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Abstract

Mel anoma originates from the maligmamptr etd®@n g foo rermatsit o
cause of srkeilnatceadn cneoerxtcael pittpya o arlhkeyr vi val prfoogrn opsaitsi,e netssp
in advanced daseédeemsi agedhhigh metastatic potential,
pronoumkemdot ypi cTlpilsastatci éy.i shagriaonttarltiustoaircdpr oegngssi o
metastatic spread andhpebimat gnteetomethaesaeptya toonmaf oirs
i mmne checkpoint bl ockaadveif cln@Breigtummautnoortyh epraatphyway s t o
activation aayt dtuonxitd oh loy nipoh orceya eegn i(zGT Lassnd. at CBck t 1
therapy has revolutionized stihgeni dii mmendi¢oywirmparpnrayy e manhnt a
survival outcomes. Nonet heless, therapy resistance ha
the oversiucxzl®Resi st ance mephiamasmBgaated with a dysful
cl asnsedli at ed antigen processing and presentcyntgi cmachi
di f fereantiiagd msn, ogvhnerhaddogni zed ThylsoGTBL si.s acerldsul t
dedi ffereptoakaewnplhenot ype amid ¢ scriinlpes fphastcieti uy aol

mel anoma <cells to adapt ht owuestnevrisriobninee ntt rad n sccureispt i onal
potentially facilit-medhgt edasmmonedomwagseuaohisres . RNAS
(Il ncRNAge¢ been impticaitald procgenpeisn®lfudiprugaromacape
me c hanibaums ,pt ebi ferati on, metastasis and drug resi st :
functions, | nc RNAs may al so af fsepcetc i mé lc a oroochaersip ydarsdy i ¢
mechani sms remain | argely unexplored.

I n this study, | ncRNA GRASsSL NoDo twearst ii anlv erseliegraarecde i n mel

buil ding on itisn pmévendlymali psd®am ncheilbist o M3o@sn)a hien g FN
a key immune pathway subst antAiPaM difforsnmego g eamiwaigtdishe H
CTLs by direct i nt eriarcd U cwend ,-& it & daunbdll el etRiNVBAa toend pr ot ei n
( PKROBRASLND was found to be overexpresoadeilmat mdl amonm

di f fer enltanaoctnead cneel | stat epoamridi riomdlr i prud @ megd it SRABNNKND
knockdown revealed a switch of a differentiated, me | a
a dedi fferentiated, hpirgoh liyf eravasfiigveaddihn GRA Gib WD

di scovehedhlay expressed i n i mmunol ogi cal ficol do tur

correlation with gene si gmatturveast i o-h n falmdmmzat @m s poelsl
processes, i ndi eraetgiunilgat@amy i mmuree in mel anoma. Signi fi
GRASLND wunoreersullRNd i n expriensxcsieamns ed-savfierhisl aotfed FgNenes (|
i ncludi-Ings HLfAace protein expression, suggestiong a su
signaling also im BRIASEPKNMRaeirdtautritchre,r ,as reported i n MS(
These findings suggest an adaptive resistance mechan
systwim suppresssigmabiTappdars to beedeikpre elefskcyRNA

GRASLMNMNilkchkely contr i btuhtreosu gtho itthsi sP ReRlefreatsttt g @thi wg tthhi s
speci hfteraction mi ght be promisingedomampmceiracno man a n p c

mel anoma.
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Kurzzusammenfassung

Das Mel anom entsteht Tdanshordmaet i mal ivgoone Mel anozyt en

Hauptursache f¢gr die mit Hautkrebs verbundene Sterbli

insbesondere fg¢gr Patienten in fortgeschrittenen Kranl
potenzial, die intratumorale Heterogenit?at wmd di e a
fé¢e¢hren. Letztere 1ist entscheidend f¢r das Fortschrei

und die Ther &pieerpersiins®treenzBehandl|l uagtapit epnne f Mel armem m
| mmuCrh e c k Bdioctkade (1 CB) , die Regulationswege hemmt,
zytotoxLgmpkekoz¥ten (CTLs) zur Erkennung und Bek2mpf un
Die -TIC8rapie hat die aB&hend!| ureyodeti Eni ert und di e |
aussichten der PatienDemneclthelbdt chi wherdies sTgrda.Gepn er e s
Herausforderung entwickelt und den klinischen Gesamt ¢
in erster Linie mi t ei-Kileaxrd-gsdy snfi it b let itpe mazldenrs Hi wiedin g s

pr2sentationsmaschinerie (APM) oder einem Verl ust V O
verbundeoyr mdl evawei €€Ls erkannt werden. Died snégeer-l Mer | us-
Dedi fferenzierung, ei nenSwirtoczheisnsg bdeekra nants iPsht® nuontdy pdi e
von Mel anomzel |l en beschreibt, sich durch reversibl
Umwel trepassamdanmddCTiver mittelten Iznumuennrtegaakhtgi Bo-nneinc ht

kodi erende RNAS n(d naonRNwess)e,nt |l i che Prozesse derk| Maeliaro
dermmunabwbhbr, aulmholdiefrer ati on, Met astasierung und Ar ;
i hrer vielfaltigen regulatorischen Funktionen Kk°nnte

beeinflussen, jedocnRodilred iumrde Meged ainfiissneme noch wei t g«

In dAebeontde die | ncRNA GRASLND im Hinblick auf i hr e

Pathogenese untersucht, basierend auf i hrer fr¢gheren
(MSCs) al s | nohSibgintaolrwedgess, leFMes wichtigen | mmunsignal
der -HAPWM und damit der | mmunogenit?2t gegeng¢gber CTLs w
mi t der -intderzferbvan, dopa&kltstvi emgiegenPr RIGRASKINDa s e (

wur dreMeil anom aX r i¢nbieerret und mit dem-Zali lf teatemz i kot eal il
nachgewiess avruarudcghe zei gt , dass es zu einer schl-echten

basierte Ausschaltung von GRASLND zeigte einen Wechse
und stark proliferativdeendi Zét ehait e@st emny esit me rk i nva
proliferierenharn; bZeeal Ikkitrmaaws . wur de festgestellt, dass
Akaltenfi Tumoren stark exprimiert wird und eine umg
Aktivierung von I mmunreaktionen und proinflammatoris
ei ne i mmunregul atorische Rol |l e beim Melanom hinwei :
Herunterregulierung voznu GRASLNMN DAnusnttieerg IdFeN Exopr essi on
smulierten Genen (I SGs), einschOberClli Tdh arepr o xepirneesns,i
eine unterdr¢ckende Wir kung-Sivgma |IGRAeSrLINrDa gauunfg daiuec hl FoNe

Vi



hindeutet. Dar ¢ber hinaus wurde eine Interaktion zwi

berichtet wurde, best?2tigt.

Di ese Ergebni sse deuten darauf hin, dass Mel anomz
Resi stenzmechani smus einsetzen, um das | sRIniugqrsaglswegn zu
unterdr ¢cken. Di eser Prozess scheint durch die | bere
zu werden, die wahrscheinlich durch i hr®ahetek@8khnien
die gezielte Beeinflussung dieser spezifischen Intera

Mechani smus zur Umgehiwemg ded m imaldmrany m zu ¢ber wi nden.

VIl



Abbreviati ons

Abbreviation Meaning

36UTR 3 -@ntranslated region

™G 7-methyl guanosine

ACN Acetonitrile

AJCC Ameri ca@Gomhmi ntee on Cancer

AMP Antigen processing and presenting mach
APCs Ant i-mreeasenting cells

AS-IncRNA Antisense | ncRNAs

ASO Antisense Single-Stranded Oligonucleotide

BANCR BRA-Acti vatRrdotNeoinn Codi ng RNA

BRAF V-Raf Murine Sarcoma Viral Oncogene Homolog B

BRAFi BRAF inhibitor

BSA Bovine Serum Albumin

CASC15 Cancer Susceptibility Candidate 15

CDK4 Cyclin Dependent Kinase 4
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ceRNA Competitive endogenous RNA
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CRISPRa CRISPR Activation
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DDR DNA damage repair
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DSB Double strand break

dsRNA Double stranded RNA

DTT Dithiothreitol

el F20 Eukaryotic Initiation Factor 2 al pha
EMT Epithelial-to-mesenchymal transition

e RNAs EnhanRNAS

ESCC Esophageal squamous cell carcinoma
FA Formic acid

FBS Fetal Bovine Serum

FC Fold Change

FDA Food and Drug Administration

FWD Forward

GAGs Glycosaminoglycans

GAPDH Glyceraldehyde 3-phosphate Dehydrogenase

GEPIA Gene ExpPeefibhng Interactive Analysis
GR Glucocorticoid receptor

GRASLND Glycosaminoglycan Regulatory Associated Long Non-coding RNA
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GSEA Gene Set Enrichment Analysis

H3K27me3 Hi stonegsiihe 27 trimethylation

HLA-I Human | eukocyte antigen c¢class |
HOTAIR HOX Transcript Antisense Intergenic RNA

ICB Immune Checkpoint Blockade

ICI Immune Checkpoint Inhibitor

I FNo Interferon gamma

IL-2 I nterReukin

IL-6 I nter-beukin

ImmIncRNAs Immurideel ated | ncRNAs
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RNAI
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RT

RTK
SAM

| FoNst i mul ated genes

I ntegrated stress response
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Lymphocyte aclivation gene

Lactate dehydrogenase
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Mi t ogeni vated protein kinase
Mel anoma differentiation antigens
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Micro RNA
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Messenger RNA

Mesenchymal stem cells

Neoadjuvant systemic therapies
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Nuclear Enriched Abundant Transcript 1
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Nerve Growth Factor Receptor
Non-homologous end joining
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No#wignificant
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Polymerase Chain Reaction
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Reverse
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SAMMSON
SDS-PAGE
SEM
SgRNA
shRNA
SiRNA
SKCM
SLNB
SMC
SMD
snoRNA
snoRNPs
SNRNA
SPRYI4T 1
STAT1
STAT3
STAU1
STING
TBS
TCGA
TCR
TEMED
TERT
Tet

TFA
TGFb
TNFU
TNM
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tRNA
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TSS
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Survival Associated Mitochondrial Melanoma Specific Oncogenic Non-coding RNA
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Standard error of mean
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Small interfering RNA
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1. | ntroducti on

1.1 Mel anoma

1. 1Qrligin and Staging

Cutaneous mal i gna&nnt angeglraensosmiav e and potentialtlhat!|l et ha
originates -grodu @i g-gneed ¢ u,ctel ideednal meémrO®cymelsanoma c.
develop in var-ctomsaimeilmrgoctiysenesaneonwecs usings | i ke the
paranasal sinuses, the centiffdlhenmamsd vg imall a wmenniycard t he
metastatic melanoma can be desc rTihbeend thyal dinfofdesrl e nptr osptc
Wal | a€kaHk 1969 is a risk assesmmemdt rbatsiealn oinn daipd thi md
Th€l am&kdel consi st sstafr tfiihge evliadthel s,n which mel anoma i
outermost epsldledmssthbevalhasi on from the papiwhlidrey t «
l evel V rpemred sieamtt seubcut aneousadgd ssiuetsed with the gre

ri sk and the p.dnree syteapr dgprnesgi,s Al exander Breslow condu

patients, considering not only the | evel of anatomic
precisely, t he idne pmihl Joifmaibmrevmnassa so nBr Bs beWwoww daeapethori ze
di seaa®es in four stages starting Smnm nstdaegpet h awid he nt
with stage | V wintmhT hmesl asntountays tshheuwerd sstadaeat |l y affected
factors, tumor siwvaesjamrd hexdteempterof uipmosierndil ¢ afti icmd @ u
Nowadays, the gold standard for mel anomatshtaghaeagmiarsd

American Joint Commi t tseteagdmgCasnycsdre m( Awd®)srep ogruaitdee | ti
Bresl owbs depth and addiuiticemaibmbey Dadcmetsastautch &g mg
site(s) of dista¥fThmetsad s tuaBidiad icttib@asasdeon t hetuimoternat.
nodenet astasis (TNWM) wHiacshsiifs cappli ed %.8 ThreaerTycat ¢ gor
i ncorporates taunmohre tphri ekenrecse of ul Sebattegomaineds mot os
category includes the involvement and number of ficl.i
metastatic | ymph nodesl akgrftligsttsh evi M hc adtinesigpoarayt d me s a st
| esefser hmct at e dehydprod§ewsdlatshea t( & dd Helf el veaclthiinggh t umor bur
and nvasicwdlviheg AJCC mel anoma staging NMyasnadmeiimtegr

subcategories to cl ass({mfey amélnm)s domabtfargeem | S/t. a e a@es | a
|l ocalized mel anoma with no |ymph node involvement, d i
presence of regional | ymph node metastasis | eads to t

mel anoméhairacterized by the pr esTehnec edeotfaidiesdt aAnJtC Cmemea
staging allows <clinisetansegioest,aidamgitnrgeaftrmemt sur gi ce
therapies. Further, it aids in prognosis prediction

di sease pftdygression



1. IRi2zsk F®etwvel®pment and Progression

Mel anoma i s recoghnetzeddds etsh aate vresitohpi 6agh t he coorfbi ned ¢
genetic predisposi tiinofnl uaenndcreesn g i tibrarmae detxadfibd ssuiraends o u't
as the most critical e n v imuotnangeenfitfakldnitse s ki f hehbDr sdoeex |
andastunburn ipnacritdiechutlrsa,migy cai edbebaltihmaheaddi fi abke
factomel dnem&si gni ho-maditfrabkefactor i s t he nopuwantaist y
mel anocrytpicg ment wlthireech-mamcerous clusters of Memahacytes
anal gemsensttrhaet eidncr e ameldamamnk doddeoroegmatiibe number of
common andneai yppiglali ghting the i mportance of monitor
mel anoma prevention drPPdhenosfikepadca smas scmantve of reducec
production, such as light complexion, |light hair (blo
and the tendency to sunburn are marke¥Sufoheanmgreate
family historay cofunidrs| idnmormaassie, ¢ pr ox i rla2t%e loyff 8cases occu
i ndi vidual s -dwehgor ehea vree | faitrisveel sa naof nieeé ¢ th esath dotgded 1 ophenot ypes

or germultiatd on. The most frefqoemd igermhesasae fémalkivemys a
suppressor gene CDKN2A (pl6), with |l ess common occurrtr
involved in cel%!1Adyswol ea rpergeuviiactuiso nmel anoma diagnosi s
probability of devel 87%hg a second mel anoma

The devel opment of mel anoma i nvol vtelsr dlhgeh tgemestfiocr mau ti
upon-idduced DNACudtaamaegoeu.s mel anomas in Caucasians are

maj or subtypesei tthhecosme cahrriosrdiaogalgleyd gdClS®n i ntermi ttent |
exposedCS(DnHonskin. T h e sdei fsfuebrtdynpt eisaatrairdet i ons i n UV radie

anat omi cal | ocation, opkuri &%Fi g Tehaen@8Mumak amamas ar e
found on anatomical regions with moder(atdb5 syuena fesxpro s ur
originate from nevi and exhibit a relbtegecaogntl piwer m
BRAVOIMuUut at iwhich results in the formation of benign

alterations, ppombmuasat TERE or CDKN2A | ossl hocenwbdbtaet |
CSD mel anomas are characterized by Ipiagh emdtshadrd on al b
years and primarily arise in anatomical trhdegiadnsanwi t h
necthese melanpwpimaal |y do notexositginmgamevinrombuprieather

siom dysplastic | esions and are?¢driven by a distinct

I n advanced melanomas from both subtypes, various son
that govern essential cellular functions, including p
resistance to apoptosis (DHED»BP, pdéll NKdW¥nched( PDUKRRA) ¢
life span (TERT). Consequently, theeacttww akey pronal inn
( MAPK), al so knPaMEKERKt hbat Raeay and tB&kiphseepl il B&K9 i/ tAd
pat hway areteddy saredudbnormally activated, regulating

homeostasis,?®fespectively
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Fi gulr e Chr oni cdad nhayg esdu n( CS D)C S &medl annoonma s WCIStDy preesl.anomas ar e f
mainly in the head and neck, as these are areas with the
characterized by a high mutational burden, frequently har
BRAF fVibd OE) , but develop | aGSD menl andnas |Imarrciofnesrtasear Inioenr i
moderate sun exposure. The mutati o'f°%erdgnt he preréaodomveayt |

Figure wals fadaptS%@innd et eat ed using Biorender. com.

