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H napouciaon auTtn xwpileTal oTa
napakaTw TUNMATA:

. Eloaywyn otnv evvola Twv BAaBwv DNA,
UEAETEC O avBpwniva KUTTapa.

. Mnxavicpoi enidiopbwonc (DNA repair).

. BloAoyikn onuaacia. ZuoTtnuikn 0paon
AKTIVOBOAIWV.

. BIonAnNpopoOpIKEC MPOOEYYIOEIC



It is all about stress.....
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Nowsheen et al. Curr. Mol. Med. 2012; 12:672-680.
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Bystander effects?

Cancer Lett. 2014 Apr 2. pii: S0304-
3835(14)00201-8. doi:

Georgakilas AG.

: S0304-

Cancer Lett. 2014 Feb 11. p
3835(14)00061-5.

Havaki et al. (Gorgoulis group)

i)

Contents lists available at Soi

Cancer Letters

journal homepage: www.elsevier.com/flocatefcanlet

Bystander and non-targeted effects: A unifying model from ionizing
radiation to cancer

The phenomenon of ystander effects” orginates from a social
psychological phenomenan in which individuals (bystanders) do
not offer helpto a victim close to them This term when wsed
in radiobdology. it refers o a similar phenome non inwhich bystan-
der mon-irradisted cells exhibit 3 response similar to ‘el ghboring”
irradiated cells presumably due to the relesse of chemical and
inflammatory signals from the exposed populstion In sddition
anwed i an sttempt o include variows systemicefMects from relevant
but paralle] phenomens like sbacopal effects from radistion ther-
apy. the wond “non-targeted” has been introduced some years
aga The common parameter of ] these phenomens is the sction
aned transmission of the topical radiation stress in 2 cell popul ation
of ofganiim 0o 2 distance which can vary from a few mm up o
several em away. These effects include but are not limited o
DMNA damage, chromosome sberrations and genomic instability, -
tered gene expression, apoptoss, signal tramsdection changes
radioadaptive response, and neoplastic transforma tion. Acoordng
o latest developments, the non-targeted effects have been de-
teded under a variety of stresses like tumor growth in vwhvo Taking
into conside ration that fact that systemic effeas in human hesith
harve been known fof many years, in this Spedal Bawe, | hivwe com-
piled a series of solid mind-reviews targeting primarily the progress
of knowledge in the feld of radistion indwced bystander effects
(RIBE)L Ar the same time, &n Sempt i being made to extend this
bo & wnilying model oovering different bt relative ype of stregses
like radistion, oxddative stress and cancer. S igniflcant mechanistic
inesights are offered a5 well 25 conmections with biological and clin-
ical applications. In this Special Bsue, | have compiled & unique
aynthesis of concite review articles, by leading experts in their
fields. The philsophy of this Special 1sse i based on curment evi-
dence from human, animal and cellular stwdies suggesting that a
great percentage of ionizing radistion effeas especially ot low"
doses (<1 Gy) include mechanisms that deviste from the central
dogma of radistion bd i ance of effects only incells
directly hit or interacting with radistion products (like ROS/RNS)
the so called bystander” or “non-targeted” effects Although the
mechanisms behind this phe nomenon still in principle renmasin un-
der investigation the ontribution of oxidative and inflammatory
responees i condidered significant For example. & number of
factors are expected to be involved like ROS, iNODS cytokines/
chemokines, growth baors and recently exodomes sugpesting 2
potential role for RMA in the establishment of these effects_

In sddition, parallel evidence from growing tumors in vive
suggests a similar phe nomenon and induction of DNA damage in

