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applications of PARPSs inhibitors:
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phosphorylation in gliomaconditioned brain
mi crovascul ar endot




Section I: Background

Background
1. PARPs Family

ADP-ribosyltransferases (ARTs) comprise a family of structurally conserved enzymes
that catalytically cleave NAD+ and transfer the ADBose moiety to acceptor
residues of target proteins (Steffen J.D. et al., 2013). Originally PARRs the only

known enzyme with poly(ADPribosylation) activity, however, studies over the past
decade have identiyed a family of as ma

catalytic domain of PARR (Ame, J.C. et al., 2004) (Figure 1).

Gene Alternative Enzymatic
name  name(s)  activity'

[ (T T T PARP1  ARTD! Poly-

DNA-
dependent

1014

- a- ) PARP2  ARTD2 Poly-
- a0 PARP3  ARTD3 Mono-
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CCOCTmme  PARPIS EIET Mono-
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Figure 1. Schematic domain structures of human PARP proteindNumbers to the bottom right of

the protein schematic indicate the total length, in amino acids, of each protein. BRCT: BRCA1 C
terminus domain; VIT: vault interypsin domain; VWA: von Willebranéactor type A; MVP-BD:

major vault protein binding domain. PARPs are categorized as eitheAp&tyibosyltransferases
(Poly), moneADP-ribosyltransferases (Mor)or inactive based on presence of conserved motifs and,
when available, data using enzymatic ass®ARRP9 and PARPL3 lack one or more catalytic residues
conserved in all other PARPs and are therefore predicted to lack catalytic activity, although it is
unknown whether they still bind ADRbose or ADPribosylated proteins(Daugherty M.D. et al.,
PLOS Genetic2014).
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Currently, only the first six members of this family (ARTI$) are regarded as having
poly(ADP-ribosyl)ation activity: PARPL, PARR2, PARR 3, PARR4 (VPARP),
PARR5a (TNKS1), and PAREDb (TNKS2) (Figure 2). The remaining ART$177,
although originally considered PARPs (PARR<L6) (Steffen J.D. et al., 2013), are
only capable of producing mosDP-ribose modifications and are referred to as
mono ARTs (MARTS). ARTs 9 (PARP; BAL-1) and 13 (PARR3) have yet to

confirm any sort of caifytic activity like PARPs or MARTS.

HD. ART

s —H2

PARP-1 {ZniKznz M Zn3 HBRETH{WGR @ || coom
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.

PARP-6
(ARTS, TNKS2)

Figure 2. Domains of human PARPsSequence and structural representation of six PARPs
PARP has a catalytic domain, containing an Afiifdsyl transferase domain (ART) and conse
catalytic glutamic acid residue. In addition, PARPg tontain a helical domain (HD) that serve
allosteric regulation. PARPsI 3 contain a WGR domain, which is important in DMdApender
catalytic activation. The BRCT domain (Breast Cancer Susceptibility Prbfeldterminus i
commonly found in DNArepair and checpoint proteins: it resides in thetamodification domain «
PARR1 and is also present in PARP Zincfingers Znl and Zn2 of PARP are important in bindir
DNA, while the third zindfinger (Zn3) is important in DNAlependent catalytic activation. Ot
domains and sequences represemntetlide: centrioldocalization signal (CLS), vault protein int
alphatrypsin (VIT), vonWillebrand type A (VWA), major vault particle interaction domain (M2,
His-Pro-Ser region (HPS), ankyrin repeat clusters (ARCs), sterile alpha motif (SAM), atehi
localization signal (NLS)Steffen J.D. et al., Frontiers in Oncola2@13.
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2. MAR - or PAR-generating PARPs

Multiple characteristics of the PARP catalytic domain are important in determining

whether a PARP generates PAR or MAR modifications. Theaeacteristics include

the specific amino acid residues that bind to NAD+ and catalyse the transfer reaction,

as well as structural elements that define the substrate and acceptor binding pockets

(Figure 3; Table 1).

PARP

PARP1

PARP2

PARF3
PARP4

PARPSA

FARP3B

PARP&

PARP7

PARP8
PARFQ

PARP10

PARP11
PARP12

PARP13

PARP14

PARP15

PARP16

Alternative
names

PARP and ARTD1

ARTD2

ARTD3
VFARP and
ARTD4

TNKS51and
ARTDS

TNK52 and
ARTD6

ARTD17

TIPARF and
ARTD14

ARTD16
BAL1and ARTDO

ARTD10

ARTD11
ARTD12

ZAF.ZC3HAV1
and ARTD13

BAL2 and ARTDS

BAL3 and ARTD7

ARTD15

Table 1| Enzymatic activity and cancer-relevant functions of PARP:

Predicted ADP-ribose-

Demonstrated

activity* activity
PAR™ PAR
PARM® FAR
MAR*# PAR
MAR® PAR
PAR® PAR
PARY® FAR

ND MAR*
MAR# MAR
ND MAR*
No Inactive’
automodification

activity'"!

MAR' MAR
ND MAR?
MAR?? MAR
No Inactive’
automodification

activi

MAR? MAR
MAR™ MAR
MAR*® MAR

binding domains

ND

ND

ND
ND

ND

ND

ND

WWE domain

ND

Two macro
domains

ND

WWE domain
WWE domain

WWE domain

Three macro
domains and a
WWE domain

Macro domain

ND

Cancer-related functions

DNArepair', ERK and NF-xB
signalling'™ and heat shock
response™

DNA repair'?®

DNA repair'®?
ND

Telomere maintenance'™,
WNT signalling*, proteasome
rngdation”', stress granule
assambly' and cell division'?

Telomare maintenance'®® and
WNT signalling™*

Negative regulator of
proliferation® and potential
tumour-suppressive functions

ND

ND

Callmigration®

Inhibits MYC* and
NF-kB*signalling and is
pro-apoptotic®

ND

Stress granule assembly*’

Stress granule assembly"’ and
miRNA-RISC regulation'™*

B cell survival™, cell
igration®! and stress granul
aszembly*’

Stress granule assembly*’

UPR*

Cancers to target

These that are homologous
recombination-deficient and
those with increased ERK
and NF-kBzignalling

Those that are homologous
recombination-deficient

ND
ND

Solid tumours with increased
WNTsignalling that are
telomerase-dependent and
stress granule-positive
Those with increased WNT
signalling and that are
telomerase-dependent

Unknown

ND

ND

Matastatic cancers

Might have potential
tumour-suppressive
functions; therefore,
increasing its expression in
tumours might be useful
ND

Solid tumours that are stress
granule-positive
Solid tumours that are stress
granule-positive

Haematopoietic
malignancies and metastatic
cancers

Solid tumours that are stress
granule-positive

UPR-dependent tumours

Table 1.ARTD, ADP-ribosyltransferaseARTD, ADHbosyltransferase diphthertaxin-like; BAL, B

aggressive lymphoma; MAR, mono(ABose); miRNA, microRNA; ND, not determined; NFB ,

nuclear facta®d B ;

PAR,

-riposd); YARPDHAR polymerase; RISC, RiNAluced silening
complex; TNKS, tankyrase; UPR, unfolded protein response; WWETTH&GIU; ZAP, zinc finger
antiviral protein; ZC3HAV1, zinc finger CCCHpe antiviral protein 1. *Catalytic activity is based on
the ability of PARPs to automodify when incubated wiAD*. (Vyas S. and Chang P.,
PERSPECTIVER014).
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PAR-generating PARPs contain a Higr-Glu (HYE) motif in which histidine and
tyrosine residues are involved in NAD+ binding and coordination, whereas glutamate

Is required for PAR transfer and elongatmmetivity (Marsischky G. T. et al., 1995).

Most PARP family members lack this glutamate and instead contain leucine,
isoleucine or valine and are predicted (and in some cases have been shown) to generate
in vitro, MAR, using autemodification reactions coaining purified PARP and
labelled NAD+ (Table 1). In addition, PAR®(also known as B aggressive lymphoma

1 (BAL1) and PARPL13 (also known as ZC3HAV1) lack the histidine residues and are
predicted to be enzymatically inactive; they do not show-mddification activity

(Kleine H. et al., 2008; Otto H. et al., 2005) (Table 1).

Structural characteristics of the substrate and acceptor binding pockets, which affect
enzymatic activity, include the donor loop-{@bp) that interacts with the substrate
NAD+andi s t hought to function as a o061 idd
(Wahlberg E. et al., 2012) (Figure 3). Additionally, the acceptor pocket is partly lined
by t he | o-sheetstandW, aviiah is beferred to as the acceptor loop (Figure

3).

|E| NAD* analogue [ HYE motif |

Figure 3. Sequence and structural elements of the poly(ADRbose) polymerase (PARP) catalyti
domain. The ribbon structure shows the donor (yellow) and acceptor (orange) loops of PARP1
data bank ID: 3L3M117), which shape the substrate and acceptor binding pockets, respecti
His Tyr Glu (HYE) motif is shown in magenta. A cocrystallized NAdhalogue inhibitor (A92792
is shown in cyan(Vyas S. and Chang P., PERSPECTIVES 2014).
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This loop is implicated in the binding of protein substrate for MARd PAR
generating PARPSs, or incoming ABrose units for PARjenerating PARP@Han S.

and Tainer, J. A., 2002; Ruf A. et al., 1998pth PAR and MAR function as
traditional postiranslational modifications, which can alter the functions of target

proteins.

3. PARPs functions

PARPR1, the founding member of the PARP family, is a molecaérsor of DNA
breaks, playing a key role in the spatial and temporal organization of break repair
through the local synthesis of poly(ABPibose) (PAR) at damaged sitdadeed,
PARP1 is activated by singlend doublestrand breaks, being one enzymeicaitin

the base excision repair (BER) pathwi@antzer, Fet al., 1999) In addition to its
critical involvement in cellular response to DNA damage, poly(AibBsyl)ation has

been ascribed to regulate various biological processes such as transcniyttoio
segregation, chromatin modification, telomere homeostasis, cell proliferation,
transformation, and cell death (Figure(8threiber et al., 2006ln particular PARP

1 and, to a lesser extent, PARRare important in maintaining telomere lengiid
chromosomal stability. PARPR also forms part of the Groucho/TLE1-@&pressor
complex, and has been implicated as a transcriptional regulator of androgen receptor
expression. Other PARPs function in the repair of DSBs and in progression of mitosis
(PARP-3), and some have potential roles in Wnt signalling and telomere maintenance
(PARR5 and PARP6). PARRL1 is also a regulator of NHEJ, a mechanism of DSB
repair.PARP-1 acts on mitochondria and, depending on the extieridative stress,

DNA damageandPARP-1 activation, different cell death pathways may be triggered




Section I: Background

i

DNA repair i Transcriptional
! regulation
Functions in Component of the
BER, DSE repair TLE1/Groucho corepressor
and NHEJ complex involved in Wnt chr

signalling implicated in
transcriptional regulation of
androgen receptor expression

wnt OOQO

wﬁ}@%

g Nucleus

o

Maintenance of telomere
length and
omosomal stability

functions
o O
| | ‘ Cell death

Involved in mitotic-
spindle formation

Chromatin I

modification

Mitosis

Companent of pathways
mediating apoptosis

Caspase-3 activation

f
€D

PARP cleavage

i3

Apoptosis

Figure 4. In addition to the classic activity of

PARP in BER, the PARP family members have diverse

functions in otherbiological processes, including transcriptional regulation, chromatin modification,
mitosis (mitotiespindle formation), and apoptosis, as well asairellular trafficking, and energy
metabolism (not shown). Abbreviations: APC, adenomatous polyposis coli protein; BERxbessen

repair; DSB, doublstrand break; DVL, dishevelled homologue; GSKb
n o md jomingnRARR, poty(@ABRibese) polymerase; TLEL, transdudike

3b; NHEJ,

gl ycogen- synth

enhancer protein 1 (Groucho homolog{&pnnenblick A. et al., Nat Rev Clin OncaD15).

4. PARPs localization

PARP family members are localize

d in various cellular compartments, including

nucleus, cytoplasm, mitochondria, Golgi Apparatus, endoplasmic reticulum and stress

granules, although the function of

many of the PARPs are unknown (Figure 5)

(Krishnakumar R. and Kraus W. L., 2010). The primary nuclear PARPs are-PARP

PARR2 (the closst paralog to PARR), PARR3, and tankyrases 1 and 2 (PABR

and-5b). Others PARPs have been found in the cytoplasm, although not exclusively,

are vPARP (PARP4), PARRG6, PARRY, the Bal proteins Bal-3 (PARR13,-14, -

15), and PARPLO. In additionPARP-9

at the cell periphery. Both proteins

and PARPL14 exhibited enriched localization

were later confirmed tdocalize with actin

filaments, motile elements of the actin cytoskeleton that are enriched at the cell
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periphery. PARPL2 localizes to the Ggi apparatus, while PARR3 is assembled in
to stress granules in the cytoplasm. Finally, PARP16 exhibits reticular membrane

localization, identifying it as an endoplasmic reticulum protein (Vyas S. et al., 2013).

Citosol
PARP-4
R, PARP-10 o
swess s PARP-15 ’LQ
t: 1 &

3 Granule’y
o
Rt

PARP-13 p % A\
PARP-7 PARP-2
PARPS PARP-3 PARP-11 9

P AF PARP-1 Nucleus
PARP-1

Figure 5. PARPs localization. Human PARPs have various cellular localizations. Some of them are
cytoplasmic as PARR, PARR6, PARR10 and PARPL5; others are localized in the Nucleus as PARP

1, PARR7, PARPS8 (nuclear envelope) and PARR. PARP2, PARR3 andTNK-1 and TNK2 are
localized in both cytoplasm and nucleus. PAREBhd PARPL4 cclocalize with actin filaments, while
PARR12 is localized to the Golgi. PARES is assembled in to stress granules in the cytoplasm and
PARRPR 16 exhibited reticular membrane Itization.

The beststudied PARP is the founding member PARPhatcatalyze the formation

of long, branched chains of ABfbose known as pohADP-ribose (PAR)YDaugherty

M.D. et al., 2014; Gibson B.A. and Kraus W.L., 2012; Hassa P.O. and Hottiger M.O.,
2008; Hottiger M.O. et al.,, 2010; Schreiber V. et al., 200BARR-1 and other

poly(ADP-ribosyl) transferases are localized wotly in the nucleus but also the

cytoplasm (Motta et al., 2015) andthe mitochondria.
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In fact, ithas been recentheported that intramitochondrial pe(ADP-ribosylation)
contributes to NAD depletion and celieath induced by oxidag stress in neurons

(Nguewa PA. et al., 2008

5. PARP-1

Poly(ADP-ribose) polymerases (PARPSs) are defined as cell signaling enzymes that
catalyze the transfer of ADRbose units from NAD+ to a number of acceptor proteins.
Poly(ADP-ribose) polymerasé (PARR1), also known as poly(ADRbose)
synthetase and pdADP-ribose) transferase, is the main member of the PARP
enzyme family (Nguewa P.A. et al., 2003). PARIs a highly conserved protein of
~116 kbDal (D6Amour s D. et adand transceifdich) . L
related proteins, it has a modusdructure comprising multiple independently folded
domains. The major functional units of PARRare an aminderminal DNAbinding
domain (DBD), a central automodiycatior
catalytic domain (CD) (Hakme A. et al., 200&h&eiber V. et al., 2006) (Figure 6).

The DBD contains two Cy€ysHissCys zinc yngers (FI/ Znl
mediate binding to DNA, a newly discovered third zinc binding domain (Fll1/Zn3) that
mediates interdomain contacts important for DNépendentenzyme activation
(Langelier M.F. et al., 2008; Langelier M.F. et al., 2010), a nuclear localization signal
(NLS), and a caspascleavage site (Hakme A. et al., 2008; Schreiber V. et al., 2006).

The AMD contains a BRCT (BRCAL1 C terminus) fold, which na¢els proteirprotein
interactions (e.g., with DNA repair enzymes). The CD, which is the most conserved

domain across the PARP family, contains a PARP signature motif, which binds




Section I: Background

NAD+,

acid sequence in the motif (Trp, Gly, Arg) and has an unknown function.

as

we | |
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f

nowhi c h

Together, the structural and functional domains of PAREonfer the activities

required for the broad range of functions of PAR the nucleus.

DNA
Binding
Domain
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Figure 6. Structure of poly(ADP-ribose) polymerasel (PARP-1). A, schematic representation of the
modular organiation of human PARR (hPARRL). B, ribbon representation of chicken's PARP
catalytic fragment (€erminal end, amino acids 662 to 1014), evhwas cocrystallized with the NAD
analog carb&AD. The ribbon diagram shows the interaction of cali#eD (inhibitor substrate analog)
with the NAD+binding site of PARFCF. The observed bound ADP moiety of caNbaD is shown;

it marks the acceptor sitéAdapted from Ruf A, Rolli V, de Murcia G, and Schulz GE (1998) The
mechanism of the elongation and branching reaction of poly({ARi3e) polymerase as derived from
crystal structures and mutagenesis. J Mol Biol27-85.7Copyright © 1998 Academic Prekised with
permission.)C, structure of carBdlAD: the ring oxygen of the nicotinamide ribose is replaced by a
methylene group, which prevents ABiBosyl transfer and hydrolysis of the nicotinamide moiety by
c | e av a g-glycaosidic hoid@Ngulewa P.Aet al., Mol Pharmacol2003).

6. PARP-1 and DNA repair

PARPR1 is activated by singleand doublestrand breaks, being one enzyme critical in

the base excision repair (BER) pathwBwntzer Fet al., 1999) After the induction

of certain types of DNA damage, PARHSs rapidly recruited to the altered DNA and

its catalytic activity increases 1@ 500fold, resulting in the synthesis of protein
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conjugated long branched pADPr cha{=antzer F. et al., 199%aince J.Fet al.,
2008;Hassa P.O. and Hottiger M.O., 2008)

The addition of pADPr interferes with the functions of modified proteins, such as
histones, topoisomerase | and DNA protein kinase (BNK. Notably, however, the

bulk of pADPr is attached to PARP1. Once formed, this polymer could recruit
hundreds of othgoroteins(Gagné J.Pet al., 2008Gottschalk A.J. et al., 200Bome

of these recruited proteins, typified by XRCC1, the scaffolding protein that assembles
and activates the DNA base excision repair (BER) mach{igshamisy S.Fet al.,
2003;MassonM. et al., 1998)bind directly to pADPr, whereas others are indirectly

recruited because they interact with pAEmding proteingfigure 7)

PARP-1 is a key enzyme involved in the repair of single-
strand DNA breaks

) DNA damage PARP
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Figure 7. The biochemical pathway of poly(ADPribosyl)ation. PARP detects and rapidly binds to
DNA strandbreaks and catalyzes poly(ABosyl)ation mainly of itself using NAD+ as substrate.
Upon the formation of long, branched polymers, PARP is released from Dpbk the formation of
long, branched polymers, PARP is released from DNA and the polymersgeelel by the PARG
enzyme, permitting access of the DNA repair machinery to the lesion and its repair.
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At the same time, formation of pADPr diminishes the affinity of PARP1 and histones
for DNA, providing a mechanism for removing PARP1 from damaged DNA and for
the local modulation of chromatin compactipfiminszky G.et al., 2009;Tulin A.

and Spradling A.2003. In vitro studies suggest that removal of PARProvides
access for repair proteins and prgsses further pADPr syntheg¢satoh M.S. and
Lindahl T., 1992) Further polymer growth is also antagonized by two enzymes that
hydrolyse pADPr, poly(ADRibose) glycohydrolase (PARG) and, possibly, the ADP
ribose hydrolase ARH8Veyer-Ficca M.L. et al.,, 20040ka S. et al., 2006)The
concerted action of these enzymes removes pADPr from PARP1, restoring its ability

to recognize DNA strand breaks and ingi@ new round of damage signalling.