0
h |
b «

Aberrant MAPK signaling is primaril y -Raatft reinbcuotdeedd thoy L
BRAF geaeseéesine/thr¢ddmitsneackiinvaastee,d by s madTIP) GTamads e R
subsequently phoRphagmbBlya toe-€ STEKe | anomas contain a mu
BRABene with oovcecru r&t0 %godomhheb O@r.edomi nantpomuwttatmuamtiior
resul ttihmegs bisn iotfutv avlnitgiieut ami ¢ acwlhdi c(Bves@e@sBE)st i t ut i ve ki r
acti vaand omenders it insensiptriowe?dtsi®lsaegationd MmMesdbacl:
mutation, V600K, accounts for approxi mat,elwhil 0% VoofO OaM
and V600R3'a¥et i apackiimmotyy at i tohMsR Aifnene, coding for -the sma
Rasar e pr easbeorit2 %5and t he second most capae howlayasdigmral p
in cutaneou% 3mAdtainwantai ng tnuBtRaAtF oanrsd gdRA8 e f ound to b
mutually exclusive in?3thRh®midmajcomitryasdf t me BRiNMRmwassut at i o
funcdliom | @aadgstegul ati on of 2tAnae dP IraZnkdt AcKoTn Bpicatt uhewaasyi o n

oN-Rasan obkcyc uar-oHfousnsct i on mugeante oenn coodfdtitungeo f osuppeéessar

neurofi bromiml lactNsFelpast iave regul ator of the RAS/ MAPK
pat hway by conver tGTnPg ttoh et haec tiGrvdec tfRéMSm nRRA S2 n o ma , NF1 i
thiodt maltered gend5&cofir2dfiCBhetrisnsil@dnal i ng pat hways ar
direct binding of growth factors Aotihatiregeptoer atir
KI'T genes ara oehbhbsevedfi mal i gnanratn anheylzaendo efitays aG cats@ tmert g

an association with ol der age, acral, mucos&lISDand CSI
mel anomas and a | ocat% on on the extremities

While these primary drivememanhateaeenh o pameatfiunvadamenutsalot
genetic changes have been identified that iinfluence
mut ations are fr equenmettlays tf aotuincd menl armdoman,c ebldi ghl i ght i ng
spread. ThesepiombuwdmatTBRE that will enhance TERT tra
preserving tel omer e l ength and fostering ciél | i mm
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Furthegmoreéic ailnt etrhaet i O NBE Aelyeo@des the tumor suppres
pl16I NK4A andep@tB®ARFppmeelnahnaonntae dc apaa n d p me ts dAse alsl cycl e

regul ators, a reduction in their activity, due to del
to impaired cell cycle control“hadtlcpntrhébutdgsr égulma
tumor suppressor phosphatase and tensin homelOdg (PTEN
in cutaneous mel anoma. PTEN is a key molecule in a ne¢
signaling by 8KuateractyngPPEN | oss results in the co¢
l'inked toatebhnaot’méalnt

1.3MI TF Pahnednot ypengwi tch

The transformation of mel anocytes i ngteon emeilca naolniae riast idor
environmental factors, h oMv ecvreorp h4d khaelo mir athesa r Trpad n oar if @tc
MI Tpl anmesaenmtoil ®l in the progression eacdtkilagghleTsksiivsenes
crudioal mel anocyte deveslboyp nteonnttt rtagnl deiXmgned sioomn of genes
mel ami gment production, ¢ d@lkawide gtell eadnirofecfyetiesan ti ioamt i on f r o
cresetf] |l shus establishing imeélahoay t3®*al ik md/je tsmiidiyhant
S. Hoek anduocobbVgegeeexxpression sigmpat useaansp | cefs mehlaan
define the metarsd adiifcé peodpematncatd e p it a*t*€he expression | e
of Miv@Heound to be closéehpetasstoat iadc ebdelwavihomfhoée mel an
mel anoma csoahnopretese def i ned, wimah kiewlhohTHA & MU a&-BEdw

(MI'P¥expressi on, recsiperctt i Bediysplaayi ng a heterogeneous
The resear chetristhde sMiplvien etdy p ep riosn@manre e a, s tsajsoiaava md

iassociated with a ihrev atthid temteabdl agaaicanit trjya $ef] aMbomMBE cel | s
are highly proliferAtfioelawdaiuwdemgnsihvasédet hat mel ar
can reversiblytbBwi hcghbget weehi ferat "vweelalnds tdahtfed ea e d t
i nvasi ver,owilnogy and d,avdiTifk ¢ deTelticsat ed st ateedammiséds i bhe
epit Hareisaeln c htyrmaanl S(iEtMTom prntdh@ae @i d 9 mor imgtthaes tlaossiss of cC ¢

adhesion allowing tumor cells itonvaddeabhsementr?® membuh
However, as melanocytes are not epithelial and their
mesenchymal characteristics, thentehe fmephaepoimgipeoalkkx

proposed ebty iaHo. &K - 0Bhist udy overturns the previously as:
gene expresspoinntcihragagtdsywaa misc abhdhawmsori pti onal signat
The tumor mi croenvironment with wvarious internal an
switching, and this form of cellular plasticity appe

met astfFRaisg®r®Unl i ke permanent gemre nat yap it @ rmpaltrdksetrdis ¢hi yit yh e

mostly repieg exildtlyieade mocalfi nge traonsaltl ptvomeexi bility a
in response to vastiohsltichravi rioncmeundtealcel | ul arnsgtriessts
starvand oinnfl ammation |ike BT@GRptamorngpegr ®EMNB) fact or

signalni megl anoma by affet!ding MITF expression
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FigwreModel for melanoma metastases formation and progress
gene dMettlanoma <cells in the primary tumor are characteri ze
signature. Triggered by microenvironment al changes, prol i
changed) to an invasizeed phgenbeypeprebaiaatefia clearly di st
mel anoma <cells spread through the bl oodsitfreeraan itvee a edil s tsd mtt
met astasi s. This cycle of phenotype switch accompanied wi
proliferative and invasive genes is repeated durin’g mel anol
and created using Biorender. com.

A phenotype switch towards the invasive, dedifferenti

increased metastatic potenti ali,ntbruitnsiisc alessd adclaousiesleyd o

targeted or i MmAasnodaxhpelraaipnesd . ilnd semoreondet ai | . Target
predominantly focuses on the inhibition of the MAPK s
the use of inhibitors that target specific component s

that theofabMlemEeis associated with dec(MAPKOWlsielne iitti v

presence is crucial fdt-SefFheatddivéeidnugaresepanseaa cel

inked to rediuccietedy itnomwarrodgsencyt ot oxic T | ymphocytes (C

-

esi staffihese vaahgrimam@ysi tafdi ffesent me | anhoinggh | d gglhlt & thee
hall enge for successful treat ment . Nonet hel ess, t hi
traftemgyt herapeutic i ptremot hterigpopmsiftpiokerehs i-bhé dippsaantr utgo

v »n O

mor er elspgnsitvler sttapattgeet i ng underl ying mechaifhsms of
underscores the crundicadownerad tpr odesnnsed yand factors

trandgition

n recent years the oversi mps$ olshkd tgwawidfefl e rodhn tRiFgitheedn,ot vy
and a dedi,Melnféat i avkatsd tree d @ §f iumr écded 1l st atdeesn t & éegnee d
expression analysis of neetl aiadoemmat fi & @ me it gfpoerd ymeTl,saoni o ma
categortckadsest Ctlhe undi ff ecealsitkaet,e dt,r annesuirtaolr vy, and m
state, relCpactsieselCyl and C4 t head &fFso haolrit gl Tafetcbhh ddrote k 6 s
A.The transitory cl ass C3 exhibited MI TF 4 kreessi o
characteristics, | i fkTihneg nietu rHaol k ecorecksats s @Bwliryts cB i bed
and resembles the undiifnfeemsh®ifabsdncel blis¢pimPEeasdonhe

of the recepto(RTKXLomaanlkedke thiafsfeer ent ati ond%@ld dsdressg r e
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Cl and C2 are distinguished by their differential e X
SOX9. Specificall $0XC0assplC@sexbnband | acks SOX9 abun
observed for the undi &f leebeithatinoggtiecdal Cldi ¢if @s®nces and

char act.erHusrtti hcesr , C2 is characttleg i zedr aly -sphess ipfrydismegne
transcripti dRfT KNearcvteor Graonwdt h FaNGBR, Rwelcieph owag reporte
associatedawdt hmmupnet her®p¥¥nrasipsvanaé estaendami Wodit er
the intermediate state, which <corresponds to Tsoi 6s
represents a heterogeneous mixture of melanocytic and
stable, "mixed" genedeeduyul atomohusetgend&dsexpressi on pa
st athed no spontaneous switching ofwaéef.oeThhtle sitnateer mmeidtih
staitse regubatsedr byiscr i ptan @ n s fimowdbeorrast e MI TF activity.

harborsigeméures of both, the melliah®ocydeédi falhar ¢ mMtei ane s
exhibiting both prolifer dfRambaw dauibrswajsuiend | cyh arua d tt e ruiy
findings twseilngSRNAN@gAd eBRAIFN mpit-aimit ni c al mel anoma model s
MAPEKSitFour distiohmetr adtughenotypic states were identif]
cell (NCSCJ)j kestmataed'ma cells (SMC), and pigmented me
were observed to coexi st witshirre steumbdre Itehsei prhnse.n oTt hyepsees
as the undifferentiated-l (fkien a@NCSELCH)), atnhdei tgimeurriaa |dad)roe
phenoSyplehe SMC mel anoma cell population exhibits int
demonstrates significant downrpgut,ataleengo fwictahn ciemd icce
nutrient ®©épmiovati on. i s stildl uncertain whether the |
states are sé&pThr &t esdtemidyni dtitelsi e dr esponse to dr-ug expo
proliferaxxpvemBl Aoma cell s underwent pheéemwowdy e asiwi t c
st advedo stweetdeabyf ohhsei ti onhei-raghseirs tianattoglay pi §imént ed N
state (fAhyperodri fdre'roMnTaRk ®t,edwh)i ch could coruaedpomhtto

invasive or NCSC state. Abundaehati wehl yt hleow att ent &ad s ¢
mel anomas -aagvergatri getd xe Hogweasfetrs up o nNMAtPrke aNseth't  wi
cells became mor et lpeiervaniember ¢ hbaigrheased onceflthe tre
These findings underscore the urgent need for further
i nfl uen,dd ss elacsteh progression and drug resistance. Unde

cel l state transition thus becomgs an essenti al mel an

1.1.4 Melnmmuonnbageni ci ty

Mel anoma phenotype switching towards a dedifferenti e

i mmunogenicity towards CTLs, a main cause of tumor
i mmunot hCelrLaspyt.arget and kill tumor cells with precisioc
recep(tloCGhRss)ndi ng to speci-f)cantAgehResdimpfl €kdeldt. i ated mel
cells lack the expression of mel amema adi fMIgleFe etsairagteito

Mel anA, gpbB8O0Onamsdut yed f ort uerfofre citmmuen®ed AtEFeoogtot oxi c
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effects afeltChB8t+ hfave recognized their cognate antigen
the release of cytolytic granuf3dkegr et Renea ¢tt Uonicart h@n ac

response, particularly in halting tumor growth and

nt ergeemnoan o()I.FON scwat okine that plays a key r-dueorn inf
ctivity thrpugli fdé r ®taipweahadrid cpred fects, the recruit me
el | s, and the activation of pathwalyisn itnmManedledt ed t h
ntigen processing andHpAARBMEME @he o HA RN cehriinteioagya I[{ h e

esdrntontorfacel |l ular antigens to CD8+ T cells, all owi

- T 9 O 9
—

o

intracellul ar pathogenscoandsietwvemaorl d&elyl ss.t eTphsi:s aprta

tigen processing, | oading df noHe cprl ®@cse s ssendd & rhtei geexrp |

o o
>

omplex on the cell surf &deguffer 3presentation to T cel

i
,!

MHC Class | Pathway 5 "
CD8 T ce

®, Expression

CcD8 on cell surface

Cytosolic
protein

()
Antigen uptake
) ///

< |

y @ Antigen processing

through proteasome \1
Ny

L |

Proteasome
Peptide-HLA-I

° o
\_—v ° ) @associalion

Peptides
L]
& -ﬂAI“x
7\;:; ‘ ° /

Antigen-presenting cell (APC)

Fi gwBrMechani smHIoA QGthaesAnti gen Processing andukoesamti ggnlaah

processed through the proteasome and transported into the E
with antigen processing complex (TAP1/ TAP2) . This-lis foll
mol ecul e amsf drhetdrthe cel-l ndapdmdentviean dcolcaytthorsiins , where i
cytotoxic T cells. This figure is a tempy alAkilkall was dKMHCu

Bi orender . com.

Endogenous proteins are tagged with ubiqui-subumintd su
proteasome complexes, including the i mmunoproteasome.
mol ecul ar wei ght protein 2 (LeMP2Yi, ngL MP&pt iadneds . L MARRLLO v
i mmunoproteasome i s stoiemyploastiad omai MGleynebywtlke@Nanti gen
transported to the ER |l umen by the heterodimeric tran
compl ex, wher d otall@W-assboci at ed-l HhAavlyassain di-mer s. T

HLA complex is shuttled from the ER to the Golgi appa
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vesicular pathways for furthermirEBEobpgnghion byr&@gGRbaof

as viral pepiedegsedr ne amanotri gens, trigger T cell acti
However, tumor <cell s, including melanoma, can devel or
Strategies i nvol ve dowmaleegcud laetsi,o nmuotfatHloA s i compon
processing macthiderTAPQls mald & A M2)s,i gonra lii mtge rdfeefoebct s (J A
function mutations), enabl i®8¢f°them to avoid CTL recog

1.5Treat memndt Therapy Resistance
1.8 Burgery

The standardmeppnomelt ment is the wide surgical excl

focusi ngcoanp Irtedireo v a | of t he frolrb tdg hsaerats elt & ©il omaindh r educ

met astrasiksr patients Wwhtisthalgemddmbhocal i zed cutaneous
mel anoma (stage | and I11), surgery is the . .mddhte efifskct
of |l ocalized melanoma recurrence is |inked to the app
specified in guidelidemi dead etdr ioanl ss eavred adetrearhZ ned by
For further ri sk assessment, pati eanrtes smi ktjhe catdevda ntcce ds

l ymph node biopsy (SLNByposihévpreesamncaeaebf | ymmbr nodes
di agnostic and prognostic indicator, necessitating a
which is the riealolvya) ®©dn derodTewmet | ryenpd mmeddacesalmage || |
management protocol involves the excision of tumor i
subseoqgaudgnutv aemmi cytsherapy, such as targeted therapy or
as descri’'Bed hleell @Bt surgical intervention iwhimeh anomasa
is the excision of one or more metastatic sites and

especially by r ermeosviaslt aonft %4méetaat snteanste s

1.52Targeted Therapy

Targeted therapy has emer gerde laasn,oma tpii lvioz iang agpmpugsacde
specificanellyanaotthdsk based on their unique genetic and
strategy aims to enhance treatment efbncaggnbygerse]| ect
thereby improving patient outcomes abnrdo a deedru cti‘rne§a tsnm ednet
Bef 2ddddvanced mel anoma had ver,y Jdiamhatréd zti rnea tcrheemto t dip
andi gillhse i nt2er@2lyhek ing t he onhegr @afiaeTadbde t wo agents r
the mainstays of melanoma treatment for decades, des|
side effects, highlighting the critical need %0r more
Targeted therapy revolutionized the treatment of adva
of the driver mutation in the BRAF gene (V%0O®E), tha

BRAWOMmut ati on | eads to the constitutive activation of
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need for external signals to(FidguveTdekl pioldi hgsapir omn
mut atdirowen dr ug rdesvwell toipeeaippy emat abéni b, a BRAF inhib
ag he first effect iBPRRAVi°A a g b bneed nagnhoemraa’d yAPW2o0ry e ar s | at er ,
FDA appdaobvreadf eni b, adeshgne @ RBABARhugat ed menhamcdma
significandplayi emhasae vival compared to the ¢hemstamer
year, tramet-amp bo wead,n hd AMEtKo r( MEKrwhi ch acts directly
BRAF in the MAPK pathway. Trametini b sfhroenee da nsdu pev éa roa
survival compared to chemotherapy in patieWdt0OE/ Kwit h
mut ai?ilonn patients with unresectable hottagmgl| bf Ct bos et
mutati ons, the combination of dabrafenib and trametir
a higher pfrroeger essuisrivoine ak heafel | owi nMARIaer s, raddciatsiean & |
clinical use, i ncluding encor afnedni i n(i BfRRAF in)i Toh rceoebE Km e)
BRAFi /| MEKI combinati on therapies ar e currently appr
vemur afenib wi t h cobimetinib anveereallyr aftehneishe wWBR AW
combinations show similar efficacy, -meintih mpe oignesas i oat
survi val (PFS) rates of 30% t o 40 %. The tvaaxTyméty pro
primary benefit of these combinations I|ies in their

significancttitoumoirn rtehdeu nfaj ori ty of patients

While this advancement towards more personalifted mel
expectancy and quality of 1ife, trheemaeamesrag emrc &€®hafl | reengi
Resi stance mechanisms to MAPK inhibition therapy are
acquilmegd.insic resistance occurs in aboaxi 2t0i%n @ f a bmiell iat
mel anoma cells to withstand dr ugr &gspearnsriendt e g immarkii inigge t h
Il nherent genetic mutations and naturally released f .

repo%’t efhese include, amotnlgheadcse rtsq tah e TaEN il wastsi on of
PI 3K/ AKT signaling pathways and plays a imeldé at ad BRA
apopttdhsiFsrther genetic alterationsycloinnrDbuampigl ftioc at
|l oss and muhMEKhaoBRACLI ngeA%eNowgenetic factors include th
of hepatocyte growth factor (HGF)-MEWhstcbnhkbdg. toht &¢
reactivates MAPK signaling a&@A®*promotes tolerance to

Adaptive resistaoarca ramachmmd ;cinest e response to treat me
sensitivity, and are char@emerni ze dd1 by natreedddKotn & rod

treat ment, melanoma cells are capable of the | oss of
or cell st gthee ntortaynpsei )tsionoiltsgcchamegy r esi st arfiT hsowittac hg eftreodm t
a prolif er asteinvsei taihvde'odMaudgFi n v a srievsei satnadpptchreNnl@ltFy pe, tr i gge
by (m®micamvironment al stresses, is an adapti®e Imesi st
addition, a |low ratio of MI TF/ AXL expression represe
drugd.n Assttudo es have shown, combi nsingniAfXiLcamhl pi emh asn e
cell erS%dication



RAS-RAF pathway i Oncogenic Oncogenic BRAF
i BRAF signaling signaling arrested with
BRAF and MEK

Growth factor
inhibitors

Constitutive activation is independent of extracellular
! factors and does not respond to biochemical signals
RAS-GTP ! that would normally regulate activity
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proliferation and survival ! and survival ' and survival

Fi gWuWrdAP ki nasd/gbhRK i ng pathway and oncog&%fet ai iBdRas i ng due

mutations of valine 600 as often observed in meligmarma nmat i e
independent of extracellular factors, accompandpmr omegdcd unc:c
BRAF or MEKaimésths tBRAF signaling. Ficgoumm.e Tcernepd taetde uwisViemuu r BRif o
oncogenic BRAF signaling pathway in 3hel anomad was used witdt
Mel anoma patientsorr eccoembviibnegtiamoph o al |y exhi bit a signi
tumor si ze, however, this is frequently followed by t
a relapse ofl hbumont gaswtho adaptive processes, these
typically indicated by stable geneti c, and thus irr

circumventisngo@/IRRAERK i vati on o#&ntabcehs epetdhwmeg nedrn ic
changeisch as mutations of, NRASetaind BIEAXKBrgazmeBRfABEoAt i on
splhnhg that c¢an dinndeerpiezned einht o amahange’rd%%A e wan additional s
toesist MAPKi merl eaantommeamstwet € t o an al, t grhmat iavree peaitthhwe
Pl 3K/ AKT ofrc aWNeTn5iAV , pathlhuway eadi ng 8t-6°1d¥°4g resistance

1.5831 mmunot herapy

| mmunot herapy represersttg at @g@w &en dtbrreedavkalenoge d aorf o ma ,

harnesspagi eweds mmune system to i doeunsteilflys .a nldn |diekset rtorya |
therapies that directly target the tumor, i mmunot her
recogmelzeenoma cel.Tdiasinhmoeat $ve approach has signifi

for patients with advanced mel anoma,'%BMmhekisngcasamaphb

i mmunot herapy against melanoma is mainly dr Asem by t|
result, melanoma cells have the capacity to provoke a
the i mmune systemttlipasTihonteluerro g@asn aentdy & asterdorbgy | y mphoc)
infiltration within melanoma tumors, tWAtThiosul at tirniduu
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has rendered melanoma a straaegibetpagieent @s i mmumet $
trained to recoginhaexweldisdinmehiomheat@@euti c treat ment op
checkpoint inhibitors (I Cls), bi specific antibodies,

cell t&%erapy

| mmune checkpoints are regulatory components within t

the i mmune response, preventing it from becoming over
cell s, a condatwi onmriinmiwtny .asCy t casosxd cci aTt eddy napBHId. cyetne

programmed @dBRRtand itsLll)i,gamd (IRRDnphoc y3t g LAAG aveatkeyn d
components of i mmune checkpoints. They act t&di downr e
mechani sm to redvuicde Tandelelvaaet i Glmuere mdebehsosasl ant i

devel oped to tar genthiamatl cvdywolceks ,t htelrseer eby enhancing i mn
pr omottui mggu p pr esfsfi 8@t s