T ke ke 403

distant tissues through similar medsanisms therefore supporting
an idea for a “unifying model for different nypes of stresges and
stress-induced systemic effects Based on the welFknown and ac-
cepted idea of systemic health effects ie_ adverse health effecrs
which take place st al on distant from the body's indtisl point
of Contact (2ssuming absorption has occurred ). we present the idea
of similar phenomena of non-targeted efects taking place under
for example radistion or oxidative stresa Therefore with this
apecial issue, | endesvor 1o delineate x5 best as possibie the
mechanisms behind the “sbility” of ionising radiation or growing
umars 1o induce vanous systemic effeds such x DNA damage.
chromosomal instability and cell death in distant tissues ot
directly expoded to radia tion or in the immediste tumor vici nd
The various articles focws on the curment status and sdvances in
the understanding of the pathways leading to the production of
mon-targeted effects in a varety of model systems ranging from
oells, fish and rodents o humans_ Significant mechanistic insights
and theoretical approsches ane offered a3 well 23 connections with
the biological and olinical significance in the case of radiston ther-
apy o low dose expodure of the human populstion As described
el o, Some loey festures of this Edee se ew indights into RIBE
and non-targeted mechanisms, validity of the findings and funme
directions. Specifically. (1) D Morgan and Sowea, focus in theirre-
View o non-targe ted effe ot induce d by i onizing radistion describ-
ing basic mechanisms and potentisl impact on radistion induced
health effects. On the same direction, (2) Dr. Georgakilas and
collexgues discuss the history and mechanisms of non-targeted
radistion effects in vive and suggest & “critical glance’ of the futune
in radiohiology targeting the study of these important effecrs
extending this idea to other type of stresses besides radiation In
an extensive review, (3) Dr. Diokis and colleagues disars the idea
of byst ander effects a5 the manifestation of intercell ular commumni-
cationof DNA damage and of the ellulsr oxidative sta s while [ 4)
D Gorgoulis and collexgues focus on the mle of ooddatively- in-
duced DA damage in RIBE The debate on the contributing role(s)
of axidative and inflammatory responses is continwed with the
intriguing article by (5) Dr. Sprung and collesgues reporting that
axidative DMA damage caused by inflsmmation may link o
atress-induced mon-targeted effects inchuding tumor growth while
the article of (6) Dr. Baranova and collexgues discustes this very
mew and original idea of how ocidized esxtrscellular DNA maybe
wsed a5 3 stress signal that may modily response o anticancer
therapy and contribute significantly in the RBE Towards
the necessity of alernative model systems for the stdy of



http://www.ncbi.nlm.nih.gov/pubmed/24704295
http://www.ncbi.nlm.nih.gov/pubmed?term=Georgakilas%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=24704295

Bystander effects:

= [he phenomenon of ‘bystander effects” originates from a
social psychological phenomenon in which individuals

(bystanders) do not offer any help to a victim close to them
(1968).
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2UOTAUIKA Opaan.......

= [his term when used in radiobiology, it refers to a
similar phenomenon in which bystander non-irradiated
cells exhibit a response similar to "neighboring’
irradiated cells presumably due to the release of
chemical and inflammatory signals from the exposed
population.

= [n addition and in an attempt to include various
systemic health effects from relevant but parallel
phenomena like abscopal effects from radiation therapy,
the word '‘non-targeted’ has been introduced some years
ago.




......ITIAIOPOO> H DNA

BioAoyiko orddio

> APEOWC PETA TO XNMUIKO oTadlo apyilel N eppavion eVCUPIKWV PUNXAvIoPwV
nou Opouv e£nidIoPBWTIKA OTOUC HOPIAKOUC OXNMATIOMOUC Mou uneoTnoav
BAaBn. H diadikacia TN enidiopOwonc dlapKEi KATA TO KUPIO PJEPOC TNG AMo
15min-3h kai oAokAnpwveTral o€ 24-48 NepinoU WPEC. XTNV MEPINTWON ONOU
n BAABn eival aduvartov va nidiopOwbei, Ta KUTTapa odnyouvTdl O E€ITE OTN
onuioupyia MPeETAAAGEEWVY N /KAl KUTTAPIKO Bavato PeEow anonTwong
(apoptosis).




