 form tumors when injected into mammary fat
pads while overexpession of EZH2 in epithelial cells causes hyperplasia (Li, Gonzalez et al.
2009, Crea, Hurt et al. 2011). Moreover, there is evidence that polycomb repressive complexes
regulate signalling pathways involved in the development of cancer stem cells (CSCs) such as
Hedgehog, Wnt and Notch. CSCs derive from normal stem cells and form very aggressive and
unharmed by therapeutic approaches types of cancer (Fig. 10). For these reasons, specific
EZH2 inhibitors are attracting interest as potential anticancer drugs. Treatment with several
compounds successfully decrease proliferation and increase apoptosis in lymphoma cells and
rhabdoid tumors (Knutson, Wigle et al. 2012, Qi, Chan et al. 2012, Knutson, Warholic et al.
2013)
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Fig 10. The role of Polycomb proteins in the development of cancer stem cells. Proper function of Poly-
comb complexes is essential for the self renewal and differentiation of adult stem cells. Misregulation of
their levels can result in the generation of cancer stem cells (Richly, Aloia et al. 2011).

I1.4 The aim of the study

The study of adult stem cell biology started almost four decades ago. The unique anatomy of
the intestinal crypt epithelium makes it one of the most accessible models for the investigation
of tissue stem cells dynamics. However, the stem cells that fuel the gut self-renewal process
have only been recently identified. In 2007, Barker et. al. identified Lgr5 as putative marker of
stem cells and provided evidence that these are the cells-of-origin of colorectal cancer. How-
ever, due to the complexity of the mammalian gut, little is still known about the roles of crypt
stem cells in intestinal homeostasis and of epigenetic regulation of intestinal stem cells under

normal and pathogenic conditions.

Moreover, chronic intestinal inflammation represents a major pathological basis for intestinal
tumour formation and the onset of colitis-associated cancer, a type of colorectal cancer char-
acterized by high mortality. Evidence accumulated during the past few years has indicated that
epigenetic changes are strongly involved in cancer development and several genes have been
found to be hypermethylated in CAC. One study suggested that polycomb group proteins
might direct an aberrant inflammatory DNA methylation and histone signature that is largely

maintained during tumorgenesis. In addition, previous work from our laboratory has indicated
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that e(z), the catalytic core of PRC2 in Drosophila is a potential regulator of intestinal stem

cells.

Drosophila is characterized by flat intestinal architecture, simple cellular organization with es-
tablished markers for all the intestinal cell types and an intestinal system regulation high
equivalent to that of mammals. Drosophila is thus a very convenient model for the study of
epigenetic regulation of stem cell homeostasis. Moreover, Drosophila has been recently estab-
lished as an organism for large-scale drug screening of stem cell tumors due to the ability to

study stem cells in the context of their natural microenvironment.

On these premises, this study aims to decipher the role of e(z) in stem cell-mediated homeo-
stasis of the gut in Drosophila and response to intestinal damage. The experimental approach
will focus particularly on the investigation of the effect of e(z) on ISC proliferation, regenera-
tive capacity and differentiation and the identification of specific e(z) target genes associated

with ISCs dynamics.
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II1. Materials and methods

I11.1 Drosophila stocks and crosses

In this study, the following fly strains were used: esg-GAL4 (w;esgGal4UASGFPGaL80" I1), UAS-
w1118:GFP (TransID w1118), UAS-e(z)RNAi 1(TransID 27645), UAS-e(z)RNAi 2(TransID 27646),
that were  obtained by  Vienna Drosophila Research and MARCM2A
(FTG/FM7;tubGal80FRT2A/TM6EB), e(z)”**(w;e(z)**FRT2A/TM6C,Sb, Tb) and 13:54
(yw,hsFLP,tubGal4, UAS-GFP) that were kind gifts from Christos Delidakis lab. All the stocks
were remaining in 18 °C to decelerate aging and to restrict GAL4 activity. In order the binary
GAL4/UAS expression system to be used, virgin female esg-GAL4 flies were collected and
crossed with males, UAS-w1118:GFP (F1 esg-w1118), UAS-e(z):RNAil (F1 esg-e(z):RNAi 1) and
UAS-e(z)RNAi 2 (F1 esg-e(z):RNAi 2). The crosses set up and cultured in 18 °C. F1 adult flies
were then shifted to 29 °C to induce the transgene expression. esg-e(z)RNAi lines were used to
drive GFP expression and RNAi mediated knockdown of e(z) specifically in ISCs and EBs, where
esg driver is only activated, in the presence of a temperature-sensitive Gal4 repressor, tub-
GAL8. Adult esg-GAL4 flies grown at the permissive temperature do not express GFP or RNAI in
ISCs and EBs. Once shifted to the non-permissive temperature, RNAI is induced in these types
of cells. UAS-w1118:GFP flies were used as controls and do not express the RNAI. All the flies
were maintained on cornmeal-yeast-molasse-agar media (Table 1). Since the F1 was appeared,