As the pioneering iIimmune <checkpoint r edc eipd oe x ¢ lou suinvdes
prese@b4enand CD8ptr dmaectés sanlitnlli wied or mcgiigrmaali ofngr and

response, by directly binding to its I|igands, eithe
expressed on the-pgersfemde ngflégntgisngerm BCE)1, the first
an€rTLA4 antibody, i pil-d prqurmavalr,e cveh iveld md&rAked a mil es

management with a significant survivallopéhtewauveri,n pa
despite this high efficacy, nowadays-l norott hermapne nwi tath
used in combination wit h%% taAhneort hi enmmui nnontuhneer arpeyp rdersusgiso n 1
targeted amedantedfi m@UndtDhePBlpyi 8s tBes for both con
Programmed (P®atand Progr dmmgedRiDea,t(hare approved for r
treat melits. aPRel |l surface receptor dn TofczPiDrs tthmdr badmn
ot her,caebkli®ag cell cycle arrest 'afRidg s)udgngBbDds ainom bofdi Bsc
used i n f bmetcalsitmmitcaooma t r enaitvhoelnutmasbr eand pembr ol i zuma
subst pati amedoal | survi VarAnmaddyv ¢ imddhtadmommdcli onal antit
spartalizumab, for Vi%'fat amnrerad steentta lolfe BARrAFmet ast ati ¢ me

in a phals®ilglu) et r5i al

Despite its groundbreaking success in treating unres
tumors to develop resistance temmi e$facaeyiaond phstt a
However, extensive research meachariesms yelrcugphlswhinclo vr
can escape immune system detection and develop resis’
i mmune evasion mechanism observed in-FmBManDmias i camhlkee
result of an B2M dneuteattiioon | eatli egpresai bnssestaplidg mu
| FONN ABSTAT1 signaling or a dedifferentiation!otield. the

stat e, causing the loss of mel anocyti%T fUBwirl dainntg gen
recent di scoveries, researchers ar e actively wor kin
i mmunot herapy. These efforts focus on turning i mmunol

the function of CTLs.cyTlThdfs ehliwchildagthitnsg taded iutrigoena | mo |

evasion mechanisms in order to target them p¥fecisely
11



FDA-approved anti-CTLA-4
antibody:

FDA-approved anti-PD-1
antibody:

Ipilimumab (2011) Nivolumab (2014)

Pembrolizumab (2014)

Anti-PD-1 antibody in Phase Il
trials:

Spartalizumab (2018)

Fi gbrePrinciple of immune checkpoRDLt aindh-ICOTaLtAe oinmmmme noh de k @
mol ecul es expressed by T cells, which serve to inhibit i mmu
Il igands on tumor cells, they promote i mmune-CdvL@asmdnant immune
PDanti bodcicelsnt eract this effect by activating the i mmune r ¢
Bi orender.com and partially adapted eséhagt acheadwanrpdatevanvt
i mmune checkpoint inhibitors awmmuhabherapyBibyeddmersom Sil
1.2 I ncRNAs

1.2.1 DefChassiohi eadi on

Advanicresgenomi covrees eraerccehnhta vdee cuandceosv er ed t he-pcotuei al rc
codi ngl nRNRAMA) ecul es, once dismissed as insignificant &

in the genomes of Nomnepdiexg otrgams smispt s iYlongesenhhanzel
cudaff of 200 nucl eoti desodirreg dRNA. feldin ARENA hg madmom
the majorityandaf ssmRiNAGC inicwaols oORMBAIS r RN, Ars@d n sRNeAS t RNAS)

mi cr oRNAs ,(smmaRNAsi)nt er(dieRNAgd i RMASer act (pn R NREMGes t

Il ncRNAs are transctlil béBopbdhwupadley gorlandRédA processing inc
end-mé&t hyl guanosine (pml1Gladeaypiand otac cae n stuhree 3568 aebnid i z
However, recent di scoveagdresniltaale RiNAe npriddesds i mgn pat !
|l nc RNAwhich contributeg tocRbMadieagRtalbedvagqei Do gener at
enflor protastobserved f dt% J12AAdRINA iMANLaA Ty , s male!l crppl eg
ri bonucl eopspseoRBEBE)y thel Bor mati on aafe daiersge hi ebreadtmdb hgc u
snbncRRMAd circul ar RNAs (y®WidrieBNe®s deassspechitveln base
processing mechani sm, | ncRNAs can be categwoeoidzed acc
genelshi s anatomical csllaosnsgi fii rctad-d goehin hign CR BUAlse RNAs) t hat
gener at eidntferrgmni ¢c regi onswhdfthnbé o&eromap -cwoidiihngany
sequencks contrast, anltnccRMAs®) |naRNAse r(lASSp wi th exons

12



nes and are transcri beé? fOfamnt,heihreseppoappiesdedstehamcd®N
nefoi tregul ate tA%¥Fur tslkeexrs,e IgeRMAs can be transcribe
us termed promoter upstr eRA@MR Bsa B s drriamtsamr t{ iPReVERENS )
i ent aat i loinght onwambidgwveosfein codpagnigerges | eh@@M0 bet wee
cleotiTdhemar ked by 4 i dhdowret thoalffast degradation by t hi

targeting (NEXT3FicoamlceRNAs generated from enhancer r |

regul atory elements to increascodihreg tgemesc,r i grte orne
enhancer RNWist h( eeRNAshmon tédmgt 20900 rneu®N Assartei de s,

anscribed bidirectionally by Pol I'l from enhancer s,
recihensunctional ity of the majority of -leiRkNeAsgeinse st

regul atory rd1%1t2Ps suspected

2.2 Functions of | nc RNASs

The genomi-tasedacdli @ansi fication of | ncRNAs does not pr
which are higtldleypedidv ethisred iab/At opr ot ei.nsT,hexsre RMA er act

enabl e l nc RNAs t o perform various cruci al rol es wi

exprekidion

Nucleus Cytoplasm

A) Guide

; D) Scaffold

Chromatin
modifier

B) Decoy
_L_-.-_ E) Post-transcriptional
processing of mRNA
! Q 2
®\ /\) mRNA %j\j
h‘”‘(!,))::'(‘:;"(m S )
\}\ x/ « Translation
i i * Splicing
C) miRNA sponge @  mirna * Decay
—L--— ¥
ijRNA
i gwr eOverview of I ncRNA mechanisms {tocR&ds| aae thatgat ool e
mechani sm where chromatin modification enzymesDNare recr
teraction. Numerous I ncRNAs exhibit decoy functions by di
teraction with DNA target sites. Another decoy function o
teraction with its mRNA targets. As scaffold el ement s, (.
ose pr dxiaitilgi it teo asmud mhlpy ooei n compl exes. Addi ti-onal l vy,
anscriptional processes, including mRNA splicing, transl a
orender.com and was adapted from ndeby ikKh#lei 16 Metc haln.i sm of
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| ncRNAs can act as guide el ements that recruit c¢chr om:
in aria thhywwndir eRNA DNAt er act i @genn et oe xrpdfgeug sedt)en Bhe most
prominent examptl eameodisaathet o mBANAINT iicrati¢gdost-ihrracXt i ve speci
transcr iAst i(ndiiscta)t.ed by the naming, this I ncRNA is a
during the early embryonic development in female mamr
X chromosome. This is achieved byontohseo nief,attshoegc pt ven c
X (Jain)d,tsspr eadcr oss t hieXiesntt i reelcnrXumdtsi n, mbdcfFudireg the
compl pepeygcomb repressive compgloexdelpoasnd 2 e(pRRGI ianngd c2h)r
suchhiastone H3 1 ysined3X27ine Brmeest uhtytl sant g coininp(t i olrf.a | i nac
Ot hlemc RNAs haoeaep dleicloiyty on the transcriptional l evel
from their (BINAuB)arlgreca BRNA GASS5 functions as such a tr
bi ndtiongt he glucocortarcadi dompeteipnrwq tIGRGENANHDEéEmMDi ggnes
t her abfiencgte | | growt h and met abolni shmu maiee Adnegl tl ¢ a pwatti C
transcriptional l evel, I ncRNAs employ a decoy funct|
sequenawaeaso,mpteht i ng with t(RieguC)amRBMA & amegehani s m, referre
sponging or competitive endogenous RNA (ceRNA) activi
MRNABor instance, I ncRNA H19, abundant in fexkilbitti ssu
mi RNsAp o n quicrtgtvairtgye thierrd eni RNA, faimi égt | ynuiscf leuendliffegent i a
Regardibgnucl eoproteins (RNPs), various I ncRNAs have
a specific combsindtriiomgi oy phoobemanin modifiers, trans
facttorlsose pirFoixgiuDiptHYPX t ranscri pt antisense intergeni
| nc RNAs attriifbwnocetdi om.t hThteh 56 and t he 3sowiddmaihre dfRC2h
and LSD1/ CoREST/ REST compl ex, respectively, Tehneabl i ng
combi hédne modification gmd tley(sk 40efmeH 308 dameiBoant ed by t h
compxlresul ts in transcriptiléndiP tsioluggrhc il mg RANfA st aarr gee tmog &
recognized for their roles at the trtamarcgd rpitp toinan all ea
of their mENAQUE)Rrdgmbeg t hem tareebduscaRNAs spl i cing, suc
met asaasiosi ated lung adenocarcinoma transcript 1 ( MAL
PTBP1 and PSF, thereby regulating alternatitd’el3%pl i ci
Further, transl ation can be contropPkéd sloby iveintchB NtArse a s
RNAiIinding prroetseuilnt sHUR t he-7f Agoadi tme2li,ncfRiNAREetirn nega
af fiencgt s stability. I n t he2 Abisengsteamlfe HuwRhi d h naIRINAws t
MRNA targets CTNNRIpriawghed UNBransl ati on potem@ft®i ally b
Lastl y,sclamc RMA e a direct Byfiect eonenaRNge dl 6Setaaguof en 1l ( ST
medi at ed mMRNA &&MDay s( a8MProcess dor magmmawhip@ Haared | s
degr abdyedbi nd heg detubbgde&fNAdi nding protein Staufen homo
theddantransl|l ated regRMNMAs (BdUARNI zed by STAU1 ar e ge
compl ementary base pairing of ALU el emrdutshefdbenonaRNAS
Computational studies revealed around ,35Mi d mIciRANMAtsi mwg t

significaneéaitmdSKBI I WFAt* mechani sms
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1.2.3 I ncRNAs in Cancer

Thenumer ous mechani s ms of act hbghlaitghti bubedr tbr dand R

i mport &ansequentl vy, aberrant Il ncRNA expression prof
processes, leading to various pathologies such as car
most not abi2¢? Dywsaicegul ati on of | ncRNA expredgsimor has

devel opment , progresbyomctiand eaethet af@iss oncogenes o0

Intereshé ngdjyor i tegx hoifbiltnclRMiAsue ErRpt eastdeoceppetypes
manndence, t hsoff umcaRNbAE héinr ar gt @di ed cancer type mus
a cel$peyipeic context and are not éd‘silMbweveansfsewvabla
l nc RNAs are degmurlitbhed et d umawempmamoti eg ahflects i n mo
cancer type. Qlneee pol¥ya miHedRdBAt h oncogenii € |HODAIeRati eiss
overexpressed in a,l sruge vasrm tifetbyd ttafmpea madide gtalish ra ncd
bl a

ef f
pro
mi gration aBhMTandvmetldét@esmparabl e are the consequence

dderl’tahnemaddi pi ewi dws ltylcddresmradighmddat i ng and gene
ects oh HMORAMAAR,sponging actta vi ¢égelwatsalr emoRNASE. Cel

cews éed epameneort i ngnoelfufl eacdtedd by aberrantilnyc |leuxdper ecseleld

of MALAT]1 &asvdkescribed in var ifownsc tciaonncaelrist.y Wiist ha ictesRI
mi RN&R 354 a guide el ement for the ch®P obffedtsa mo dnolda tf o/ri nagf
alternatil'Veaoscperi cd enlgl mi gration, i nvasi on, EMT, angi f
among the resull®i5Algn pchoenntortayspte st o oncogenic | ncRNAs th
ancerous context, varisuppl eacsRNAa nBxhdteii adnoswamegul at
ancerAcwdlllsdi ed example of a tacmorssstvmpmo®usds GASEBNA

ownregul at goinfhaaovden chbee e n diolcruane ntt dafarcr eat i@ €ancer

c
c

d

col orect ®landanocvear i ®AThceancgeci fic mol ecul ar mechani s
suppresses tumorigenesis include mi RNA sponging, gui
specific genomic |l ocations, and acting as decoy for t
celll igreoati on, invasi on, apoptosi s, EMT, '@Amdotdheg r es
I ncRNA exhdibhimbrngfédecits is tumor supptarsasloyalicisadnadtieddat e

aeduced expressinogcamfceTUS@Mmplieomnaahdpaor prognosi s actr

cancer 18t.yf®@s col orect al cancetowar ¢ 2RBMA Raact iarget
phosphodiesterase 7A, was uncovered, dtéreldtliny- tarfifpelcet
negative brienasdit ticthoneerr,eveal ed an inhibiting role of

and metastasis throlugg2Bdpspoerguhgt ohg MmMRPKBs Py B&V IAKT, é
pat hhways promoting cancer devel opméhiTalkend 1 ohgegstrers s, otn
hi ghlighted cases-famgphad oinad -dapnedc inofieill ¢l i ntaytpuer e of | nc RNA
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1.Z2l.ncRNAs i n Mel anoma

In the past decade,onthe@amumeuykras amoamfte&het udi es on | ncRI
mel anoma, showcasi ngkaeyelhalolifmealraimbemad migoyhnas prolifereé
i nvasainodmet ast asi s, met abol i sm, i mmune ascarpeevi awed di
Mel i xetw.l’dmi g d)r .e

Immune Escape Drug resistance
LIMIT SAMMSON
NKILA TSLNCS8
Circ_0020710 TINCR
MIRAT
POU3F3
XIST

MEG3

H19
CDR1as
LINC01291

CD8+ T cell Melanoma cell

TER i g m
BANCR L MHC- & -
CAR10 -

CCAT1

Circ_0016418

Circ_0020710 I n C RN AS

Proliferation grecaiss in Melanoma
HOTAIR L
KCNQ10T1
LHFPL3-AS1
LINC00459
LINC00961
LNCRNA-ATB
MALAT1
MHENCR
MIAT
MIR31THG
NEAT1
NORAD
RMEL3
SAMMSON
SPRY4-T1
ZFAS1

SAMMSON
GASS5

HTgCUUEm Metabolism
OIP5-AST

CCAT1

Circ_0016418

ANRIL  FOXD3-AS1 MHENCR  TUG1

BANCR HOTAIR NEAT1 TINCR
CAR10  KCNQ10OT1 NKILA LINC00518
CASC15 LADON NORAD LINC00961
CCAT1  H19 ZEB1-AS1  LINGC01291
CDR1as LNMAT1 OIP5-AS1  LINC00459
CPS1-IT1 MALAT1 ZFAS Circ_002710
GAS5 MEG3 RMEL3 Circ_0016418
UCA1 TTN-AST SPRY4-IT1 Circ_0084043

Invasion and Metastasis

Il mar ks of mel anoma devel opméntvohbwmidgtperdo garees s i
uencing proliferation, i nvasion/ metastasi s, n

Fig a

I nc |

processes, contributing to the progression of melanoma pat
ar e

Bi o

hi ghlighteds iandomped.d Firgunr et hie RevVviitawmdofwa de lcireattiealn ue
render . com.

Considering their multiple functions, it isatiheatpri s
multiple hall mar ks Foofr nenl satnameaeyg BRHE 8°mMut ad nadmuced

I ncRNAs BANCR -lalhld w8BPRY¥Y4 are wupregulated i-nameémnaosma ¢
me | an o,eyxthd i t pramldi fi enrpaateimom i N2 T hec f swramerst udi ed by
knockdown ex mervaimigrmt i veveailnaagt iavnati on of the MAPK
specifically ERKid1INhEg aBnddediKema eabhdwmt BANCR dowhnregul at
Furthesearch tim&@8ANGRxlsi bits ceRNA-22D¢t whiitcyh émar meRs N
signaliegding poointeeratieddhueantdo ilnvaRNA ddiLe rkexwp rses si O
t he upregullmec ReA DARYI4s associated wi t h t he hal | ma
invasion/ metastasiSP.RYIMelchapos &k m,Imlivwhi ch pl ays a rol
p38MAPK/ MAPKAPK/ Hsp27 158 BRYA4Tiln gmapya tshewavye ®mar kems ognos
high abundance in the patientds blood plasma was fo
sur Viwvallhis is supportehldi Pyl ndRNA ilindienga ¢ kheayt we h hy me i |

i pid met afodluinscm.i olno-koF1 SPMRYdMel anomahe ed ¢ suimmld&tcieon of
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and specific |lipid types thafcmaydi elgTiyst abSsRcR¥ ébl el du laanr a
apopio fWAction

Besides |lipid metabolism, | nc RNAs ohtahveert abeoehi cepat hevad
such ami ttdhehondri al or gFlou c oesxea mmpd tea b otlhhes mmi t oshondr i
controlled HYSuSANMMSON Associated Mitochondr icaldiMegl anon
RNA, a | ncRNA -afmpelqgiufeinetdl ywictoh MIhEBF mier hraeali amo my. whi ch S
interferes with |l ocali zatiiadnrlemd RfrAontcatitemaof ildvht wchbn
Protpdan is involved in mitochondri al metabolism and
peptides, thereby regulating the barlwunical nidad mgereorwt GX A F
mel anldmdé®*Downregul ation of SAMMSON disrupted the as

signi ficannthlye dreeemberassne potenti al and®thus mitochondr

As mel anoma conti nuesnatr & ekt sd nasntcrea &t eog echuerdraspuoi tehs a s
MAPKa ,deep comprehension of the underlying mechanism
indi spensable for advancMuwligt itphleer alprewRNAs sitmwadlewga ke s i r
mechani sms imawel ae®marecently uncovered. One exampl e
TSLNC8 (Tumor suppressive |l ong nowbodhnghBWA oowclbom
i n BRABRBI stant me lna rvarrsa. NCe81 [ksn.oc k d o-sva n $ imeiBBABmMma cel | s
di mi s BRRAE I sensitivity by inhibettted okl apoptasicontr
overexpressiroensiisnt aBbBRAFKiel | s restored the sensitivity
binding of TSLNC8 to the catak@gPR@prpstbonsti b6 pooakin
i ndud¢ihpgrturdfat MARK sAgnBRARD. resi stanaetiredtiiesnoaf t
MAPK pat hwyypotihtesi zed that knockdown of TSLNC8 and t|
PPOj ndubesdephosphorylation of BRAF inhabttoayepMAPRPKN
signad?ing

Given that iemmurotalpprppmrcthiecalr®héypt €1 erred treat ment
mel anoma, understanding the underlying mechanisms t hi
cel |l recogniQne nofi st hcer ucdasatl .prominently studied resis
of HLAXxXpression, which al-tpwsiftfumotgeoporentdiegl cehtr

of Il ncRNAs in | ClI resi sthiamicref avramatiinov et @ dyiad teido rwi mdid e |
fromlmnoma ,pawhiiedeeling i fi ed | ncRNA signatilrl®é | hc RNAd t ¢
reported to be directly i nywhlivicehd ob$AN Immmamned escdpact isv