Biapeg DNA

Emow0p0oon
XPpOROCOUIKES A
OALOLMGELS




BAaBec DNA

> KaBe aAAayn otnv oopun tou DNA kal EMONEVWC OTO YEVETIKO KWOIKA UMOPEI
vVa EPUNVEUCElI MOIOTIKA TN PBIOAOYIKN €MidpAcn TwV akTIVOBoAlwy. O1 miBavec
BAaBec Tou DNA nmou mpoEpxovTal amo akTivoBoAnon pe lovTidouod
akTIvoBoAia napaTtiBevral mapa KAaTw:

1. >nAoiPo evoc KAwvou TnG aAucidac (Single Strand Break-SSB)

2. AINAO ondcipgo TNG daAucidac (omaciyo kal Twv ouo kKAwvwyv; Double
Strand Break-DSB). Eav n aktivoBoAia mpooBAdAel Kadl TOUC OUO KAWVOUC
TAQUTOXPOVA Kal JaAioTra oTnv i0la Beon TOTE Ol UNXaviopoi EndIopBwWoNG Tou
KUTTApPOU O&vV MMopouUv va AsIToupynoouv He akpifBela. TeETolou €i00UC
Opavoeic kal akoAouBoupevec MPeE AavBaouevn avTikataoraon PBacewv
HNopoUV va odnNynoouv O PJETAAAAYEC MOU MPETAPEPOVTAl OTOUC AMOYOVOUG
(av yivovTal O€ VYEVETIKA KUTTAPA) N ANPOKAAOUV KAPKIVOYEVEGH OTO i0I0 TO
atopo (av yivovral o€ owPaTIKa KUTTapa).

3. AA\oiwon piag Baonc (o&sidwoelc, HEBUAIWOEIC, aMNONOUPIVWOEIC,
anapivwaoelq)

4. AnwAeia piag Baong (aBaocika onueia-AP sites)

5. 2nacipgo deophou udpoyovou PETAEU Twv OUO aAuCidowV

6. Eykapolec ouvoeoelc HETAEU TwV eAIKWV (Ol1adeopoi-crosslinks)



EmioiopBwrikol Mnxaviouoi DNA

= Mismatch Repair (MMR)

>  AlopBwvel Ta Aeyopeva AaBn TonoBeTNONG EVOC VOUKAEOTIOIOU ) «TUROYPAPIKA
AdBn>» mou gu@avifovral kata TNV avriypapn Tou DNA (npooBnkn 1-4 Bacewv/
anaAeiywn 1-4 Bacewyv/ €1000XN KN CUMAANP®WUATIKNG BAcNG)

= Nucleotide Excision Repair (NER)

> AlopBwvel BAABec ol onoiec napapopPwvouv (bulk lesions) To oxnua TNG dINANG
eAlkoG Tou DNA, onwc oxXnNUATIGHOC dINEPWY MUPIMISIVWY (pyrimidine dimers) kai
OMOIOMOAIKI MPOGOECN OYKWOWY XNHUIKWYV opadwV (cuppeToxn Twv XP proteins)

= Base excision repair (BER)

> AIOpBWVEI KUPIWG AAAOIWOEIC Wiag Hovo BAonc VoukAgoTIOiou (o&gidwaon, HeBUAiwoN,
anonoupivwon N anapiviwon) Kal HovokKAwVeG Bpauacelc (SSBs; single strand
breaks). Kupioc pnxaviouocg yia 10viCoOUCEC akTIVOBOAIEC Kal €10IKA XAUNAECG OOOEIG
(<1 Gy)



Mnyaviopol emmolopbwons DSBS

= O1 DSBs anaitouv AenaTodepn €MIOIOPBWON MOU UMOPEI
va ENITEUXBEI ano OUO aveEaPTNTOUG AAAA oyl auoipaia
AMOKAEIOUEVOUG UNXAVIGHOUG:

> TNV Un opoAoyn evwon akpwv NHEJ (non-homologous
end-joining) N

> TOV OJOAoyo avacuvouaouo (homologous
recombination-HR).