7. DNA-independent PARR1 activation

Recent findings point to the involvement of PARRctivation in processes that are
not necessarily related to DNA rep&tohenrnArmon M. et al., 2007)These findings
showed that the @rminal of PARPL containing the conserved catalytic domain of
PARP enzyme§Ame J.C. et al., 2004% involved in the interaction of PARP with
phosphorylated ERR. In cellfree systems, recombinant human PARRvas
adivated and highly autpolyADP-ribosylated by a direct interaction with
phosphorylated ERK2 constructs in the absence of DNA and ATP (one molecule of
PARP-1 per two molecules of phosphorylated ERKphenArmon M. et al., 207).
PARPR1 activated by phosphorylated ERK2 has a higher affinity for its substrate,
NAD?, than the affinity of PARHA activated by nicked DNACoherArmon M. et al.,
2007 MendozaAlvarez H and AlvarezGonzalez R., 1993)

Thus, PARPL activated by phosphgated ERK2 was highly autpolyADP-

ribosylated even at low NAD concentrations (n{@poherArmon M. et al., 2007)
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PolyADP-ribosylated PARPL bound to phosphorylated ERK2 acts as a scaffold
protein, dramatically enhancing ERK2atalyzed phosphorylation dfe transcription
factor EIkCohenArmon M. et al., 2007)

Elk1, one of the ternary complex transcription factors, forms a ternary complex with
the serum response factor (SRF) and the serum response element (SRE) in the
promoter of its target gen¢éBuchwalter G.et al., 2004Herdegen T. and Leah J.D.
1998. Transcription factor Elk1 is a prominent substrate of phosphorylated mitogen
activated protein kinases (MAPK&uchwalter G. et al., 2004Phosphorylation of
transcription factor Elk1 activates the histone acetyl transferase (HAT) activity of
CBP/p300(Buchwalter G. et al., 2004j Q.J. et al., 2003)This results in core histone
acetylation, and transcription of the Elk1 target geffes¢Buchwalter G. etlg 2004;

Li Q.J. et al., 2003)Figure §. ERK induced acetylation of core histones and the
expression of immediate early gendos were both suppressed after treatment with
either PARP inhibitors or PARE- targeted siRNA (CoheArmon M. et al., 2007),
indicating that PARFL activation mediates or significantly enhances transcription
induced by ERK phosphorylate. Thus, in the absence of DNA damage,-PARP
activation by phosphorylated ERK2 might actually mediate proliferation and
differentiation regulated by the ERK phosphorylation cascade. In fact, transcription
factor cFos protein has been implicated in cell proliferation, both in normal and in
transformed celldn view of the stimulatory effect of ERidduced PARPL activation

on cfos expression (Cohesrmon M. et al., 2007), PARR activation in the ERK
signalling pathway is a promising target for gmtoliferation drugs in malignancies

caused by enhanced and uncontrolled activation of the ERK phosphorylation cascade.




Section I: Background

Hormones
Transmitters

Growth factors Depolarization

’ Trk phosphorylation H GPCR stimulation |

I I [ I
| Ras activation | | PLC activation ‘ cAMP ]

AG PKA activation
Ca* release
PKC activation

CAMK Raf
activation
MEK

¢¢

PARP-1 activation

IP

o]
L

The ERK
phosphorylation
cascade

Nucleus

CBP/p300

Acetylation

&0

—me ¥ o P

TRENDS in Pharmacological Sciences

Figure 8. PARP-1 meet phosphorylated ERK2 in the nucleusERK is phosphorylated via diverse

signal transduction mechanisms initiated by phosphorylation of receptor tyrosin kinases (Trk) or
stimulation of Gproteincoupled receptors (GPCR), resulting in PLC activation, Ras activation,
phosphorylation of Ca+2 depéent kinases, PKC and CAMK, and activation of the RABEK-ERK
phosphorylation cascade. Phosphorylated ERK shuttles between the cytoplasm and nucleus. The
interaction of phosphorylated ERK2 with PARRN the nucleus enhances PARRCctivation and auto
pdyADP-ribosylation. PolyADPribosylated PARPL acts as an anchoring protein for phosphorylated
ERK2 in the nucleus. It also acts as a scaffold protein, enhancingcBRKzed phosphorylation of
transcription factor Elk1. This results in an enhanced HAWiacCBP, promoting histone acetylation

and expression of Elk1 target gendos. (CoherArmon M. et al. Mol. Cell. 2007).

8. PARP and Angiogenesis

Angiogenesis, the process of new blood vessel formation, is crucial for the
development and progressionpathophysiological changes associated with a variety

of disorders, including various cancers, tumor metastases, and retinopathies.
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Recently, a number of reports from various laboratories have led to a novel and
unexpected effect of PARP inhibitors, showia relationship between PARP and
angiogenesis, and to the proposition of PARP inhibitors as antiangiogenic agents. So
far at least five PARP inhibitors have been efficiently used in yyoiochou A. et

al., 2008; Rajesh, M. et al., 2006a; Rajesh Malet2006b; Tentori L. et al., 20010

inhibit vascular endothelial growth factor (VEGiRduced proliferation, migration,

and tube formation in human umbilical vein endothelial cells (HUVECSs) and in tumor
modelgMartin-Oliva D. et al., 2006)The PARP inhibitor8-AB and P3J34 have been
shown to do this in HUVECSs in a dedependent mann¢Rajesh, M. et al., 200%a
Moreover, PARP inhibitors prevented the sprouting of rat aortic ring explants in an ex
vivo assay of angiogenegRajesh M. egl., 2006). The PARP inhibitor R34 was

also shown to efficiently inhibit the chicken chorioallantoic membrane model of
angiogenesis when used at low concentrati@ysiochou A. et al., 2008

Further, PARP activity has the ability to modulate the esgiom of genes involved in
angiogenesis, particularly the hypoxia inducible factor (HIF), whose activity is
impaired when tumors are induced either in presend@A&P inhibitorDPQ or in
parpl-knockout mice. HIU has been | argel yessionbyp | veo
promoting a global response to hypoxia, including new vessel formation. There are
results suggesting that the absence of PARRodulates HID accumul at i c
reducing both NGand oxidative stress (Martindzomero R. et al., 2008) (Figuré;9
however, the ultimate molecular link between HIF a n d -1 Ra& ® Bate not been

established clearly and further work will be necessary to unravel this mechanism.
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Figure 9 (A) Tumor progression. Hypoxia stimulates the expansion and remodeling of the existing
vasculature to enhance blood flow to oxyghaprived tissues. This process is accomplished primarily
through the activation of HIF target genes involved in various stieasgiogenesis, sucs vascular
endothelial growth factor (VEGF) and other growth factd3.RARP inhibitors promote a delay in
tumor formation and a dramatic reduction in tumor size. PARP inhibitors have an antiangiogenic
effect, and they might be an interesting targetttie@ treatment of cancediPeraltaLeal A. et al., Free
Radic Biol Med. 2009

9. PARPSs Inhibitors

Most of the PARP inhibitors in development mimic the nicotinamide moiety of NAD
PARP catalyzes the cleavage of NADto ADP and ADPribose and attaches several
molecules of the latter to the target protein in a process called poly(hbDgyl)ation.
Therefore, molecules that mimic NADIock the binding of the NADto the engme,
inhibiting PARP activity.First-generéion inhibitors were developed 30 years ago:
nicotinamide, benzamide, and substituted benzamide, in particatam®benzamide
(3-AB), were shown to be compive inhibitors of PARRPeraltaLeal A. et al., 2009)
(Figure 10. Initial research demonstratehat all the benzamides are more potent

inhibitors than nicotinamides or nicotidami@@urnell M.R. and Whish W.J. 1980)
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However, these classical inhibitors lackgebcificity and potency.
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Figure 10. Inhibitors of PARP. Theclassical inhibitors are nicotinamide, benzamide, and substituted
benzamide, in particular@minobenzamide. Important inhibitors in clinical trials include AB88 and
AG014699(PeraltaLeal A. et al., Free Radic Biol Med. 2009).

They affect cell viabity, glucose metabolism, and DNA synthesis, and in the case of
3-AB used in combination with chemotherapy or radiotherapy, millimolar
concentrations are needed, which have a toxic effidéitam K.M. and Cleaver J. E.
1984). A second generation of very gott PARP inhibitors was developed in the
1990s, producing 170 specific inhibitors. All these inhibitors may be classified as
analogues of benzamide that act in the reaction between PARP and NAD+ and they
are used in the micromolar ran@@anasik M. et al.1992)

A third generation of inhibitors, benzamidazoles, not only had potency but also
allowed the elucidation of the PARP inhibitor structaetivity relationship. These

new agents exhibit increased potency and specificity relative to earlier inhibitors
(Zaremia T. and Curtin N.J., 200.7The development of specific, potent, effective,

and safe PARP inhibitors has become an area of active research and much recent

excitement in the PARP field.
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Aim of investigation

Inhibitors of PARP1(Poly(ADPribose)polymerasel) act by competing with NAD

the enzyme physiological substrate, which play a protective role in many pathological
conditions characterized by PARPoveractivation. It has been shown that PARP
also promotes tumor growth and progressionughoits DNA repair activity. Since
angiogenesis is an essential requirement for these activities, we sought to determine
whether PARP inhibition might affect rat brain microvascular endothelial cells
(GP8.3) migration, stimulated by &fioma conditioned ®dium (CM). Through
woundhealing experiments and MTT analysis, we demonstrated that RARP
inhibitor P334 [N-(6-Oxo-5,6-dihydrophenanthridi2-yl)-N,N-dimethylacetamide]
abolishes the migratory response of GP8.3 cells and reduces their viability-PARP
also acts in a DNA independent way within the ExtracelRlagulateeKinase (ERK)
signaling cascade, which regulates cell proliferation and differentiation. By western
analysis and confocal laser scanning microscopy (LSM), we analysed the effects of
PJ340n PARR1 expression, phospHeRK and phosphdlk-1 activation. The effect

of MEK (mitogenactivatedproteinkinasekinase) inhibitor PD98059 {2-Amino-
3-methoxyphenyhH-1-benzopyram-one) on PARPL expression in unstimulated
and in CMstimulated GP& cells was analyzed by RACR. PARPL expression and
phospheERK activation were significantly reduced by treatment of GP8.3 cells with
PJ34 or PD98059. By LSM, we further demonstrated that PARIAd phosph&RK

are coexpressed and share the same Bulbeelocalization in GP8.3 cells, in the
cytoplasm as well as in nucleoplasm. Based on these data, we propose that PARP
and phosphdRK interact in the cytosol and then translocate to the nucleus, where

they trigger a proliferative response.
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We also propose that PARPinhibition blocks CMinduced endothelial migration by

interfering with ERK signatransduction pathway.
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1. Introduction

PARP1 (E.C. 2.4.2.30) is the most thoroughly studied protein withenethkaryotic

PARP family, which in mammals is comprised of eighteen members identified to date
(Am et al ., 2004; Citarell.i et al ., 2 (
Hottiger et al., 2010). It catalyzes the attachment of AbBse moietiedfrom its
substrate NAD+ to target proteins, modulating their molecular structure and
biochemical activity. The enzyme alters chromatin structure, making damaged sites
more accessible to members of the DNA Repair Apparatus: these are recruited at lesion
sites and undergo ADHbosylation (Hassa et al., 2006; Nguewa et al., 2005).
Accordingly, PARPL1 plays an important role in genome stability and expression, cell
cycle regulation, cell metabolism (Lange et al., 2010). PAR®eractivation, with
consequent ND* depletion, has been related to inflammation and cell death (Gobell
S. Et al., 2001; SpinRurrello et al., 2008). In fact, its inhibition reduces severity of
asthma, colitis, diabetes mellitus, experimental autoimmune encephalomyelitis,
Par ki nsasa (Bsulardsi et al., 2003; Burkart et al., 1999; Chiarugi, 2002;
Eliasson et al., 1997; lwashita et al., 2004; Jijon et al., 2000). Furthermore; PARP
inhibition causes a decrease in the activity of proangiogenic factors, as vascular
endothelial growthfactor (VEGF), transmembrane signaling protein syndécan
(SDG4), platelet/endothelial cell adhesion molecule (PECAM1/CD31), and hypoxia
inducible factor (HIF): this is due to a block of ERK2 target gene stimulation and
ensuing reduction of angiogenesiglanflammation (Lacal et al., 2009; Mar@liva

et al., 2006; Pyriochou et al., 2008; Tentori et al., 2008). These data suggest the
implication of PARPL in ERK signaling in addition to its known involvement in DNA

repair.
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Interestingly, the activity oERK/MEK inhibitors in blocking the ERK signaling
network may be increased by PARP inhibitors (Kerr et al., 2003; Morris et al., 2013;
Tai et al., 2007; Yeh et al., 2007). It is well known that glioma is characterized by an
active production of proangiogienfactors (Giurdanella et al., 2011). In the present
study, we performed cell culture experiments in which GP8.3 cells were incubated
with CM in order to study the antiangiogenic effects 68RJIn fact, we are convinced

that understanding endotheliadlc metabolism and the signaling mechanisms that
underlie angiogenesis is important, as it provides potential therapeutic targets to inhibit
or enhance angiogenesis. We demonstrate here tha# Riynificantly reduces
migration and cell viability of Cistimulated endothelial cells. To verify the
involvement of PARPL in ERK signaling pathway, we evaluated PARBxpression

by RT-PCR, ERK and EIKL phosphorylation, by western blotting analysis. In addition
by LSM we demonstrated that PARPand phosph&RK are coexpressed and share
the same subcellular localization in GP8.3 cells, both in the cytoplasm as in
nucleoplasm. The data obtained demonstrates tha4 Pd classical pharmacological
PARP1 inhibitor) lowers ERK and E#d phosphorylation levels, whilrD98059, (a

well known MEK inhibitor) downregulates PARP expression, confirming an
intriguing regulatory loop between PARP and phosph&RK, which mediates

endothelial cell growth and migration.
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2. Materials and Methods

2.1 Chemicals and antibodies

Reagent grade chemicals were purchased from Sigma Chemicals Co. (St. Louis, MO)
or E. Merck (Darmstadt, Germany). MEK inhibitor PD98059(Z2Amino-3-
methoxyphenyb4H-1-benzopyrami-one] and PARFL inhibitor PJ34 [N-(6-Oxo-
5,6-dihydrophenanthridi2-yl)-N,N-dimethylacetamide.HCI] were from
Calbiochem. (La Jolla, CA). Primary antibodies against PARPabbit polyclonal
antibody); rabbit polyclonal antibody against ERK1 or ERK2; mouse monoclonal
antibody to phosph&RK1/2; mouse monoclonal antibody against phodplel;

rabbit polyclonal antibody against Elk mouse monoclonal antibody against actin;
were purchased from Santa Cruz Biotechnology, Inc. (CA). Reagents {®CRT

Trizol, deoxyribonuclease 1 (DNase imilification Grade), High Capacity RN#£o-
cDNA Kit, Power SYBRE Green PCR Master

FosterCity, CA, USA).

2.2 Cell cultures

| mmortalized rat brain microvascular en
10 medium suppheented with 10% fetal calf serum (FCS), 80 pg/ml heparin, 2 mM
glutamine, 100U/ml penicillin, and 100 pug/ml streptomycin. The cell line was already
characterized, and our cell cultures were prepared and characterized following
previously described proceds (Anfuso et al., 2007). Primary microvascular
endothelial cells from bovine brain (BBEC) were purchased from European Collection

of Cell Cultures (ECACC).
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C6 glioma (rat brain astroglioma) cells were grown-ih2Fmedium containing 2mM
glutamine, antilotics and 10% FCS (Anfuso et al., 2007; Giurdanella et al., 2011). C6

glioma cells were purchased from European Collection of Cell Cultures (ECACC).

2.3 Preparation of C6 glioma CMs

C6 glioma (rat brain astroglioma) cells (1%L &ere seeded in a 180m dish with F

12 medium supplemented with heat inactivated 10% fetal calf serum (FCS) overnight.

In cells cultured to subonfluence, the medium was replaced with 1% seruraFAIR
HAMG6s (1:1) pl us gl ut amndthe twnordcellawetei bi o
incubated for 48 h. The culture supernatant (CM) was collected, centrifuged at 500xg
for 10 min and filtered with 0.2 um filter. The aliquots were store@@tC until use.

In all experiments, CM was used without any dilution (Ganella et al., 2011).

2.4 MTT assay

To quantify cell viability, the 44,5-dimethylthiazol2-yl]-2,5-diphenyl tetrasodium

bromide (MTT) assay was used (Chemicon, Temecula, CA). Controls (cells grown
with 1% FCS, with or without 10uM P34 for 24h) and &ated cells (cells grown with

CM, with or without 10uM PB4 added simultaneously for 24h), were seeded-n 96

well plates at 3000 cells/well, to obtain optimal cell density throughout the experiment.

In all assays, cells were first incubated at 37°Cwith™ f or 4h; t hen, 1
sulfoxide was added and absorbance was measured. The absorbance was read in a plate

reader (Synergy-BioTek) with a test wavelength of 570 nm.

2.5 Cell migration

GP8.3 cells migration was measured using a standard woaldghassay, essentially

performed as previously reported (Giurdanella et al., 2011).
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To better evaluate GP8.3 cells migration in our experimental conditions, GP8.3 cells
were incubated with or without (data not shown) 10 pg/ml of mitomycin C for 2 h
(37°C)and then washed twice with PBS, to render them incapable of cell division
(Anfuso et al., 2014).

Migration was followed by an inverted Leica DM IRB microscope equipped with CCD
camera. Time zero represents the time after the scratch for all cosditiomtrols

(cells grown with 1% FCS, with or without 10uM 84 for 24h) and treated cells

grown with CM, with or without 10uM R34 added simultaneously.

2.6 Western analysis

PARR1, expression,phospheERK and phospheElkl levels were evaluated by
western blot analysis. Cells were grown for 24h with 1% FCS: controls; CM, either in
presence or absence -3adf oirnh2Hd MorPDI AR
simultaneously), GP8.3 cells were lysed as previously described (Anfusp2&0al;

Lupo et al., 2005). Cell lysate proteins were quantified with a bicinchoninic acid

( BCA) protein assay kit (Pierce, Ther m
proteins and cell lysate proteins) were performed as described elsewhere (Anfuso et
al., 2007). Membranes were incubated with primary antibodies against total ERK1/2
(rabbit polyclonal, 1:500 dilution), phosptitRK (mouse monoclonal, 1:500 dilution)

and PARPL (rabbit polyclonal, 1:500), total Elk rabbit polyclonal antibody (1:100
dilution), phospho EK.(mouse monoclonal antibody 1:200 dilution). The membranes
were then incubated with secondary antibodies for 1h at 20°C, and the
immunocomplexes were detected by enhanced chemiluminescence reagent (ECL,
Amersham). All blots were controllddr equal loading by actin mouse monoclonal

antibody (1:500 dilution).
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2.7RT-PCR

Total RNA was extracted, quantified, DNaseated, reversganscribed and
amplified through reaime PCR as previously described (Barbagallo et al., 2014).
PPIA was useds reference gene to normalize PCR data. Primer sequences are
reported in table 1:

Table 1

Primers used for amplification of PARP1 and PPIA

Gene

RefSeq ID Forward Reverse
Name

PARP1 NM_007415.2 CTCTCCAATCGCTTCTACAC GTTGTCTAGCATCTCCACCT

PPIA NM_008907.1 CAGACGCCACTGTCGCTTT TGTCTTTGGAACTTTGTCTGCAA

2.8 Immunofluorescence analysis

To detect the expression and localization of PAR&d phosph&RK, by confocal
microscopy, GP8.3 cells fed witl®% FCS for 24fas follows: control; +10uM R34;

CM; CM+10uM PJ34 (added simultaneouslywere grown on a sterile circular
microcover glassi2 mm diameter, from Electron Microscopy Sciences),iaserted

on a 24well plate. After 24h of incubation with or without CMither in presence or
absence of 10uM P34, the cells were processed as previously reported (Scalia et al.,
2013). GP8.3 cells were fixed with 3% paraformaldehyde in PBS (phosphate buffered
saline), angpermeabilizedn 0,2% Triton (100X concentrationfor 10 min. The non
specificsites were blocked by incubation in 5% BSA (bovine serum albumin) and
subsequently the GP8.3 cells were incubated overnight at 4°C , with the first primary
rabbit polyclonal antibody against PARP1 (diluted 1:100 in PBS contpitto BSA)

in a moist chamber.
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Following three washing steps with PBS, antirabliRITC-conjugated secondary
antibody (Santa Cruz) diluted 1:100 in PBS was added for 1h at room temperature in
a dark chamber.

After washing in PBS, the cellsere incubated overnight at 4°C with the second
primary antibody mouse monoclonal phosiieK (1:100 dilution in PBS containing

1% BSA). The slides were then washed with PBS and incubated for 1h at room
temperature in a dark chamber with the se@mémouseFITC-conjugated secondary
antibody(Santa Cruz) diluted 1:50 in PBS containing 1% BSfer the fluorescent
labeling procedures, the slides were washed three times (5 min each) with PBS, dried
on air and finally mounted upide down on glass slides acovered with a drop of

DAPI solution(Electron Microscopy Sciences) to counterstain the nucleus. Negative

controls included the omission of both primary antibodies.

2.9 Cell imaging by confocal microscopy

GP8.3 cells fed withl% FCS for 24has follows: control;+10uM R34; CM,;
CM+10uM PJ34 (added simultaneouslyyvere treated with thenmunofluorescent
antibodies as described above and then analyzedrgcal microscopy. Imaging was
obtained using an Olympus FV1000 confocal laser scanmitgoscope (LSM),
equipped with UV/visible lasers: 405 nm diode, multiline Argon laser (458/488/515
nm), HeNe(G/R) lasers (543/633 nm); oil immersion objective (60xO PLAPO) and
spectral filtering system. Acquisition parameters were: 405 nm excitati@¥ala3er
power, emission filter SDM490 (band pass) 2B nm, PMT voltage at 390 V
(channel 1, blue); 488 nm excitation at 19% laser power, emission filter SDM560,
500/540 nm, PMT voltage at 775 V (channel 2, green), and 543 nm excitation line at

21% lase power, emission filter BA560IF, PMT 730V.
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Image analysis was carried out using the public domain;ld@sed image processing
program ImageJ (version 1.46e). Statistical analysis was performed withveagne

Anova test by using Microcal Origin (versi@mb).