GBP-HSFmhedi ated transltAAPMiIi & MOFT tpleet urbation studies

enhanceb &XxpAressi on a+4hd momc i dnams esdntignrotVfPAVvnoot her exampl e

for a I ncRNA contributing to ainr ciunhnaurn eR NeAs ccaiprec _ndedc2hlar
expression | evels positively <correlateni RNAh spoagi pgo
actiofi ttyhi s ci RBcIiRINAwa s dé Rcri bed, a mi RNA t haHi ghegul at
l evel s ofpr6X6Le&2 mel anoma cell prol i fer ghiditoti@,li i gr at i

known chemoatfti maantaiktperidgul ati on of this circRNA was
abundamdi @TLIlitnr gvtiiiveodi cating a resulting i mMmmunosuppr e:

medi ated by the -870pg/ ORQDFHAO0A xmii R
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1.2.5 I ncRNA perturbation

To uncover the function and relevance of I ncRNAs and
mol ecul es ful fil in cellular processes and mo-l ecul ar
and @&iumction experimenttshearree ®eesrstenytd arls, Whdthiondo!l ogi
perturbation studies have facilitated a more compr ehe

their significance, particularl y8%i n pathological <cond

1.2.5.-df umsesi Oon

Among the | eading techwoiffaanmedFitury eildudCiRli SPResESw@S
mani pul at icoang pewhaitceh atort hRINGDRA t o modul at e Tlhrec RNA e
CRI SPR/ Casc osnyssttietmud eepst hvhene oY skpemotes, relying on a s
coding DNA stsegnelhwstsered regularly intersof&ReéeSPRhort
and operating in comapepnctabedwChWICtRiEMABRshi s system,
genetic materi al froanl li evd aain en gie mptsaet ghroagteends i nt o CRI SPR
into CRI SPR RMNA (lcoraRINeAd) i nt oT hCGea sc rnRUNCA ewaistehsi.n t hi s ri b
compl ex guides thgerCardaootndaceéeaseand br dakvsadEeb®Bs )nuich e
acidd Sabsequleat mgmmal i an DNA r e phad mo I noegcohuasn i esnmd njooni ni n
i ndubMeA processing and |l igation, resdulrnualgedtne dieimeed i n
ind€lonsequenht bmeshsftequemdatli wnoccur, potentially resu
which in ttwhe tegdadatiToer o mmRKAbIl e specificity and
target nuahédite #&cigths | evel poofsipriocognrCaidiiashi Rtietnys as ef f
tools for genome e daltd qul!&tni@®mtr raamesschri if gt inunt atairens wi t
effectieprrsoaddeddnyng, geaegeddodign g oRNAsnodefucméei on of th
CRI SPR/ Cas tTehuhsneod wilgayt ory gelhiofme e moteegrissshe |l e exons of
l nc RgNeAmnee ed e&€wcbseed, which bcyana bpeaifraCafd 9CtRAACIHIR reacegh
simultaneous DSBs at sites 198d55 dielrkian,p s & fotda oenar ¢ gt re
transcription tesmimbygind et sicgmpal yadenyl ation signal,
halt tr amfs clrn &R NAT

Additional modi fications of the CRISPR/ Cas system fo

engineered, catalytically O6deadd mutant of the Cas9
maintaining the capabil ist9y pfroort eDMA ibnihnidbiintgs. tTrhaen sccCd p
steric hindrance, obstructinghémee RNAI npionngy mehas ¢ e ma

interferenced (°CRAIBPRGgd repression can be attained b

transcription repressors, sualssasi ahedcbmmonloynauaed k
dCaKRAB fusion exhibits robustness and highk0%péci fic
Further, CRISPRi was successfully used for te2ident.i

I n addition to CRISPR/ Cas systems that function as D
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singl eguRNMAd RNA endonucl eases, -sanabéedsRBRNAYS owit amhget
the DNA. The Casl13 protein family presently includes
and effisxnden€ygsl3a (C2c2) was the first subi®¢pe ide

However, advantages of the subtype Casl13d over the ot
specificity in RNA cleavage in mammalian cel 1285 are de
Casinddi ated knockdown as a tool for the discovery of
functions is reported, irneclleuvdainntg |sntcuBdN BeSsT T8RP Adlsle wed it c e

asMl R497% Gor circul ar RN#&sal ¢ e ERIeXAP&RN]L 3Ad °Bsaa rgeee n

E r @ Inducible expression
: cassettes

Cas13d :
: ‘ @
D T

El U Cas9/CRISPRi

J- RISC/RNaseH1 » S !

CRISPRa

Loss-of-function Gain-of-function

Fi gBreSchemati cseoft urnbcaRNAInc R&lARbFfdsrsct i on tool s at the DNA
t he geendintei ng CRI SPR/ Cas9 system or its catalytically 6dea
such as KRAB (CRI SPRi ). On the RNA | evel t hes cCRIbRRIR/I GQacsRIN3Ad
can be targeted by RNA interference (RNAIi) or antisense ¢
cleavage by either the RISC complex or RNase H (left). Ov e
i ntaetgiron of the expression cassette of the I ncRNA of choice
to an activator protein such as VP64 (CRISPRa) ((*famgdt). Fic
created using Biorender. com.

Besi des CRI SPRdyaCsaesd sRINA eainepl @edsc davo ot hers twiatddayi euss e d
targeting I ncRNAs on the RNA |)awndl aane sBNAei notegbeu
(ASOB9oth methods are based-pan rd orgpalrdyned RthlaAr yoyb &@d ¢ her
interfering RNAs (si RNAs) or small hairpin RNAs (shRF
synthetic stranf@l’s,RNtAdm aiteagproalIB @snscr i pt i onasly sgteehmat si | en
plays a key role in gene regul atidem mynwtdedgagqdi netf emeac
for diogunsltea andesfl dBRsNMechani stically, RNAi sdtsaRNAs vbiyt h t
the endoribonuclease Di @280Onuoteoti R&Asi of | eamguimd | nc
si RNAst himut ¢ i proteini codmpéexs RNAnci mesadmpl éaxnn (tRIeSQui
this si RNA to its compl emeat avpderdgdead acl edwuager par
Ar gon?@ditlehi s endogenous RNA degradation pathway can b
interest for its dmwnirretgruddudiomg ian styhret lceetlilc si RNA or
using establ i scdredl a@mtainsifrectd lomeRgNeAdaduiced | nc RNA knock
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hadecome a common met hedi tiocalhatactceiroze of |l nc RNAS
procelssgli?, 213

A convenient and effaorciemRNa&r s, eAMitciheatfeor symt het i ¢,
strandedr RMNaAsed sequences designed to target transcr
pai tli*ndMechanAS®6i aaltl yb,y eit herl eaatde migc thi ndraenmnsc &y i ona
triggemRimbg@nulté ease -nk diiRANaesde RRNA c | e av @§%!.’"Tahned RiINeagsrea d a t
H pathway is induced by RNA/DNA hybrids, whnd ht tean al
invoéermeymes specifically cleave t he?2lR®MA bstorlaomd coafl tshyes
unmodi fied DNA and RNA are prone to rapid degradatio
cleave their phoashmephdatnhebemkbaome.tability of ASOs can |
modi fi cat ipdhros pthaa tteh enirr s ulgaa k vaashn ewtelf & b garsovbhgicdmep r ov e s
both, their binding af¥%f intty odnd hphar madoomk nmeati ¢ ®r ms
Il ncRNAs i s tilteongapmasR of a hyibmay dc osrten moftl infuicd k¢ i de s
which is required,afnddf | RMds a elg-Baett iowilt yoo d iLfNiAed synt hef

nucl ed4°i28®DNé& gapmeR ASOs were successfully used to ta
Il ncRNA MALAT1 to investigate it or sitgnikfnioccakndcoewni nP CAO
endot heliilallusterldtsi ng their use2?2i.*22di verse biological

To select the most appropriate method, it is essentia
and ASOs operate. Understanding these differences all/l

spechifdlcogi cal mooetemporandnt | y tthaer gleotc dNlmicdRaNar o 1 na fR NtAls
are reported to be I-mesdi astuesdc edoe g rbd ceattioonRNcAdampar ed t o
contrast, ASOs, which rely mainly on RNase H 2&@&gtivity,
I n contralévdlo RiNNAencing approaches | tbkaes eRN/Ait ran e gAE
target the genome, which can potentially dl{anupt nea
sense genes, and influence asX®6cFatedetyramacgetpitngnit
RNA | evel i s crucial -rteogudiafdafo@rye ri trioatges htahh @irrg tefdmrst s |
exert at their native genomic | ocus. This broader i

unintended genomic effects when usind’” CRI SPR for | ncgEF

1. 2.5.@f Gac nhi on

I n addition to knockdown studies, overexpression appr
of specif-codi nggRNAgs in cell s, pr oVviiudmicntg omrad c iiarp oirn sa
both nor mal physi ol ogy dFidg upraetr A8gfhaldi cwil ngonkdéet dewnel o]
CRI SPR interference (CRI SPRiIi ) wa€RIt3SPRuacethevhdbdomn h@CR
utilizes the catalytically inactive Cas9 protein (dCa
chromatin remod,elpirrogngecemp lactay herephassiwest abl i shed

CRI SPR/-iCaassd®d transcri pti oinmale uakcariyaattiico no rsgfasneiesmmisn ailnv ol
VP64 acidic transact tewgtrieccrs eddomvd itrh. oWhemiczed gui de RN
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and adaptable sguitdedy géoné?5SRtNAhwat iboenen effectively

overexpression of I ncRNAs, such as?MA4iIAdd4d, ftomempd ol &
dCaxad% oher temegir neocefr isngg@BNA can enabl e reddrewitit@meditalge ¢ Wl &
synergistically enhanced l evel of transcriptional a
Medi at or ( S,Ad)v ed yopteelm by Koner mamsie santdh e Pb6@aEQI58 0 n

proteiTrhicsombd wiet h engineecodti sgliRNAbacteri ophage MS 2
interacti nyghiagft anmnerasddéci oinal transpébpandndSFahctThat
component system consisting of VP64, p65 and HSF1 t hu
activation compared to Ww81iT hgs a dS8AaMVh Bslyes taecnt ihvaast oprr oavleonn €
forncRMNVAer expression screens and esxppeeclifa®NAs , aif med | at

the exploratiod?8%2°their functions

Given the | imitations of CRI SPR/ Cas9 technology for s
proximity to neighbori ng g eenxeosg e rmaonegad xt perrensastii ovre. aTphpirso
transient transfection of cells with a pl asamidd acarry
native or constitutively active promoter, by pagetng c
eff &¢dfsi s approach is employed not only to investigat
cells betguédlmstryescue experiments following I ncRNA kno
original phenotype and confir m Hohve veal i dihteys eofextplee i o
|l i mtiwwedasd mi@tcti ng | ncRNAs, where the functional 7r ol e
itself, rather than %°He mpmoad s ermfattivend orRiNtAaivegmr ent o
vectors -brkéeneéivoruses can be used for stable integ

with a constitutively active or Finguwrcerbi@ghntpremeneér i

vigobudi es, a-iddxgcpteinel ele of I ncRNA HOTAI R was i nt
breast -pcaomceerbackground, reveaofi ngr elaGsTtA| KRa macdey d rp rveegr
modul ating the metastat4d3¢ gene regulatory program

1.3 GRASLND

The prspgpeadiehgc-oabdi ng RNA-ABBNFRMHWBW44A Anti skkaseb®&&NA 1)
recogmiszkedy r e ¢ umeastearc hy mal stem cell t(WMBIC)i chomrde @ lea
dur itnlgspr ocessarotfi l age 2?3pr AAbuct hen cartil aginous mat ri
glycosaminogl3¢anbi § GAGs RNAs iharsaGdeadcmassami nogl ycan Reg
Associatedcbadingg NBNA CGCRNABSENDdr r sd puarnyd ieddgdaihshc over ed

an essendfi aGRA®SUMND on caritn | Mg€@s sp rkordaucckkd cowmin st-udi es |
formi ngamdoditeducti,omnwhdfl ec arnt iolveegee x pr essi on .showed
Despite the intrinsic suitability of antisense | ncRNA
genes, perturbation of GRASLND did not i mpact RNF14.
absence of a aedut habr GRA8GLrBAhdadotnsali ncharmeveal edt aon

cytoplasmic subcellular |l ocation. Computati onal anal
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transcription factor SOX9 as an upstream effector, wt
studies .Pmt M&@&g analysis uncovered an association be
interfex) ASTAFNsignaling pathway in tRertchhernt exéeseodr c
sugge htas GRASL NDleFaphait thiltpasya Idm ¢ BibrAo ti enitre r wicit htoear-f er on

i nduced,stdoawmnbdlealc tRiNvAat ed pr ot eTihnu sk i ntsyemH(oPR)ed t hat

secondary strubNbDumiegbf &&&ABwsaxtgareMKR,y inhibiting the t
of STAT1 wi tohsiingntahée nd Fiwat hwaymuscul oskedsegall isygt ¢ 5,
predominantly acknowledged for its involvement in bon

of chondrocyt?83ph®l iafud thatrisonproposed a therafpewuwtic p

addr essi ng ed artteidl adg es o rodsetreso,aritrhaliudisng as it demonstr .
againstnl &@E€Ngi neerP®d cartilage

I n the context of cancer, sevemal as tdd dhigausm § lbavwe ambdEor
prognbatbased on bioinformatic risk modelling and su|]

The Cancer Geh@GyedabAtbbase( Thus far, GRASt 0 DI avtasd fwiuthn
poor patient prognosis i R%% amitlelodtdy hreemrda la nade Inle cka rsayiun

cell c&ftkcignonaBila btl ddaéird gast Pi4cld*“bagtéeoma, bl adder at
cancfeur,f uemrct i onal studies of GCRABtADI wgretsondbeted, p
cel l proliferation,243m?4gMeaé& h ami, s taincdalilryy as@RAANSLND was
di fferent mi RNA decoys in gliofn@5aandgR&R,r ircecmacteiry el
I n addition, a bioinformatic survival pr erdeilcattieodn rnool dee
of GRASLND, mar king it as a negative prognostic fa

spémEwot s,di es investigating GRASLND in the mel anomas
tshh o WiGRRASL ND& s-prt awmatri n g functions regarding cel |

RoNNANdi ng protein TAF15 | eads t o i ts stabilizatio

e

o}

i nvaxi éhpecifical lugnlc.ovvaenmrge dmadi RtBlPd mechani sm wher ein
o

ctivation, whichontagielhi tateesf2é.tThhee poltsheerrvMaiettdyal by

a
demonstrated that GRASLND functions as a competing e
mi cr oRNR21-ipR t hus preventing it from suppressing it
upregulation of STAM2 has been | inkedi?sBoemhanoddes u
ultimately propose GRASLND as a promising therapeuti
its role in tumor progression.
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2. Aim of wor k

Mel anoma is the most l et malr kbgpdiny o fat smonalcameeer oge
phenotypic plasticity, cul minating in an exWhielneel y p
i mmune checkpoint bl ocnkealdaen thnaesa trneevnotl,u trieosniissteadnhc ea sme ¢ h |
i mpaired antigameglpeerasaeywj b tchaounsgi mgpune evasiinoint its suc
LncRNAsay critical roles in melanoma bdmd ogworuinec!| udi
evasmeahan, shmsghl i ghting thheslragrtegdascteeifrorpat hol ogi

functi ons.

For this reason, theclaamaolfreadhiMNAs GRASL NSD waosr tiot s pot e
in melanoma pathogenesi s, given its pr evasoiugsn aildemgt i f
pat hway in mesenchyn@? Bhemelyltlse (MBDapief emesed on

(I') Metaanaésysof a | arge cohorex &RIApeaNDe rix pohats aliimon
and healt hhyassampledbuak omes and correlations w
di fferentiation markers, and perform gene set e
clinical significance of GRASLND.

(I'T)lnvestigation of GRASIND e (it ometlthheoomma i mal | mar k s,
cel l proliferation and growt h, cel | iISM\RANAI venes
medi ated GRABSBKNDwh sdtoupdridbevsi de i nsi ghnt smeil matnoo mat s
Transcriptomic analysis af,t eco nhbRAShidNDe ndtohwfnirceagtuil o
of protein bjsnhdaullgde ptamd nender st anding of pat hwe
GRASLND.

(rr1vyerificaswuippmeasfsiae effect on t heai rkemeliamuma @galtl
consi stent withMSObsser oaBASHED i knogstkuddiwead e r
simultaryd ks ne ,ft oledadd Wbeyratmi nai ii gp acfthenexpressi on
of dsFtN mul at ed g€hese (1iS®d)ngs mi ght cantribut
adaptive resistance mechani sm of mel anoma cel l
overexpressing I ncRNA GRAS&NDg walai msgu.ppressi on of
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3. Resul t s

Thdasis fdorctokekiagawacsh initially DPrApoesttde bRasPamegn fr o
University Hospital Essen ( UKH, viaedpeadr thoggb H ti sntdf chiybesy mBE t ¢

et iad . 2920 at i dtehretoinfgi-cemdalm ng RNA &RAGLMDppressor of t
signaling pathway in mesenchymal tshewsme sceeatrhceh ,MEB8ES) onC
ofa potenti al r ol eoif g GRIAIStogNIDw in mimid iFWa s248Tchdrsesisndd i al w
involved the establishment of melanoma cell model s wi
CRI SIERsand RiNeAsed perturbaAl bhoutgbhthhgeesstrategies | &
for continued research, the questdongmdl i GRYASILINDime | 4
remained unresol ved. This doctor al research aims to

GRASLND in melanoma focusing oxsiagnpaoltienngt i padt hiwapya ca n do

addi trioolneasl i n cell ul ar processes that could affect th
3.0ata Mining and Survival Analysis of
The expression |l evels of I ncRNAaGRASISNDB weressulaj e ome
set of typewd t heir corresponding heal avyni ltGebnisa e s ut
Expression Profiling I nter?d®@si vephAmraHeygiuidse ORRARBILAD dat
expressi on rleedvuet isd meoeornep ar adr mal sfaomp lleds out of 31 tes
ti ssues. However, a subset of tumors exhibited an ovVve
Subseqgeuxeprtessi on analysis of GRASLND in skin cutaneou
Shashank Ti waMaix, PM.aScc.k | nstustiuntge , t hEBBKrCiMhGd at)ab as e as

describedb55inR2. KRANAlepmencing data from 471 mel whbma pat
a tot al of 701 healthy sampl e sAss oeuxrpceacdt refdi,prpl t t® MG D B &
analysis (eRI€EAgcalsulsaaver i ng pat taemrdn ss &asfmaripdaeocsc,ount i ng f or
51. 7486 i anceFoguBP)@19 ¢ erenti al gene exptrheasts itohne aenxap ryessis
of GRASLND in SKCM is significantly(meghetog@mgared.t
p=3x 1163Fi guC)eFuxr tdhheKagMedarer survival analysis was condu
el evated |l evels of GRASLND i mdamantimel avwemal patpiaemntn
the SKCGIA databaséegelwraeszeedd on their GRASBLNEBtl@axpohe@assi o
overall swuriirvmad Bs2sk2v2ahing g=si0g@i8dipcarmtt i ©on bet wi
hi gh GRASLND expression andFrir gdb)eleh&k sxu rdwaitvaa Imfi amui thagyo mess
GRASLND &expression suggest a potenti al pat hol ogi cal

mel anoma.
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nor mal (tB sGRE@A( Bgfott umor (TCGA, SKMC, n = 471) and nor mal s
D e

= 7)0 1aGRIASL N Xpression in skin tumor svpcéounrp a3rxéWd0 | tcoo xhoenadlst hy
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3.Qorrelation Analysis of GRASLND Expr
Di fferentiation Status

I n melanoma, the cell differentiation status is a cri
interventions and the overall meglgarsmad veinfefsdsr eorftt idahteisot
e X hiviair tysienngs i ttiovittrieepsamentul arly i mmunotherapy, with di

as a mechanism contri buti®n Itno atdhdeirta poenut itch er s if  tea remd
associated with tumor pr ogrée sddadinf faenrde nneitaatsetda t mecl apnoct ne
mar ked by reduced or absent expression of the key tr
downstream targets, including Mel anA, gpl100, and ty

increased mehntisalatdce pod hei ght emed adxdt gesnieesn of i nv
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Fi gume Correlation of GRASLND with the mHhé®racmtoenan cled Velds fdferl
and AXL were measured in nine melanoma cell l'i nes

mel anoma dif f erUTnutbiudtiinoms egstvatdesa.s the | oading control

were quantified, with each replicate normalized to r
is representative of n = 3Esi nReBpatnideeant GRADSLNDI BEA 8
mel anoma cel |l ' ines wasPCdRet ewimihn eRINAu slienvge IRT nor mal i zed o]
replicateds expression | evel was f ulritthercealolrmal ngedA3T®D. tha
tleke independent biologiEQalTrraepmicird pttesxs ofm e+ ald3) on(@nalysis o
Mel anA (D), and AXL (E) gene expression was perfofined on 3
The Spearman correlation coefficients0.wed ef Or. 6MXLU ,0ewiMoHT Fp
7.0 x16 andl®. 8respectively.