the flies were shifted in new bottles avoiding overpopulation.

For the MARCM analysis MARCM2A virgin females were crossed with 13:54 (F1 FRT2A) and
e(z)”! males (F1 e(z)”*'FRT2A. F1 flies were heat-shocked at 37°C for 45 min 7 and 12 days af-

ter eclosion. Midguts of heat-shocked flies were dissected and prepared for confocal micros-

copy.
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Tablel. The ingredients of Drosophila regular food

H,0 50L

Agar 360g

Corn 3600g

Malt 3600g

Molasse 1200ml

Soya 440g

Yeast 32g

Acidic mix (propionic acid and orthophos- | 280ml (500mI+32ml)
phoric acid)

I11.2 Viability /Survival tests

For viability tests, we consistently used 20-30 young flies per viral. For phenotype induction,
flies were kept for 4-7days in 29 OC. After RNAI induction, mixed sex adult flies aged 2-5 days
were selected and cultured in an empty viral containing a piece of 2.5cm x 3.75cm chromatog-
raphy paper (Whatman). 500ul of 5% sucrose (Fluka Analytical) solution in water was used to
wet the paper with a syringe as feeding medium. The chemical that used in the feeding me-
dium for induction of colitis phenotype was 3% of fresh Dextran sulphate sodium (Chembiotin
CAS 9011-18-1) solution in 5% sucrose solution. Every day the dead flies of each viral where
measured and the papers were doused with fresh sucrose or DSS solutions until the death of
all the flies. The analysis of the survival curves was performed with the Graphpad Prism using

the Log-rank (Mantel-Cox) and Gehan-Breslow-Wilcoxon test.

II1.3 Immunostaining and Fluorescence Microscopy

For gut dissection, female flies were used routinely because of their bigger sizes but male flies
were also used to check the phenotypes. The entire gastrointestinal track was pulled the pos-
terior end in 1x PBS (Sigma-Aldrich cat.no P-3813) using pinches under stereoscope. The intes-
tines were directly placed into fixation medium contained 4% Formaldehyde solution in 1x PBS

(Polysciences). Guts were fixed in this medium for 30 min and then rinsed three times with 1 x
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PBS. Blocking and permeabilization of the guts were then performed by incubating in PBT me-
dium containing 1x PBS, 0,2% Triton X-100 (Merck4Biosciences Art11869), 0,5% BSA (Sigma-
Aldrich A4503) for at least 20 min in room temperature without shaking. The following primary
antibodies were used: anti-phospho-histone (PH3) (rabbit 1:1500 dilution) (Millipore 06-570),
anti-Delta (monoclonal mouse 1:50 solution) (gift from C. Delidakis), anti-pdm1 (monoclonal
mouse 1:5 solution) (gift from M. Monastirioti), anti-prospero (monoclonal mouse 1: 50 solu-
tion) (DSHB), anti-armadillo 1: 50 (DSHB) diluted in PBT. The incubation with the primary anti-
bodies was performed by retaining the guts in 4 °C overnight. After incubation the guts were
washed three times for 5-10min each with PT solution containing 1x PBS and 0,2% Triton X-100
to remove the excess antibody. Secondary antibodies were used in 1:2000 dilution in PT solu-
tion, anti-rabbit IgG (Cell Signaling Technology 7074S) conjugated to Alexa Flyor dye 555 and
anti-mouse Alexa Flyor dye 555 (Invitrogen A21424), and incubated with the guts for 2 hours in
room temperature in the dark. Guts were then again washed three times 5-10min each with
PT and placed carefully in slides covered by mounting medium with DAPI (Vectashield H-1200).
In some cases, before this step guts were incubated for 5 min in TO-PRO solution (dilution
1:1500) (Thermofisher, T3605) (gift from D. Karagogeos). The slides were stabilized with nail
polish and observed in Nikon Spinning Disk confocal microscope where the images were also

taken. The slide can be maintained in 4 °C for about 6 months.