2.10 Statistic Analysis

Data are expressed as mean + standard error of the means (S.E.M.). We evaluated the
statistical significance of our data by applying the one way ANOVA analysis, to assess
significance of at least three sample groups from three different experiments (i.e.,
biological and technical triplicates). Intensity data (LSM) were analysexhéway

Anova test by using Microcal Origin (version 8.6).
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3. Results

To verify the involvement of PARR inhibitor PJ34 in viability and migration of
GP8.3 cells, both in basal conditions and after treatment with CM, we performed MTT
analysis and wountealing experiments. PARP expression, phobsp-ERK and
phospheElk-1 levels following inhibition by 10uM PB4 or 25 pM 98059 in both
conditions, were analyzed by FACR or western analysis. Subcellular localization of
PARP1 and phosph&RK was identified by electron confocal microscopy.

3.1 Viability of GP8.3 cells in presence of PB4 and of CM alone or
with PJ-34

Viability of GP8.3 cells in our experimental conditions waseass through MTT
analysis (FiglA).
A

MTT

3.0+

Viable cells
absorbance (Asg,nm)

o
foiaicia il

Control 10, M PJ-34 oM CM + 10 M PI-34

Fig. 1Panel A. MTT assay on GP8.3 microvascular rat brain endothelial cell&P8.3 were culture
with 1% FCS medium foR 4 h : c ont r34;ICM; CU-aLOUM PB4 (added simultaneousl
*P<0.001 CM vs contr o-B4vsCM Ahalydis 001 CM+10e M

Addition of 10uM PJ34 for 24h to culture medium containing 1% FCS, did not cause

any significant effect in cell viability compared to control.
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Moreover, in these experimental conditions, without addition of CM, no activation of
PARP1 was observedAddition of CM to GP8.3 cells induced a statistically
significant increase in cell viability. Interestingly, the addition of PARRhibitor PJ

34 simultaneously to CMreated GP8.3 cells for 24h significantly reduced cell
viability (Fig. 1A): this clearly confms that the PARHA inhibitor is able to counteract

the increase in cell viability induced by CM.

3.2 Effects of PARP1 Inhibitor PJ-34 on stimulated GP8.3cell
migration

Fig. 1B shows representative micrographs of GP8.3 cells 24h after monolayer
woundingin cells incubated with owithout (data not shown) 10 pg/ml of mitomycin

C for 2h (37°C) to render them incapable of cell division.
B

Fig. 1 Panel B. Effect of CM and P334 on GP8.3 cells wound healing in vitroTo better evalua
GP8.3migration in our experimental conditions, GP8.3 cells were cultured with 1% FCS med
24h and incubated with or without (data not shown) 10pg/ml of mitomycin C for 2h (37°C), to
them incapable of cell division. The small box inside panel @yshime 0 after scratch. GP8.3 ¢
were wounded as described in Materials ar
PJ34 (b); CM (c); CM+10uM PxB4 (d) added simultaneously.
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When cell monolayer was wounded and incubated in medmomtaining 1% FCS,
alone or in t he-34 themsiggaton ef ustimuldiedl $SRB.3Rells
partially reduced the wound size (Fig. 1B, panels a and b). The image in the small
upper box shows the culture at time O after scratching. The wound iheals
stereotyped fashion: cells polarize toward the wound, initiate protrusion, migrate, and
close the wound during a 38h time period. The addition of CM to cultures induced

a significant enhancement of crossing cells and a faster migration of GRS.®Btcel

the denuded area (Fig. 1B, panel c). GP8.3 cells treated with CM fully traversed the
wound in 24h. The addi t-34caddedfsmonultan@odsly, o f
significantly arrested wound edge advancement, reproducing the same situation

present atime O (Fig. 1B, panel d).
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3.3 PARR1 expression and PB4 effect

To evaluate the effect of PARP i nhi bi t i34was addel to P8R gells,
grown in cuture medium with 1% FCS for 24l{control+£PJ34). This addition

caused a minor deicion of PARR1 expression (Fig.A).
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Fig. 2 Effect of PARP-1 inhibitor PJ-34 on PARR1 expression (Panel A)YGP8.3 cells were grov
in culture medium contai ni n3 CMY¥CMFIO B/ P34 fadde
simultaneously). Total cell lysates were blotted as reported in Materiated dviethods sectic
*P<0.001 CM vs cont r o-B4vsCv Aal\Bis waddeter@iived with enksl
ANOVA test (**P<0.001). The error bars indicate £S.E.M. (S.E.M.=standard error of measure

When GP8.3 cells were fed for 24h with CM, a remarkable increase of RARP
expression compared to controls wasserved, demonstrating the effect of growth
factors present in conditioned medium (Fig. 2A). Once again, the addition of-BARP

inhibitor to cells, added simultaneously with CM, downregulates RARRel.
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3.4 Modulation of phospheERK levels by PARP1 inhibitor PJ-34

To verify PARR1 activation within ERK signalling pathway, we evaluated phospho
ERK expression in endothelial cells by western analysis. Cells were grown in the
presence of 1% FCS for 24h (Controls) or to CM for the same time. In bothicogsdi

GP8.3 cells were ctreated with 10uM R34 (Fig. 2 B)

.- .. phospho-ERK 1/2
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Control ]Up_lw PJ-34 CM CM + ll’ul\’l PJ-34

Fig. 2 Effect of PARP-1 inhibitor PJ-34 on phosphcERK levels (Panel B)GP8.3 cells were grov
in culture medium contai ni n3} CMY¥XMFIOS/ P34 (adde
simultaneously Differently from phosphd&RK, CM and PARPL inhibitor did not affect ERK1,
total protein expressions. Total cell lysatesenglotted as reported in Materials and Methods se
*P<0.001 CM vs cont r o0-B4vsCM Ahal\Bis waddeter@iived with eni
ANOVA test (**P<0.001). The error bars indicate +S.E.M. (S.E.M.=standard error of measure

GP8.3 ells, stimulated for 24h with CM, expressed phospiRK at statistically

significant higher levels than unstimulated GP8.3 cells (Fig. 2B).
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When GP8.3 cells were treated with 10uM34] we detected reduced phosfERK
levels in both unstimulated and Ctvkeated cells (Fig. 2B); this reduction was highly
remarkable in GP8.3 cells maintained for 24h in presence of CM+10p84 PBig.

2B). CM did not induce any change in endothelial ERK1/2 total protein expression

(Fig. 2B).

3.5 Modulation of phospheElk-1 levels by PARR1 inhibitor PJ-34

Through western blot analysis, we evaluate the effect-8éah phosphdclk-1 levels

(Fig. 2C).
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Control 10,M PJ-34 CM CM + 10, M PJ-34

Fig. 2 Effect of PARP-1 inhibitor PJ-34 on phospheElk -1 levels (Panel C)GP8.3 cells were grov
in culture medium contai ni n3} CMYECMFIOB1 P34 (adde
simultaneously). Differently from phosptitik-1, CM and PARPL inhibitor did not affect EIKL tota
protein expressions. Total cell lysatesre blotted as reported in Materials and Methods se
*P<0.001 CM vs cont r o-B4vsCM Aa\Bis viaddeter@iived &ith enbl
ANOVA test (**P<0.001). The error bars indicate +S.E.M. (S.E.M.=standard error of measure
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A doublefold increase, compared to control was obtained, when CM was added to
GP8.3 cells for 24h. On the other hand, a significative reduction of phddktio

level was observed in presence of 10pM38) added simultaneously with CM for
24h. It is clear thatPARPR1 inhibitor is able to modulate phopiidk-1 activation,
suggesting an interesting involvement of PAR#I Elk-1 phosphorylation.

3.6 Effects of MEK inhibitor PD98059 on PARP-1 mRNA levels and
on PARP-1 protein expression

To confirm the possible interaction between PARBnd phosph&RK, we tested in
cells grown in the same experimental conditions, PD98059 (25uM) on HARP
expression using RPCR and western analysis approach (Fig. 3A and 3B

respectively).

A
PARP-1(mRNA)
104
[ [ ] I *k I
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Control 25,M PD93059 CcM CM + 25,M PD98059

Fig. 3 Effect of MEK inhibitor PD98059 on PARP-1 mRNA level (Panel A) RT-PCR was
performed as described in Materials and Methods section. GP8.3 cells were grown in culture
containing 1% FCS for 24h: control; 25uM PD98059; CM; CM+25uM PD98059, i
simultaneously. Panel A: Box plots with whiskers from minimum to maximum regrebes ( ¢
values. 1TP<0.05 CM vs control; **P<0.001
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Fig. 4 Effect of MEK inhibitor PD98059 on PARP-1 protein expression (Panel B)Total cell lysate
immunoblottings wergerformed as described in Materials and Methods section. GP8.3 cel
grown in culture medium containing 1% FCS for 24h: control; 25uM PD98059; CM; CM+
PD98059, added simultaneously.

Panel B: *P<0.001 CM vs control; **P<0.001 CM+25uM PD98059 4. @nalysis was determin:

with one way ANOVA test. The error bars indicate +S.E.M. (S.E.M.=standard error of measur
PARP1 mRNA resulted significantly differentially expressed (DE) in GP8.3 cells
exposed for 24h to CM, compared to the contro#&RP-1 mRNA resulted even more
significantly DE in cells exposed to CM+PD98059 compared to CM (Fig. 3A). A
remarkable increase of PARIPexpression was achieved when GP8.3 cells were
cultured for 24h with CM (Fig. 3B). This increase was reversed in preséi2&gM
PD98059 (added simultaneously with CM). This downregulation by PD98059 on
PARP-1 expression strongly suggests that the two proteins PA&RR phosph&RK

may interact. On the other hand, a slight decrease compared to control was obtained

when PD8059 was added to the GP8.3 cells for 24h (Fig. 3B).




Section |: Results

3.7 Laser scanning microscopy
We investigated the interaction between PARRNd phosph&RK by a laser

scanning microscopy using double fluorescence antibodies (respectively, green
emission for phosph&RK and red for PARR).
DAPI

hospho-ERK merge
(a} . . .
(b) . . . .
(C) . . . .

(d} ....

Fig. 5. Confocal LSM of phospheERK and PARP-1 expression and localization in GP8.3 cel
GP8.3 cells were cultured in medium containing 1% FCS for 24h: control (1M B3-34 (b); CM (c)
CM+1CM PJ334 (d), (added simultaneously), as described in Materials and Methods. Cell mol
were washed, fixed, permeabilized and stained with a rabbit polyclonal-RARBbody (coupled to
red fluorescenltabeled secondary antibody), and a mouse monatjgrospheERK antibody (couple
to a green fluoresceitdbeled secondary antibody). The blue fluorescence is due to the labeli
DAPI to counterstain the nucleus. The merge shows theceatization of the three dyes. The ima
were recorded at thellowing conditions of excitation/emission wavelengths: 405/425 nm (blue

PARP-1

488/500540 nm (green); 543/86700 nm (red). Scale bar = 20
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Fig. 4 displays representative fluorescence images of the cellmlobled in the
nucleus and in cytoplasm: in control (Fig. 4 panel a) GP8.3 immunofluorescence signal
for PARP1(red) or phosphB&RK (green) are almost detectable in both the cytoplasm
and n the nucleus. No significant variation of fluorescence was detected in control+PJ
34 (Fig. 4 panel b).

The CMculture condition very efficiently enhances the fluorescence intensity red
(TRITC secondary antibody) for PARPand green (FITC secondary aotily) for
phospheERK. The treatment with CM+P34 significantly decreases fluorescence
(Fig. 4 panel d). Such effect is more evident for phodpR& than PARPL labeling

(see merged fluorescence images).

Quantitative analysis of confocal micrographs wasried out to analyze the
fluorescence differences recorded for the two secondary antibodies FITC and TRITC,
with subcellular resolution at the level of intra and extualear regions (Fig. 5a and
5b). The mean values of fluorescence measured for phdsRKo indicate a
significant increase of intensities by CM as well as a significant decrease of
fluorescence upon the simultaneous addition of CM ar@dPBoth inside and outside

the nuclei (Fig. 5a). A similar trend was found for the PARRbeledsampés (Fig.

5b). What it is relevant to note is the comparable PARRpression inside and outside
the nucleus in presence of CM. PARPexpression is drastically reduced below
control values in CM+R34 (both added simultaneously), mainly inside the nucleus
Furthermore, phosphBRK levels were much higher outside the nucleus in GP8.3
cells grown with CM; the addition of FR¥ simultaneously with CM to the cells for
24h, caused a significant reduction of phosiiRK levels, demonstrating once again

the effe¢ of P334 also on ERK phosphorylation (Fig. 5a).
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Fig. 5. Quantitative analysis of Confocal LSM data.The graph shows mean intensity values (a.u.)

of phospheERK (a) and PARR (b) fluorescence inside (in) and outside (out) the nuclear areas, as
measired on the confocal LSM . GP8.3 cells were grown in culture medium containing 1% FCS for
24h: cont 134CM; CM+Q0uNPIBI Jadded simultaneously), respectively (a) for phospho

ERK, (b) for PARPL. Oneway anal ysi s of var iPalh0019 waé peNobmed ; 1 P
by using the data fromi 4 randomly chosen fields and a minimum of 10 cells in each field. The error

bars indicate £+ S.E.M. (S.E.M.=standard error of measurement).
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3.8 PARP1 and phospheERK interaction

In Fig. 6 we propose a modased on our data . PARIPactivation by phosphorylated

ERK could contribute to the mechanism of proliferation and migration induced by the

MAPK cascade of ERK, and Elk (Fig. 6). Activated PARR increases ERK

catalyzed Elk1 phosphorylation. This ledadsan increases of migration, proliferation

and vascular permeability. Based on our LMS analysis (Fig. 4 and Fig. 5), we propose

that PARP1 and phosph&RK interact in the cytosol before their migration into the

nucleus (Fig. 6).
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Cell interaction, migration,
proliferation and
vascular permeability

Fig. 6 PARRL1 interacts
with phosphorylated
ERK in the cytosol and
then the complex
migrates in the
nucleoplasm (a
schematic model).
Binding of a growth
factor to tyrosine kinase
receptors leads to their
phosphorylation and
ensuing activabn of
ERK transduction
pathway. In our model,
we propose that PARP
1 and phosphorylated
ERK (phospheERK)
interact in the cytosol
before their migration
to the nucleus. Here,
PARR1 bound to
phospheERK is
activated by auto
polyADP-ribosylation
and behawas a
scaffold protein,
promoting ERK
catalyzed
phosphorylation of
Elk1. This signaling
cascade induces
endothelial
proliferation, migration

permeability.

and vascular
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4. Discussion

PARP-1 is the most extensively investigated among eighteen PARP family members;
it is activated by single and doukderand DNA breaks. Its activity is critical within
the base excision repair (BER) pathway
PemltaLeal et al., 2009). Recently, PARIPactivation in processes unrelated to DNA
repair has attracted much interest. It has been demonstrated that phosphorylated ERK2
interacts with a conserved catalytic domain of PARE-terminal domain (Choen
Armon etal., 2007). In celfree systems devoid of DNA and ATP, recombinant human
PARP1 was demonstrated to be activated and highly-patpADP-ribosylated by
direct interaction with phosphorylated ERK2 constructs, even at low nanomolar
NAD+ concentrations (ClemArmon et al.,, 2007; Mendozalvarez and Alvarez
Gonzalez, 1993). Binding of polyADRbosylated PARFL to phosphorylated ERK2
markedly enhances phosphorylation of the transcription factor EIk1 by ERK2 (Weaver
and Yang, 2013). It is well established thhe activation of CBP/p300 is a
consequence of Elk1l phosphorylation. One of the EIk1 target gendesswhose
transcription results from core histone acetylation (Buchwalter et al., 2004; Herdegen
and Leah. 1998; Li et al., 2003). After treatment vaither PARPL inhibitors or
PARP1 targeted siRNAs, the expression of ERK affdscwere both repressed: this
demonstrates that PARPactivation is involved in ERK transcription (CheArmmon

2007; ChoerArmon et al., 2007). Even in the absence of DNA dgey PARPL
activation by phosphorylated ERK2 could contribute to the mechanism of proliferation
and migration induced by the MAPK (mitogantivated protein kinase) cascade at

ERK level (Weaver and Yang, 2013).
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PARP-1 inhibitors could find a potential éhapeutic application as airoliferative
agents within the signal transduction pathway, which leads to PIA&ERivation by

ERK and modulates-tos expression (Choesrmon et al., 2007). The pathway
described above involves PARRN a wide range of sigaling transduction networks,
including angiogenesis. In human umbilical vein endothelial cells (HUVECSs), PARP

1 inhibitors were able to counteract in a ddspendent manner migration,
proliferation, and tube formation induced by VEGF (Pyriochou et &I32Rajesh et

al., 2006a; Rajesh et al., 2006b; Rodriguez et al., 2013;Tentori et al., 2007).
Furthermore, the expression of genes involved in angiogenesis, as the hypoxia
inducible factor (HIF), can be modulated by PARRctivity. HIF is a transcription
factor expressed in tumors following oxygen deprivation: this allows new blood
vessels formation (Peraitaeal, A.et al., 2009). It has been reported that in presence
of PARR1 inhibitor DPQ [3,4Dihydro-5-[4-(1-piperidinyl) butoxy}1(2H)
isoquinoline] orin PARR 1 knockout mice, the hypoxia inducible factor (HIF) activity

is reduced as well as the size of the tumor (Mdtina et al., 2006; Peraltaeal, A.et

al., 2009). In our previous studies, we demonstrated the effects of DPQ-34cRJ
human gliotastoma (GBM) cells in a proinflammatory state induced by
Lipopolysaccharide (LPS) and Interferon (-b NF I n t hat case, we
DPQ and PB4 reduced cell inflammation and damage following PARP
overexpression, while they increased cetvaial, similar to other well characterized
drugs (Scalia et al., 2013). In addition, the use of PARP inhibitors in multidrug
regimens also prevents inflammation associated to diverse side effects of traditional

chemotherapeutics (Korkmaz et, &008; Vya and Chang, 2014).
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Moreover, two related features of cancer such as proliferative signaling and metastasis
can be inhibited when PARP activity is blocked (Huang et al., 2001; Ohanna et al.,
2011; SimbularRosenthal et al., 1998). Our data demonsttategiteraction between
PARR1 and phosph&RK, supporting what is actually known in literature (Irbar
Rozensal et al., 2009). On the basis of our confocal results, quantitative fluorescence
analysis by LSM demonstrates that phospiRK increases in prese& of CM,
whereas it decreases upon the addition e84 Joth inside and outside the nuclei
(Fig. 5a). A similar trend was also detected for PARfFig. 5b). What is relevant to

note is the comparable PARIPexpression inside and outsite the nucleyzr@sence

of CM. PARR1 expression is drastically reduced in CM<32] mainly inside the
nucleus. We speculate that PARRInd phosph&RK interact in the cytosol, where

they are colocalized, and then they migrate into the nucleus as a complex, where they
trigger a cellular response. Furthermore, we report here evidence that-PARP
inhibitor P334 acts as an antiangiogenic agent: through a wounding technique and cell
viability assay on GP8.3 cells, we clearly showed the effects of PIARRRibition on

cell migration and viability in a glioma tumor environment. It is well known that an
effective system of microcirculation is needed for the growth of tumors. This process
is due to a production of an extensive range of angiogenic molecules, such as growth
factars, preinflammatory factors, angiogenic enzymes, cytokines, chemokines and
endothelial receptors (Giurdanella et al., 2011; Tentori et al. 2007; Tentori et al. 2014).
The most aggressive form of malignant astrocytoma is glioblastoma, characterized by
a hghly abnormal vasculature. Analysis carried out on supernatants from -highly
invasive glioma cells showed the presence of several proangiogenic factors, whose
activity may be effectively counteracted by antiangiogenic molecules-84 Bdd

PD98059.