Boowka elon occromTik®@v DNA BraPov

Q Apu rinic /apyri midinic 5-hydroxy-dU S-hydroxy-dC
AP Site

II
r
&
-

~10,000 AP
onueio/pépa




Emioiopbwon DSBs

H avTidpaon Tou KUTTAPOU OTIC
DSBs yiveTal HEOW EVEPYOMNOINONG .
Twv ATM kai DNA-PK (DNA- " SRR R —rusonuno
dependent protein kinase) e
KIvaowv. H evepyonoinon Tng
DNA-PK odnyei 0 pwo@opuAiwon
TWV KataAoinwyv Ser 15 kai 37 Tn¢
P53, aAAd Kupiwc NnpowBEei TNV
enodlopbwon Twv DSBs peow NHEJ]
€10IKA OTNV MEPINTWON ekBEONG O€
10vi(OUGEC aKTIVOBOAIEG

b End processing

¢ Ligation ,
Ligase IW/XRCC4

JITTTTTTTTIITIOOOT




AANNOIWCOEIC facewy DNA

O&cidwan Bupivng (YAUKOAN Bupuivng): Tg (thymine glycol)
: 0




Mnxaviopoc enidiopbwonc ekTounc Baonc:
Base Excision Repair (BER)

Apurinic/apyrinjidinic AP EV5OVOUKAEC'IO'EC

AP Site 'koBouv’ 5" evoc AP
onueiou, ONUIOUPYWVTAC
uia pHovokAwvn 6pauon
(SSB):



EOAPMOINEZ ME TH XPH2H
BIONAHPO®OPIKHZ......






BalOLKEC EVVOLEC

e Emineda AeLTOUpPYLKN G AVAAUONG-

1. Toviblakn OvtoAoyia (GO)

Baon 6edopevwy tng MNovidtakng Ovtoloyiog (www.geneontology.org) pe Tpelg Baolkeg,
aveEéAptnTeC HeTalL Touc, katnyopieg (ovtoloyiec) : 1. Tng kuttapkng dtepyaoiac otnv
orolal CULUETEXOUV oL TIpWTELVEC TouC. 2. TNC LOPLAKN G AELTOU PYLAC TWV TIPWTEIVIKWY
MPOLOVTWYV ToUC. 3. Tou KUTTapPLKOU EVTIOTILOMOU TWV TIPWTEIVWY TOUC.

2. BloAoyka povomnatia
H KEGG (Kyoto Encyclopedia of Genes and Genomes,
http://www.genome.jp/kegg/pathway.html| amoteAet tnv maAaitdotepn Baon

S€S0UEVWV BLOAOYLIKWY LLOVOTIOTLWV

3. Aiktua MpwTeVIKWV aAAnAeritbpadoewv (Protein-Protein Interaction-PPi)

Human Protein Reference Database HPRD http://www.hprd.org/

STRINGdb http://string-db.org/

4. AvaAvon EpmAdoutiopou o 2uvola Novisiwv (Gene Set Enrichment Analysis, GSEA)
Tools for performing GSEA (1. PlantRegMap, Enrichr, DAVID, AmiGO 2, Blast2GO)



http://www.geneontology.org/
http://www.genome.jp/kegg/pathway.html
http://www.hprd.org/
http://string-db.org/

How to retrieve common genes among the DNA
repair mechanisms

* Firstly, we have to find the official Gene Ontology terms for each
mechanism

* Then, from the QuickGO (http://www.ebi.ac.uk/GOA/downloads)
download a file with data for the whole Human Genome (488082 entities)

* Data has the following form
» But if copied and pasted to an excel sheet then it looks like

* Using a few lines’ code in php we can create .txt files for each GO term,
containing its associated proteins.