I11.4 Apoptosis staining

We used the ApopTag Red in situ apoptosis detection kit (EMD Millipore S7165) to detect the
occurrence of cell death in female guts. We used flies that had been maintained at least 2 days
in 29 °C for the transgene induction and fed 2 days with sucrose solution in order their guts to
be empty of food. The dissections were performed in 1x PBS and the intestines were fixed in 1
x PBS and 4% Formaldehyde solution for 30 min. After fixation, they were rinsed three times
with 1x PBS and washed with PT containing PBS; 10 mM NaH,P0O,/NaHPQ,, 175 mM NaCl, pH
7.4, and 0.1% Triton X-100) for 30 min at room temperature. Intestines were washed twice for
5 min at room temperature in equilibration buffer and then incubated for 1h at 37 °C in 110pl
of TdT solution, according to the manufacturer’s recommendations (77ul Reaction Buffer; 33l
TdT enzyme). Reactions were stopped by washing 10 min in stop/wash solution in water (1:35

dilution), and intestines were rinsed with PBT and incubated in warmed working strength Anti-
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digoxigenin Conjugate (rhodamine) solution (45ul Blocking solution; 41l Anti-Digoxigenin) for
30min at room temperature in the dark. Then the intestines were washed four times with PBS
2 min each and placed carefully in slides covered by mounting medium with DAPI. The slides

were viewed in fluorescence microscope using rhodamine excitation and emission filter.

II1.5 RNA extraction

For the RNAI extraction the Arcturus Picopure RNA isolation kit (Applied Biosystems 12204-01)
was used in combination with the protocol established by Dutta et al. (Dutta, Xiang et al.
2013). 60-100 midguts of flies about 7 days in 29 °C for knockdown induction were dissected in
1x PBS- DEPC 0,1% v/v for avoiding of contamination and resuspended in 100 ul elastase
(Sigma E0258) solution of dissociation Buffer (Sigma C5914) (1:4 dilution). Incubation was fol-
lowed for 1h in 27 °C until the total dissolution of the tissue into cells. The cells were then cen-
trifuged at 0.8xg for 20min and the pellet was resuspended in 500ul 1x PBS-DEPC 0,1% v/v. The
GFP+ cells were then isolated with Fluorescence-activated cell sorting assay (FACS) immedi-
ately 500ul of extraction buffer and incubated in 42 °C for 1h. Centrifuge was followed at
3000xg for 4 min in 4 °C and the supernatant was added in new tube with equal volume of 70%
ethanol. Precondition of the column was performed by adding 250ul Conditioning buffer onto
the column and incubation for 5 min in RT and centrifuge at 16000xg for 1 min. The mix of the
RNA/Ethanol was added in the preconditioned column and centrifuged at 100xg for 2 min and
directly after at 16000xg for 30 sec. Then 100ul Wash buffer 1 was added in the column and
centrifuge at 8000xg for 1 min took place and 100ul Wash buffer 2 following by the same cen-
trifuge. Another 100ul of Wash buffer 2 were added in the column and 2 centrifuges at
16000xg for 2min were followed. After that the column was placed in a new tube provided by
the kit, 12 pl of Elution buffer were added and incubated for 1min in RT and centrifuged at
16000xg for 1min. The isolated RNA was measured in Nanodrop Spectrophotometer and

stored at -80 °C.
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I11.6 cDNA synthesis and Real Time PCR

A High-Capacity cDNA Reverse Transcription kit was used to synthesize cDNA from 120ng RNA,
according to the manufacturer’s protocol (Table 2 and 3) using the High-Capacity cDNA Ar-

chive kit (Applied Biosystems Invitrogen 4374967).