Section I; Discussion

It is well emphasized that modulating the accessibility to DNA through the
modification of chromatin structure, PARIPcan alter gene expression (Ba and Garg,
2011). In addition it has been reported that the activity of the DNA methyltransferase
1 Dnmtl is reguted by PARPL expression (Caiafa et al., 2009; Caiafa and Zlatanova,
2009). Concomitant binding of PARP to multiple nucleosomes allowed the
formation of a supranucleosomal structure and caused chromatin packing and
transcription repression (Kim et aR004). Instead, PARylation of core histones
implies charge repulsion, which is responsible for chromatin relaxation allowing the
transcription machinery to access DNA (Kraus and Lis, 2003; Krishnakumar and
Kraus, 2010). PARR possesses two different adirs, protein binding and
enzymatic functions: pharmacological inhibition of PARMfluences both (Ba and
Garg, 2011; Weaver and Yang, 2013). This bring us to the question of how PARP
inhibitors can modify the activity and expression of many proteims,h@w in our
experimental model they can negatively modulate PARRpression, phospHeRK,

and phosphdclk-1 levels. It is noteworthy that our RHCR experiments
demonstrated that PD 98059 (MEK inhibitor) downmodulates RARRBRNA
expression in the preace of CM (Fig. 3A). In any case, more studies are needed to
better understand the molecular mechanism underlying the action of-PARE

MEK inhibitors.
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5. Conclusion

Our results demonstrate the interaction lew PARPL and phosph&RK,
supporting the hypothesis that this pathway could be implicated in twmchoced
endothelial cells migration and proliferation. By demonstrating here that AARP
inhibitors efficiently reduce phospHeRK levels and MEK inhibita show similar
effects on PARFL, our data could represent an interesting contribution to this field.

Accordingly, it may be proposed that also MEK inhibitors deserve to be appropriately

tested in clinical trials.
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Background

1. Macro PARPs

The diversity of PAR functions is a consequence of the variety of the functional
domains combined to the PARP domain in each PARP family merRBerRP-9,

PARP-14, and PARRFL5 belong to the subfaiym of macroPARPs (Figure L
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Figure 1. Domai n architecture of human poly (WibHR ri bo:
each putative PARP domain, the region that is homologussidues 85908 of PARP1 the PARP
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2. Macro PARP: PARP-14

In addition to containing the PARP catalytic domain, PARIPcontains three copies

of the macro domains that were first identified in the-olassical histone macroH2A
(mH2A) (Mehrotra P. et al., 2011). Like core histone H2A, mH2A is also associated
with nucleosomes and replaces H2A in three percent of vertebrate nucleosomes
(Ladurner A.G., 2003).

mH2A participates in the inactivation of the X chromosome (Xi) and depletion of
mH2A in female cells results in the reactivation of genes on Xi (ChadwickZR@1,
Costanzi C. and Pehrson J.R., 1998). There is some evidence that macro domains
associate with histone deacetylases (HDACs). Thus, mH2A may participate in
transcriptional repression by recruiting HDACs (Chakravarthy S. et al., 2005). All of
these obgwations indicate that macro domains are transcription repressors rather than
activators. It is possible that the macro domains found in RARRmay also function

to repress transcription. However, Mehrotra et al. showed that PAREhhances
Statédependat transcription instead of repressing it (Goenka S. and Boothby M.,
2006). To reconcile this paradox, they hypothesized that PER#&oes function as a
repressor first by recruiting HDAC 2 and 3. However, in the presencedttie ADR

ribosyl transferas activity of PARP14 is activated, which results in relieving its
repressive function. In 2009, Cho et al. demonstrated that PARRediates 1t4i
induced Bcell protection against apoptosis after irradiation or growth factor
withdrawal. Furthermore, thaduction of several Bell survival factors (Piri; Mcl-

1) by IL-4 depended on PARP4, assuming a protective role of the PARP(Cho

S.H. et al., 2009).
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3. PARP-14 acts as a presurvival signal in multiple myeloma

In 2013 Barbarulo et al. showed a proitex role of PARP14 in multiple myeloma
(MM), a neoplasm of terminally differentiated B cells, characterized by accumulation
of clonal, longlived plasma cells in the bone marrow (BM) and extramedullary sites
(Barbarulo A. et al., 2013). In particular, esh demonstrated that JNK is
constitutively active in myeloma cells and inhibits the-ppmptotic activity of INK

1 through effects on PARP4, thus promoting suival in myeloma cells (figure)2

(" INK2 )
l
PARP14 — JNK1
I |
Mamesdois  Coapasoa
(PJ-34) activation
l
\ Apoptosis J,

Figure 2. Schematic model for JNK2dependent myeloma cell survivalJNK-2 suppresses basal
apoptosis in myeloma cells via PARP14. Constitutive <EN&ctivity regulates levels of PARR,
which in turn inhibits JNKL, thereby suppressing the activation nflegenous apoptotic pathways.
(Barbarulo et al.Oncogene013.

According to their hypothesis, PARR} acts as a physiological downstream effector

of the JNK2-dependent prsurvival signal by binding to JNK1 and inhibiting its
activity. They also findhat expression of PARP4 correlates with disease progression
and poor prognosis in MM. Therefore, this study describes a novel regulatory pathway
in myeloma cells through which INK promotes survival and suggests that selective

inhibition of PARR14 might be of therapeutic value.
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4. The 2nd generation PARP inhibitors: RJ-34 acts aspan PARP
inhibitor

PARPs have important cellular roles that include preserving genomic integrity,

telomere maintenance, transcriptional regulation, and cell fate determination. The

diverse biological roles of PARPs have made them attractive therapeutic targets, which

have fielled the pursuit of small molecule PARP inhibitdécotinamide (NA) and

3-amirbbenzamide (@RB) (Figure 3) werethe first compounds used to inhibit

poly(ADP-ribosylation).

Figure 3. Structure of nicotinamide and 3aminobenzamide.

Nicotinamide(pyridin-3-carboxylic acid amide) inhibits theonversion of NAD into
ADP-ribose(Clark J.B. and Pinder S., 1968lark J.B. et al., 1971Giansanti et al.,
2010)and, when administerad S phase, affects the ratel@NA replication(Colyer
R.A. et al.,1973) possiblyinterfering with nucleotide syhesis(PurnellM.R. and
Whish W.J., 1980)Benzamide (benzoiacid amide), which mimics th@cotinamide
moiety of NAD, wasrecognized as a promising inhibit@@hall S., 197band further
used as a leacbmpmpund to produce derivais with new residues in thepdsition,
including 3aminobenzamide and{vhethoxybenzamidénstrumental information for
structuré activity studies wa®btained through the crystal sttume of the catalytic
domain ofchicken PARPL (Ruf A. et al., 1996)and the consequent identification of

the siteof interaction between inhibitors and NANding region(Ruf A. et al., 1998)
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Thecyclization of an open benzamidi&ucture or the creation ofarther ring system
on the exsting cyclic amide allowed thelevelopment of 2nd generation PARP
inhibitors, including the well known molecule B4 (Figure 4).However, further
studies leaded to the development @fesal third generation moleculeshich have
been or are beingvaluated in clinical trials following twtwo distinct gproaches: 1)
targeting cells thaare genetically predisposed to die when PARP activity is B)st
combining PARP inhibitionwith DNA-damaging therapy to derive additional

therapeutic benefirdom DNA damaggRouleau M. et al., 2010)

o
HNJ’K/N\

T

0

Figure 4. PJ34 is a potent specific inhibitor of PARPI/2 of second generation.

In the midst of the tremendous efforts that have brought PARP inhibitors to the
forefront of modern chemotherapy, most clinically used PARP inhibitors bind to
conserved regions that permits cras$ectivity with other PARPs containing
homologous catalytidomains. One of these PARP inhibitors which is able to react
with different PARPs is the potent molecule 3] that, as a consequence, is often
used as a paRARP inhibitor. Thus, the development of inhibitors specific for a single
specific PARP has prewn to be considerably more difficult given the high level of
conservation of PARP catalytic domains (Wahlberg E. et al.,, 2012). Although
guinazolinone and quinoxaline derivatives may be more selective for RARH®
PARR2, respectively (Steffen J.D. et,&013), increasing specificity is an important

area of focus for the future.
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Additionally, it is hopeful that with aim depthunderstanding of the structufienction

of each PARP family member, better and more specific targeting strategies will
emerge However, PARP inhibitors are likely to be useful for treating a wide variety
of diseases, including cancer, (for the treatment of DNA repair deficiextated

cancer or as antiangiogenic agents) and Diabetes (SkRarzan W.L. et al, 2003).

5. Diabetes

5.1 The Pancreatic Islets

Islets of Langerhans are irregularly shaped patches of endocrine tissue located within
the pancreas of most vertebrates. They are named after the German physician Paul
Langerhans, who first described them in 1869. The islets condmtirodlistinct cell

types, of which three, alpha, beta and delta cells, produce important hormones, instead

the fourth component (PP cells) secretes pancreatic polypeptide (Figure 5).

Pancreatic polypeptide-
producing PP cell
Pancreatic duct

Somatostatin-

Insulin-preducing producing & cell

Beell

Glucagon-producing
a cell

Exocrine / f

acinar cells

Blood capillary

Figure 5. Schematic representation of pancreatic islets dfangerhans. Irregular microscopic
structures consisting of cords of endocrine cells that are scattered throughout the pancreas among the
exocrine acini. Each islet is surrounded by connective tissue fibres and penetrated by a network of
capillaries. Therare four major cell types. The most abundant beta celk8@%6) secrete insulin.

Alpha cells (520%) secrete glucagon. Delta cells (~5%) secrete somatostatin. PP c8B&{)L8ecrete
pancreatic polypeptide.

The most common islet cell, the beta cell,darces insulin, the major hormone in the

regulation of carbohydrate, fat, and protein metabolism.
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The inability of the islet cells to make insulin or the failure to produce amounts

sufficient to control blood glucose level are the causes of diabethitus.

5.2 Diabetes Mellitus: definition and description

Diabetes mellitus is a group of metabolic diseases characterized by hyperglycaemia
resulting from defects in insulin secretion, insulin action, or bdtie chronic
hyperglycaemia of diabetes is associated with H@mgn damage, dysfunction, and
failure of various organs, especially the eyes, kidneys, nerves, heart, and blood vessels.
Several pathogenic processes are involved in the development of gidltetse range

from abnormalities that result in resistance to insulin act@mtoimmune destruction

of tchlle of fthe pancreas wittbnsequent insulin deficiency (immuneediated

diabetes)

5.3 Immune-mediated diabetes

This form of diabetes, whiclaccounts for only H0% of those with diabetes,
previously encompassed by the terms insdépendent diabetes, type | diabetes, or
juvenile-onset diabetes, results from a cellutaediated autoimmune destruction of

t h ecellbof the pancreas. Markerstofhe i mmune de sellincludd i o n
islet cell autoantibodies, autoantibodies to insulin, autoantibodies to glutamic acid
decarboxylase, and autoantibodies to the tyrosine phosphataesnihIA2 b . One
and usually more of these autoantibodies present in 890% of individuals when

fasting hypergicaemia is initially detecteddut oi mmune desllshasict i o
multiple genetic predispositions and is also related to environmental factors that are

still poorly defined.
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5.4 Molecule effetors in immune-mediated diabetes

The immunemediated diabetes or Type 1 diabetes mellitus (T1DM) is characterized

to a strong inflammatory component. The latest studies indicate that innate immunity
and inflammatory mediators have a much broader role iBM lhan initially
assumed. Inflammation is a biological response that is triggered by infection, tissue
injury and tissue stress omatfunction (Medzhitov R., 2008) andntight contribute to

early induction and amplification of the immune assault agpimstn c r eat i ¢ b ¢
at later stages, to the stabilization and maintenance of insulitis (Eizirik D.L. et al.,

2009).

5.5 Induction of Insulitis

Recognition by the mammalian i mmune sSYys!
on innate and adaptive commonts. The adaptive immune system recognizes antigens
derived from microorganisms by highly diversecéll surface receptors that are
formed via somatic gene recombination. The innate immune system, on the other hand,
recognizes microorganisms by patteenognition receptors (PRRs), including Foll

l i ke receptors (5T LRrsgd , r €Rd &p tl g r sMDAf t he
oligomerization domain like receptor (NLR) family. Some components of the innate
immunity response, including TLRs, contribute to theal@ment of insulitis and

T1DM in animal modelsindeed, muse and human pancreatic islets express TLR2,
TLR3, TLR4 and TLR9; of these, TLR3 and TLR4 are expressed at high levels
(Giarratana N. et al.,, 2004; Vivéd M. et al.,, 2003; Wen L. et al., 2004)he
expression of TLR3 is wupregulated in b
(Rasschaert J. et al., 2005; Wen L. et al., 2004) an intermediate nucleic acid that is

generated during the life cycle of most viruses.
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In human islets that are infected witbxsackievirus B5 or exposed to interferon

(I' FN) 920 oarndl FNMt-#¢b)] eukhcnebbkeld expressiol
MDA-5 have been observed (Hultcrantz M. et al., 2007; Ylipaasto P. et al., 2005).
Intracellular dsRNA and extracellular dsRNA, whiis derived from damaged or
dying cell s, can both bind to TLR3 and
chemokine production, at least in part, through activation of the transcription factors
NFaB and I RF 3 (Dogusan @1, Lieb.etall, 2002; 2 0 0 ¢
Rasschaert J. et al.,, 2005). However, whereas the activation of these transcription
factors by extracellular dsRNA is entirely dependent on TLRS3, intracellular dsSRNA
uses alternative pat hways, ation(DdgusaniZg ht

et al., 2008). Internal dsRNA triggers a massive production of type | interferons. When
prolonged or excessive, such interferor
apoptosis, which is partly caused by endoplasmic reticulum (ER¥ §Degjusan Z.

et al., 2008). Importantly, high levels of interferons are present in pancreatic tissue of
patients with T1DM, (Foulis AK. etal., 1987)and N cont ri but es t o
experimental diabetes (Devendra D. et al., 2005; Lang K.S., ZDI&§e observations
suggest that activation of TLR3and/orRIG and MDA 5 in b cell s
molecular response that starts by activation of the key tiansar i on f act or s

| RFTBis activation is follBMWefd, bwhipa o dlut
paracrine activation of the transcript.
class | antigens, further production of
chemokines. The result of these combined factors is attraction of imoellaehat
release proinflammatory cyt caktar (IBE ands uc h

Il NF o2 ().Figure 6
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Figure 6.1 nt er acti on of b cells and i mmune cells | ec:
the transition from innate to adapt@ immune response. Recognition of endogenous and exogenous
ligands by PRRs (TRL3/4, RKG MDA5) leadstoact i vati on of key transcr |
IRF3 and STATs. Activation of these transcription factors induces the release of chemokines and

cyt okines that recruit and activate immuBAe cel
antigens (that, when associated with ER stress, might lead to presentation of modified antigens to
immune cells), and activate proapoptotic signals that eagthe | | death. Signals frr

presented by professional antigaresenting cells that contribute to the activation of autoreactive T

cells. During this local inflammation process, proinflammatory cytokines (for examilepl, TNF and
IFN-U/ b/ 2) are released by the i mmune ZcNFbBsaadd i
IRFZ3) in b cells that contribute to the maintena
This vicious circle can result in a progressive and sele’; ¢ destruction of pan
transcription factors might function as negative regulators of the above signaling pathways; for instance,
overexpression of JuB prevents cytokinég n d u c e d E Rfeb apoptosissAblaaviationb: ER,
endplasmic reticulum; IFN, interferon; IL, interleukin; PRR, pati#enognition receptor; TLR, Tall

like receptor; TNF, tumor necrosis factor; +, stimulatidn; inhibition. (Eizirik D.L. et al,,
Endocrinology2009.

This theory is supported by accumulating evidence that viral infections, especially
enteroviruses, have a role in the etiology of TIDM (Drescher K.M. and Tracy S.M.,
2008). Another possibility (which does not exclude a pathogenic role of viral infection

in some individuals) is that endogenous ligands start the inflammatory process by
binding to PRRs (Baccala R. et al ., 200
cells that are undergoing secondary ne

T L R 2 iatechsignalling pathway.




Section II: Background

Importantly, autoimmune diabetes in two mouse models was markedly inhibited by
TLR2 deletion through impaired activation ofc€lls by antigen presenting cells
following b cell I njury (Kiaems Ht.Ifat ei a@dl.
and its detection by TLR2, is a putative trigger of the development of TADM. From an
immunological perspective, multiple pathways and diverse forms of human T1DM

mi ght exist (Eizirik D.L. and Mandrup P

5.6 ER stressm cklls and antigen presentation

bcell apoptosi s i s -peildedtrarbphtigntstwihd1lDigGnop f o r
M. et al., 2005; Eiziik D.Land Mandr up P oEuwlpsoesnurTe. ,0f2 000
inflammatory cytokines or to dsRNA induces EResH, which leads to accumulation

of misfolded proteins in the ER and triggers the unfolded protein response (Cardozo
A.K. et al., 2005; Dogusan Z. et al., 2008; Eizirik D.L. et al., 2008; Liadis N. et al.,
2005). The wunfol ded piatecstressiomtherE® and to restee a i
homeostasis by decreasing the arrival of new proteins, increasing the amount of ER
chaperones and increasing the extrusion and subsequent degradation of irreversibly
misfolded proteins; when the steps described abalyeg@aptosis is triggered (Figure

7) (Eizirik D.L. et al., 2008). Dying cells can transfer immunologically relevant
information to dendritic cells, which signal the nature of cell death and determine the
immunological outcome of phagocytosis (Albert M.RQ04). Peptides from within

the ER of dying cells can be |l oaded ont
without further cytosolic procesgjnBlachere N.E. et al., 2009 this way, dying

cell s provide antigen pr e sesentationnaf whate | | s

happened just before their death (Albert M.L., 2004).
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Although this signaling might be beneficial when viral infection has triggered

apoptosis, it might have dire conqse e nc e s

productionr e pr esent

accumulates in the ER dugnperiods of increased streds. this case,

for i ncells. linsutin pr o d
s nearly 50% of the total
insulin

accumulates (at least in part) in a misfolded configuration, which might increase its

antigenicity Eizirik D.L. et al.,

antigenicity results in

antigen

increased presentation of proinsulin and

2008; Scheuner D. and Kaufman R.J., 2008h

insulin to

pr esent itmgresered df isflammato@featd, iasulihy i n

is a key antigen for aosimmune diabetes in both humans and in nonobese, diabetic

(NOD) mice (Kent S.C. et al.,

2008; Wong F.S. et al.,

1999).

2005; Nakayama M. et al., 2005; Skowera A. et al.,
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Figure 7. Schematic representation of ER stress unfolded protein response (UPR) siding

pathway. Perturbations of ER homeostasis affect protein folding and cause ER stress. ER can sense the
stress and respond to it through gene expression program so called ER stress response. The ER stress
response has four functional components. Tist i translational attenuation, which inhibits protein
synthesis, an adaptation aimed at lowering the load of client proteins the ER must process. The second
is the transcriptional upregulation of the folding machineries in the ER to process clieintspite

third is enhancing degradation of misfolded protein in the ER, which is calleds&dRiated
degradation (ERAD). The fourth is apoptosis, which occurs when the ER function is severely impaired.
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5.7 Role of PARP in Type 1 Diabetes: Th®kamoto model

The removal of the insulipr oduci ng -qgels franrae animalcinduces a
syndrome, which features many of the acute metabolic derangements of diabetes as
they are known in humans. Von Mering and Minkowski in 1890 were the first to
produce this form of diabetes by surgically removing the pancreas of dogs.
Alloxan in 1943 and streptozotocin 1in
cytotoxins in animals and to be extremely potent diabetogenic substances. Since then,
alloxan and streptzotocin have been widely used to produce diabetes in experimental
animals (Okamoto H. and Takasawa S., 2002). In particular, STZ is distinctly taken
up byl s, i nducing DNA al k ydelafanctionranda nd
death. In addition, STx#vas also found to generate NO species, further deteriorating
p-cell survival (CobeVuilleumier N. and Gauthier B.R., 2012).

In the early 1980s, Okamoto and colleagues (Yamamoto H. et al., 1981) demonstrated
that STZ and alloxan cause cell death ibgtucing DNA strand breaks and the
activation of poly(ADPyibose synthase (PARP). PARP acts to repair the DNA
breaks, coellNNAD™ md arsigbstriate. Consequently, there would be a sharp
drop in the intracellular levels of NADThe cellular NAD reduction would severely

impair such cellular functions as insulin synthesis and secretion and causmjethal

t o tcélle (Fidure § . Therefore, i n di acklls geensto i n d U
be making a fAsuicide r eistpecdansaged DNANThis he i r
NAD*d e p | et i-cellfunaiona impairment were dosependently blocked by

the radical scavengers superoxide dismutase and catalase and by PARP inhibitors such

as nicotinamide (Uchigata Y. et al., 1982; Uchigata Y. et a83)L9
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Figure 8. The Okamoto model for necrotic cell deathThe Okamoto model, originally proposed as a

uni fying -omldlelddmage and its preventi on ,celwel | e
necrosis is initiated and how necrotic cell daatinvolved in various diseases in many tissues other

t h a-cells.AUnder physiological conditions, apoptotic cell death constitutively occurs for renewal and
maintenance in animal bodies, whereas necrotic cells initiate and enhance (auto)immune veaetions
pathological conditions. On the other hand, apoptotic cells recognized by macrophages/dendritic cells
inhibit phlogistic (autoymmune responses. For the initiation of massive and pathological apoptotic cell
death, necrotic cell death, which triggerstoimmune responses in macrophages/dentritic cells, is
required,(Okamoto H. and Takasawa S. Diabe2682).