Understanding the i mportance of the cell state regard
a potential correlation of GRASLND and t he mel anom
Accordingly, nine melanoma cset ht hweda@gthesxminopm edfefi or t |
|l evels of melanoma differentiation mar ker I|Men kaendA tao d
the dedi fferent i-laitkeed ,a-miesdemtcghrytrhgfhgon ey p@ft ). Mel anom
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lines were cultured for Wevternh hlagts asn dil.ah@irlyezed di iy ¢

bi ol ogical replicates were performed and expression
(Figuade right). Concurrently, the expression |levels o
cel |l lines wereewaens$ § z e dgaummsnitni g patf(R &gn® C)RFCiIRg u rBe)  1aOn d

significance tes$Susvsppmweegmdpkehdy Nméedb(y, the differenti
mel ,-MBIKR 39 ,-M#t&a6c, aMeb Ma, exhibited significantly el ev
compared to the dediff-lerlkat amtkepddXEmeagnockdHaI1,i nes ¢
c8161, WM1361l#Me8B8G@an.d HRml | owi ng t his finding, Spear me
GRASLND were performed i-s1.peacilfaitd okne yt or & chiel dtionre aMleT F,
and AXL wusing bulk RNA sequencing data from the Woute
lines classified into mecraehso &gt i andi nleiskeemectéid aeh &l Bs,it snt esusr
analysis was performed by Shashanbk 2TilmBaagr ed&®Mm&ot wbstb
observation in the nHingeumeBlnh ocanapc<xiltli v & nesr el ati on
GRASLND and the melanocytic differentiation markers M
of Op=697 .(2% x ah@ p6. 2289%x t@sprRicgureDY0 ( Consistently, C
showsi navner se correlation with AXd{, 8+ t(lh. 8% xS pEGg entame rc,o
these data indicate an association between GRASLND ex

suggestciend state dependency.

OROWAYGUWWYNW] A Ex ?2WRUW~NacUYaGcWAS13IUYa

3.3.1 Generation of Stabl e Mel anoma shRNA Kn

For further characterization and investigation for G
were perSionimmeead.r r el ati on of GRASLND expression and the
cells was suspected, the ‘memawamechonema ael mealsanec§y ol
t di gphleayheedghest GRASLINDaizivefRisgurAe ) B8 RNA interferert
RNAne)di altnecdRNA knockdown approach was selected, that

shRNAs) for gene silencing. An s hRAB®drRMWEAtioefm nmwya sma s
evel opedmel anomaMe:Be6ld® ITihn e Ma sttheem |uethie¢li ivzhietidnddluicnieb | e

n o —~

ingeetor-TePh&Oestabli shedethyalWihe cehr asHdiows precise te

n

hRNA expression with the tetracycl i?2A% ndehievatni e ado:s

—h

our shRNAs were tested, including two shRNAs with

published da&t@andsthwo msé@)y designed soqumencexal ( yh Ay as
nohargeting seqaceomdea odsdch EfshemMeB8] ®@Ni zed TRC) | ibrar
control Asthh&RtNaAi. | ed description on the ctboouhlgi né€dt he e
paghbtt. 2 :51L.22aln.d5 a f alslhRINiAstsemfuences can be d$5.ulfkdri n mat
the gener ates b RNXfpretssiMe-§6 Macel | s, | ecnotnitvaiirh@linogp @ dt i c |
shRNA veerer produced according tho 2t.Réidpr wascdlol d e sve ©
l enttvanatafcts @WRNA sequencessMeiBrotco wpsd rnegn ttahle sMa | ent i vi |
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specified5i 2. TArefntsidounced cell s were selected with puro
treated withodoagdytlbnal three daydAftteriwaduce sRRNA
harvested, tot al RNA was extracte®d. pbaBdRHE PCwatshe pro
performed as.2uul iamed yze GRASLND RNA | evel s. Upon d
compared t-bandgetinogn contr ol s hRNA, GRASLND Il evels w
SshRNAs demonstrlhnoakgdadwr feffein¢ei enci es, rangi((nsgh 4f)r om
(Figurfe) TheEse data arérompfFodgueched,esMBBING additional
experiments usi kootctked o@/mRAB8MMaNRZ el | s were conducted as
theswbos k However, as this RNAI system achieved a robu
shRNANt aining lentiviruses wer expsedstnedg &edrlatle nsetsa
this is intended to be the prehethed delthe ntallce Wod str
efficient shRNAs, sh3 andmehd4 ceWése fohug heest ecddpiabmi b
GRAISND expr&tsashloem.shRNA GRASLNmDeknoekldolwinn&® 1(sh3, shi4
vectomebOtontrol cel |l l ine was produced by Il entivira
particles. Three batches of each oftbhhdesegygegnériratednd
forhd@2rs to obtain GRASLND knockdown efficiencies fro
induced empty vector control cells, a signifd%cant r e
s obser sdhdRNfAo sh3 and (FEhdguBpddprwhhidveplrydavi ously wused
rgetoinfg ol FS$lgRKNM @Mlas reported t o etxalrigheittAed Gdghst an
sclosed the targeting of s mal | nucl ear -trairgpen u mlgeo p

=
v o

guence in several humapoptdsi d i orescelrlesglrbiwhl BNnr

® @

pendent mit o?f3 cT hciast avsat sr otpehset e d -biars ea Iciev ¢ agelolwt ihmagis
abl-Ke8Mac cells contargengnghehRNA ¢cohNThphdeeduerned
owt h wasuptpr easfetlegdr s hRNA i nductHioguwu reS Wp3slqaeirmed ntf g yn g

- n n o u o u o -
- o~

hRNA as a stuartgedtliengnocno@d mod gqusehrRNAvew negative contr
equence was selected t,arghkdadedst tehebdeicazt armRNA i dase
ol l owing its eptri@adrmeuaewby aEeZng h-R&JA cehtrbl nB0OWas gen
stated eaelilser wame induced for 72 hours and tested f
l evel s. I n paral |l-nedl, ceampttryolv ecedlolrs 5Welr e i nduced and
expression was measured in bothrgetindiderRNAeo afsi ramiv
contrfolr ttmerer i MeguECgWilth an efficiency defmohdt 4%t eshRB
strong knockdown ability. Since shRNA sh3 reduces GRA

high eflfiikdiesnhddesi red for further experimentsh83an addi
was designed, cloned, antebtaébllysintaodecedvinalb H04n
descr Nbwtpt ablsitsahbeldne BB RNcAe | | hlairmheosh RMAONst s b-8 h 8

al ong wi tntelt hseh RSNOAL | ac Z weorne rtorle acted d wWiotnh®droshytcoy cil ni dnuec €
ShRNA expfekkbwmedl ysi s of GRASCHNMDp RNeAd |tevetl e | acZ c
and sh8 achieved a reduction of GRaABEWD1IBmWgeDs . DYy 6779
In three independent experiments, -mmehle skmPNA dkomonc kedf of w nc
lines containing the most efficient shRNAs sh4 and s
l acZ control cel | Il i ne werienddietear nkinnoecdk.dsdB¥nt &sntRA\BASS v C
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significantly reduced6b&bRAKBLADdekhpr6dsilwpmbaeaspdctbvebnw
cel FisgurEe Thas, two highly efficientvadhRash ehli( lhaelgiacnadl

replicates alongside the new |l acZ control
A B C
Ma-Mel-86¢ 501-mel 501-mel
o ) S 2
@ @ >
540 = 5 1.0 % =
< < g 1.0 =
= = o
o x =)
g ] S
= @ 2
é b4 0.5+ g 0.5
e )
— — - [(e] o
£ £ | & |8 8 8 -] |2
E © godlollol [0 00 I I
'3 x vY-Y T 1 T < é’
$ D n O
40&0 P & e
& &
(o& <
D E
501-mel 501-mel
* ¥k
I”—i
g a * A
2 404 = E
st =
= T o 1.04
=)
fa)
= 3
7 7]
0.5-
=5 & 0.5
o P
2 > Q| | =
> (=] - [10] wn -
s |&B|8 SFQ__‘ AIEE
e e « 0.0 AN
»$ o A W 4
& LSS N
@"6
<

Fi gulrie shRNnAi ated GRASLND knockdown i n-MenrR6 @anamae 5 @A) I I i nes
St abl-Me-8Mc s kRNMYA esel h@ghidnesamgpeti ng shRNA expressing cell |
doxycychg/nidlo)¢ 372 hours. Rel ative GRASLND expP@GRsiDat dearés
normalized to GAPDH mRNA and represented Bat aneeameo uSRdof n
from Fi schtehre,s iBBB's{tBe)r St améle SWRNA knockdown and empty vectc
nducedowythwcddg/nmL) 2f or 72 hoursgqRGR asnalesited RolratRiTve GR,

i
|l evel s are normalized to GAPDH mRNA =il Bd/eed esn caenrdtr glpiveelon@ driss anle ¢
(C) St amdle &@dty vemdlorsmRNMAS5I0dcZ control cell | iOgésmLyer e t
for 72amdbuGRASLND abundance w@RCR.etlRatmd neer dyndimal i zed to
|l evel seandsgimean N SD of n = 3 teenerdi csalRNAe FGIRIASAtNDs .k n(o)k dt
|l acz shRNA control cel |l lines were induced forOgs/shnMRNA expr
GRASLN abundance was -mP@Rur edatnaogimmg ¢ R€Ed t o GAPDH mRNA |
repr esented as mean N SD of n =-nklt edMRmMiAc &In orckmloiwmagt esnpt (YE v
and | acZ shRNA control ceII | i Ge/smiw)e rfeorn ndA creau rwsg PaddrRl osxwy ktjy e
anal ysi s. Rel ati ve GRASLND expressions were normalized to
n= 3 independent biological replicates.
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3.3.2 Effects of GRASLND Knockdown on Cel | G

With two highly effi diaendB)s,éheRNAesr iamertlsabwer  schonduct e
GRASLND downregulation influences cell growth and via
on cellular growth was assessed using l|live cell i ma ¢
contronmelk01l s weyriendplcetdedwi th doxycyclinanadr-tdett uni
monitoring forfia@dawgsr avtaisonpedaff ormed asb.deGRASLLND in

knockdown appiearsello pmelai ferati ont he scread Winawdcsad er e d u
obseravpepdr o x i 4rBa t ked wrisn dpuacst ti 4doann di8ns @ H s, but not in the e
shaccZzZontroFi gatABTEdReval uate the effect of GRASLND knc
PARP1 (PotiybdaA®P pol ymerase IkarclieadPdR®lapbayswascruc
in DNA repair and t he frtehsutso rmaatiinotnaionfi nyR AgRePohbt eeagerai gteya b i |
into fragmentlikDa fiasB9czaatdd b g 4o0dsepasesesas an indicator of
de a2th B0B-nel knockdown and control cells were induced o
by Western bl otRARPL waintthi baord yantFior the positive contr
apoptiommdwsci ng agent etdaoposihde ekedHerneonte,cel l s were det
anal yandd $ dblccu | tmerde a was c ol Itehcet epd etsce ndceet eocft any potent
and dceealdl st er esti ngR¥, waseaevietdhePr A not detected or was
GRASLND knankdacvwmtFiod u Bé¢Hrat thidei ,v e c elslt uidthiadsi magte a |

an increase in cell deat h foll owing GRASLND knock
downregul ation of GRASLND popowmpi éeratti mansmiet ammo mtao pd e
triggering apoptotic celll deat h.
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Figurze Effects of GRASLND downregulatiofAxel Celilma@ni oyt o farsd
shRNA knockmdelwnc &l0l1ls. Cell s were ei OpgemLeExposkdftoudbxgatyed

confluemanywl wasgd the I ncuCyte S3 system. One representati ve
l'ine is di3spilmdemendent bi ol ogical replicates per knockdo\
GRASLND knockdown cells weregftmeboed7widahisdokpblyolwedeby 2 We:
with &rARPntaint i body.t €etl h s @papmic@ shigs agenteMet SpgmiadAl gLtb5ah)
included as a positive control. GAPDH served as the 1l oadin
independent biological replicates.
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3.3.3 I mpact of GRASLND Knockdown on Mel anorm

Recognizing cell invasiveness is tclemelrahoma ppopohr emes kb
ani n \Vlirtarns we | | invasion assay was performed to inve:
knockdown on the cellh thvasiwordedt¢t gp alsieldi tBo.yden Chambe
potenti al of cell s i s -chaanbwenr e ds gis ywéin € ih nnge kd &-u ihhwioe d
compartmeatparated by a porous membrane coated with
Chemotaxis throughlstlaecmatmoiaxtrawaant is exhibited e
invasive cappbot ocoles. aghowbt.I2i.negals i aad aspetcetd ofnr om t he
met hod byetJ2@mhus was opt i miszeeedd i megg adrednisnigt vy, chemoattr
incubation time bpdShaasapulbdar@ddaoolRl am¢ck Phibsfbobtut e, [
i mproved performandéduysol elug 9 eaddiscel tdmesu $ gk qudlrledl i n
modi fi Patoonto the assay, 6é6thBI| anshhdRipA )yk ncoecokt dooown 50 1

me | celisdweede with doxycycline HoumOds hiRNtAe exptr esbheonm
conducting itrhvweassei oinniasisady s ,comh& odndedhlsadhaad not yet

48&ours of incubation on the matrix on the wupper c ha
i mag®ededi ng denslift i 258 olf3Andll®Bcel | s/insert were teste
all owed thorough processing, cel |l Ficopwrdg i)1Bg Earmd armal)

experiment with different seeding densities was condu
condition (Empty Ilvnetcetroers,t i nflgd3y, st@d)c.consi stent trend o
observed in each assay following GRASLND knockdown w

vector control
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i gulrdelr answel | invasion assay assessing cell ( AStasbhloam f ol |
hRNA GRASLND knockdown (sh3, s h+sp!|l awelriermgpu ye d efcaror7 2 oma w o
oxycychdg/mmL) 2prior to a TwandhwetateiinegpsiiReimperseseay ati ve i ma
fter ce(WXsohjfeocrh gevaeec)h condition (EmptySvateobamGBERB 50sh4)
uantitative analysis of transmigrated cells for each condi

F
s
d
a
Q
per experiment with different seeding numbers.

I n the course of the project, s hRNA sthh8 nweasshl 3iad emnan f i €
targeting control-mehRNAI(shLaeZiwpsBdishlpraatted f( her ba
t hesi sunwoerrk my s?28pelivih sClhhmi stina Qi u, B. Sc. , perfor me
usistgabl e s IMPRENA c50 1 ' i hbe mosat aehf esghtdinvdeh,8s A RNwNg | | as
t he -thaorng e tLiarcaro rstarhdRINFA0 | | o wdiorxgy cayi cnl di undetoir d,iv 2 he owveelrle | i nes
testmafOranswell invasion assay. Alnl@xpetlilnsi/ziends esrete dwienrge dp
the matrix andhiomcsbaffTednsmi gdd&ted cells were stained
expl ained 5.n2.s7e.clt iadms ar2e 7d&t ai |l . Two i ndewietnhd etnwo bi
technical of ephtcbateasadiZt4d lo@® h welhm e caCGampeadr eodutt.o t he <co
shRNAe invasi on ereepacietlyy sofwa50 le nhamschedd amyd resehd8in| tsih RN Al
fold changes of 48.8 N 2.5 SFiamnd) e2l8l.456e NwiltOh 8t hSeD, p rreevsi
experi memtug)e( t3he results indicate an effect of GRA:¢S
mel anoma cel | s.
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Fi gurde Effect of GRASLND knockdown onTcaehbwehVashvi@es)ess ass
5 0-fine | GRASLND Kk ndacnkdd8pswha n s b dratgrZoslh RNsAh cel | s were induced wi

eg/ mL) for 72 hours, followed by a Transwell invasion assay.
replicates are depm.ct(eBl). (Buwaantei tbeatri we 2&n arl yas ssa y.f Dahtea Trr emrse
n = 2 independent biological replicates.