Table 2.Volume of components needed for the cDNA archive protocol

Component Volume (ul)/
Reaction

10x RT buffer 2

25x dNTP Mix (100mM) 0.8

10x RT Random primers 2

Reverse Transcriptase 1

Nuclease free H,0 4.2

RNA (120ng) 10

Total Volume 20

Table 3.Program the thermal cycler conditions

Step 1 2 3

Temperature | 25 °C |37 °C |85 °C

Time 10 min | 120min | 5min

Applied Biosystems TagMan Universal PCR Mastermix and TagMan gene expression probes for
Drosophila e(z) (Dm01822553 gl), Delta (Dm02134951_m1) and RPII140 (Dm02134593 g1) as
endogenous control (VIC-labeled) were obtained from Applied Biosystems and used on an Ap-
plied Biosystems ViiA Real-Time PCR Instrument. All assays were run in duplicates on an Ap-
plied Biosystems ViiA Real-Time PCR system, according to the manufacturer’s instructions (Ta-
ble 4), and the mean value was used for the analysis. mRNA levels were expressed as relative
quantification (RQ) values, which were calculated as RQ =244 \where ACt is (Ct [gene of in-

terest] - Ct [housekeeping gene]).
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Table 4. Volume of components for the Real Time PCR protocol

Component Volume (ul)/ Reaction
Tagman Mix 7.5

Primers 0.75

Water 4.25

cDNA (120ng) 2.5
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IV. Results

IV.1 Confirmation of the e(z) knockdown

Intestines were dissected from esg-w1118 and esg-e(z):RNAi line 1 flies incubated at 29 °C for
transgene expression. Then intestinal GFP+ cells were isolated by FACS and RNA extraction and
Real Time PCR were performed for confirmation of e(z) knockdown (Fig 11). Efficient knock-
down was verified in two RNAI lines, esg-e(z)-RNAi line 1 and esg-e(z)-RNAi line 2, which
showed approximately 60% and 80% down-regulation of e(z) expression in their ISCs and EBs,

respectively. Most of the following experiments were performed with the esg-e(z)-RNAi 1 line.

1.5

1.0

0.5

e(z) expression

Fig 11. Verification of e(z) knockdown from FACS-isolated ISCs and EBS

39



IV.2 The impact of e(z) knockdown on fly survival

Esg-w1118 and esg-e(z):RNAi 1 were maintained at 29 °C for RNAi induction, and tested for
survival under sucrose and DSS feeding. The survival curves showed that e(z) knockdown re-
duces the median survival of the flies approximately 30% and 25% under sucrose feeding (Fig
12) and sucrose in the presence of DSS (Fig 13), respectively. Moreover, both control (w1118)
and flies deficient for e(z) in their ISCs and EBs revealed reduced survival upon DSS treatment,

implying that DSS-mediated intestinal damage was successfully induced.
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Fig 12. E(z) knockdown reduces fly viability under sucrose feeding
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Fig 13. E(z) knockdown reduced fly survival under DSS-induced stress conditions
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IV.3 e(z) knockdown reduces ISCs proliferation

Esg-w1118 and esg-e(z):RNAi 1, were maintained at 29 °C for RNAi induction and fed either
with sucrose or sucrose and DSS. Guts were dissected and stained with anti-Phospho-histone 3
(PH3). PH3 is widely used as a marker of mitosis since it stains the condensed chromatin just
before chromosomal segregation. In Drosophila intestine, ISCs are the only type of cells capa-

ble of division. Therefore, PH3 reacts only with dividing ISCs.

The staining and the quantification of PH3" cells showed that e(z) knockdown reduced the
number of dividing ISCs both in sucrose and DSS fed flies (Fig 15). Moreover, while DSS causes
dramatical increase in the number of GFP* and PH3" cells in control flies, these were markedly

reduced in DSS fed e(z) knockdown flies (Fig 14).

] —— -
esg-w1118
7
esg-wi1118
esg-e(z):RNAI .-.
esg-e(z):RNAI --.

Fig 14. Immunofluorescence staining using antibody against phospho-H3 is shown (red), in flies fed with
sucrose or DSS. DSS increases the number of PH3-positive cells in control but not in e(z)-RNAi lines. ISCs
and EBs are simultaneously marked with GFP, red staining is anti-PH3 and blue staining is TO-PRO for
DNA.
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Fig 15. The average number of PH3-positive cells per gut in control and the two e(z)-RNAi lines is shown.
Error bars represent standard deviation.