5.8 I nvol vementelioDiabgiesncr eati c U

Glucagons e ¢ r edells arg ondJof the main endocrine cell populations that coexist

in the islet of Langerhans along with insuihe ¢ r e-telisnTige afchitecture of
rodent islets i s c¢ ha-cebsintthe coreardhe tdlg ctehlel sl
in a mantle around the inswsecreting cell population. This cellular distributionrego

with several studies on microcirculation within the islet suggests that the order of
paracrine i nt-troazl dceli(®@uesada lef al.,p068) The rich
vascularization within the islet ensures a rapid sensingasina glucose levelsy
theseendocrine cells, allowing an appropriate secretory respdhseprincipal level

of control on glycaemia by the islet Langerhans degmds largely on the coordinated

secretion of glucagoand insulin bya- and(-cellsrespectively.
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Both celltypes respond oppositely to changeslood glucose carentration: while
hypoglycaemic conditions inducecell secetion,3-cells release insulwhen glucose
levels increas€Nadal et al. 1999, Quadaet al. 2006a)An abnormal functiorof
these cellcan genmte failures in the control ajlycaemia, which can leaid the

development of diabetéBunning et al. 2005).

5.9Glucagon secretion n  mo-celse U

Actualy, diabetes is associated wilsorders in the monal levels of both insulin and
glucagon. An excess @flucagon plasma levels relative those of insulin can be
deteminant in the higherate of hepatic glucose quit, which seems to be critical
maintaining hypeglycaemia in diabetic patien{®unning et al. 2005A model to
explin the ducose regulation of electricactivity in mousea-cells has been
postulatedn the light of recent studies (Figurg 8t low-glucose levels, the activity

of KATP channels renders a membrane potential of about K 60 mV. At this voltage,
T-type clannels open, which depolarize the membrane potential to levels where NaC
and Ntype Ca2C channels are activated, leading to regenerative action potentials
(Gromada et al. 2004, MacDonald et al. 20@32C entry through fype channels
induces glucagon seation. The repolarization of action potentials is mediated by the
flowing of KCA-currents. At lowglucose concentrations, this electrical activity
triggers oscillatory Ca2C signals in both human and mousals in intact islets
(Nadal et al. 1999%Quesada et al. 1999, 2006hlowever, the increase in extracellular
glucose levels rises the cytosolic ATP/ADP ratio which blocks KATP channels,
depol a+eélgtdo a memtiane potential range where the channels involved in

action potentials become inactiedt(Gromada et al. 2004, MacDonald et al. 2007).
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As a consequence, electrical activity, Ca2C signals and glucagon secretion are

inhibited (Figure 9).
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Figure 9. Schematic model for glucose@lependent regulation of glucagon secretion in the mouse
h-cell. Glucose is incorporatednto the a-cell by the transporter SLC2Al1. At leglucose
concentrations, the moderate activity of KATP channels situates-tle membrane potential in a
range that allows the openinguafitagedependent Tand Ntype CaC channels and voltagiependent
NaC channels. Their activation triggers actjpotentials, Ca2C influx and exocytosis of glucagon
granules. Thepening of Atype KC channels is necessary for action poterdgjablarization. However,
high-glucose concenttimns elevate théntracellular ATP/ADP ratio, blocking KATP channels and
depolarizingthe membrane potential to a range where the inactivationlizgigedependent channels
takes place. This results in timhibition of electrical activity, Ca2C influx @ahglucagon secretioithe
function of L-type channels predominates when cAMP leeebselevated. Sdext for further details
(Quesada I. et all Endocrinol. 2008).

Thus, glucagon release fromcells is mainly spported by an intermediate KATP
channehctivity that mairdins a membrane potential raradde to sustain regenerative
electrical activity(MacDonaldet al. 2007)A similar model hadeen also proposed

for humana-cells(MacDonald et al. 2007).
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5.10 The role of? -cell in immune-mediateddiabetes

More than 30 years agonger & Orci (1975) proposed thehormonal hypothesis to
explain the pathophysiology dfabetes. According to this hypetis, this metabolic
diseases the result of an insulin defigiey or resistance along with ab®lute or
relative excesof glucagon, which can cause hagher rate of hepatiglucose
production than glucosaetilization, favouring hyperglycaemidndeed it has been
reported thatin diabetic patiert, the lack of suppression @lucagon release in
hyperglycaemic conditionsyould contribute further to poptandial hyperglycaemia
in bothtype 1 and type 2 diabetéSinneen et al. 199%hah et al. 2000However,
this irregular a-cell behaviour does nadccur when insulin level are adequate,
suggesting thaabnormalities in glucagon releasee relevant for hyperglycaemia
the context of dibetes or impairment of insulgecretion or actio(Shah et B 1999).
Another defect in normal glucagon secretibas importantconseqences in the
management of hypoglycaemia. The secretory respongecefls b low-glucose
concentrations igmpaired in type 1 and lorgsing type 2 diabetes, increasitige
risk of episodes of seke hypoglycaemia, especially patients treated witmsulin
(Cryer 2002).In this regard,iatrogenic hypoglycaemia is situation that implies
insulinexcess and compromised gluea®untefregulation, and it isesponsible for a
major comfiication in diabetes treatmentcreasing the morbidity andartality of
this diseas€Cryer 2002) This lack of glucago response to hypoglycaemia heeen
associted with multiple failures im-cell regulation; yetthe mechanisms are still
understudy(Bolli et al. 1981, Cryer 2002, Zhou et al. 2007

All these problems ithe glucagon secretory respomdeserved in diabetes have been

attributed to several defects aacell regulation including defective glucose sensing,
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loss ofB-cell function, insulin resteince or autonomic malfunctiokowever, the
mechanisms imved in a-cell pathophysiologystill remain largely unknowrand
deserve more investigatidar better design of therapgei strategies. In this regard,
although direct therapeutic pwaches to correct the lack afcell response to
hypoglycaemia are missing, sevepabposals have been déyged to amend glucagon

excess.
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Aim of investigation

The poly(ADRribose) polymerase (PARP) are a familypofteins that use NADas

their substrate to synthetize adenosine diphospiitadse polymers (ADPr),
transferring them to acceptor proteins. PARPs family members are involved in many
pathological conditions, including the inflammatory diseases. Dialt@schronic

disease with a strong inflammatory component. The inflammation is the main cause to
apoptotic deaddl lof. pEBmergrad grce dlsleags | o s
to the onset of Diabetes. Althoughepancr eatic U aomohonb <ce
endocrine precursors (Ngn3+ cells), upon differentiation they respond differently to
external stimuli as proinflammatory cyt
not susceptible to the inflammatory environment, proving to be resistapofuosis

induced by inflammatory cytokineBurthermore, in the Okamoto model, PARRhe

most studied of PARPs family proteins, was correlated to apo pledith of pancreatic

b cell s.

Therefore, in our study we hypothesized an involvement of oneooe of the 17
PARP family member scellstaapoptotic daath, afiestteainmente o
with inflammatory cytokines cocktail. Indeed, by WPTR, we evaluated the
expression of each of HPARP 6f-E&bhmll pesme mb €
grown in presence or absence of inflammatory cytokines, at different time point (24h,
48h). RTPCR results showed an overexpression of PARP 4T@®1.6 Oells.

It has been reported that PARR promotes the survival of myeloma cells through its
interaction vith INK-1. The complex PARR4-JNK-1 prevents the apoptosis induced

by JNK-1. Then, we can speculate that this protein could have a protective role also in

t he s ur-7d1.8 eells expdsedlib inflammatory cytokines.
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To evaluate the effective role BARR1 4 | p antCk.ab -T&lncdls Wwere

treated with PxB4 a pan PARP inhibitor. By MTT assay, caspasessay and flow
cytometry analysis we evaluated the viability of both cell lines after the treatment of
cytokines in presence or absence 68RJThrough confocal and western blot analysis

we will evaluate PARFL4 and downstream proteins expression. Finally, to
demonstrate the pathway involNeg@celsn th
exposed to inflammatory environment we also proposerforpeimmunoprecitation

assay.
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1. Introduction

The immunemediated diabetes or Type | diabetes mellitus (T1DM) is an

I nfl ammat or y -cels destracson in ttheupancreatic istets by the immune
system, resulting in low blood levels of insulin. However, T1DM is a complex
metabolic disease whicetiology involves the whole micrenvironment of the
pancreatic 1 sl and, -celisclideed, it hagbeé¢nheporteddhatg h b
the rel ease o-d{celgplaysa aritjcal mole inyhe maingenaite of high
levels of blood glucosényperglycaemia) in diabetic patierf3uesada. et al., 2008.
Concerning that, although t-delsdestwdtieneul ar
T1DM are largely knownBarbagallo Det al., 2013Cnop M. et al., 2005; Grunnet

L.G. et al.,, 2009Y0 bed t e r understand t he p-eellshrophys
diabetes further studies are needed. The poly(#AiD&se) polymerases (PARPS) are

a family of proteins that catalyze the transfer of Afill®se polymers from their
substrate NAD+ to a number darget proteins. PARR, the most studied of PARP
family proteins, is activated by DNA breaks, being a main component of the base
excision repair pathwafD 6 Amo ur s D. El-Khamisy IS.F.etlab, 2@3;
Lindahl T. et al., 1995Underhill C. et al., 201). Thus, the inhibition of PARR

activity is considered a therapeutic strategy to counteract the survival of cancer cells
(Brody L.C., 2005%. Recently, we demonstrated that pharmacological inhibition of
PARP1 by the potent molecule B3 hasproven effective in reducing proliferation

and migration of brain endothelial cells stimulated by conditioned medium from
glioma cell§{Motta C. et al., 20155howing that PARH. inhibitors are able to prevent

also the growth of tumours. However, recéintding showed that also the macro

PARR 14, another member of PARP family, had a critical role in cancer.
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Indeed, in this study Barbarulo et al. demonstrated that PARB a downstream

effector of INK2 and upon activation it binds and inhibits fire-apoptotic protein

JNK-1, promoting thewwvival of myeloma plasma cel{Barbarulo A. et al., 2013)
Therefore, we proposed to investigate the potential involvement of one or more PARP
family members it he sur vi val of AT@lecellsmim aniinnvi'o p a n C
model of immunemediated diabetes. The FACR results showed that, after treatment

with cytokines cocktail, PARR4 was more oveexpressed in the murine pancreatic

UTC1 cells compared to mui ne p a{TC€Ir cells.tThus, inbour study we
demonstrate that the macro PARR i s a k e-7C1 petlsstrevalin am f U

inflammatory context.




Section II: Materials and Methods

2. Materials and Methods

2.1 Cell cultures and treatment with cytokines

UTC1. 6 cel l-cllineawenapuickased fdom the American Type Culture
Collection. Cells were maintained in DMEM (SigsAddrich, Saint Louis, MO, USA)
containing 10% FBS, 2 mM-glutammin, 0,15% HEPES 15 mM, 1% nessential

amino acids, 0.02%dvine serum albumins (BSA, Sigr#ddrich), 25 mM dglucose
(SigmaAldrich), 100U/ml penicillin, and 100 pg/ml streptomycin, at 37 °C, in a 5%

CO2 humidified incubator.

Mouse i nsul i {T@lware ase from ATCC;rcadlswerfe grown in DMEM

with 25 mM glucose (Sigma Aldrich), supplemented with 2 m\&lutamine, 15%

HS (horse serum), 2.5% FBS, 1% penicillin/streptomycin, in 95% humidifieslair

CO2 at 37° C. Cellsrere passaged once a week after trypsinization and replaced with
new medium twice weekly. Treatment with cytokines (recombinant muririe BL,
specific activity 0,1 U/ml, Preprotech, London, UK, UE; recombinant murinedFN
specific activity 25 U/ml, Praptech; recombinant murine TNF, speci fi ¢ ac
u/ ml , Preprotech) as previousTGl1l.dée-sacnrdi b
TC1 cells were seeded the day before treatment in 60 mm dishes at a density of 7 x

105 cells.

2.2 MTT assay

To evaluag cell viability, the 34,5-dimethylthiazoi2-yl]-2,5-diphenyl tetrasodium

bromide (MTT) assay was used (Chemicon, Temecula, CA). Control and treated cells
(cells grown in absence or presence of cytokines fNF2 5 U /oml25 W/ Nnl &
IL-1 b 0, Zlrespecttinely,)wijth or without of 10uM P34), were seeded in 96ell

plates at 1 x 104 cells/well, to obtain optimal cell density throughout the experiment.
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I n all assays, cells were first incubat
sulfoxidewas added and absorbance was measured. The absorbance was read in a plate

reader (Synergy-bioTek) with a test wavelength of 570 nm.

2.3 Apoptosis assay

Caspas8 activity walsClmea dairdeldIgsates through a
colorimetric protease assdThermoFisher) following the manufacturer's protocol.

The absorbance was read in a plate readeref8y 2bioTek) set at 400 nm.

2.4 Imaging Flow Cytometer analysis

Percentage of apoptotic or necrotic cells was assessed through flow cytometry.
Analysis was performed with &lowSight® Imaging Flow CytometeiCells were
collected, washed with phosphdieffered saline (PBS), and stained with Annexin V
FITC/propidium iodide (PI) (SigmaAldrichW) in AnnexinV binding buffer, as
specified by the manufacturer

Data analysis was carried out using the IDEAS® Software, by which it was possible
to obtain the scatter plots of each sample. In the scatter plot we can see the distribution
of the acquired events, depending on their differential fluorophore labe@ing.
samples were labelled with two markers: AnnexirN'C (A) and Propidium lodide

(PD). Thus, the scatter plots are divided in four quadrants. The lower left quadrant
collects vital cells (AIPI- cells); the upper left one includes the early apoptotis ce
(A+/PI- cells); the upper right one represents the late apoptotic cells (A+/Pl+ cells)
and the lower right one shows the necrotic cells®A cells). Furthermore, since the
software acquires an image for every single event, the operator can ddbiéyesges

of each quadrant looking timgh the photo gallery (see image below).




Section II: Materials and Methods

The FlowSight® imaging flow cytometry provides images of every labelled (Annexin
V-FITC and Propidium lodide) cell in up to 10 fluorescent channels at up to 2.000
events pesecond. Detailed analysis of intensity, location, antbcation of probes is

achieved using IEAS® analysis software (see image bélow

Vital Cell Early apoptotic Cell

Cho1 ~ Ch02  Ch04  Ch06 Ch01  Ch02  Ch04  Ch06

Late apoptotic Cell Necrotic Cell

Ch01  Ch02  Ch04  ChO6 Ch01 Ch02  Ch04  ChO06
243 628

@ @ ("7 @

Representative images of the photo gallery of IDEAS® Softwar&amples were previously labelled
with Annexin V-FITC (A) and Propidium lodide (PI) markers. The unique image collection system
simultaneously produces brightfield (Ch01); two fluorescence images, one for AnREXIIC\(Ch02)

and one for Propidium lodid®l1) (Ch04), and darkfield (side scatter) (Ch06). The FlowSight® Imaging
Flow Cytometer operates at ~20X magnification allowing visualization of fluorescence from the
membrane, cytoplasm, or nucleus.

The epresentative images of the photo gallery ofsamples retrieved by IDEAS®
software are reporteabove A small panel shows the single event in all the different
selected channels. In the small upper left panel (vital cell) the cell appears only in the
first and last channel. The first channel (ChOg&presents the brightfield cell
visualization. In the last channel (Ch06) it is possible to observe the darkfield (side
scatter) cell view that permits the evaluation of cell granularity or internal complexity.
Since this panel shows a vital cell, no imageeported in the second (Ch02) and in
the third (Ch04) channels, in which we can observe the fluorescence of Annexin V
FITC and Propidium lodide, respectively. Conversely, in the upper right panel (early

apoptotic cells) the cell, in addition to ChO1 a06, will appear also in Ch02 but
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not in ChO0O4, since it iIs only positive
(lower on the left) the cell is positive to both dyes and so it is possible to see an image
for each channelcr oFimcalcley,| sionptahel Al ov
positive only to Propidium lodide fluorescence and therefore it will appedrannels

Ch01, Ch04 and ChO6.

2.5RT-PCR

Total RNA was extracted with TRIzol (Life Technologies, Foster City, CA), according
to the manufacturerods instructions. RN
Fluorometer (Life Technologies). DNA contamination was removed using
deoxyribonuclease 1 (DNasl Amplification Grade; Life Technologies). DNase
treated RNA was reverse transcribed by using High Capacity-RNANA Kit (Life
Technologies) according to manufacturer
Resulting cDNAs (200 ng per samypteding port) were loaded intaustom TLDAS,

format 96a (Life Technologies), and amplified through a standard thermal cycling
profile on an ABI PRISM 7900HT Fast Rekime PCR System (Life Technologies).
Singlegene specific assays were performed throughtime&l PCR by using Fast
SYBRGr een Master Mix (Life Technologies)
To allow statistical analysis, PCRs were performed in three independent biological

replicates. Primer sequences are available upon request.

2.6 Immunofluorescence

To detect thegression and localization of PARE! confocal microscopy analysis

was per f éorrCrhie &b -T@incdls (bontrol; control +10uM P34; cytokines

(TNFFU 25 U/oml25 | F/Nrilb &Ond IUL ml ) and-34fyt ok

grown on a sterile circular mro-cover glass (12 mm diameter, from Electron
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Microscopy Sciences), inserted on a#dll plate. After 24h of incubation with or
without cytokines (TNFU 25 U/-anl 25 | BNmll b a,dl 1W/ ml ) ,
presence or absence of 10uM-31] the cells wer@rocessed as previously reported
(Scalia M. et alT.Cl.B0-I8h)kls bRra fixed veta 3% ¢ U
paraformaldehyde in PBS (phosphate buffered saline), and permeabilized in 0,2%
Triton (100X concentration) for 10min.

The nonspecific sitesvere blocked by incubation in 5% BSA (bovine serum albumin)
and s ubs e gTuCln. t6l-Faintdhseberdlincubated overnight at 4 °C, with

the primary goat polyclonal antibody against PARP (diluted 1:100 in PBS
containing 1% BSA) in a moist chambé&iollowing three washing steps with PBS,
antigoat FITGconjugated secondary antibody (Santa Cruz) diluted 1:50 in PBS
containing 1% BSA was added for 1h at room temperature in a dark chamber.

After the fluorescent labeling procedures, the slides weshedathree times (5 min
each) with PBS, dried on air and finally mountedsige down on glass slides and
covered with a drop of DAPI solution (Electron Microscopy Sciences) to counterstain

the nucleus. Negative controls included the omission of both priamibodies.

2.7 Confocal microscopy imaging

An Olympus FV1000 confocal laser scanning microscope (LSM) was used for
confocal imaging. Diode UV (405 nm, 50 mW), multiline Argon (457 nm, 488 nm,
515 nm, total 30 mW) and HeNe (543 nm, 1 mW) and HeNe@3 i@, 1 mW) lasers

were used. An oil immersion objective (60xO PLAPQO) and spectral filtering system
were used. The detector gain was fixed at a constant value and images were taken at
random locations throughout the area of the samples, in sequentialQuadttative

analysis of fluorescence was performed by using the ImageJ software (1.50i version,




Section II: Materials and Methods

NIH), in terms of the average of the mean grey value measured at least in ten equivalent
regions of interest (ROIs) drawn in the esdivered areas. The vakiebtained by

these analyses were imported into OriginPro 8.6 program for statistical analysis for P
values, calculated by using a emay ANOVA with a Tukey multiple comparison test

(*P<0.05).

2.8 Statistical Analysis

Data are expressed as mean + standardation (S.D.) or + standard error of the
means (S.E.M.) of three experiments (i.e., biological and technical triplicates). We
evaluated the statistical signi ftestamnce

oneway Anova test, as describedfigure legends.
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3. Results

To evaluate the required ecglls aphptoie e Cc o n
performed MTT and FACS analysis at different cytokines concentrations and different
time points: 24h, 48 and 72h. To perform our experiments, we have chosen the
minimal cytokines concentration (TNB 25 U/foml2;5 ILANhD &nd WL m

t hat was airdlleapdptosisi nduce D

3.1RT-PCR

3.1.1PARP expr edGlicells treated whh inflammatory
cytokines

To study which PARPf the 16 members was differentially expresq@&E) between
the pancreatid-TC1 cellsand a-TC1.6 cells, these cell lines were treated with
inflammatory cytokines at concentrations mentioned above, at 24h, 48hndeéd,
throughRT-PCRit was possible to evaluate the mRNApression levels of each
PARPIn both celllines in order to correlatene or moreverexpressed PARPs in the
pathophysiology opancreatic cells in amflammatory environmentThe RT-PCR

results of pancreatio-TC1 cellsare reported in table 1.
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- 1.37 0.67 0.94
- 1.74 0.82 0.83
- 8.2 6.05 5.34
- 1.57 1.41 1.52
- 1.53 0.81 0.77
- 1.1 1.23 1.16
- 1.64 1.11 0.96
- 1.06 0.65 0.84
- 1.72 1.21 1.29
- 21.41 35.48 36,05
- 5.95 3.83 2.57
- 5.53 5.43 5.84
- 4.28 2.61 2.61
- 1.29 1.06 1

- 129.99 122.48 127.91
- 1.68 1.66 2.41

Table 1. Fold change values of 16 PARP familme mber s i n mur iT@Qldineqlathic r eat i
table are reported fold change values of each P
U 25 Uloml2;5 IUFNDID 8&nd UL mMlI) against PARP @Ct val
at24h, 48h and 72h.