* Using Calculate and draw custom Venn diagrams application
from the Bioinformatics & Evolutionary Genomics
(http://bioinformatics.psb.ugent.be/webtools/Venn/) we can insert the
abovementioned .txt files, creating the Venn diagram.



http://www.ebi.ac.uk/GOA/downloads
http://bioinformatics.psb.ugent.be/webtools/Venn/

Apyeio Emelepyooic MpoPokn loTopwd  IehGodelkteq Epymieinr BorBeux

(89 AmiGO 2: Welcome X

(€ P @ amigogeneontology.org/amige/lznding @ CPHGNC S HB ¥ A 8| =
2
& Mo ouyva avayvwop... 9 AmiGO2 | QuickGo %7 STRING [l GeneCards &) Metawpaon Google [ | Elsevier Editorial Syste... Ml Draw Venn Diagram

@l amigo.geneontology.org/amigo/landing

search
Get Started with Grebe Advanced Search GOOSE
-

T - N

it 2

‘ N 71
Use the Grebe Search Wizard to get started in exploring the Gene Ontology Interactively search the Gene Ontology data for annotations, gene products, Use GOOSE to query a legacy GO database with SQL or edit one of the
data. and ferms using a powerful search syniax and filters. templates.

Term Enrichment Service Statistics And Much More...

/Lo ||.|.| &
View the most recent statistics about the Gene Ontology data on the main Many more tools are available from the software list, such as alternate
site. searching modes, Visualize, non-JavaScript pages.

H. sapiens E

biclogical process E

Powered by PANTHER




On-line free access tools

* Quertle

* GLAD4U

* AmiGO2 — Gene Ontology Consortium
* STRING v.10

An introduction to effective use of enrichment analysis software:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC352597 3/

DAVID https://david.ncifcrf.qov/

http://webgestalt.org/



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3525973/
https://david.ncifcrf.gov/
http://webgestalt.org/

On-line free access tools — GLAD4U

GLAD4U: (Gene List Automatically Derived For You) a web-based gene
retrieval and prioritization tool from PubMed literature. (NCBI)

How it works:

* it collects the relative to the query publications,

* it keeps only those that contain (human) genes.

For the prioritization of genes the gene-to-publication link table provided by Entrez-
Gene is utilized.

This table contains approx. 3x10* human genes associated with approx. 3x10°
publications.

For prioritization a hypergeometric test is performed. The result is given either as a
list (from the more relevant to the less), either classified on tables according to
biological processes, cellular components and molecular functions. The score for
prioritization is given as the negative logarithm of the hypergeometric p-value.



http://bioinfo.vanderbilt.edu/glad4u/index.php

GLADA4U: Gene List Automatically Derived For You

Home | News/Updates | Documentation | Contact Us =]

Query: | T | [ search | | Clear |

E-mail: | |
Please, enter an email address if you want to be updated on the status of your query.

DEFAULT OPTIONS [expand]: threshold of 0.01, human genes, 100 genes per page, 10
supporting publications per gene, 5 page links per page.

OR

Ticket number: | | Retrieve ‘ \ Clear |
Please, enter the ticket number for the results that you want to retrieve.

CITATION Jourquin J, Duncan D, Shi Z, Zhang B. GLAD4U: deriving and prioritizing gene lists from PubMed literature. BMC Genomics. 13(Suppl 8):520, 2012.
USAGE STATISTICS [9082 hits since 11/03/2009]: 1041 local hits (last 03/30/15), 8041 remote hits (last 05/11/15).

LAST UPDATES: GLAD4U data last updated on 06/26/2014.

GLAD4U likes Firefox, Internet Explorer, and Chrome.

Disclaimer: GLAD4U relies on the National Center for Biotechnology Information (NCBI)'s Pubmed data to function. As such, it is important for our users to know that the National Library of
abstracts in PubMed; however, journal publishers or authors may. NLM provides no legal advice concerning distribution of copyrighted materials. Please, refer to http://eutils.ncbi.nlm.nih.c
disclaimers.