IV.4 e(z) knockdown does not induce ISCs apoptosis

In order to test whether the reduced number of dividing ISCs in e(z) knockdown flies is associ-
ated with increased ISCs apoptosis, midguts dissected from control and e(z) RNAi flies were
analysed for apoptosis using a TUNEL labelling assay (ApopTag). The staining revealed that only
a small number of GFP" cells were also stained with ApopTag (1-2 cells per gut) in e(z) knock-
down flies, a finding similar with the results of ApopTag staining in control flies (Fig 16). Quan-
tification of the double GFP/ApopTag-positive cells in control and e(z) RNAI flies showed no
significant difference, demonstrating that the reduction of PH3-positive cells was not due to

apoptosis (Fig 17).

esg-e(z)-RNAI

Fig 16. ApoTag staining of e(z) RNAi midguts. Only 1-2 cells per gut were GFP/ApoTag positive both in
control and e(z) RNAI lines. ISCs and EBs are simultaneously marked with GFP, red staining is ApopTAg
and blue staining is DAPI for DNA.
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Fig 17. Average number of apoptotic GFP-positive cells per posterior midgut is presented in the graph.
E(z) knockdown does not increase significantly apoptotic ISC death in sucrose fed flies. Black error bars
represent standard deviation.

IV.5 Expression of mutated, catalytically inactive e(z) results in
impaired ISCs driven intestinal regeneration

In order to further our knowledge of the functional outcome of e(z) in Drosophila intestine,
MARCM clonal analysis system was utilized. MARCM allows the generation of e(z) homozygous
mutated cells that are also labelled with GFP in an otherwise wild type for e(z), non-GFP la-
belled fly. Importantly, all the labelled cells are descendants of a common progenitor cell (ISC

or EB) that was also e(z) mutated.

Intestines were dissected from control MARCM (FRT2A) and e(z) mutated MARCM (e(z)”*
FRT2A) flies, 7 and 12 days after clonal induction. By monitoring these time points, the regen-
eration capacity of the e(z) mutated clones could be tested. We observed that the multiple cell
clones formed in control flies, were totally absent from e(z) mutated flies where 90% of the
clones comprised of single cells and the remaining 10% contained less than 5 cells. Moreover,
high regeneration defects were observed in e(z) mutated clones whereas in control flies the
clones were expanded through 7 to 12 days of regeneration (Fig 18, Fig 19). Clones were con-
sidered groups of cells in contact to each other, as determined by staining with armadillo, a

marker of cell membrane (Fig 20).
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E(z)* FRT2A

Fig 18 Each cluster of GFP-positive represents one lineage originated from one parental ISC after
MARCM. The multiple cell clones of control (FRT2A) flies are almost absent from e(z) mutated
(e(z)*'FRT2A).
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Fig 19. Quantification of the percentage of the number of cells per clone in control and e(z) mutated
MARCM flies in 7 days and 12 after clonal induction. White error bars represent standard errors.
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Fig 20. Immunofluorescence staining using antibody against armadillo is shown (red). FRT2A: control
MARCM flies, e(z)”** FRT2A: e(z) mutated MARCM flies.

IV.6 Mutated e(z) affects delta-positive cells

To determine the identity of the cells in e(z) mutated clones, intestines were dissected from
control MARCM (FRT2A) and e(z) mutated MARCM (e(z)”*! FRT2A) flies and stained for delta, a
marker of ISCs. Interestingly, although most of the clones in control flies had delta-positive
cells as expected, those 90% of the e(z) mutated single cells were delta negative. The percent-

age only slightly changed in e(z) mutated multiple cells clones (Fig 21, Fig 22).

©

E(2)731FRT2A

Fig 21. Immunofluorescence staining using antibody against Delta. Control clones contain delta-positive
cells (Left). Most of the single-cell e(z) mutated clones were negative for delta staining although delta
positive cells were observed in the adjacent tissue area (Right) (arrow).
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Fig 22. Quantification of the percentage of delta-positive cells in single-cell and multiple-cells clone ob-
served in control MARCM and e(z) mutated MARCM flies.