In table 1 are reported the fold change of 16 P&AREBmMbers. What is important to
note is that mRNA levels of PARBR, PARR9, PARR11 and PARPL4 are
significantly diff erT€h:elisaipbsgd toeinflgmmatsrys e d

stimuli, compared to the controls.
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3.1.2PARP expr e-3QGli6 aalls treated With inflammatory

cytokines
To verify which of 16 PARPs -Tm@lmbadets thr e
cells, we also analyzdteexpressiorofa | | PARPs sM@ldalgtrough n U
RT-PCR. P a n €T€Cle6a teliscwerd) treated with the same cytokines

concent r-allicals) fer 24hf48hhb72h. The data are reported in table 2.

- 0.79 0.98 1.78
- 0.66 0.98 1.51
- 2.65 5.19 5.71
- 0.55 1.27 2.36
- 0.45 0.82 1.47
- 0.55 1.02 1.49
- 0.79 1 1.42
- 0.64 1.02 0.96
- 0.52 1.38 1.65
- 19.94 27.88 31.02
- 4.86 3.95 5.42
- 5.77 3.28 3.74
- 2.79 4.27 4.74
- 0.63 1.11 1.41
- 2356.68 2102.50 2363.6
- 0.91 1.62 2.07
Table 2. Fold change values

f 16 HGIBEeldlimesi |y m
|l'd change values o

0
I'n this table are reported fo
') against PARP @mCt

(TNFFU 25 U/oml25 | F/Nilb @Ond UL m
(controls), at 24h, 48h and 72h.
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In table 2 we can obser that PARP3, PARR9 and PARPL1 expression levels are
similar in both cells I|Iines. Thein¢htor e,
pathophysiologyf none of the twaell lines( e . g . 1 nTCA pebspleath brinc b
UTC1.6 cells survivd| in a context of an inflammatory environmedowever, after

i nfl ammat ory s tTiCindi dells exprpsa higher desets iofcPARP

MR NA ¢ o mp a€lecdlls, which duld suggest a protective role of this PARP

versus inflammatory insults.

3.1.3 mRNA expression of PARRL 4 on p a#flcCrle aagnidcc Wb
TC1.6 cells

The REFPCR anal -y €l s abCd.6 dlls shows the expression level of
PARR14 mRNA, which was differentially expressed between the two cell lines, as it

was reported in tables 1 and ®y(fre 1).

PARP-14 (NRNA)

-109 ——— —_—

154 =-—L ' ——

-20

-1*PCt

Figure 1. PARR1 4 mRNA e x p fTeCsls iadi@d.6ddils afier 24h and 48h of treatment

with inflammatory cytokines. Cytokines treatment induces a statistically increment of RARP

MRNA after 24h and 48h in both cell lines. Box plots with whiskers from minimum to maximum
representl * ( pCt ) values. *P<0.01 Cyt vs -wapANOVAIl . An
test.The error bars indicate + SD (S.D.= standard deviation).
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As shown in figure 1, the treatments, at 24h and 48h, with cytokines induced a
significant increase of PARP4 mRNA expression level in both cell lines. However,

the basal level of PARB4 mMRNAOfUT C1. 6 cel |l s waTCldelswer t
After the treatment with cytokines the amount of PARPmMRNA was the same for

both cell lines. According to this results, after treatment, the increase of-BARP
mMRNA was hTiC(I;.moelis.Fuﬁthermdﬂiesince the trend of PARP4 mRNA

expression at 48h and 72h was equal, we tested only two time points: 24h and 48h.

3.2 Confocal microscopy analysis

To analyze the expression of PARPA pr ot ein i n -MAX.Gdeamdn
TC1 cells treated with owithout cytokines (TNFO 25 U /-oml 25 | UF/Nml an
1p 0,1 U/ ml) for 24h and 48h we perfor me

are reported in figure 2A and B and in figure 3.

A a-TC1.6 cells B B-TC1 cells
CTRL CYT

CTRL CYT
. - . :
i . . i

Figure 2 A and B. Confocal LSMof PARRPL 4 expr essi onT Cln. § d@oakllemt i ¢
Pancr eTaQli.c6 -T&h aklls vere cultured with normal medium: control or with medium
containing cytokines (TNE) 25 U/oml 25 IUWNhlb #®n dddédisimiltaneously). Cell
monolayers were washed, fixed, permeabilized and stained with a goat polyclonallRA&RBbody
(coupled to a green fluorescdabeled secondary antibody). The blue fluorescence is due to the labeling
with DAPI to counterstaithe nucleus. The merge shows théamalization of the two dyes. The images

were recorded at the following conditions of excitation/emission wavelengths: 486/82%n (blue);
488/500540 nm (green). Scale bar = 20 um.




Section Il: Results

PARP-14 protein expression wasvestigated by laser scanning microscopy using a
green fluorescent labelled antibody (FITC secondary antibody). In panel A, we can
observe PARAL 4 i mmu n o f | u-B01.6 seltsegrowrefor 24rand48h, with
normal culture medium (Control) or in preseraf inflammatory cytokines: TNE 2 5
Uml;IFN-o 25 U/ #lb &@nd UL ml added simultane
time points, cytokines treatment was able to induce very efficiently the
immunofluorescence signal for PARHE, compared to the contr@onver s-el vy,
TC1 cells (panel B) the immunofluorescence signal for PARRvas high already at

basal levels. Thus, in presence of cytokines the fluorescence intensity for PARP

was higher at 24h, instead similar to the control at 48h.

*P<0.01 PARP-14
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Figure 3. The graph shows mean intensity values (a.u.) of PARRL.The pan-tCe&a6iand b
TClcells were grown with normal culture medium (control) or with normal medium containing
cytokines cocktail (TNFJ 25 U/omi@/@landFINiI b 0, 1 U/ ml added si mul
and 48h. In the graph the quantitative analysis of Rdrpmission as calculated by the averaged grey

mean values +/S.D. of at least 10 measurements for each sample. Intensity data (LSM) wezednaly

by St udesthiPt<6.61 T
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Quantitative analysis of confocal micrographs was carried out to analyze the
fluorescence recorded for the FITC- seco
TC1.6 cells, the mean values of fluorescence measure®PARP-14 indicate a
statistically significant increase of intensities after both 24h and 48h of cytokines
treatment (TNFU 25 U/foml25 ILHNhIb &®nd WML ml added s
compared to the control. A statistically significant increase wasdfdor PARR14

a | s o-Tdleells After 24h of treatment with cytokines. At 48h, the intensity of
fluorescence me a-dgQlcedsdreated with cytokineslicamparedto b
the control. In both cell lines there was a statistically significant &sereof the
intensity of fluorescence for the PARR at 48h compared to intensity measured at
24h. As shown in Figure 3, the amount of PARP protein more than doubled

f ol | o-WG16 gellsireatment with the cytokine cocktail for 48h.

3.3 Cell Viability

To verify the involvement of PARR 4 4T®1.6 Wells survival we performed MTT
as s alyC1 baTcCil.6 ddlls were treated with cytokines (TNF 2 5 U /oml ; |
25U/mlandI:1b 0, 1 U/ ml) i n pr es3d,oczh, 48h. Treb s e n

result ofviability of the two cell lines are reported below (figure 4 and 5).

3.3.1 Effect of P33 4  eT@1.6kells viability

MTT analysis wda6l.6galstdavaluate the effent oflthe treatment

with cytokines (TNFU 25 U/foml25 | WINGhID @nd U/ ml) on ¢
o f -TA1.6 cells, at 24h and 48h. Moreover;32Ja parPARP inhibitor that could

inhibit PARR 14 activity, was added to the cytokines (FNF 2 5 U /foml2 5 | U/ Nml
andI-1b 0, 1 U/ ml) t o -§48udgletddiseviability bfier 26hf P A

and 48h of treatment (figure 4).
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Figure 4. MTT as sT&)Y6 cellaHipsatnacg resams c¢s hlo wTCd.6 &t | Vi a
steady state (control) or after treatment with cytokines (CNF2 5 IEN-omI25 U/ +#lb @&nd | 1
U/ ml) added simultaneous|!| y-34,at2dhapd48hs HHatistical armlysisa b s e
was per f or me destR<0.85**® ¢0c0h Thé srrorbars indicate + SD (S.D.= standard
deviation).

Figure 1shws t he ef f e c-TC1.6 ¢ells wiability at 844 tand d8h Bfter
treatment with cytokines (TNE 25 U/oml25 IUF/Nhlb ®&#nd UL ml) ,
simultaneously, in presence or absence of 10uN8£ Lytokines treatment did not

induce any change n-TCIL.6 cells viability in both time points. This result confirms

t h aTCl.@cells are resistant to inflammatory stimuli similarly of what ccéur
immunemediated diabete#fter 48h, the addiction of 10uM P3# to the cytokines

cocktail (TNFU 2 8nl;1IBN-o 25 U/ mllb aOndl IUW/ ml) was a
si gni fiTClaéreelld wability compared toontrol and tathe treatment with
cytokines (TNFU 25 U/oml25 IW/Nhb ®&nd UL ml) al one,
hypothesis that PARB4 could ha e a pr ot e ¢cTICL.& eells mgaihse i n

inflammatory stimuli.
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However, the addictionof 10pM 4 t o t he cul t-TCL.@celmeid i um
not af £T€Ct.6 cells ViabilityUprobably because in this condition any PARP

was activated ands inhibitor could not act.

3.3.2 Effect of P33 4  eT@1.6bcells viability

Vi abi | -TGlyellsoafter theatment with cytokines (TNF 25 U/-aml 25 | F
UmlandIL-k2 b 0, 1 U/ ml) , added simultaneous|

10uM PJ334, at24h and 48h, was evaluated through MTT assay (figure 5).

MTTB-TC1

**P<0.01

* %
1.0+ * % Ak

Viable Cells
absorbance (A562nm)

Figure 5. MTT as-g@lycelloHhi sptaongcrraenast i sch cbwiCt at $tdadyv i a b i
state (control) or after treatment with cytokines (TIF 25 U/-om| /&l andN1H 0, 1 U/ ml
in presence or-3@dhbsance4df ah@e M8M1 Statistical
T-test **P <0.01. The error bars indicate + SD (S.D.= standard deviation).

The mur i ne-TQlaalldine & aerysuscepfible to the cytokines treatment,

at both 24h and 48h.
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In fact, the exposure to inflammatory cytokines (FNIF 25  U/oml 25 | W/ Nml &
IL-1b 0,1 U/ ml) induced-T@l cdld vipiliyfcdmpagedto r e d
the control. The addictionfdOuM PJ334 to the cytokines (TNE 25 U/loml25 | F
UmlandIL-k1b 0, 1 U/ ml ), added-TGlicellaviabiliytoehe us | vy
control values at 24h -8Gl.6eekslPB4, addedtdiBen . S
normal medium had not effet -@@1 cdlls viability and this could be explained

with the same hypotTGlbzells expressed for

3.4 Apoptosis assay

To further evaluate the role of PARP4 4T@®L1.6 dells survival, after treatment, for

24h and 48h, with inflammatory cytakis (TNFU 25 U/oml25 IUH/Nhlb and
0,1 U/ml), added simultaneously, we performed a Caspasgsay. Through this
analysis we evaluated the casp8se act i-V C1 y 6 iT@Incdlls Iimes, before

and after treatment with inflammatory cytokif@®\F-U 25 U/oml25 W/ Nnl &
L-16 0,1 U/ ml), i n pr e-84% at 24h and 48h (fgore @amdt € 0
4).

3.4.1 Caspase3 act i +ICL.§ cells treated with cytokines, in
presence or absence of P34

The lysates obtained from pancrediid C1.6 cells were used to perform apoptosis
test. Caspas® assay is a colorimetric assay that allows to evaluate the activity of the
enzyme. The absorbance values are directly proportional to the ability of c8sjpase

cleave its substrate (Figure 6).
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Figure 6. Casm s e 3 a c-TG1 icallsyUTG16 cdllswere treated fo24h and 48h with
cytokines (TNFU 25 U/oml25 IWNhbD @&nd UL ml ), added simult
absence of 10uM P34. Statisticab nal ysi s was per-fext tP@0H**B 0.05t uden
The error bars indicate + SD (S.D.= standard deviation).

The graphic reported in figure 6 shows the casfasea ¢ t i -VG116 gellsdréated)

with cytokines (TNFU 25 U/oml 25 | WFINiID &@Ond U/ ml ), i n
absence 10uM P34, at 24h and 48h. According to the MTT assay results, at 24h after
treatment with cytokines (TNB 25 U/-oml 25 | B/Nmlb &Ondl U/ ml )
caspase activity was equal to the control.

The addictiomn of 20uM PJ34 to the culture medium or to the medium with cytokines
(TNFFU 25 U/oml25 | WF/Nmlb @nd UL ml) deter mi ned
caspase activity. This could be due to the fact that3Jis able to inhibit catalytic

activity of thePARPs, enzymes involved in different cellular function. Therefore, its
addiction lead to a small increase of the cas@aaetivity, indicating cell suffering,

more in presence of cytokines.
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At 48h the trend of the caspa3eactivity was similar to the 4h. However,the

addiction of 10uM P-B4 to the cytokines cocktail (TNB 25 U/-oml 25 | F/Nm]

and Ik1 b 0, 1 U/ ml) determined a -8acgvityi f i ca

compared tdhe control, the R34 condition and tohe treatment with the cytoles

alone(TNFU 25 Uktoml2;5 ILHNnb @nd UL ml ) inprésencki c at

of inflammatory stimulithe inhibition of PARPl4c auses t he apoptot

TC1.6 cells. Thus, this result supports our hypothesis atbeuprotective role of

PARR1 4 on p aTCa.6 eels agaiost inflammatory insult.

3.4.2 Caspase3 act i v-TCl gellsoreated with cytokines, in
presence or absence of P34

To demonstrate that the overexpression of PARHRs involved in the rediance of

apopt-®Clc6 Ucells death we per fTl€@raeis.d o ul

Indeed, this cell line is very susceptible to apoptotic death after exposition to

inflammatory stimuli. Therefore, it was interesting to evaluate the caSpastvity

0 n-T@®1 cells and verify the effect of treatment with 10uM32J] at 24h and 48h

(figure 7).
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Figure 7.Css pas e 3 aTtcl celsib{TFl calswere treated for 24h and 48h with cytokines
(TNF-U 25 Uloml@imlandFINL b 0, 1 U/ ml ), in pre¥cStatisticalor ab
analysis was per--test*FPndddl. The errBrtbardireicated $SD (5.D.= standard
deviation).

b-TC1 cells were exposed to the same experimental conditions udgd @i.6 cells.

The treatment, for 24h, with cytokines (TNF 25 U/loml25 IUF/Nhib ®&nd |
U/ml), induced a significant increase of the casghaetivity compared to the control

and PJ34 condition The addiction of 20uM R34 to the culture mediua did not affect

the caspas8 activity compared to the control. On the other hand, the addiction of this
inhibitor to the medium containing inflammatory cytokines (FIF 2 5 U /-am| ; I
25U/mlandIl:1b 0, 1 U/ ml) cause a seénbofdaspdse c al |
3 activity. The trend of the graphic, after 48h of treatments, was the same of the 24h,
accept for the effect of the cytokines (TNUF 25 U/-oml 25 | F/Nlb &Ond |
U/ml) with 10uM PJ34. In this case, the inhibitor B3 caused a siatically

significant reduction of caspa8eactivity.
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These results confirm the suscepilClbi I it
cells growing in presence of inflammatory cytokines.

In addiction we can observe a double effect of the PARPitohiP334 added to the
medium with cytokines (TNE) 25 U/foml2,5 IUF/Nhlb ®&nd UL ml) .
at 24h it promot e sTCl dels, canpersglyt ab48h icseedheta t h

have a protective effect, reducing the casfiasea c t i -VQltcefls. of D

3.5 Flow Cytometry

To further analyze the role of PARP4 i nTCL.éoells $lirvival we performed a
flow cytometry a raladly. s6i-E&Inodh lirigs,areated with the ¢ U
same cytokines concentration, in presence or absencelfR034, for 24h and 48h.
Representative data of the AnnexirRFVTC/propidium iodide (PI) flow cytomey

results are shown in figurex® and %-b.

3.5.1 Effect of PJ3 4 on a p d@lt6o delis cdeatht flow
cytometry analysis

Ap o pt oSTC1s6 calsd washalysed by flow cytometry. This technique allows to
study, for each condition (control, 10uM-B4, cytokines (TNFU 25 U/foml25 | F
UmlandI-1 b 0, 1 U/ ml ) a n d-34}, the ratkoif theevital cells, th® O M
early apoptotic cells, the lat@aptotic cells and the necrotic cells. The results of flow

cytometry are shown in Figure 8a arfl 8
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Figure 8a. Representative pi-TClL.6Gcelsst26hin squirew cyt
C T RL-TCWLG cells at steady state at 24hsguare 10uM R3 4 -TQL.6 cells after 24h treatment
with PARP inhibitor PB 4 . I'n sgu@l.e6 CcYell IlUs treated, for 24+
U/ ml , I FN31 6250 .UV nd/, mll)l. -3 &-TELG cebsrafter 2enYoflireatmert Wwith

cytokines in presence of 10uM 4. Each square includes cells that stain negatively for both Annexin

V and Pl and are considered undamaged (Vital cells); cells stained with Annexin V, but are Pl negative
and are considered early apoptotic cells; cells thdi@heAnnexin V and PI positive and are considered

late apoptotic and cells that are Pl positive and Annexin V negative and are considered necrotic cells.
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Figure 9b . Representative pictur &Gléacdls, dt48blwsquaet o met
C T RL-TCWLG cells at steady state at 48h. In square 10(4@ RITQL.6 cells after 48h treatment
with PARP inhibitor PB 4 . I'n sqUd&le 6CY¥EIl | sUtreated, for 48t}
U/ ml , I FN31 B250 .UV nd/, mlTI+ P33 4-TELG cebsafter 48nhY0f treatment with

cytokines in presence of 10uM-B4. Each square includes cells that stain negatively for both Annexin

V and Pl and are considered undamaged (Vital cells); cells stained with Annexin V, but are Pénegativ
and are considered early apoptotic cells; cells that are both Annexin V and Pl positive and are considered
late apoptotic and cells that are Pl positive and Annexin V negative and are considered necrotic cells.

Figures8aandlBB s how t he di-3G116 cell populaton in 4 squated) e U
depending of their stained with apoptosis markers (Annexin V and PI). How it is
possible to note, a{lClas4didistributionm evds kimilarsn a t
each square, indict i n g, once again, t h-@Cli6 eelisitcs t a n c
apoptotic death, induced by inflammatory cytokines AWF 2 5 U/oml 25 | U/ Nml
and Ik1 b 0, 1In EdumallOit has been reported the histograms of the data of

cytometry analysis.
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*P<0.05 &-TC1.6 EA vital cells
**P<0.01 Early apoptotic cells
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Figure 9. Cytometry anal ®1i6sell ines.Higtagrams shaavtthie ate &f vital,
early apoptotic, |-8Ql.6cebsmbiesteatyistate (eontl); with the addictioc U
of 10uM PJ34; with gitokines alone (TNFJ 25 U/-aml 25 | BNpllb aOn,dl 1W ml )
presence of IOuM P34 (added si multaneously) 4ts24h P OD810.
**pPO 0.01.

Figure 9s hows t he r eTCa.6 vital, early apdptetis, late Apogibtic and
necrotic cells for each of experimental conditions, at both time points (24h and 48h).
There are not significant differences among the vital, early apoptotic, late apoptotic
ad necrotic -Tcll.l6s crealtless aotf tlhe s-T@IHAdyYy st
cells grown with 10uM P34, for 24h. However, it is possible to observe a significant
enhancement (P<0.05) of the rate of vital cells among the cells treated with 10uM PJ

34 and those treated with inflammatory cytokines AWF 25 U/-oml 25 | F/Nm]
andI-1 b 0, 1 U/ ml rC1.6 Vithl eellsrwast restoredfto cthtrol value after

the addiction of 10uM R34 to the cytokines. The figure 6 showed also a statistically
sgnificant reduction of {TQle callstreated with f e a
cytokines (TNFU 25 U/-anl 25 | BNnrillb aOn,dl 1UW/ ml ) comp
cont r ol-TCa6ocedlls teated with 10uM R34, for 24hThe addiction of 10uM

PJ34t the cytokines (TNE) 25 U/-oml 25 | BF/Nmlb &@Ond UL ml )




Section Il: Results

statistically significant reduction of the rates of early apoptotic cells, reproducing the
same situation present in thentrol and PB4 conditionsConcerning to the rate of

late apoptotic cells, after 24h, the addiction of 10pM3&Jto the cytokines (TNE
25U/ml;IFNo 25 U/ #hlb @&Ond UL ml) deter mined a
rate of | aTt@l.aép ocpetloltsi-ECldivglsatreated fort tloe sdhe

time with cytokines (TNFU 25 U/foml25 IWF/NhIB @®&nd UL ml ) .