Zhang Lab | Dept. Biomedical Informatics
©2008-2015 1.Jourquin, D.Duncan, B.Zhang



GLADA4U - Vanderbilt University

Department of Biomedical Informatics - http./bioinfo.vanderbilt. edu/glad4u

Home | News/Updates | Documentation | Contact Us E search & Ticket number: 359a9mte308kdquudmk4 71

9

Summaryﬁ @ EI =
Generated on: May 11, 2015

Query: Homologous Recombination (Parameters used: threshold of 0.01, search only human genes, 100 genes per page, 10 publications per gene, 5 page links per page
Number of publications retrieved: 28,957

Number of publications containing gene information (among the 28,957): 1,829

Number of genes in these 1,829 publications: 1,993

Number of genes after the score threshold: 613 [+

(opens a new window)

Visualize genes in a protein-protein ijiteraction network

Genes identified in your guery. from highest to lowest scores:
(all links will oper in new windows)

Expand all publications [+]

1. - [ Entrez-Gene I1D:5888]
score: 1000, go to Entrez-Gene page, show the first 10 out of the 237 supporting publications [+]

2. - [ Entrez-Gene ID:641]
score: 90.0848, go to Entrez-Gene page, show the first 10 out of the 61 supporting publications [*]

3 - [ Entrez-Gene ID'7517]
score: 88.5195, go to Enfrez-Gene page, show the first 10 out of the 69 supporting publications a

4. - [ Entrez-Gene ID:675]
score: 78.8392, go to Enfrez-Gene page, show the first 10 out of the 91 supporting publications a

5. - [ Entrez-Gene ID:672]
score: 63.0743, go to Entrez-Gene page, show the first 10 out of the 94 supporting publications E

6 - [ Entrez-Gene ID°5893]
score: 58.3900, go to Entrez-Gene page, show the first 10 out of the 35 supporting publications a

bicinfo.vanderbilt.edu/glad4u/outputs/359a9mtediBkdquudmkdugnc?1/359a9mtedi8kd quudmkdugnc71_index.html#

Pagi




Example for GLAD4U: lonizing radiation response

Ticket number: t2efceb88p3ro6fhd768ddqvg0
Generated on: March 20, 2019

Query: ionizing radiation response (Parameters used: threshold of 0.01, search only
human genes, 100 genes per page, 10 publications per gene, 5 page links per page

Number of publications retrieved: 31,654
Number of publications containing gene information (among the 31,654): 2,282
Number of genes in these 2,282 publications: 1,797

Number of genes after the score threshold: 238 Show all excluded genes

The results for your query (ionizing radiation response) were displayed and processed by GLAD4U in 24.72s.

Please, visit our website to retrieve the results, using the ticket number: t2efceb88p3ro6fhd768ddqvg0.
The results will be kept for 48hrs on our server.

Thank you for using GLAD4U (http://bioinfo.vanderbilt.edu/glad4u).

-- GLAD4U development team.



http://bioinfo.vanderbilt.edu/glad4u

http://webgestalt.org/

» WEB-based GEne SeT Analysis Toolkit

WebGestalt Translating gene lists into biological insights...

Your analysis is complete. Thank you for waiting.

Analysis parameters: Data: thirdpartyV3vFe7.txt, Organism: hsapiens, 1d Type: entrezgene, Ref Set: genome, i.e. entire entrez gene list, Statistic: Hypergeometric, Signficance Level: Top10, MTC: B

View results

Click on this button to visualize significantly enriched GO categories under Biological Process, Molecular Function, and Cellular Component with three separate Directed Acyclic Graphs (DAGS) in one

GO categories in red are the enriched GO categories while the black ones are their non-enriched parents. If the "Top10” option is selected, GO categories in the top 10 that also have a p value < 0
that have a p value > 0.05 are colored brown, and the black ones are the parents of the top 10 categories. The DAG groups related enriched GO categories together and helps the user identify img
study. Each node shows the name of the GO category, number of genes in the category and the adjusted p value indicating the significance of enrichment. Clicking on an enriched node will open a-
included in the GO category. The table will also provide the number of reference genes in the category (C), number of genes in the gene set and also in the category (0), expected number in the cz
hypergeometric test (rawP), and p value adjusted by multiple test adjustment. More information on individual genes can be acquired from external databases by clicking on the Entrez IDs or the Er

0 download or view a tab separated list of significant GO categories with corresponding User Uploaded 1Ds, Entrez IDs, Ensembl Gene Stable IDs, Gene Symbaols, and descriptic

Export Complete Results Package

Click on this button to download a .zip file to your desktop. This file can be unzipped and one will find in the directory a html file prefixed with .DAG_. Opening this file in a browser will show you the
results” button. This function is particularly useful for saving analysis results for future reference and sharing results with colleagues.