3.8.nfl uence of GRASLND Knockdown on Mel anom:
3.81 shnReNdAi at ed GRASLND knockdown

Based on these prior resupdrtosl iofferaattirnagn s inmoiroen itnov aas i svle
GRASLND down rFeigguu raetiidgo2r)e T he process of phenotype swi
I nitially pr oepto.sel@ndyl atoeerk confirmed and refined, m e
characthgriddaesd i nct gene expression profiles, primari |\
mel anocyti-cxpecliifnecagteranscr Aptoodi nighleyy tsdwiigh Fghd y

invasive phenotype is characterizedi dbeg/l dmavmal cTeFl 1l esvted

|l ess prone t,bempygabobalyiehieqiviayw i preb FiThearsat avewehenotype s

from a differentiated to a dedifferentiated cell stat
cel |l invasiveness, both of which were o-msér credrl 650l | 0\
this reason, MI TF expression | evels and those of it s
GRASLND downrStgaudlagt i ©mMRNA GRASLND knockdown -rmeld empt )
cells were induced for shRNA expression for waracgurati c
anal yzed usblnogt Weesdhemrie@queé ndependent biologicwereeplic
perforldmacded, both melanocytic markers were significa

celalnd not empty vekitgpurAerodn® rvaall icdealtlison(, a second di ff
cel |l l'ine with higMe&ERABGNRel BQelwas Masted for a dedi
GRASLND knockdown. The GRIAGL&D oxctkadmlwen saMBRMeB®Grcterd d |

lines were deddroati evdy t h e ef doar mebeQplraosttendi d | s ebc.t2i. d2h. t5e. r

7TZhours induction of these stable cell ' ines for shRN
detected bbyl cWerseerinndependent of ot bgé$ cavlepercipkred®tr ene d.
Similar toi nh&neftbiontci nsghsRNMe-8b 0 Maelhilsite a significant
Mel anA |l evels. A reduction Not MbITY, leavelaevicusal sxp erbi
|l ess effective shRNA variant, sh3, also demonstrated
much | essSupexeednhg@ane Ihis suggests that the effici
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correlated with the extent of downr e gQolladteican vefl yt he |
findings indicate that GRASLND knockdown indudfed phet
and highly proliferatiVvog s-pbtvl isftarn &t itwevaand @i g ITW i |
p h en o tTyhpues., it is reasonable to assume that GRASLND
plasticity.
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Fi gurs5e GRASLND downregul ation | eads to a dedifferenA)iation

Expression levels of mel anocytic markers MeETE andl WMz2édnAy
Western .blSdtatbileg shRNA GRASLND knockdbone aenllee mpt wndueetowi t
doxycycOg/nmelL )(2f amd72xpression was measured. GAPDH served as

bl ot (left) and relative quantificatBohnhnadtépébhideceanlt nrde pMEeibcaantAe
Rel ative expression is given -saisdededttB.) NESEMes pi ol ueselbsy d
Mel anA upon GRASLND deaweBréeg usltaathiloen sihnRNMa knockdown and empt
analyzed by Western blotting aft ebg/crelhl)s?7 AGAPD Hi mseeu oved wvaist H
contRepresentative bl ot (left) and relative quartiJ¥icatio
independent biological repl i csatmesa.n Re ISEM. v g5 iadeidusdtss ibgn tiws

3.82 Validation of GReAdS LaN D2 dK nvbecl kadnoownma Dedi f f er en
3.82.1 smme@NAted GRASLND knockdown

I n order to validate the pkroudlodmevwdf anddngel anoma GRAS|
switch from a dif fliedfentai adedi fdrededwITIEt etiat eMl TEn adc
knockdown strategy was tested. Therefore, a commerci
GRASLMWRrgeti ngHsi RNA&As RBingc aveamogpeting (NT) (sHoRNA ons cC «
Di scowasy yBreainsf ecti on was performed using the revers
i n sebc.tZi.okibr.s2t.ly, -MNeBeéotaél Ma were subjectedntMo trans
oft he si RNA potbthrgetihg oonthreolc ed d RINyYwetmaetah etdr ansf ect i
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reagent as addiftieonalhcaoobarttlodhe  bdhaeys,el | s were harvest
GRASLND knockdown efficiencgPGHis( dmd@d iy enreedd utsd ntgh eRTn

targeting control cel |l s, a knockdown of 32% and 22°
respectd vedsgyess whether increasing si RNA concentratio
concentrations (30 nM, 60 nM, and 100 nM) were evalua
3 days of HRingwBeti B8aséd on prior medenmntvad edfd ect sshR
dedi fferentiation and reduced cell pi mldiufce i @atni, on h@c Dt
ti mepoint waHso we & e eqcPtCaRRdOT. dat a of GRASLND | evels demon
concentrations do not result in improved knockdown ef
in paremehlsuBbDthwdi RNA concentdrkhhookdown efficiencies
three days pofti gurCod cRBS¢ dDgpmr essi on was reduced by 37
using emnMhemM3I®i RNA, respectivedley.wkSionccked oawnc oerfrfe lca teinoc
the extent of mel awamhrdadiyf 6asprttatdi onhe achieved s
to be insufficient. When comparing the efficiencies ¢
observed between the |l ess efficienFighB8swm@l drhen tmarrye

Figune 3IHhBMARdi ated downregul ation of GRASLND achieve
| ower than that of shRNA sh3. Consequently, further e

and invasion were not pursued.
A B c
Ma-Mel-86¢c Ma-Mel-86¢ 501-mel
“n n ")
[ ] 5
5 8 z 1™
2 1 Dayf S [ Control g 1 Control
g Bl Day3 nQ: = 30nM nl:'n: = 10nM
=z F -4
@ 2 = 60nM 3 os] B8 30nM
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G ] ]
£ g ELEL:
s 3 g 0o—=_=
' 4 o \<\ é)é\ 'e‘o
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£ &£
Figulrée si-R&ldi ated GRASLND knockdown i n-Mese6 @ n a mene B(6AL)I l'ines

Rel ative GRASLNDeB6vuvelafItler Meay 1 and Day 3 post si RNA tr
commerci al pool of four GRASitMDgeaioggti(MNg)sicRNAs obr saRNAN
treated with transfection reagent ogP¢ZR G@RAShE®dbheo e GAPWHET
mMRNA | eReellast.i ve expression is given as medamBT&stSiDhg rofm tnhr=e
dfif erent si RNA concemMy ait h opavVe8B00a | codlkpP €I ORT? det er mi ne GRAS
l evel s after thre&RASGYND oéxpmeudiadn ons normalized to GAPD
expression is given as mean N (QRefabinve SRASLAMDhekpaksseph
transfection-nen parlednst aulsin0gl concentrations of 1@PLRd 30 nM
and GRASLND levels were normalized to GARBHamRNA alne We ISD. R
n = 3 technical replicates.
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3.82.2 ChilesiPRited GRASLND knockdown

As an alternative approach for | nc@®RASRRrkatotwand WRIl |
established in the lpabt whsmweodlk$ theéd. techni que was es
i MaMe-B6celThs€RI SPRi wsyesidnevnolt e cat dleyatdiac®! I(WCas9) prot
whi whdused t o tahses okKriggpeal box (KRAB), a power ful tra
dom&?8As a first step, l entiviral particle production
Tet @ €aKRAB ( SupplFengeunrteaady5 descri thed.Bnglsee ¢ iMed Ma
86c cells stabldCaedkkIABRGCHkdrmrgy tfhiesi on protein were get
transfection as 5det. @rRIKSEdMNEmgeeéchigosi ngl e guindeneRNASs
SsgRNA dvdre designed to meet the crit-20itnof a800abpgetin
tohe transcription start site (T%8Detfairl sefdn ctileentd d i
construction of SgRNA pl asmi dsU6busseiFi-eaf Pd@ pphembobhar ye
Figunead3@® given bn2métdhockguparetd ol i gonucl eotide seque
5.1.L®ntiviral particles containing SgRNA sequences
transductions of harvestMed 6ldeCmatdd{RAB acle Iplasr.t i Rerlieosr itnot o r
sgRNAs, the cells were culturetdhoondert doapkRiAcERi M t 1
expression. Selection with puromycin was performed f
for further-qPrCRl v i delbyerRi ne(FGRABERMNDd ee viedtsa are repr
from Fischer, M&%ter Thesis, 2021

>
w
(o]

Ma-Mel-86¢ 501-mel 501-mel

«®

o
S NN
& @ v ® < Lentivirus:

kDa + + + + sgRNAs

15J- - ‘--‘ MelanA
\pb “@1 ,\g’l 05‘3 ,\g,'b

Relative GRASLND RNA Level

35*]_--—— ‘GAPDH

Fi gurif€ERI SPR interf-Ble-B6emrdi-mela) Rel ati ve GRASLNIERBbxpr essi ol
dCaKRAB knockdown cells compared t o-MeeBroadrChaldeRIA Bs gcReNA sc owet rr eo
treated with eglomlyyfcdi né2 (B-KtRABi padwcei aCaxPressi dm,n foll ov
with |l entivirus for the incorporationegdimL gRNAS.72Afht,ert hsee
GRASLND expraeadestieornrmiw eqdP ClRy aR™d nor mal i zed to GAPDH mRNA | e\
GRASLND levels are §rwmerr &8s treccehmit aSD r epl2ibé ol @eg.i cAd irreeida

per sgRNA was performed, each normaTheee datahwesergembéreat
my Mastheseéeseda*®B)h 5mMettl CaKRAB cells were seeded one day prior
to introduce sgRNAs. Sebge/cmli)o nwansi t fhe rpfuorromeydc i fnor( 524 hour s,

treat m@g/tml)s for the eXRABs Pirors edkdny d.0a6RASLND expression |
deter mi nedqgRUIGR ngn dRTnor mali zed to GAPDH mMRNA |l evel s. Dat a a

n= 3 technicé€&l Melpdnhkapgrestei(n | evel s wemediaatad d/ zkerdo d kod d vorwi in
Western blotting. GAPDH served as | oadingnocromalrioded Itnma g@ARD
proteipofl enveealssur ed Mel anA | evels from one experiment.
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The results reveal that no suffici drspGRASLND krnpckds
component KRABCas®B L heranyd) t he ( s®@RNAessed ,wiatal i GRR)e d
bywestermsbhgt-€@asananandowiysuatlh eeagd g roans mChmre asmfd GFP

by fluorescenceatmi cnotSodpdwn) n repluscagRNA i(Repa s ma
GRASLND downregul ati onf oMads NneOa.sOu5r)e.d FHoOr. 6t9he ot her t wo
an upr egWRASSILND ofs lomsreagpleidcate 2 (Rep 2) no fold cha
cells was dhusr mhonegotent sgRNA for eff iMeiBebict WGRASL N
found.

Neverthel ess, as this CRI SPRir niekanodlAk dnswnfir equé@et Il yaby
val i datnmedl CRGKIRAB cel | |l ine from StavroulConBRegueuntki g,
the four sgRNAadwerldeanoma -melll Ad ngars5t0Olofie ies Bradcdrel o
super ¥i’sionChristina Qi u, B. Sc. exami nemdela fpooltleonwiinagl
CRI ShiRidi ated GRASLND knocknkd\ra KRPAB vcied ddse et eone day
priteor  entiviral transduction for intTbdscwasnfofl bWwec
antibiotic sheoluavgst ihomp ufr@mhy2@ddrycycline treatment to i n

the dKBRAB fusi omheomerlldx. were maintained ghdleeyrs,doxyc:

with the mediewmriye ft weos hdeady s . This armd tilod | oevlelds bwe rhar
equally for -am@R yasnd Wes tRERASIbND tIiteawmegyl.s wWErgudBet &7 mi ne
revealing a reduced GRASLND expression compared to t|

50% and 62% f-of, sgBRbMNAsci Avely. vwAss elifdwd c nus ikmge ckgRNA
and i 7, the oMeltehres elwesvaarps sy yWest er hnbé o ¢rhe-d @ans 9 501
KRAB cell s serfredquaG Catinar gl $ o expect axiporssioo oédu
mel anocytic marker Mel anA was observed in this exper
ef fiicg emat owempar aBGRASEND downregul ationsdamdi8eld by
(FiguEe 11
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Fi gur&CRI SHRidi ated GRASLNDakheckdowns sens.e (@&E)he mRNF444A
illTustration of a pboaegwhahgenhSecti neMRNBRIPS RRMict ®fs d mxeR NAesn e
and their sansangededgmeadheoadentati on 800 bageapoalnr svida hi n
considered as bidirecti onparlomseltne tthhee |cnacsReN Ao fi sb indoitr etcatrigoentaal b |
as the adjacent sense gene might Geyal fett&ldd B() FiSgwvreenal)i cn
representation of the genomic | ocus of antisense | ncRNA GR/
UCSC genome browsenedi @€Cr dCRKIRABRIND kMe&tad ooMaiMed 6-dM@a s 9

KRAB cells were inducegdm)t foaud ¥ pd i olwierde by2 t Oangdwedtiormnwi
50L (right) of each Il entivirus for the i Bgc/omlp)orvaas ome roff o rsmge
for 72 hours. Rel ati ve GRASLND aafdit &NF QR4 EPuRidb&ita xppns g KRNAsn |
i 46. Data were normalized to GAPDH mRNA | evels and given |
change of GRASLND |l evels are given as mean N SD from n = 3
An extensive |iterature research on thaskidmmeathiodss f a
targeting | ncRNAs, l ed tavitdlee stedyg iyt iGory adf aaandg €md rhe

the ACRI SPRabi t?*tJybiefstodRNAsghlighted that both, CR
recruitment of dCas9 anpdr oenfoptecorx omalproégi os o©Hb the te¢
potentially impact nearpyomenhaend AhbseensethetcRNAense
i n a-thteemadd ori ent ati on, whkibc h waerree Icoocnasti edde peidtnwisnelbad di r
(Fi gurAg .1 &adyalfi ound | ncRNAs pwiomiet leio dir ménstiiemrcaalt ed i n cl
proxi mikthy) (t<o 2t hed otnr asntsacrti psi te (TSS) oCRItSRRaSBelneste ge

I nvestigating the genomic | ocus of GRASLND and its sc¢
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browser reocealdleappgihregq of the¢ hr geinetsampmametf emdMoahr ange
<2k bFi(gurBg®%18ased on this, the RNA levels of -RNF144A
medi ated GRASLND k-Me-BBRdowkwd si. Mhependent replicates,
amount of Il entiviral particles 4 $edrREBLO) ,t hee rte atnessdtuecd
their GRASLND and RNF144A levels, three dayRaABter do
effeccompligxrCd .18s previobshgyrAbRépvdd, ( GRASLND | ev
upregul ated i n amd halesxg esnhisoms hiermcy bet woéwetn itrhtee rregtlii e
the expression of the sense gene RNMP1l4ols ti ss aanpfl eecst. e «
indéedgdate suspected pndompreoxeg mMiuwg |l i me with ERESPBUSI Y
[ i mi t?2d4Cioomssquent | vy, t he CRI SPRIi approach for knockdo
regard to a direct effect o0 n RaNMFtli4s4eAn seex ppr aeisrss oarn e ad ¢
potentially share common regulatory mecphatnhdahss or p
Considehismitation of a plpd sya ch ga g pfhreo aChl StPR GRASLND do
studwesconcluded that e mpil rod/u migb Iteh es hdPoNkAy csyycsltienme i st |

met hod t oThpiusr ssuuyest par aalllleolwsexper i ment al groups, wi t h
i nduct hetm,n be conducted under i dentiircal ntceornrmd It i onat
enhdamigot h, the reliability and interpretability of +th

3.82.3 snmeRINAat ed GRASL NiDa |ktneorcskladRoNvMne

The effect of a oplsem oteyeiiifof etrveat tcitnd Gefde | c ed riM elBNBat e

twards dedi fferepwiohiveadmdattrionhgVgsi ve cell state induce
knockdown was demonstrated wusing two efficient shRNA
CRI SPRIi approach. This finding pr odnapntds8 sthognhsti dselraarte oa
commo nt aorfgfet effect, |l eaddilndhotug hd & dii fsf erreorbtaibatliidry. i s
this odtconfanm that the found phenotype switching i s
an additional SshRNA should be tested. Among the pane
comparabl e toFitchwmrDd odEhds hBas( further evaluated for i
knockdownnced dedi fferentiation. This investigation we

as part of herunBleah alyo rs?2dfplee syiissi on

5 0-tne | cells carrying thesbBBRNAhBomtwdr gdathtcam@dont shls

were seeded and subsequently treated with doxycycline
t wo days containing the same concentration of the ind
and divided for parPRl lasmld ANMexlt eGRADLWDRT @agel s wer e me:e
showing I ncRNA Wywitr e 1%t iammrd 62% by shRNAs sh4, shb
each relative to their corFrigupAdr=diiOn g eu niamdad ¢yesd sc orft rt
l evel s of mel anocytic marker Mel anA upon-m&RASLAEND kn
decr e;afseMel anAot eaél sthree shRNAs tested and not t ho

dedi fferentmealt ickenlgosiBg(5 @ ®s previously suspected, a cor
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bet ween the suppression efficiencies of shRNAs and t
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Figur9e Validation of GRASBUNBRtE&dodkdofvhemehticatisnusingO0shRN
(A) Stable shRNA GRASLND knockmdbwnebhd skPRBHAtceal@gog/dhwboh do
for four days. GRASLND RNA FgePvCeR sb ywenroer ndael ti ezrinmign etdo bGA PFOTH  m
show as mean N SD fromsn £ B3 tTaaleksiadumlobRdmplwinc ectel | s wer e
their MelanA protein |levels by Western blotting. BAPDH ser\
rel ative quantificdteivernesgpritMesanA wast eomnmali zed to GAPDH p
in reltaheiom dorurispoheie gk )comt.roina |

I n summary, the phenotypic swibathercmatidv en ok n docek dcoovnf
including si RNAs or CRI SPRi , l' i kely due to insuffici
potentially issues relat @gchortgoetlienngt ioffi rtale tsrebhmssed Wetnjeo IR

a third shRNA in addition t4& 8&hthewapsr etvei sotuesd ,y vuasleidd asthi RN
results on a ded-mefercentisat iThhre ipm oHB@lrigleitt yefdfecd <shmaom
three shRNAs is extremely | ow,i bsiulpiptoyrtofngt téheob driae
switch in differenetli aatrélle-8V6ae | i ol i owisn  OGRASLND knockdo

34l nvestigation of Pathways Influenced

3.4.1 Transcriptomic Analysis upon GRASLND K

To i nvesttirgaantsecrtitpa i onal changes foll owing GRMASLND kn

Segwacsondutbobedgprofile differential gene expression an
downregulation of | ncRNA activit y( s4/Sh §abnlde -hsahnRgNeA 1 GIRKA S L
shRNA nt(rsidd 9 Z0-fne | cel |l ' ines wer e ttor eiarsdBuBcNeVi € hpdO S Yic ¢ I
forhours with media refreshed daily to maiThheicmelal scon

were harvested and RNAr iwaesd eixn rractPiedg apa idters cof t he e»
RNA was wused for cDNA hegphbbadfiffsi dioe rethn a®RASLND knockdo
RNASepy usi-qRgCHRITQurApF@100 each cell line, three distinc:
as independent biological replicates, each representi
conditions to ensure reproduci biHkfiftiyciamnt aGRASIOND flomo
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was confirmed, achieving a miRomumhdownbsguluanitor rilay
analysis, all thae# mpdplsi antde ¢ hdkforswre ac @6 p GRASL O knocl
cell, Iwhsié¢tcchw t he highest k weceldovwen eeft feidci efrhcey procedu
preparantd othhe werad ypésfoumbdnad 5.n2.s%ke¢i batter carrie
Shashank Ti.walti st Mof Sdetailed quali-Bggcesampbési nfogima
Suppl emédt eA gPCA pl ot was generated from the RNA seque
clustering and variatFoguBgol PCtAhea everadist idarmsg i(hct cl
cells compared to both GRASLND knockdown samples exp
are clustered closely together, indilmattihn ¢ tcheemdipstienc
GRASLND knockdown 4samlB) sdwef( @ Xcembined and treated as
were compared to the thr Bief frempédntciadlelsy odx groemsseod gené
in a volLbcarvamliommgl 549 genes (Fol dpchlamgeo$d.whh)d hO1l,
393 werreeguulpantde d156 genes we rfei gduor@enFr2elgt, nleeartee d et enr i ¢c hmi
analysis (GSEA) of these differentially expressed gen
gene §&eég0D and the top 15fenr idoiwed egatlt awaygys as wel |
enriched pathways for wuprlemgud ad erddtgreneeswdatrrhd meenpgiadt €d r
a phenotype switch from a differengrawedg, hhghghyypia
dedi fferent itahespd tdhellli adt atoe . mesenchymal transitions (E
upregul atedEMTéne t et . mel anoma contteerxnpehdemoo ety pe eswiset hi
describes the dynamic amkilltietrynaocfe mek avseema pcelli $etat.i
sta‘?*dbis distinction arises because melanocytes are

dedi fferentiated state, t hey may not exhibit the ty
However, these similar proctesmers rhett hsotbansmibd ilaydhesi pn |
enabling tumoerconalelcs tfaom t eidmfotl hgiah @besmentiTc membr ai
The i mpact of GRASLND downrEggumr)ei o2 ewni dpoernotl i f eomt i
downregul ated gene sets, many of which are involved
checkpoint, E2F abBxdamiv@tiangetfs.the genes associat e
Suppl emdabbBeg@8eal s downregamndat CbKid4nodfi cGOOKIng an i nhi bi
GRASLND knomkcdeolwin coycl e?2%pAmnognrge sshentop 16 enriched

upregul ated genes, gene sets associat ed-SWATH Té&l ano ma
and WNT signal P&%§5 Dvetrei Ifeodunidnvestigation of specific
showedhanced expr eksesyi omegul ator s of these pathways,

respecBuppl em@abfeOyvertanheddse transcriptomic data of GR.
50-mel cells support a role of this I ncRNA in regul ati

key pathways involved in this process.
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Fi guZGe Transcriptomic-mahalcyedils aine &8i0dtschdRNBRASLND (Kpockdowr
Validation of GRA S EgNPOC Rk n oSct kachd ven sbhyR NRAT GRAS L& DB kenmpd kyd ovverc t (o
control -taardgendmg s hRINaA) Zc rdellr od el(Issh wer e i nducCg/ mii)t hf odro xy
72hours and GRASLND |l evel s-gRE€ERe &rplrgszedonsiergelRI were nor
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MmMRNA | evels and given relative to uninduced (stock), empt )
biological replicates are represented and given as-mean N
me | shRNA knockdoennl alnidn ecso fitesrcpod Ra@ap rReNsAe nt ed ar eL achznee repl i
two replicates for each GRASBMD\VWbkt)oahkdo whScetge krfe sRiNkes (islh u st

di fferentially expressed genes f-melkewil sg uGRA $A AT RINsANE ¢ ksdho w
compar ed atsda nsphlVeesr.t i c al lines mark | og2FoldChange threshol d
statistical significance cutoff (p < 0ar5dawrRredifudloadtaed.e mon <
significant, FC( D) F®elnde Gheatn genr i chment anal yqifd up@EEA) s h
GRASLND knockdown compared to control samplhads pssi i ¢ RANeRH
project.org/ ppckBgspimaygdbare the top 16 enriched pathways
enriched pathways for downregul ated genes.