At 48h, there are statistically-T€1@ni f i
cells treated with 10uM P34 with and without cytokines (TNB 25 U/foml25 | F
Umland I-1 b 0, N1In fdct, aOpuM PJ34 added to cytokines (TNB 25 U/ ml
IFN-o 25 U/ vilb a@Ond I1UY ml ) det er mi nedcels r ed:1
againstto PB4 aloneRegar di ng t he r a{lT@LsS callsfaresimilarl vy a
in every experimental calition. Conversely, there are a statistically significant

i ncrement of the r at esTCA4.6cellstdaated withplOyt ot i
P}J34 al one cBChp eelis grdwn with cytbkines alone (TNF 25 U/ ml
IFN-o 25 U/ mlb an tlantdUnittmecytokines (TN 25 U/oml 25 | F
UmlandI-1 b 0, 1 U/ ml ) i n-34 Fuaterenore, we canfobséree@M P
more significant increment (P<O0.-DCLH of 1
cells treated, for 48h, with cytokineENF-U 25 U/oml 25 | UF/Nmalb &Ond |
U/ ml ) -T@lbaelldtreated with cytokines (TNF 25 U/oml25 | W/Nml &
IL-1b 0, 1 U/ ml) i n -3¢ forette same expedniental @md.\FinaHy)
since the r dCleébseloweresmreyx rloaw,c iUn bot h ti me

appear in the graphic.
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3.5.2 Effectof P}3 4 o n a pTCh telistdeath: fldow cytometry
analysis

To demonstrate the protective role of PARR  iT@1.6,Uve tested the effects of
PJ3 4 erI@1 cblls by flow cytometry analysis.
Representative data of the AnnexinFVTC/propidium iodide (PI) flow cytometry

results, at 24h and 48h, are shown in Fidida and 10b.

Pp-TC1 CTRL 24h B-TC1 PJ-34 24h
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Figure 10a . Representative pictur €€1cell$ atRdhimwquacey t 0 me t

C T RL-TC1 kells grown for 24h with normal medium. In square 10uM RU-T@®1 cells after 24h

of treatment with PARP inhibitor P4. Ins q u a r e -TGLA€ls tréated, for 24h, with cytokines
(TNFU 25 U/ ml, -1IbFNo. 125U/ Wl ml. , F3nd4 -TDicells after 24D T + P
treatment with cytokines in presence of 10pM3aJ Each square includes cells stained negatively for

both Amexin V and Pl and are considered undamaged (Vital cells); cells stained with Annexin V, but

are Pl negative and are considered early apoptotic cells; cells that are both Annexin V and PI positive
and are considered &tapoptotic and cells that aRd postive and Annexin V negative and are
considered necrotic cells.
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p-TC1 CTRL 48h p-TC1 PJ-34 48h
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Figure 10b . Representative pictur €€lcell§ at48hmwequaczey t 0 me t
C T R L-TC1 ells grown for 48h with normal medium. In square 10uM RU-T®1 cells after 8h
of treatment with PARP inhibitor FJ 4 . I n s gTCacells tre@etiTfor B8h, with cytokines
(TNFU 25 U/ ml, -1IbFNo. 125U/ W/l ml. , F3nd -Tsbicella after 482OT + P

treatment with cytokines in presence of 10uM3aJ Each squariacludes cells stained negatively for

both Annexin V and Pl and are considered undamaged (Vital cells); cells stained with Annexin V, but
are Pl negative and are considered early apoptotic cells; cells that are both Annexin V and PI positive
and are condered late apoptotic and cells that are Pl positive and Annexin V negative and are
considered necrotic cells.

The scatter plotef bothpancreatic cell lines (figure 8a and 8b; 10a arlo) Ehow a

very important di fferencdGl baenfdiél&Eal t he
popul ation, particularly af-TC4d.6 cekks,ytheo ki n «
di st r i b-T ced poputation tieated with 10uM 34 was similar compared

to the control, at 24h as well as at 48h. However, the most signitidéarences in

t he di st TiCHutciedn @fopfu |-aClicall gronn in presencewoh e n
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cytokines(TNFU 25 Ufoml2;5 ILHNDD &nd WL ml ), with
P33 4 . Il n t hes e-TClaallgapulatiom ds stattered wittiihe upper
guadrants, proving that this cells are stained with Annexin V going through an
apoptotic death.

In figure 1lare reported the cytometry results. The histograms represent the rates of
vital, early apopt ot +T€] cellsiadiffererhgxpennterdal i ¢ .
conditions (control, R34, cytokines (TNFU 25 U/oml 25 | F/Nalb &Ond |

U/ml) andcytokines +2J34) at 24h and 48h

.-TCl 6 @ Vital cells

“P<0.05 E Early apoptotic cells

E L ate apoptotic cells
m Necrotic cells

**P<0.01

Cell rate
alel 19D

Figure 11 Cytometry anal yGlicallinemnHisfpgrams shewatheirate ofbvital,
early apoptoti c, | -ACleells qt thepsteady state (cantral)hvitieeaddictioh i ¢ b
of 10uM PJ34; with cytokines alone or in presence of 10uM3Pd , at 24h, 48h. Ana
Ttest *P O 0.05; **PO 0.01.

As shown in figure, there is statTCq&ti cal
cell s anrfoOnlg ctend sb at t-AE@l caldtreaed,for Zih, withe ar
10uM P33 4 ¢ o mp da €lecdlls tteated,fwith the same time, with cytokine alone

(TNFFU 25 U/loml25 IWFNbID &®nd IULml) and -84n pr e
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This decrease iassociated to a statistically significant increase of the rates of early
apopt ot i-TC1cedsltreased with cytbkines (TNF 25 U/oml25 | U/Nml
andI-2 b 0, 1 U/ ml) i n pr e s3rcanpared to the aiirele n c €
(P<0.05) and to thb-TC1 cells grown with 10uM R34 alone (P<0.01). Concerning

to the late apoptotic cell, after 24h, we can observe a statistically significant increase
among the control compared to-84 condition. However, this increment is more
significant among the coml compared to the cytokines (TNF 25 U/oml25 | F
U/ml and IL-1 b @/ml}l with and without PB4. There are also statistically
significant differences of tTREcelistmenteds o f
for 24h, with 10uM PB4 alonec 0 mp a r -&Ql cdllsareabed with cytokines (TNF

U 25 U/oml25 | F/Nmlb &nd U/ ml )34. Buntlermdr® D1 P J
possible to note a significant increment of the rates of late apoptotic cells among the
b-TClcells grown with cytokines (TRU 25 U/-aml 25 | BNrillb aOn,dl |
U/ ml ) c¢ o mp ar€lealls gtown witthcgtokines (TNB 25 U/oml25 | F
UmlandI-1b 0, 1 U/ ml ) i n-3% Finally,aftec2éh, theftreain@rd® M P
with cytokines alone (TN 25 U/-anl 25 la@Niedlb 0, 1 U/ ml )
presence of 10uM P34 cause a statistically significant enhancement of the rates of

n e c r ercilcells dompared to the control.

The histograms showed on the right represent the trend of the rates of vital, early
apoptotic, la e apopt ot i -GdClaallg after d8h ofdareéaimentsbThere is a
statistically significant r e-@iGLlcdllsabtme o f
steady state and in the-B4 condition compared to the cytokines alone (TMF 2 5
Uml; IFN-o0 25 U/ mlb ah,dl W/ ml) and i-84 AArese
statistically significant reducliClalis of

are treated with cytokines (TNF 25 U/-oml 25 | BF/Nrlb &Ondl U/ ml
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presence of 10uMJP3 4 ¢ o mp alrClecdlls grawn With cytokines alone (TNF

U 25 Ukloml25 IWF/NhIb @Ond UL ml). Referring t
we can observe a statistically significant enhancement of this rates among the control
and PJ34 condition comp a r e dTC1 aells rown with cytokines alone (P<0.01)

and in presence of 10uM B2 (P<0.05). Furthermore, the addiction of 10uM32aJ

to the cytokines (TNRJ 25 U/oml 25 | F/Nilb &Ondl U/ ml ) det
statistically significant increment olfie rates of early apoptotic cell compared to the
b-TC1 cells treated with cytokines alone (TWF 25 U/oml 25 | WF/Nmlb and
0,1 U/ml). A similar trend was observed for the late apoptotic cells. In fact, as early
apoptotic cells, there is a statigtily significant enhancement of the rates of late
apoptotic ce€llClls caerdrsg atth e -MfEl cdldtreated with st a t
10uM P33 4 ¢ o mp aTCkadlls treatedwith cytokines alone (UF 25 U/ ml
IFN-o 25 U/ rlb andl |Withreytokinea @FJ 25 U/oml 25 | F
UmlandI1 6 0, 1 U/ ml }34.wmiaddition, 1h6 Gtk ofthk late apoptotic
cells increase in st at |i-ECiceksgrownyn presergen i f i
of both cytokines (TNFD 25 U/lomBR/mlan&INL D O, 1 U/ ml-) and
34 ¢ o mp alCkaklls grawvn Wwith cytokines alone (TNF 25 U/oml25 | F
UmlandIl-1b 0, 1 U/ ml). The | ast rates regar

a statistically significant increase among tta¢es of necrotic cell of the control

compared to those of the cytokines condition.
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3.6 Graphical Abstract

The figure shows our proposed model, which postulates that AARftivation by
phosphorylated JINR coul d contr i butT€l6tcals. inlbeh s ur
pancreati cT@lk.l8 dé&T@lessllsy biodingmf cytokines to their
specific receptors activates the Mitoglcativated Protein Kinase (MAPK) signalling
cascade: this culminates with the Str@ssivated Protein Kinases ($X) / Jun N

terminal Kinases (JNK) activation.

Pancreatic a-TC1 cell Pancreatic B-TC1 cell
(‘_\'l.uk_im-_s ('_\Io_lcir!vs

\ &)
I‘ tracellular R
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MEKK1 ) ( MEKK1 |
inxmg - -:
h \IJM\I :

AP s IS

JNK-1 is involved in different cellular activity as cell differentiation and proliferation,
apoptosis, neurodegeneration, inflammatory doors and cytokine production.

Under inflammatory stimuli, the parera t -TQ1.6 Ekll line overexpresses PARR.
Therefore, in these cells, the phosphorylated -BINaCtivates PARRA4 that binds and

inhibits JNK-1, promoting cell survival. Conversely, in the presence of an
infl ammatory envir-oGlegeinht |, i hdedpasnodeatx,

of PARR14: then, in these cells, INKcan trigger apoptotic death.
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4. Discussion

Poly(ADP)ribose polymerases (PARPs), also known as -ABd#3yl transferases
(ARTDs), comprise a large family of proteins that catalyse the transfer ofi{ioiRe
units from NAD+ to a number of acceptor proteins. PARPis a member of the
macrePARP, one branch of the large family of PARER proteins also designated as
B aggressive lympima proteins (BAL1, 2a/2b, 3r ARR9, PARR14, and PARP

15) (Cho S.H. et al, 2009)In fact, PARP14 contains three copies of the
macrodomains that were first identified in the +aassical histone macroH2A
(mH2A) (Mehrotra P. et al., 20)1SincemH2A participates in the inactivation of the

X chromosome (Xi) and macrodomains are associated to histone deacetylases
(HDACSs), it is possible that the macrodomains found in PARRnay function to
repress transcription. However, it has been shown thatPPI¥Renhances Stat6
dependent transcription instead of repressin@denka S. and Boothby M., 2006).
According to this evidence, PARR} does function as a repressor first by recruiting
HDAC 2 and 3. However, in the presence o#llthe ADRribosyl trangerase activity

of PARR14 is activated, which results in relieving its repressive function: this indicate
that the ADPribosyl transferase function of PARE} is extremely important for its
transcriptional enhancement functio(ehrotra P. et al.,, 20)1 Although, the
physiologic functions of PARR4 and other members of the BAL (mad?dRP)
family are not clear, Cho et al. reported that PARPmediated IE4i induced Bcell
protection against apoptosis after irradiation or growth factor withdrawal.
Furthemore, they demonstrated that the induction of severeIBsurvival factors
(Pim1; Mcl1) by IL-4 depended on PARP4 (Cho S.H. et al., 2009PARP-14
expression has been also shown to promoteelB lymphomagenesis through

supporting cell survival siwals in micg(Cho S.H. et al., 2011).
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Recently it has been shown that in multiple myeloma (MM) PARPacts as a
physiological downstream effector of the JXRKlependent prosurvival signaling, by
binding to JNK1 and inhibiting its activity. It was alsoudind that expression of PARP

14 is correlated with disease pregsion and poor prognosis in M{Barbarulo A. et

al., 2013) Signaling via JNK is involved in induction of apoptosis, cell proliferation,
transformation and survival through phosphorylatiod esgulation of its substrates
(Bogoyevitch M.A. and Kobe B., 2008h particular, INK1 is a preapoptotic factor,

thus its inhibition could promote cell survival. Indeed, this study showed tha2JNK

is a master regulator of survival of myeloma cells, and defined a new regulatory
pathway linking JNK2 to JNK1 through rgulation of a novel survival factor of-B
lineage cells, PARR4 (Barbarulo A. et al., 2013Cho S.H. et al.,, 2009)The
interaction between PARPA and JNK1 regulates negatively the proapoptotic
activity of JNK-1, promoting cell survival. Therefore, thssudy describes a novel
regulatory pathway in myeloma cells through which JRlgromotes survival and
suggests that selective inhibition of PARRiht be of therapeutic valy8arbarulo

A. et al., 2013)Pharmacological inhibition of key proteins invadven the response

to DNA damage has emerged as an effective tool for cancer treatment, given that the
resistance of cancer cells to DNA damaging agents originates from the modulation of
DNA repair pathwaygPeraltaLeal A. et al., 2009)Recently, we dematrated that
PARP1 inhibition was able to impair the migration of endothelial cells induced by
conditioned medium from glioma cells, showing an antiangiogenic effect of PARP
inhibitor P334 (Motta C. et al., 2015)urthermore, PARP inhibitors exert a f@ctive

effect towards a number of inflammatory conditig@sansanti V. et al., 2010).
According to this mechanism of PARP inhibitors, in our previous studies we

demonstrated the effects of DPQ ane3RJn human glioblastoma (GBM) cells in a
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proinflammadory state induced by Lipopolysaccharide (LPS) and Interferon(-b N F

In that case, we demonstrated that DPQ an@4Pdeduced cell inflammation and
damage following PARR overexpression, while they increased cell survival, similar

to other well charaerized druggScalia et al., 2013)ln our previous study we also
showed the protective effect of PARP inhibition on rat primary astroglial cells cultures,
under LPS/ I FN2 i nduc e d(SpnaRuirefiofVleaam 2088).0 r vy
PARPs inhibitos are designed to compete with NAD+ at the enzyme active site.
Although they universally inhibit PARBR, most of them have the potential to inhibit
other enzymes that use NAD+, including other members of the PARP family- mono
ADP-ribosyttransferases andrtins; however, the extent to which they do so is
largely unknown(Rouleau M. et al.,, 2010T.hus, the PARR inhibitor P334 was
considered a paRARP inhibitor, since it is able to bind and inhibit other PARPs,
including PARR14. These observations led us to investigate whether one or more of
PARP family members are involved in immumediated @betes.

It is well known that the etiology of the immumneediated diabetes stems from a
progressive autoimmune assault, in which macrophages and T cells secrete
proinflammatory cytokines, asdL b, -ol,FNand dNFwel | as nitr
which provoke cell death. Therefore, in our experimental design, we treated mouse
pancr ga&tli aTch.6 cdl lines with a cocktail of inflammatory cytokines for
two time points (24h and 48h). Although
endocrine preursors (Ngn3+ cells), after their differentiation they have a different
physiological response to external stimuli, including the exposition to inflammatory
environment . Il n particul ar, i n pralsence

areresistant o t he apoptotic d-eddahe verywshbseeptdblas p e
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Therefore, we sought to study the molecular mechanism responsible of the pancreatic
UTC1.6 cells resistance to apoptotic death.

By RT-PCR analysisve found that PARPL4 was the onlyPARP differentially
expressed between tpea n ¢ r aCtli @Tdd.6 ddll linesIndeed, it was more
overexpressed kT C1. 6 c e | HTG1 cellh@mfocal microBcopy analysis
confirmedthe RT-PCR results, showingigh expression levels of the piein in U-

TCL1.6 cellsunder inflammatory stimulat both time points. Thus we hypothesized the
involvement of PARPL 4 -T@1.6 Cellgesistancéo the apoptotic deaih presence

of an inflammatory insult. However, we observed an overexpression of RARP
protein also ib-TC1 cells,only at 24h of treatment with cytokines. Thiuld be due

t o an at t-B0hpells toordsist thé apopfotic death.

ThepanPARP inhibitor PJ34,a PARP inhibitor thais able to inhibit also PARRA4,

was introducedin the subsequent experimemtsfurtherinvestigate on the possible

role of PARR1 4 i nTCL.éoells Therefore, the exposition &kTC1.6cell to the
cytokinescocktail, at 24h as well as 48h, did not induce any change iniabllity,
demonstratigp t he r e sTCk& calle i epoptofic déhtn the other hand,

after 48h, the treatment with 34 added to the cytokines determined a significant

r educt 4TOLH call Fiabilily compared to the treatment with cytokines alone,
supporting ouhypothesis on protective role of PARP4 i n t he-T@QL®HNncCTr e
cells. Conversely, t he-TClIcelladaumedrasignificarit h c
reduction of cell viability at both 24h
TC1 cells tathe apoptotic death.

Our hypothesis on the protective role of PARPwasstrengthead bycaspase assay

results. Indeed, according to MTT analysis, a2 4 h , i n tTRE6Gcpllg,ncr e

there were not significant differences of the casfiasactivity between our
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experimental conditions. At 48h, the-B4, added to the cytokines, was able, once
again, to enhance thef caspas& activity, indicating that the inhibition of the
protective protein PARR 4 | e a-@Gl.6 teliséo apbptotic deatfihe amptotic

death ofb-TC1 cellsin presence of inflammatory environment was further confirmed
by this assay, that showed a significant incremetspase activity after both 24h

and 48h of treatment cytokinespmpared to the control and -B4 condition
Furthermore, theddition of PJ34 to the cytokines caused a significant increase of
caspase activity compared to the treatment with cytokines alone, only at 24h. This
could be explained through the fact that3aJis a parPARP inhibitor, therefore it
inhibits different protein belonging to PARP family, including PARPand other
PARP that coul d-TGlecelswsver@d.nt i al to the b
Flow cytometry experiments allowed usstodied the amount of vital, early apoptotic,

late apoptotic, and necrotells. The results showed a significant increase of the
amounts of vital cells and a significant decrease of the amount of early apoptotic cells
i n-TA1.6 cells, treated for 24h with cytokines alone compared to tB4 Bdndition.

This could indicate tha i n presence of i n-TAl& wedlsat or y
express protective factors that protect them from apoptotic death, induced by
cytokines. Thus, we can speculate that one of this factold belPARP14 protein.

Indeed, after 24h, its inhibitionytP334 added to the cytokines leads to a significant
decrease of the numbers of vital cells and a significant increase of the amount of early
and late apoptotic cells compared to the cytokines condition, reproducing the same
situation present in the coatrand in PJ34 condition. At 48h, we can note that the
treatment with PB4 added to the cytokines determined a significant reduction of the
amounts of vital cells and a significant increase of the amounts of late apoptotic cell

compared to the P34 alore . These resul t-BClGdelswerea hat
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stimulated with the cytokines, the inflammatory stimuli induced the expression of
survival factors, including PARRA4, that can be inhibited by RR#. Conversely, when
PJ34 was added to the normal mediumh €rC15 cells did not overexpress PARP

14, thus its inhibitor cannot act.