WebGestalt is currently developed and maintained by Jing Wang and Bing Zhang at the Zhang Lab. Other people who have made significant contribution to the project include Dexter Duncan, Stefan Kirov, Zhiao Shi,

Funding credits: MIH/NIAAA (U01 AAD16662, U0 AAD13512); NIH/NIDA (P01 DAD15027). NIH/NIMH (P50 MHOTB028, PA0 MHO96972); NIH/MCI (U24 CA159988). NIH/NIGMS (RO1 GM088822).



biological_process maolecular_function
metabolic cellular single-organism e procuction resﬁnse hinding catalytic
process process process stimulus activity
| cellular organic
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! lumen
process
/ | File Edit Format View Help
- - 'Jser‘ file and parameters: User file: thirdpartyV3vF67.txt, Organism: hsapiens, Id Type: eni #
Sﬁaz‘:’ce c\:;m;:d BRCA2 and CDKN1A interacting protein 56647  EN5GB00801879495883 5883 RADSA  RAL
metabolic megm”c cell nuclear antigen 5111 ENSGE8888132646125158 125158 ZSWIM7  zinc finger, SWIM-1 intraceliular
process process 5 23137  ENSGBOBB0198887142 142 PARP1  poly (ADP-ribose) polymerase 1 14
tein 8 5932 ENSGROeRe181773675 675 BRCA2  breast cancer 2, early onset 67t
1B structural maintenance of chromosomes 1B 27127  EN5GBO80e87793529935 29¢
3795965 5965 RECQL  Rec) protein-like (DNA helicase Q1-1like) 5965 ENSGeeeeest
organic cellular ¢ arrest deficient-like 2 (yeast) 18459  ENSGBEOEP116670119392 119392 SFR1 SWI
macromolecle cyclic nitregen telomere elongation helicase 1 51750  ENSGEBEOB258366,ENSGEEEOER2683651426 51426  POL intracellular
e compound. | comeeund 0000730566117 6117  RPA1  replication protein Al, 70kDa 6117  ENSGEE@8@132383752¢ part orancii |
process process associated, actin dependent regulator of chromatin, subfamily a, member 5 8467 ENE
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Bridging plant and animal responses

¥

radiation quality DNA repair mechanisms
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Exclusion of genes categorized to more
than one radiation quality response

S orthologue paired lists
NODES in PPi networks: genes ‘sensing’ radiation
quality (biomarkers) ‘

comparative analysis between
plants and human

PLANT RADIATION DOSIMETER:

genes

genes of both species suggested
to have new roles in DDR

plant
community

$ Use of plant-based platform
environmental/health risk fOF monitoring DDR genes
and genotoxic stress

Nikitaki, Z., Pavlopoulou, A., Hola, M., Dona, M., Michalopoulos, I., Balestrazzi, A., Angelis, K. J., & Georgakilas, A. G.
(2017). Bridging Plant and Human Radiation Response and DNA Repair through an In Silico Approach. Cancers
(Basel), 9, E65.
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WHAT?

With this tool you can calculats the intersaction(s) of list of slements. It will generate a textual output indicating which elements are
in each intersection or are unique to a certain list. If the number of lists s lower than 6 it will also produce a graphical output in the
form of a venn diagram. ¥ou have the choice between symmetric (default) or non symmetric venn diagrams. Currently you are.
able to calculate the intersections of at maximum 30 fists.

The graphical output is produced in SWG and PNG format

Downloading the figure in SWG format will allow you to further customise it with SVG compatible software such as for instance
InkScape (which is fresware)

HOW?