3.2l.dentification of Protein Interaction Par i

3.241 Validati o-RKf i GRABSBANDI on

Given the elucidation of rel evant pat hways and demon:
downregul ati on, identifying potenti al protein interac
characterization of GRASLANND ittos ulmidelresgiamall tfhuen cstciopre a
into the .medgh amsitsamtdinGRASLMND mesenchymalMSsCGselkhu yreth | and

coll eaguesa@rRASIONDNneRINA pul | doawssfeopetowedmbyry, -i dentif
i nducaediséedoandeactRivVdat ed protein kinase R (PKR) as a |
that this-PEGRAShNEBraction | eads tTA&KNpanthhidhdiys i an o f

val i doaft itohni' s imtmelaan g m@RAESLND RNAXxpwlrlidewrs rwede out ,
foll owed by direct veriifn catcondéadryc eWewittelr nt thbd oexpeangi
described in t heb.nketlhOo dash liseesceadp.pon ewaacsh adapted from a p
establ i shed ebty, tbhiahasltiwoeo ébtisot i nyl ated anti sense DNA
(hamefdoddd and &éavbna@&pntaintogpblvdowmoBGRASLND from |
extrachhament-mel 5@ Slulpp | e nre mgtua)féyp 3As a controbdbnsiaspirmde
of five biotinylated antisense DNA oligonucleotides

specific enrichment of GRAShHRDRwasatygsisrmedveht oangha
24.5 and 8.3 of wChADLMD slegav efilosdidd andr efleattedrnvieher ¢ apadt
contkFiodurfe 2In coheoratsrtql I nc RMXA i MAL A1 n.oSuérsreiqguuleme n t

Western blotting was performed to check for the expec
was detect &dd ponl bdolwnRsampl es, wher esaasmpslhee wke dRKR contr
protein signal onl y. aTtwob aacdkdgirtoiuonnda | | eivnedlesp endent bio
performed, confirming thRisguIfé altldn gcsa t(i Sugp pal edhikeRetcar YGR £
interactm®@b mel anawmapcebili ®usihy MEE sgour lBée’d2 1
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rmalized to HPRT mRNA | evels and given rel a\t iSe ftroom mp ut
technicalB)GRASL NcDa tpeusl.| ddown sampl es were used for -PKR dete
R antibody. GAPDH served as a ciomdempéndeRetprriselida@itd ale e
her blots of the two additional bi ol #gigadle B&8plicates ar e
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- ® ® 9 S5 S O T —

-

-

n

e multifunctional characteristics of l ncRNAs contr
otein partners, a common feature that highlights
stlé@onsequently, the next step should involve i dent

r GRAWYLINMDgss spectoofmatther elucidat.eReifteg riilm@gen act i
evious3.skeczabGBGRASLNDwaglhardowciceetssf ul |l vy, achieving
eci fic GRASLND enrichment (Fiogurheo tBlu ppul éFaawmampyS &b e
the pbhraosed mMeRASLND pull down, an additional four b
GRASLND enrvehimeine-d PM@R ReIf ore proceeding with m;
| Vs igsi AQA 22i gni fi cant &8 DF 3. hdmeannlSd¥*48.4%6 . Qompared t o

d
a
cZ control was achieved for t he Tphriosb ewasse tfso |t codwdeod abny
a
c

-

d tryptic digesti oni mmo kpirloitzed ch sGRHASIINNID tPNAD,e aads de't

tsi.o2n..11Folr mass spectrometric analysis of the prote
oubPeppdrt ment 4 of the Max PluasnecdkMd aasuri @ me ret, dfo rtt hma nt
ied peptidesbwas he wfsdndgl-#day®lc/ MS and further analy
ot eomiwass dcaatrar i ed out bacchar.diPreg rtao Jtamenimrgocedur e o
rst.s2. 11. 2 andrFob. 2qulall.i3t y control of the obtained dat
e dogadsfobafledeel aguanti fication (LFQ) intensities w
mples cluster rightly accordiinguil&fidmewarrepd, caltless §
d replicates were eval uabt= d0 ,usp enrdmasstreadAININRY . &FB9R. y s i s

sualization of the proteins showing significance t
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samples and the proteins, also reveal a gGogdnel 46t er
Subsequently, a pairwise comparison of t hag &iRMASSIL NtDh @ u
l acZ control samples were pesifodednetd ieaediviSEFHRL)=y Oudil
Vol cano pl ot @anwlermpe wdtel echted dl2 changelsogpf .35 waenrde consi de
as statisticallyFisggmdf2RAamumberi ofied®8 significantly

GRASLND pull down sample fioddd was observed, whereas f
i dentRifiedaf these proteins, namely RBM45, XRCC5 and
al so fhoddbesampl es, suggesting an actual interaction

(Figurcg 22

It is worth noting that the previously validated GRAS
prot edmisess anal ysis. To dleprtiahpetylsis foif ndihegys aavn dian a
wi trh ex pleiacicth for PKR peptides in the samples to unc
PKR enr i Rébameanity.si s was carried dumaxbyl Sinsckka | Feshrigru,t eM,
according to the deschipt.VbeIbahi madhoildebtt PKR pepti

throughout all sampl eosnlrye voenaepuiephtei ddee tienc tcadaoin, rsaffiotg 6 @ s (
and fleveno), wi th one mi ssing v al u et ofnrdo nealnfdo ufi o drdedp |
(Suppl emrfeémgtuayrey 4 t he analysi s, proteins not identif.i
Arazor+uniquediddapptriedesouwer expl aining that PKR enri cl
I n summary, this experiment successfully identified
through targeted I ncRNA pull down and mass spectromet
functional i nteracti on net woek, afhdt umoel esulidiresr ot egu
experiments to proof the actual binding of these prot
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Fi gur2e GRASLND I ncRNA pulldown foll oweednehy cmd(dAs shyetcot prloanseni
extracts fromepacehtsal wéDé& used for GRASLND I ncRNA pull down
biotinylated antisense DNA oligonucleotides (floddo and fdev
GRASLND enmwiacshmemtf i r m@gBCRsi 6BABIND | evel s were normalized t

and represented relative to one replicate of thend4acZ con
independent bi ological replicates. ( B) Mass spectrometry
Vol cano plots represent the statistical analysis of the obt
GRASLND pull down ($ a@appd efs¢ iewmd&@@dm) nst the | acZ control sampl
individual |I-yi disd ntgy taedtwo( FDR = 0.01 and sO0 = 1). Volcano p
web app265. Pr & tod idn sc hwintghe-slo@gdpfl> 53 awedr e consi dered as stati
enri hCed.Venn diagram depicting the overl apping proteins fo
pull down probe sets fAoddodo and fAeveno.

3.4.3 Investigating Dedifferentiation Pat hwa
3.4.3.1 PKR Pathway

To evaluate pathways potentially involved in the obs

components within these pathways were investigated.

confirmed PKR astippodmptnegduiesd ivwhpet KR $§ mpl i cat ¢ d

dedi fferentiRitri otnl yp,r otchees si. mpact of GRASLND downregul g

PKR was studied. -nfenceireetfeod eGRANRNA kmelc kdelwihs i wa$ 0dond.l

with PKR proteid hevel mbperstsmnd27 days pbsastashRMNAtiI a
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experi ment, PKR |l evels were reduced by 48% and 31% af
seven daydandd anly esh éFcitgiuvideel B3B8 an i ndependent biologi ceé
sol ehRNA4, sah deicmeBKRBR abundance was observed in GRASL
72 hours, but ndtSugfptl errrdsgguagdyh B ydi screpancy may be di
feedback | oop or compensatory mechanism in the cell s,
this replicate. Nevertheless, these data suggest that
in PKRnpexpeéssion | evels.

As one of tUfeeu kfaowrotelcF2 niti i 0 amledrnagsRéte HRal, pmaYd GCN
PKRerveaxceamd rali npltdaeemprocess of integrBésddesriess ceaes
activat ogt,r dmmdidbd eRNA (dsRNAyolte facahtitastpondes, PKR ce¢
activated by other stressors such as bacteUlirN) ,I i popo
ER stress, irradiation or28i0Omaet acé i opaly@msemh cPrpyRdd teess ( RIO
the central me ¢ hTahniiss m no ft utrhne clalURs.es -depeonddnt nhibnsi a
while selectively promotingeltated rmRNAatiool wdi rsg efch d
| SR, 288 M4 order to examine downstream targets of PKR,
the ATF4 protein abundance was perfor méd-tniehn tswdRNIANde |
knockdown cells were inducettofios ahBNATE#Zplessl enwénp
using WesteFngbiGytbJlBmrg obt ained bl ots reveal a stron
expression in one replicate wusing both GRASLND knoc
replicate, a 4leecwreelass ewagsn oddFIEr ved for knockddoAm cell s
addi tional downstr emenditatreget] SR pgadtehwakyR | NFaBheatr ans
protein complex coMBBfSaiminlgy ofhe sildo epbs@angd 6B, whi ch regul ¢
genes affecting inflammatory and i mmunéé ' ffopassess ce
an effect of GRASLND downr egul5®iinied n G&RA StLINIiDs ktnroa ko mwinp
which were ihduced WwWere78ubjected t e hWesgmiteh nannbd oantiing
p65 antibodi es. In line with the previous results, th
were decreased in GRASQINDnN &kthenc bkt WA ceht s ol c-ell s, a
fold increagpd50fl epledsphiec observed compRirgurEe)B2rRini nduc
contrast, the general | evélag Zafs pved |r eama iGR AcSALMNsDt akmto ci
after shRNA inducti ¢n gfucGe H348 and 72 hour s
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ockdown and cometokbtebh&NnebB81li ndudgd miudt i odo¥Rc holuirse Wa
was per @ ®ir mgAddlam4t ianti body. Vinculin and GAPDH were used as |
n=2 independent bi ol ogi matl mredl boahed I OhesRapat scdamewguéantifi
ATF4 |l evels by normalization to the | oading control. Data a
knockdown shealglZ&l highle Data are NSBEMM(Eag Fleavheasur em&ict of pho
B (p65) protei n-mMeaveltse da fGReArS LsNiDR e lc kadeolwins i ins i5Md Western bl
shRNA GRASLND knockdown amal coaltlrol werheR NiAn dWdDgd mici, t 7 2d diX y ¢
Westerwadl|l mpaer f or mepdh ousspitivalyy amttibody. Vinculin and GAPDH wer e
for one repl=i2catndepaaldenth biol ogical replicates were perf
Rel ati ve quant i fNiFeBa tlieovne |losf bpyh onsoprhnoal i zati on to the | oading
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to the uninduced cells fshrac&éach®tknDatka oavne c@IBEM h(i L. He@,nH)
Determi natBohp®3) NFrot ei n -nmeedvieatse da fGRAS Ls\IIRNAm@ Ic kd @ wins i nSHEOH |
shRNA GRASLND knockdown amed ocerdtlrsolwessrheRNA dsuOdlg i miv) t hodogiy t i
24 or 72 hours. Western bl-MRB aetieb@aey.f oVimedu luisn nwasanused
n=2 independent biological repl i categpys ewweernd edar(rG)ed Redtatd nwdce
of -BF |l evels by normalization to the | oading control. Dat a
knockdown shalglZ4lhighte Data are NSEMnN( H)s. mean

Overall, these findimgsli aeedalGRABAND aksedRNdadoewn si MmalyC
negatively affect the expression of PKR and its downs

of thB O8&EMponeahti cpghu,gh requires further validation. /
the | SR appears to be a potential effect offl SRRAKSLND d
is described in the literature to repress MlowhRraxsprae:
hi ghly ,i ndveadsiifvfeer en%lidt®idnceld msedueti on in both, PKR
after GRASLND knockdown was -mbdéenved, dadi i1 S&®/ KRV AT F

may be excluded in this experimental and cellular set

3. 4. JARTAHat hway

An additional signaling pathway suspected to be impl:i
in méel GRASLND knockdown -6eJAAHd TSATM3i gh tg nbad itnhge IThr anscr i p
revealed tamenghbhwéayesnirgmrcahleidng pat hway fFoirg wr@er e2g0ul at e

Focused analysis of the individual genes within this
STAToh t he RNARAupeplivemamt)adroy confirm an increase i n STATE:
t heotpari n |-mebkl GRAGLND knockdown cells were induced for

and Western blot was perfor med.eslud dedd,e aGRAS LleNXD rlerssd
STAT3 plby-tanidn-flal5d compared to the uniamdBcdrde scpadt it\v @In
(Fi gurA@SPAMT3 i s arsepao rdireidver of mel an onread ineetteads traespi rse shsyi
MI TF tr ansnc rAfifpvhot eng s tai ndglryect i nteraction with PKR an
kinase are documenid’gdThins trhekdese d@@a8EMTImechani sm of p
switching after GRASImMmdDPokoeckdbWwe in 501
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Fi gw®rde Ef fect of GRASLND-SKTPATBk o wmABeft agAK on of STAT3 protei
shRNwredi ated GRASLND kmelc kdelwins iwns i5®d Western blot. Stable s
and contr olmelhRNA |50 1lwer e induced with doxycycline (2 Og/ mL)

usi ng-SaAT8 antibody. Vinculin semwned ex® &lso asdhnobwgn c(olnetfrto)l.. FB
guantification of STAT3 |l evels by normalization to the | o
uni nduced cel |l s nf ocrelddacig Akenhdchk droiwg Htl)u.st(rBR)t i on of cytokine ¢
the -SRAXKT pat hway. Cytokine binding to their receptor induc
recepssociated JAK (Janus kinase) enzymes by pheodsperod yl at i
activada#hetdlyated phosphoryl ation. Phosphoryl ated STATs din
nucl eus, where the gene expression of cytokinanméeomorsilve
functions. |l mage was created by Rusl an MedHeha tloewe wvas t he
avail BbloereantderThciosmiswlhtelnieshed in the 10th Edition of Cellu
El sevi eda’t C®@2<2)r ement of Mel anmed icaBReAdS L dfdtoerk dohwRNANnd treatr
with JAK inhibsitog Resoker oit mibbet sh&®&NA GRASLND kn-mekdown ar
cells were treated simul Ognend()slayndwiRikfod b x ¥ @y didviéRa n@A2Ant i

antibody was used to det eldttubMelliam Aa rptriokt ced yn Wwaesy ed ssegd afndri t he
onexperiment is shown (left) andbyelhat mattad qtataa DInd aidrnan g oao r{ t
relation to the untreastddcZ&lhiI8smofDeaBbcaecmaddekpeni fhent of
detection medérnt edRMBERASLND kmeatkmemwn wintdh Ruxolitinib usin
perforn®d isnmaple shRNA GRASII NBnH&nNodkatoza®oell shcel | s were tre
simultaneously with doxycycline (2 OgMmLan@&ndnRuvoldiyt waisb u
detect Mel anA peratneiud i Inevaelts boaiyt iwacsont seod ofn@k pemd@meaadii sg
shown (left) and relative quantification (right) is given

uni nduced and untreated (stackK¥ hcelll s of each condition (st
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To investigate whether GRASLND has an effed&StTAIEl el y ¢
signaling, GRASLND knockdown experi menrugoliint i o rmbiwa
perfomenxRixol itinib is aJaopuenkilJRsamddnect KWJeA2e 2

inhibitor and thus i nhi b37pIsAIITyATr esgiug naatleidn gJ ALKr asnisgl naat | eis
signals from cyt wkoirn-6l]sbnceudh raspbhRBes by controllin
Respective receptomsdiuatded godi mgniokatnieon, foll owed by
activation of assoXuhbasteeqgdu eINAK reenczryumetsment and phosphor
proteins by the JAK enzymes |l eads to its dimerizatio
expression of cytokine reBippnBg V2T genest i whetomémr oGRA.
knockdrewln at ed dedi f f-raeglenmélagadnoma i mel510d i s due -to a ge

STAT signaling, GRASLND knockdown cell s were treate
ruxolitinib for 72 poessibo BnducehsbhRNAJAK enzymes,
experiment, the reduction of MelanA |l evels wa4 obseryv
s B) , but Lano&del $1s upon shRNA induction and ruxol itin

downregul ation of melRinppuwa@g Tdd & fpeorteenntciya toifonr ux ol-i ti ni b
me-$ hacczel | s, that weopa&nd rtelad eldeweltdhh dfFNphosphoryl at ed

as indicator of - STATusestcgnahing. JAK &XAITilc iwtasr adeu ectcit e
confirming a suppression of t hi sr yipiag thnved yn4 Iay srewcxomldi t
experi ment, the modwasf uUsedeminds t RA as lelda gt tdmoent r o |
experi mennedi rsietgupconsi stent with the previous one, h
were added as additional cosubesleguebet eet iadonmnvef gMaha
protein | evels confirmed the initial results of the

dedi fferentmalt i GRASIWIND OKnoFck dgovwe TRkl $s ni cates that (
does not act upoesrnrlrAt adzbsriiedSBSemisheated di rect effect on
expressiaom mechanism that requires further investigat
validation of the suggested i mpactnstr i GRABAMNBa ke oc k d
pot erStTiAdnBe di ated dedi ff emeelnt GRASWOND i kn o5cékildrouwnt ammelolus
STAT3 inhibition using specific smal/l ra@lpd d wlad i iomh ickoiu
be considered

Al toget her, these experiments on key protein |levels
GRASLND knockdown, give initial hints on a potenti al
suspected t-me dieatSETAT3Furt h SRedti AKREATF4state transiti
mi ght be excluded based on these preliminary results
required to validate these assumptions made in this s
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3.5 Dat a
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If omu-Renlveetsed d gEftfieomnt so fo f

LncRNA GRASLND it daddercitbetdhe adaptive immune respor
signaling potentially by a direct?33 nRuer@Bhéebri, D was$ h P
identified aelabhedmmoomNAdaecma on bioinformatic predi
using patient sampl eSK@PModat@@&h asieamitlhaer TSCGAVi val predi
used for gastric cancer samples, revealing potenti al
it as apnegabsvec factor for response ?t5% i mmune check
A
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E, : } S ete,
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I \HLA-A] o o *, °
L]
w1  @EmesmD)| A
I |
I |
| |
Log: Fold Change
Figu% | mmueleated role of | hARNGBeG&RASEND.enri chment anal ys
GRASLNB'ubgroup -9KCM CAl anoma patientussagptbhse Hal Em&BR) path
setsTop 15 u(plreefgtd)l aopdl4d downpeghwayedare il l|l-8KE€EMat echor ( B)
data (n = 471) were grouped in immunological fAhoto and dAcol
Vol cano plot depicts the fold changebsotabhdfopCD@®uwa pesf asr an
described %y Twiodegtestls. for statistical analysis.
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I n order to confirm these initial findings on a poten
bioinformatic anal-$KEN dai agett hwe TE€GhAer f or med, real i z
M. Sc. Fi rSKICM TTQ@Gor data f r ogm odu7ple dp aitni" e@if ASS IGNRA'S Y N D

mel anoma sampl es FiS3wp)el oddeind awags f ol | eonweidc honye nat gaennael ys
using the subgroup aMefl ahdmaGRASL Dt samples by utiliz
gene sets. Detailed informathi.@n.l@2fap gl vyenpiagmleathed ss:
downregul ated pathwhRiyguréey e25i hdtesetly atd&néd ¢ op downregul
GRASLNBhel anoma samples include i mmumdapdt-%TeYS, suc
signaling, alk, | wobllalndas nf FAmmatory responses. I nteres:
pat hways waltihg t he previously results enielt hceel 1 15a nuspcorn
GRASLND siHieqawbér g2 @ hus, a positive correlation of GR/

the cell cycle, such as G2M checkpoint, E2F and MYC t
EMT gene set was found in a |l arge pati @entGRASKLNDD s s u
involvement in melanoma phenotype switching.