IV.7 Mutated e(z) does not promote ISC/EBs differentiation into
EE or inhibits differentiation into EC

The finding that deficient e(z) affects the clonogenic capacity of ISCs prompted us to address
whether it also interferes with the differentiation process. For this reason, intestines were dis-
sected from control MARCM (FRT2A) and mutated e(z)-expressing MARCM (e(z)”*! FRT2A) flies
and stained with prospero and pdm1, markers of enteroendocrine and mature enterocytes,
respectively. Regarding EE, the staining showed that all the e(z) mutated clones were pros-
pero-negative while prospero-positive cells were observed in the adjacent tissue area and in
some of the control clones (Fig 23). However, since the clones of e(z) mutated MARCM flies
contain few cells and the differentiation into EE is normally infrequent (10%), a clear conclu-
sion cannot be reached. The clear finding is that e(z) mutation does not promote EB differen-

tiation into EE.

Immunostaining with anti-pdm1 revealed that most of the cells in the control MARCM were
pdm1-positive whereas in e(z) mutated clones 50% of the cells were pdm1-positive. This ob-
servation suggests that most of the cells in mutated e(z) clones are not mature enterocytes in

contrast to wild-type flies (Fig 24).
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E(z)2*FRT2A

Fig 23. Immunofluorescence staining using antibody against prospero (red). Control clones contain
prospero-positive cells (Left) (arrowhead). Most of the single-cell e(z) mutated clones were negative for
prospero staining although prospero positive cells were observed in the adjacent tissue area (Right) (ar-
row).
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e(z)”*'FRT2A

Fig 24. Immunofluorescence staining using antibody against pdm1 (red). Control clones contain mostly
pdm1-positive cells while most of the half of single-cell e(z) mutated clones were positive for pdm1
staining (arrow).
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Fig 24. Quantification of the percentage of pdm1-positive and negative MARCM cells in control and e(z)
mutated flies. Black error bar represents standard error.
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V. Discussion

The aim of this study was the investigation of the impact of the epigenetic modifier e(z) on the
intestinal tissue homeostasis and stem cell function, under normal conditions and upon DSS-

induced tissue damage.

Drosophila melanogaster is widely used as experimental model for the study of the intestinal
system as the pathways that regulate intestinal function, regeneration and stress response are
highly equivalent to those of mammals (EGFR, JNK, JAK-STAT, Hippo). Moreover, the variety of
experimental tools that have been developed in Drosophila converts this fruit fly into a power-
ful model for the investigation of principles that govern the intestinal system. Dextran Sodium
Sulfate (DSS ) is used as an intestinal stress factor that causes inflammation and abnormal re-
generation in the intestine, resulting in epithelial cell apoptosis and extensive stem cell-
mediated replenishment of the lost cells. For this reason, this model resembles colitis-
associated intestinal disorder, a hallmark of colorectal cancer, and is ideal for the identification
of the crosstalk between the environmental conditions and the epigenetics in the context of

chronic inflammation and cancer.

First, the survival assays that were conducted under normal conditions (sucrose feeding) and
upon tissue damage (DSS feeding) revealed that e(z) silencing in ISCs and EBs, reduces the fly
median survival in both conditions, indicating a detrimental role of e(z) in the physiology and
function of the intestine. This finding is supported by the additional evaluation of the numbers
of ISCs and EBs and analysis of the ISC mitosis. Under normal conditions, we observed that e(z)
deficiency reduces the number of ISCs or/and EBs and the rates of ISC division, as detected by
pH3 staining. These observations are most likely interconnected as reduced ISC mitosis could
result in lower generation of ISCs and EBs. Moreover, these findings are in line with previous
studies where is has been proposed that PrC complexes are implicated in cell proliferation and
maintenance of stem cell identity (Martinez and Cavalli 2006, Sparmann and van Lohuizen
2006). Since the observed numbers of the dividing ISCs were not reduced due to extensive
apoptosis under e(z) silencing, e(z) may targets signalling pathways associated with cell cycle
and, as a result, absence of functional e(z) may cause ISC cell cycle arrest. This hypothesis is
consistent with previous findings that PCR2 controls cell cycle genes (lovino, Ciabrelli et al.
2013). Moreover, lovino et al. elegantly demonstrated that Drosophila ovarian cells in which

e(z) has been knocked-down undergo ectopic S phases and endoreplication, as detected by
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EdU incorporation, in the absence of mitotic markers (lovino, Ciabrelli et al. 2013). Therefore,
EdU analysis should be performed in order to investigate whether the same applies for e(z)-

knocked down ISCs.