Enter files (in plain text format!) with a list of elements andior copy-paste lists in the appropriste fields. The lists can contain only a
single element on each line, but there is no limit on the number of lines. The input lists. will be processed and made non-redundant
(= duplicated elements in each list wil be removed such that only one remains). You can make extra fields for entering filesflists by
clicking the 'Add Another .. butien. The style of the graphical eutput can be specified in the output control section. Choose either
symmetric of non-symmetric,

Click ‘submit to start the analysis

INPUT section

upload files:

ﬁle1:” A, ‘GO,OODO?ZA@M HRemove‘ Provide name for file (optional)

file 2:| Avagfimnen.. | GO_0006284.6¢ | [Remave| g—g’:e neme for fle (options
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file 4: AvaZftnan. | GO_0006298 ixt | [Remove _Pm_'““e name for fie (optionaly
file 5: AvaZimnon. | GO_0008303 b | [Remove _"’”"E for fle (optional

upload lists:

Provide name for list (optional);

Save Image As PNG | | Save Image As SVG

Text results:
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Z. Nikitaki, I. Michalopoulos, A.G. Georgakilas,
Molecular inhibitors of DNA repair: searching for
the ultimate tumor killing weapon, Future
medicinal chemistry, (2015) 1-16.
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Pharmacology & Therapeutics
The DNA damage response and immune signaling alliance: Is it good or bad? Nature
decides when and where!

loannis S. Pateras, Sophia Havaki, Konstantinos Vougas, Paul Townsen, Michalis I.
Panayiotidis, Alexandros G. Georgakilas, Vassilis G. Gorgoulis

Disruption of DDR/R—ImmR cross talk compromises (multi)cellular harmacology
integrity, leading to cell-cycle-related and immune defects. The ’E‘E';_
emerging DDR/R—ImMmR _concept opens up a new avenue of therapeutic
options, recalling the Hippocrates quote “everything in excess is
opposed by nature.”

Pateras, I.S.; Havaki, S.; Nikitopoulou, X.; Vougas, K.; Townsend, P.A.; Panayiotidis, M.1.; Georgakilas, A.G.; Gorgoulis, V.G. The DNA
damage response and immune signaling alliance: Is it good or bad? Nature decides when and where. Pharmacol Ther 2015, 154, 36-56.



Putative interactions between different Pattern Recognition Receptors (PRRs) with components

of DNA damage response & repair machinery (DDR/R). The Ingenuity Pathway Analysis
Software (Qiagen) along with the underlying Ingenuity Knowledge Base which comprises ~5.1

million relationships was used for the Network Analysis.
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|.S. Pateras et al.

The DNA damage response and
immune signaling alliance: Is it
good or bad? Nature decides
when and where,
Pharmacol Ther, 154 (2015) 36-
56.

ek

D/PAMPS

ImmR Dark side
(PRR = Infl/lmm)

Full-blown
disease

‘Eva evoTToINTIKO MOVTEAO TTOU YEQUPWVEI TO unxavioud atmmékpions DDR/R and avoooTroinTikd oucTnua
ImmR (including PRR and Inflammatory/Immune mediators) 1mou evepyoTtrolgital OAo padi w¢ Yia cupgwvia
OTNV TTEPITITWON UTTAPENS TWV AeyOueEVWY onuatwy Kivouvou DAMPs (Damage Associated Molecular
Patterns) 1 PAMPs (Pathogen Associated Molecular Patterns). To diktuo DDR-ImmR gutrodicel Tnv
eKONAwaon acBévelag ota TTpwiya otadia (early stages bright side), evw o€ TeAeutaia oTddEI0 TTPOWOEI TN

Aeyouevn ‘okotelvr) TTAeupa (dark side).



Cancers 2017, 9(7), 91; doi:10.3390/cancers9070091
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Review

Complex DNA Damage: A Route to Radiation-Induced Genomic Instability and Carcinogenesis
Ifigeneia V. Mavragani ®, Zacharenia Nikitaki 1, Maria P. Souli !, Asef Aziz 2, Somaira Nowsheen *?,
Khaled Aziz 3, Emmy Rogakou ° and Alexandros G. Georgakilas *
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