Co n c e r-TCil cells, iths important to note the drastic reduction of the amounts of
vital cells and the high levels of the aumts of early apoptotic, late apoptotic and
necrotic cells after treatment with cytokines, compared to the control a3d PJ
condition, at 24h as well as 48h. This, once again, confirms the strong susceptibility
of p an erClecalltlineco inlammaty environment. The addition of 83 to

the cytokines determined at both time points a significant increment of the rate of the
late apoptotic cells compared to the treatment with cytokines alone. This shows a
consistency of the results of all the expernts, since the MTT and caspdsassay
demonstrated that the addition of the inhibitot3?4 det er mi ne dTCan i n
apoptotic death, probably for its ability to inhibit the basal levels of the protective

protein PARP14 and other PARPs importanto-TA4 cells physiology.
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5. Conclusion

In conclusion, our results show a strong relationship between AARP a-TiGd.6 U

cells survival after inflammatory insult. Indeed, the treatment with thePgdRP

inhibitor P334, added to cytokines cocktail, haspven ef f ectlClve t o
apoptosis resistance. Therefore, here we showed a new protective factor against the
apoptotic death of pancreatic cells, paving the way to the understanding of the
mol ecul ar mec hani sms @ldbesuvivay in a gontdxthoé p ar
immunemediated diabetes. However, further study will be needed to demonstrate the
interaction between PARP4 and JNK1 and to investigate the pathway involved in

UTCL1.6 cell survival.

110



Section Il: References

References

Albert M.L., 2004. Deatidefying immunity: do apoptotic cells influence antigen processing and

presentation? Nat Rev Immunol. 4(3):22B

Baccal a R. , Hoebe K., Kono D. H. , Beut | eTLR-B. , T

independent pathways of type | interferon induction in systemic autoimmunity. Nat. Med.iE5543

Barbagallo D., Piro S., Condorelli A.G., Mascali L.G., Urbano F., Parrinello N., Monello A., Statello
L., Ragusa M., Rabuazzo A.M., Di Pietro C., Puoéll, Purrello M., 2013. mi#96-3p, miR298-5p
and their downstream networks are causally involved in the higher resistance of mammalian pancreatic

U cell s -itrod coyde do kdameept osis as compared to b cell

Barbarulo A., lansante VChaidos A., Naresh K., Rahemtulla A., Franzoso G., Karadimitris A.,
Haskard D.O., Papa S., Bubici C., 2013. Poly(Afilidse) polymerase family member 14 (PARP14)
is a novel effector of the JNK@ependent prsurvival signal in multiple myeloma. Oncogene

32(36):423142

Blachére N.E., Darnell R.B., Albert M.L., 2005. Apoptoatic cells deliver processed antigen to dendritic
cells for crosgpresentation. PLoS Biol. 3(6):€185

Bogoyevitch M.A. and Kobe B., 2006. Uses for JNK: the many and varied substrates-Gutihé¢

terminal kinases. Microbiol Mol Biol Rev.

Bolli G.B., Tsalikian E., Haymond M.W., Cryer P.E., Gerich J.E., 1984. Defective glucose
counterregulation after subcutaneous insulin in noninsulindependent diabetes mellitus. Paradoxical
suppression of ghose utilization and lack of compensatory increase in glucose production, roles of
insulin resistance, abnormal neuroendocrine responses, and islet paracrine interactions. Journal of
Clinical Investigation 73 1532541

Brody L.C., 2005. Treating cancer targeting a weakness. N Engl J Med 3531950

Cardozo A.K.,, Ortis F., Storling J., Feng Y.M., Rasschaert J., Tonnesen M., Van Eylen F., Mandrup
Poulsen T., Herchuelz A., Eizirik D.L., 2005. Cytokines downregulate the sarcoendoplasmic reticulum
pump Ca2+ATPase 2b and deplete endoplasmic reticulum Ca2+, leading to induction of endoplasmic

reticulum stress in pancreatic beflls. Diabetes 54(2):4521

Chadwick B.P., Valley C.M., Willard H. F., 2001. Histone variant macroH2A contains two distinct
macrochrenatin domains capable of directing macroH2A to the inactive X chromosome. Nucleic. Acids
Res. 29, 2692705

Chakravarthy S., Gundimella S. K., Caron C., Perche P. Y., Pehrson J. R., Khochbin S., Luger K., 2005.
Structural characterization of the histoneiaat macroH2A. Mol. Cell. Biol. 25, 7616624

Chiarugi A., 2002. Inhibitors of poly(AD#Hbose) polymerasé suppress transcriptional activation in

lymphocytes and ameliorate autoimmune encephalomyelitis in rats. Br. J. Pharmacol. 1370761

111




Section Il: References

Cho S.H., An AK., Bhargava P., Lee C.H., Eischen C.M., McGuinness O. Boothby M., 2011.
Glycolytic rate and lymphomagenesis depend on PARP14, an ADP ribosyltransferase of the B
aggressive lymphoma (BAL) family. Proc Natl Acad Sci USA; 108:15939277

Cho S.H., Goerk S., Henttinen T., Gudapati P., Reinikainen A., Eischen C.M., Lahesmaa R., Boothby
M., 2009. PARP14, a member of the B aggressive lymphoma family, transduces survival signals in
primary B cells. Blood. 113(11):241%%

Clark J.B. and Pinder S., 1969. Qmhtof the steadytate concentrations of the nicotinamide

nucleotides in rat liver. Biochem J 114:330

Clark J.B., Ferris G.M., Pinder S., 1971. Inhibition of nuclear NAD nucleosidase and polyilddse
polymerase activity from rat liver by nicotinamidnd 58methyl nicotinamide. Biochim Biophys Acta
238:825

Cnop M., Welsh N., Jonas J.C., Jorns A., Lenzen S., Eizirik D.L., 2005. Mechanisms of pancreatic
beta cell death in type 1 and type 2 digBetes:
s97 s107

CoboVuilleumier N. and Gauthier B.R., 2012. PARRand cytokinene d i a-celeddmage: a nick
in the Okamoto model®m J Physiol Endocrinol Metab 303: ETHL71

Colyer R.A., Burdette K.E., Kidwell W.R., 1973. Poly ABiose synthesis @hDNA replication in

synchronized mouse-tells. Biochem Biophys Res Commun 53:860

Costanzi C. and Pehrson J.R., 1998. Histone macroH2A1 is concentrated in the inactive X chromosome
of female mammal$\Nature 393, 599601

Cryer P.E., 2002. Hypoglycaemthe limiting factor in the glycaemic management of Type | and Type
Il diabetes. Diabetologia 45 93348

D6Amours D. , Desnoyers S., D 6-8boslyl)ateon réactions iRthée r i er
regulation of nuclear functions. Biochem J. 34ZP249 268

Devendra D., Jasinski J., Melanitou E., Nakayama M., Li M., Hensley B., Paronen J., Moriyama H.,
Miao D., Eisenbarth G.S., Liu E., 2005. Interfer@pha as a mediator of polyinosinic:polycytidylic
acidrinduced type 1 diabetes. Diabetes 54} 256

Dinneen S., Alzaid A., Turk D., Rizza R., 1995. Failure of glucagon suppression contributes to

postprandial hyperglycaemia in IDDM. Diabetologia 3813813

Dogusan Z., Garcia M., Flamez D., Alexopoulou L., Goldman M., Gysemans C., Mathieu C.CLibert
Eizirik D.L., Rasschaert J., 20080ublestranded RNA induces pancreatic betdl apoptosis by
activation of the tollike receptor 3 and interferon regulatory factor 3 pathways. Diabetes 57(5):1236
45

112




Section Il: References

Drescher K.M. and Tracy S.M., 2008. The CVB atidlogy of type 1 diabetes. Curr Top Microbiol
Immunol. 323:25974

Dunning B.E., Foley J.E., Ahre’n B., 2005. Alpha cell function in health and disease: influence of
glucagonlike peptidel. Diabetologia 48 1700713

Eizirik D. L., Calli M. L., Ortis F., 2009The role of inflammation in insulitis arfdcell loss in type 1
diabetes. Nat. Rev. Endocrinol. 5, 2226

Eizirik D. L., Mandrup Poulsen T., 2001. A choi
bea cel | apoptosi si213Di abet ol ogia 44, 2115

Eizirik D.L., Cardozo A.K., Cnhop M., 2008. The role for endoplasmic reticulum stress in diabetes
mellitus. Endocr Rev. 29(1):4@1

El-Khamisy S.F., Masutani M., Suzuki H., Caldecott K.W., 2003. A requirememA&R 1 for the
assembly or stability of XRCC1 nuclear foci at sites of oxidative DNA damage. Nucleic Acids Res 31:
5526 5533

Foulis A.K., Farquharson M.A., Meager A., 1987. Immunoreactive algeaferon in insulinsecreting
beta cells in type 1 diabetewellitus. Lancet. 2(8573):1428

Giansanti V., Dona F., Tillhon M., Scovassi Al., 20BRARP inhibitors: new tools to protect from

inflammation.Biochem Pharmacol.

Giarratana N., Penna G., Amuchastegui S., Mariani R., Daniel K.C., Adorini L., 20@tamin D
analog dowrregulates proinflammatory chemokine production by pancreatic islets inhibiting T cell

recruitment and type 1 diabetes development. J Immunol. 173(4)72280

Goenka S. and Boothby M., 2006. Selective potentiation ofdefaéndent gene exgssion by

collaborator of Staté (CoaSt6), a transcriptional cofactor. Proc Natl Acad Sci U S A.

Gromada J., Ma X., Hoy M., Bokvist K., Salehi A., Berggren P.O., Rorsman P., 2004eERive
KC channeldependent regulation of glucagon release and adattctivity by glucose in wildype
and SUR1K/K mouse alpkeells. Diabetes 53 (Suppl 3) S1&189

Grunnet L.G., Aikin R., Tonnesen M.F., Paraskevas S., Blaabjerg L., Sterling J., Rosenberg L.,
Billestrup N., Maysinger D., Mandrupoulsen T., 2009. Proiaimmatory cytokines activate the
intrinsic apoptotic pathway in betzells. Diabetes 58:1807815

Hakmé A., Huber A., Dollé P., Schreiber V., 2008. The macroPARP gene® Reugh Parfl4 are
developmentally and differentially regulated in mouse tissuesya. 237(1):20915

Hultcrantz M., Hihn M.H., Wolf M., Olsson A., Jacobson S., Williams B.R., Korsgren O., Flodstrom
Tullberg M., 2007. Interferons induce an antiviral state in human pancreatic islet cells. Virology.
367(1):92101

113




Section Il: References

Kent S.C., Chen Y., Brajj L., Clemmings S.M., Kenyon N.S., Ricordi C., Hering B.J., Hafler D.A.,
2005. Expanded T cells from pancreatic lymph nodes of type 1 diabetic subjects recognize an insulin
epitope. Nature 435(7039):234

Kim H.S., Han M.S., Chung KW., Kim S., Kim E.ir{ M.J., Jang E., Lee H.A., Youn J., Akira S.,
Lee M.S., 2007. Tollike receptor 2 senses batell death and contributes to the initiation of

autoimmune diabetes. Immunity. 27(2):323

Ladurner A.G., 2003. Inactivating chromosomes: a macro domain thamhizes transcription. Mol.
Cell 12,13

Lang K.S., Recher M., Junt T., Navarini A.A., Harris N.L., Freigang S., Odermatt B., Conrad C., Ittner
L.M., Bauer S., Luther S.A., Uematsu S., Akira S., Hengartner H., Zinkernagel R.M., 2008k oll
receptor egagement converts-@ell autoreactivity into overt autoimmune disease. Nat Med. 11(2):138
45

Liadis N., Murakami K., Eweida M., Elford A.R., Sheu L., Gaisano H.Y., Hakem R., Ohashi P.S., Woo
M., 2005. Caspas@-dependent beteell apoptosis in the initiagh of autoimmune diabetes mellitus.
Mol Cell Biol. 25(9):36269

Lindahl T., Satoh M.S., Pairier G.G., Klungland A., 1995. Rastslational modification of poly(ADP
ribose) polymerase induced by DNA strand breaks. Trends Biochem Sci 281405

Liu D., Cadozo A.K., Darville M.I., Eizirik D.L., 2002. Doublstranded RNA cooperates with
interferongamma and Il beta to induce both chemokine expression and nuclear-fagipa B
dependent apoptosis in pancreatic tmtls: potential mechanisms for viiialduced insulitis and beta

cell death in type 1 diabetes mellitus. Endocrinology 143(4)-B225

Liu D., Darville M., Eizirik DL., 2001. Doubkstranded ribonucleic acid (RNA) induces betdl Fas
messenger RNA expression and increases cytoktheed betaell apoptosis. Endocrinology
142(6):25939

MacDonald P.E., De Marinis Y.Z., Ramracheya R., Salehi A., Ma X., Johnson P.R., Cox R., Eliasson
L., Rorsman P., 2007. A K ATP chanfd#pendent pathway within alpha cells regulates glucagon

release from both raht and human islets of Langerhans. PLoS Biology 5 €143
Medzhitov R., 2008. Origin and physiological roles of inflammatidature 454, 428135

Mehrotra P., Riley J.P., Patel R., Li F., Voss L., Goenka S., FHRP 14 functions as a transcriptional
switch for Statédependent gene activatiahBiol Chem. 286(3):17676

Motta C., D'Angeli F., Scalia M., Satriano C., Barbagallo D., Naletova I., Anfuso C.D., Lupo G5 Spina
Purrello V, 2015.PJ334 inhibits PARPL expression and ERK phosphorylation in gliomenditioned

brain microvascular endothelial celBur J Pharmacol. 761:5%

114




Section Il: References

Nadal A., Quesada I., Soria B., 19%fmologous and heterologous asynchronicity between identified
alpha, beta and deltacells within intact islets of Langerhans in the mouse. Journal of Physiology 517
85193

Nakayama M., Abiru N., Moriyama H., Babaya N., Liu E., Miao D., Yu L., Wegmann D.R., Hutton
J.C., Elliott J.F., Eisenbarth G.S., 2005. Prime role for an insulin epitope in tblegleent of type 1
diabetes in NOD mice. Nature 435(7039):220

Okamoto H. and Takasawa S., 2002. Recent advances in the Okamoto model: theyiDFDP-
ribose signal system and the regenerating gene proteinfRegleceptor system in batalls.Diabetes
51 Suppl 3:546723

PeraltaLeal A., Rodrigue/argas J.M., AguilaQuesada R., Rodriguez M.l., Linares J.L., de
Almodovar M.R., Oliver F.J., 2009. PARP inhibitors: new partners in the therapy of cancer and
inflammatory diseases. Free Radic Bioldid7(1):1326

Purnell M.R. and Whish W.J., 1980. Novel inhibitors of poly(Aflfbse) synthetase. Biochem J.
185:77%7

Quesada I., Nadal A., Soria B., 1999. Different effects of tolbutamide and diazoxide in alphanukta
deltacells within intact isles of Langerhan®iabetes 48 239@397

Quesada I., Todorova M.G., Alonstagdalena P., Beltra M., Carneiro E.M., Martin F., Nadal A. and
Soria B., 2006bGlucose induces opposite intracellular Ca2C concentration oscillatory patterns in

identified a- and-cells within intact human islets of Langerhans. Diabetes 5512463

Quesada I., Todorova M.G., Soria B., 200B#ferent metabolic responses -, andd-cells of the

islet of Langerhans monitored by redox confocal microscopy. Biophysical Jourd@#a@650

Quesada I., Tuduri E., Ripoll C., Nadal A., 2008. Physiology of the pancreatiecaiplaad glucagon

secretion: role in glucose homeostasis and diabgtesdocrinol. 199(1):89

Rasschaert J., Ladriére L., Urbain M., Dogusan Z., Katabuaf S5, Akira S., Gysemans C., Mathieu
C., Eizirik D.L., 2005. Tollike receptor 3 and STAT contribute to doubtstranded RNA+ interferen
gammainduced apoptosis in primary pancreatic beghs. J Biol Chem. 280 (40):339&4

Rouleau M., Patel A., Hezdl M.J., Kaufmann S.H., Poirier G.G., 2010. PARP inhibition: PARP1 and

beyond. Nat Rev Cancer.

Ruf A., de Murcia G., Schulz GE., 1998hibitor and NAD binding to poly(ADPribose) polymerase
as derived from crystal structures and homology modeBiagzhemistry 37:3898900

Ruf A., Mennissier de Murcia J., de Murcia G., Schulz G.E., 1886cture of the catalytic fragment
of poly(AD-ribose) polymerase from chickeProc Natl Acad Sci USA 93:748%

115




Section Il: References

Scalia M., Satriano C., Greca R., Giuffritella A.M., Rizzarelli E., Spin&urrello V., 2013PARR
1 inhibitors DPQ and P34 negatively modulate proinflammatory commitment of human glioblastoma
cells. Neurochem Res 38:58

Scheuner D. and Kaufman R.2008. The unfolded protein response: a pathway that links insulin
demand with betaell failure and diabetes. Endocr Rev. 29(3):387

Shah P., Basu A., Basu R., Rizza R., 1999. Impact of lack of suppression of glucagon on glucose

tolerance in humans.merican Journal of Physiology 277 E28290

Shah P., Vella A, Basu A., Basu R., Schwenk W.F., Rizza R.A. 2@0@R.of suppression of glucagon
contributes to postprandial hyperglycemia in subjects with type 2 diabetes mellitus. Journal of Clinical
Endocrhology and Metabolism 85 4068059

Shall S., 1975. Proceedings: experimental manipulation of the specific activity of pohy{bde)

polymerase. J Biochem 77:2

Skowera A., Ellis R.J., Varel@alviiio R., Arif S., Huang G.C., VaKrinks C., Zaremba A., R&bam

C., Allen J.S., Tree T.l., Zhao M., Dayan C.M., Sewell A.K., Unger W.W., Drijthout J.W., Ossendorp
F., Roep B.O., Peakman M., 2008. CTLs are targeted to kill beta cells in patients with type 1 diabetes
through recognition of a glucosegulated prepinsulin epitopeJ Clin Invest. 118(10):339802

SpinaPurrello V., Patti D., GiuffrideStella A.M., Nicoletti V.G., 2008Parp and cell death or
protection in rat primary astroglial cell cultures under LPS/IFNgamma induced proinflammatory
conditions. Neuschem Res. 33(12):258®

Steffen J.D., Brody J.R., Armen R.S., Pascal J.M., 2013. Structural Implications for Selective Targeting
of PARPs. Front Oncol. 20;3:301

SuarezPinzon W.L., Mabley J.G., Power R., Szabo C., Rabinovitch A., 2003. Poly-(/kibge)
polymerase inhibition prevents spontaneous and recurrent autoimmune diabetes in NOD mice by

inducing apoptosis of islénfiltrating leukocytes. Diabetes 52:1683588

Uchigata Y., Yamamoto H., Kawamura A., Okamoto H., 19&®tection by superoxide dismatg
catalase, and poly(ADRbose) synthetase inhibitors against alloxand streptozotochinduced islet

DNA strand breaks and against the inhibition of proinsulin synthesis. J Biol Chem 2566884

Uchigata Y., Yamamoto H., Nagai H., Okamoto H., 19Bfect of poly(ADRribose) synthetase
inhibitor administration to rats before and after injection of alloxan and streptozotocin on islet proinsulin
synthesis. Diabetes 32:31%H18

Underhill C., Toulmonde M., Bonnefoi H., 2011. A review of PARP inhibitfstsn bench to bedside.
Ann Oncol. 22(2):26&9

Vives-Pl M., Somoza N., Fernandédvarez J., Vargas F., Caro P., Alba A., Gomis R., Labeta M.O.,

PujokBor r el | R., 2003. Evidence of expression of

116

[



Section Il: References

and TLR2and associated molecule MD 2 and of sensiti
Exp. Immunol. 133, 20818

Wahlberg E., Karlberg T., Kouznetsova E., Markova N., Macchiarulo A., Thorsell A.G., Pol E., Frostell
A., Ekblad T., Oncii D., Kull B.Robertson G.M., Pellicciari R., Schiller H., Weigelt J., 2012. Family
wide chemical profiling and structural analysis of PARP and tankyrase inhibitors. Nat Biotechnol.
30(3):2838

Wen L., Peng J., Li Z., Wong F.S., 2004. The effect of innate immunity @mauatne diabetes and

the expression of Tollke receptors on pancreatic islets. J Immunol. 172(5):&073

Wong F.S., Karttunen J., Dumont C., Wen L., Visintin 1., Pilip I.M., Shastri N., Pamer E.G., Janeway
C.A. Jr.,, 1999. Identification of an MHC classeistricted autoantigen in type 1 diabetes by screening
an orgapspecific cDNA library. Nat Med. (9):10281

Yamamoto H., Uchigata Y., Okamoto H., 19&treptozotocin and alloxan induce DNA strand breaks
and poly(ADRribose) synthetase in pancreatiets. Nature 294: 28286

Ylipaasto P., Kutlu B., Rasilainen S., Rasschaert J., Salmela K., Teerijoki H., Korsgren O., Lahesmaa
R., Hovi T., Eizirik D.L., Otonkoski T., Roivainen M., 2005. Global profiling of coxsackieviansl

cytokineinduced gene expssion in human pancreatic islets. Diabetes 48(8):2210

Zhou H., Zhang T., Oseid E., Harmon J., Tonooka N., Robertson R.P., 2007. Reversal of defective
glucagon responses to hypoglycemia in insulindependent autoimmune diabetic BB rats. Endocrinology
1482863 2869.

117