Regarding the functional outcome of e(z) in ISCs, using MARCM clonal analysis we found that
the expression of a catalytically inactive e(z) mutant dramatically reduces the number of cells
in ISCs-derived clones and these clones were also characterized by impaired expansion through
time. This finding indicates that e(z) deficiency affects intestinal regeneration driven by ISCs.
Moreover, only 10% of the mutated clones contained stem cells, as detected by delta staining,
revealing that e(z) may target genes that regulate the maintenance of stemmness. With re-
spect to EB differentiation, we observed a reduction in enterocytes derived from e(z) mutated
EBs in contrast to normal EBs but no obvious change was indicated for enteroendocrine cells.
We hypothesize that e(z) deficiency specifically affects a pathway that leads to EB differentia-

tion into ECs. Clearly, more analysis is needed to confirm (or exclude) this hypothesis.

Nevertheless, delta” and pdm1® cells were still present in some of the mutated clones. This
may be the result of the e(z) mutant being partly functional or because some functional e(z)
was inherited from the first normal dividing ISC to the first daughter cells and co-existed with
the mutant e(z), fading its effects. In all cases more analysis of EBs is required in order to be
investigated whether e(z) deficiency affects their identity, impairs their differentiation or re-
duces their numbers. Moreover, analysis of EBs under conditions of absence of functional e(z)

will define which type of division, asymmetric or symmetric, is mostly affected by e(z).

Regarding intestinal inflammation, we observed that DSS administration reduces the median
survival and, results in increased GFP-positive cells (ISCs and EBs) in wild type flies. This finding
is consistent with previous published studies of Amcheslavsky et. al. who proposed that the
intestinal inflammation leads to accumulation of enteroblasts (Amcheslavsky, Jiang et al.
2009). Moreover, in our study, this observation was correlated with an increase in the number
of the dividing ISCs. These findings could be explained by the fact that DSS-caused epithelial
damage stimulates an extensive division of ISCs in order for the lost cells to be replenished.
This hypothesis is also supported by similar findings in mice, where upon damage of the intes-
tinal epithelium, the surviving crypt stem cells divide to increase their number and subse-
quently restore sufficient numbers of crypts by crypt fission, to maintain epithelial homeosta-

sis (Potten 1990).
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In contrast to WT flies, the DSS-fed flies that expressed e(z)-RNAi in ISCs and EBs, showed dra-
matic reduction in ISC proliferation and absence of EBs/ISCs accumulation. This could be also
the reason of the dramatic reduction in the survival of the flies which lived less than 6 days.
These findings indicate a crucial role of e(z) in intestinal regeneration capacity and response to
inflammatory factors. Previous studies have also proposed that EZH2, the mammalian homo-
logue of e(z) is overexpressed in pancreatic stem cells and that it has a synergistic role with
Myc oncogene, accelerating lymphomas formation (Berg, Thoene et al. 2014, Pethe,
Nagvenkar et al. 2014). These findings are in line with our hypothesis that e(z) has a crucial role
in tumorigenesis and therefore its deficiency may causes an anti-tumorigenic effect upon DSS

treatment, characterized by low levels of cell proliferation and precursor cell generation.

Our ongoing studies aim to further investigate the role of e(z) in ISCs-driven intestinal homeo-
stasis. In particular, we plan to identify putative targets of e(z) associated with ISCs and in-
volved in developmental and differentiation pathways, dissecting the molecular mechanisms
by which e(z) controls cell fate determination. Moreover, it is essential to be tested whether
the observed reduction in ISCs division of e(z)-KD flies occurs due to precocious differentiation
or cell cycle arrest. In the context of tissue repair, a combination of available genetic and im-
munofluorescence tools in DSS fed flies will allow us to investigate the role of e(z) in ISCs func-
tion upon tissue damage. Finally, it would be interesting to examine whether feeding flies with
EZH2 inhibitors recapitulate our MARCM results and whether these inhibitors can rescue a tu-
morgenic phenotype in flies, paving the way for the establishment of Drosophila as an in vivo

screening platform for evaluation of agents targeting the epigenetic machinery.
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