I n addition, al | t umdKCM ad at af roent tthre T CGAL1 patient

i mmunol ogi cal fihot 0 ann dC [fi8cAo It drda ntsucrmoi rpst  baabsaemddnadni ccea,t otrh a t
of the infiltration of CBP®Fhd dwyaphoicytwas i me of e hmed u
Liet '®dAnd as outli Bed. Thed.é¢ctainereri pts in the top and
transcript expression groups (47 samples each) are re
in i mmunologica&li glueBal.2® t umor s (

Leucocyte-mediated Immunity Lymphocyte-mediated Immunity Activation of Inmune Response
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Fi gr68i ngl e GSEA oM %QRASLONNDD of-SKEB @AaGa& s232)on irmemuan e d
gene $Hemes involvednidnllyepbocyte medi ated i mmunity, as wel
response were analyzed. Green curve depict the running sum
position within the spebufionpafhwhgsfolhd c rsmeeialnemdg wit
the bottom part.

Lastly, single gene set enrichment &inhdlyasn esmawapsa tpieernf
subgroup (n =wi23R2 tShenpdesd -wmeds adbtdl e mmoaoyesd,i altyedp hoc
i mmunity and the activafFiiguwmr)edh2 eemGBEAreepohse demon
inverse association bebhweerpGRASLHND pndf-ifdfelsammatkerdy t

cellular.processes
Overall, these bioinforSKaCtM cd aatnaa Isyeste s no-r eelglaer e BC @ fof @ antr
i ndi cate GRASLNeDgusl aitnomuyner ol e in melanoma and that hi
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support immune escape mechalnhies mse coefn tneyl apyuobda ebhlendo rdsa.t
GRASLND in melanoma, validadcer malratfiiondi hgtsweoen aGRAglAN
and CD8+ T | ymphkoétscyte infiltration

3.6 Experimental Anal ysi so9if grGRIAISLANDO s

3.6.1 TranscriptosiicmhAhatl gdi Genwés| FNSGs) wupo
Knockdown ander | FN

Based on the bioinf or (fratgiucr, Bd r@ablryesdastl conmpartteadd by f i n

other studies,ed@RASgHDIi yeoworrelation with the i mmune
T cell infilt?@t2r A diin imemladdgygmaas GRAShBDcappéeal si mmu
pat hwayoNonf MSCs, further experimental i nwesgngai ngni ni

mel anoma is a kheMCaexthestiepiSiTRAIIitRFodbat bivayhwad AKuspec
to be me®K&®Rt eawhbyh may be activated by GRASLND and in
act PA¥Atdirect interaction bet weeelnan®RAaSLcNeEmled nldwaBK B 0il
previous| yFivgauried 8ule pl| éfmequrpg yavdhi ch makes an ionhibitot
signaling in the mel anomd hi antcaxte, c GIRASILWNDbIsé .l enci ng
result in an overas$tti mpraged agéenesod(riem@dMe nuensdtelrt H iFN,

—

ranscriptomic analysis of GRASENDs wkansococpkedr of workmreded! . | s5 Oulr
ShRNA GRASLND e c8ddnodwnc o nt(rsohh Q@eertdr € at e avi ¢ iFtNhleorn e
or were induced with doxycycline otoras imRNAi.edppensdéenn
bi ologicaforephcboakbatZish®daed corfdiFiNiIFiNndto x y cywed i en e)
takAhter six days of continuous treatmeas, d®RNAr skgden
met hod $ekRkarmM@odnanal ysi s was carried olTuhte bPyCAS hpa sohta nrke vTe

distinct clustering of both, control ca&ll $cotlokedMapg eerded t
cells compatreedatteod and-idoduxgegctehBsw cvarmrrafhge ngn PC1.
replicates, however, ar e grouped closely, refl ecti
(Suppl emredgtuareyDidBfAgr ent i al expretrse ateerds uai §f &add eudsf | F N

doxycyicnldiunceed cel |l s was agwsdrgfna f pacubdn td ewremé @ uwigacdfi 0ah )

high numbefooftgen&RASLND knockdown cel naiymbleut i @ ¢ & my
cotnr ol (Suelpll e mEngaBgL4%0or this analysis, both &RASLND
and8shwere combined and trSaati&kdmegd gyf, bhhe sieghi taatast |y
genes, HLA genks HIBRMerlLAound, known o04788'be asddenud at e
whet her additional | SGs are wupregulated wupon GRASLN
expression analysis flordeleIGs awassd gmdrfriicath pdwt0o i 5y eaf e
mul tiple I SGs was observed in GRASLND knokikggbivnm s ampl
Suppl emdéntganm)el SG6 associated with CD8+ T cell recogn
CD27 44LBP6 282 | mmune cel | recrui t2megi“t hbeEXALM®mMunEGCEChileh:
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(PSMBS, P8%MBI9 )t he antigen processing and pPPeseating
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Figux7eUpregul atimsntioful aEFd@dl @p)esn GRASLND knockdoaywytn) under

Heat map of differdeaitsi alfltyer e xGRrAeSsLsNeDd komocH@ & wrs hiRiNdhe GRABNND

knockdown and control cel los (wWh@r@elL )t raeladreae owri tihn ed @ mkeirn d tFiNo n
(Dg/ mL) for six dayssadg8B)sRbejatied RNARBAPrRIMB®nN PSMBBSG e
and TAPl1 after GRASLNDokmezkdémal ushdRNA IGRNASLND knockdown
vector cedrtsrodere treaded®U@ith aliomerod FNi mul t an@p/umsl)y with
for three days and mMRNA | eq®ICR wéterdatoe mail nedtuoinng oRTGAPDF

are given as mean N SDcaresm. n = 3 technical repl.i

To validate the findings of the transcriptomic analy
examples were choseRmFgP& Rb en®t0d sstheRdN Au SGRPA(SL ND knoc kdown
vector control cel | malwenree otrroeaitdeldd dwHyNcly cll FNe f or t hr ¢
expression of all three |1 SGs was upregulated after G|

treated wit.h Thex yrceylcdtiinee expression of PSMB9 and TAP
about 3.2 and 2.8, respedfainda8is\hA med eagt NRMNGAr & ddRdd Aisn s |

with a fold change of approximately 1.5, was Observ
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foll owing knockdown -twdrtdeth mmtgh sGRARSNDand not t he er
(Fig@amBgThese findings sugegfefseticshias donmrprNedsdlighns |l i ng al so

mel anoma as previous’Py described in MSCs

3.6Eval uatLén Pofot ein Levels via Flow Cytomet
Knockdown ander | FN

The owemralglul ati ont b mMBNAN doiecviaetliesshiabi t ory effect of G
| FONpat hway and in telreavancridiosmea d inge retdi gen processing
presentaticgn ot oxi c CD8Gi vlenl §tnkpahtd se stsheentoilaelcul e f or t |
recognition of malignant <cells by-ICOh8+ tTuilrceena ¢se ransd d
mmune evasion hieemmp bd h iGRASLNER i ndd HBWATface waxspr essi
fpoartiicnutléelseer ef oran i niti@ld-helx pEGRAMMeMD ,knockdown an

ector control cells waldener eat ed muiltaneboubéy WFNh d

hRNA expapdsiamsurface protein expression was detern
yt omemetyhod sectiAdbheb. 2r8pt ment ofl RoNbeposbkldscebl st i
oncurrent GRASLND knockdownl slheowelds ang iancd Bth.s7ee li st iHW@L
to the respective uni Mands8s hces pasct whehy uswhmigec s hwas n

O o un < o

controFi geitAgEs)228 Wit h seven days of treatment, an even
HLA surface agspdestBichowddgy. 2 n el ewviatproot e@ifn HLXApr essi on
fold uéamgdg BbIwdtBishrelation to thecerlalaspeaneiasairadi n
Fige&®g . To verify successful and é€factient oGRABENDek|
used for flow cytometry meRBquPrCeRne nadosn fwarsmi anlgl oac ad cevdn rf
l ncRNA |l evels in both GRASLND knockdown <cell l'ines a
(Fi gumg .28
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Figwr8HLA surface expression after GRASUNRak meankddwn nmer d nw
cel |l | i-meels &t01di f fer ent A}l mshuArpfoa cnet se x pmmeels sd eolnl si nd e5t0elr mi ned
cytomet-mgl SBORNA GRASLND knockdown and empty vectoro control
(500 U/mL) or simultaneously with doxypayébineh¢t2ebOdamk) Ho
of control and GRASLND knockdown cell | i nels & acoem eoxnper eesxspiea n
in ‘mel cells analyzed -mel fstFWNkyGR)ATSeLtNQ/.kchDclkdown and empty
were treated oei(t®@mmlL )widlhone& Nor simultaneously with doxycyc
expression fsar Hiewemraay of control and GRASLND knockdown
shown (n Folld) .ch(ah)ge »dnIMFIb todk HéFaN entde | 5 0slh RNA knockdown cel |
experiments with timepoints of rtehsreenet €odrl as(eDiveen GRASL ND eRaN Amel r
after induction Owi/tmi)ddyciytdirieee an2l segPBRdagsf datceir mnned
suspension used for fl ow cytomet rqyP CnRe aasnuarl eynsei nst st ow adse taelrlno cnae
| eveltsa. aDae represented as mean N SD (n = 3 technical repli
Based on these preliminary results+ isnmdifaztei rgpaemai k
| FON r eat ment and doxycycline induction for a duration
replicates were perfor meddensitcghn,t hbeuts armep leaxcpienrg mnmeme ad n

wi th tthaer getni ng s hRMA 4choen tirmilt i(aslh f i ndi nagss GRAISWNDe c
downr egul adtiroenatiente | 5F081e Igin$ feinchaanntcleyd #UAf ace eX FB6essi on
fol DN 4a8nd . ¥ ( BD=0. 2weh)en using each(Fiod§ utAd &8ahcRtNIAys
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as fomel50HLAurface exmeassi edotweesalteNte-BBla cell s aft e
GRASLND k n ofcokrd oswinkx tdatyasl of four independent biologic
Two of these replicates wer,e RaSapedt oot begr LBaclkélros
my s upe?Siliiskieguihsee f i ndi-megls, ian 5W0pr eg-ul hevehsofvasiLAet ec
MaMe-86¢c by 1.=90 4@K8D 1.30=0( Mflo(Fd gurCe .BPr t asttihng d

mel anoeb!| difher enMé-&l & devldlcsh e iwebi GRASLND |l evels cor
5 0-fne | a nMe-BWbac cweelrkege | e ¢(FtiegdurAe ) B0 ve i ndependent biologi

were carried out, revealing sl ightllyevbedts niont tshiegnGR.
knockdown cells with Shl=d @.hah)gssnIADf =¢ OmBalN&d to the
respective wuninncduwecaesek dd eelizlésl.s wer e observed ind4four ou

and only three out 8dFi gfdfwee Flpl i cates for sh

Taken together, these experimental dattrae aotf memRtA SiLMN Dd idfof
mel anoma cel |l lines indicate a 3suipgpmelsisngr,e asolaen ouprteh
mul ti padseti mbtNated genes wanst |l yhlkeHdve i acé mpaptrassi on i
affected by GRASHOHNRnsegehat ngnmhd echéeHLA a key mecha
cytotoxic CD8+ T cell popéeabdbghibiwviao dess ceabpees endnie gpelll & 150 ma
cel |l serbggx prvessi on%8%f GRASLND
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Fi gwr9e HLAsurface akperes SRASLND knockdowmrm eandeuwmeé anbmd

cel |l | inmeels, -NobBB16 ¢ anMe IMgblya f |l ow cyAplbetsyrface expeds ciedh sin
anal yoyed | ow cvyitmermetsrhyRNASOGIRASLND kntakgewinnansadhRMA contr ol
treated either(@Whéhh) oot ysi MmNl taneouBd/ymlw)i t thohdRaiay waypeplriese i (oh
for seven days. Repr é&RAMtLAND kel olciksdtoovgnro armnad o ds fladr eelc 5 hloiovme s

independent biological repl i catf edoFfNny =b 6809-k & aBt) e dF ocl edl Icsh agnigvee
mean N SBneiln c5%01 sl. s(uQ)f aHleA exMe86si crel i s KMaasuredaby fl ow
Me-86c shRNA GRASLND kntoxrkgetwinn gg@ ndh RidbA contr ol cells were tr
| FN (®0@mL) alone or si mul t anCgoursll)y twi tihn dduocxey BsghpRrNeAs eerx{par teisvse
hi stogr@RYsSLOIND knockdowmr oarnated $lh Llaidnzeism d e mpenn de n't biological
(mdpre shpwrhrohange of oMmIl yoft dlofk&ated cells gi MaMe-las mean
86c c(eB)l sHLAur face expveedslsai ocnelilm Maal yzed -Mg-6Td oswhRNMNA omet
GRASLND knockdetwanr geentd ngoms hRNA contr ol cell s were t(rb5e0at ed f
U/ mL) or simultaneou®©by mhi)n dwcdeo xsylcRINA i evep r(e2ssi on. Represeni
GRASLND knockdowncoanrncdeolslhLbicZievsadeampmaendent bi ol ogical repl i

iltusted. (F) FoldoohaggeodokF&M&EtedfceFNs gi veMe-falsa neealnl sN. SD
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3.3T. CA¢ti vEaxtpeorni men't

As the previous findings indicate bdphaet hmeyg biitto rsyi ledf cei
causedupargul ated | SGs mRNA sluevalce gpnmndt BILA expressi
recogniCtTikon oawfar ds t hos ec omnell da nboemas uwsep e cst ed .acTth wsa,t iao nCD
experiumamtg autol ogowI|ITabelrlagi on with the WUXKIE, of Pr c
Depart ment of) Dwarsingi aviheigophe rwfaocsb yne Br . Beatrice Thier (|
UKE, Department) oHe Deaglmatloilmegsy provi ded bMWe-8&6hce aPmads c her
MaMe-61a, both of which have corresponding Autbbogbus
a significant “Andipsegohagei oH l-MeaBs6-cd mmmalr ei daM ¢lbd -aM a

GRASLND knoccekl@aosgm rCeF),2®e T cel l c 0o owmalst wree fex preerdi mve 1t th
Me-6 1 a <cTehlel sd.eci si ve factor for this doeci Fiorlis fhemobp
MaMe-6 1 armeumented to stildl trigger a T cell activati

through recognition of ot hé%¥’Thind i gengat haonultarel yl osel
GRASLND knoceksdudwie dii i f @ rendg d easaitilomgs of antiogfen hperseesen
di f f er amatrik@&trigoun.e 15

For ¢thhreducti on of the T <ceclodnsactviedatdicmdmovr a s daiy ,k  dCrDy8
l ymphocytes from peri pMeebrimer &l ooadvef Bpabt @ mnterddamt ¢ dh
aut ol og-derB1 Maaeldl § cell activation by t U Fodre ccreeltlisonwas
as described i nb5.nx.Blh&.dscewletouriiomg wiMed 188 hdle lslhmglc ZMa
conteloll s cwer e t roaatde dd owiyftcdgrcdkdrydsep er f o e ae ldFiiegru rEg )F2 9
On day 7, the cells were har vemoady aneés iolf deobmu gthiNy w.
treat Ménher four -cudurug eofwi tb autologous T <cell s, t h
knockdown andMeebolnat raod | IMa wabsyi retvrad walblstllaami hGNusi ng f

cyt oméwor yi.nd e peexnpdeermstmeectosmduceedal ing tbattheeadaument ce
wi t hoallFoMdiler eraedsyul t s in a strong T celll activation in b
cel(Fsgurle, )3Bn add onal enhancing effect on T cell e

downr egultahtei roenfaoirdtleyt e c.tWhhiltehe first segpest memt minor €
(Fi gB0A9g , t hi s i s tnhoet sveacloinddaSneqdp lliieopaEtrggua, i ggdrCg 3 0

I n sthims initial experi ment does not @ naolvtiedree dc oTh cd alls
recognition dwna tacctGRASL Mhasd| éoct hgr optimization of
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4 Di sc ugsCsoinocn wmshidomMut |l ook

4.1 Discussion

Over the past year s, akeyel babhhmeal fod b manlddRgeyAsatitm act ed

substantial attentiongnwogéniresamd cthumoco@éupmas Dinv e
asbi omarkers t€camd dp atggcosisndi da&tmommss r ating t heiim clini
mel andma serving as mi RNA decoys, scaffolds or regul a
transl ati on, Il nc RNAs exert considerable impacts on ¢
progrescliwadai,ng ncel | proliferation, i nvasion/ metastasi
resi s ATchee c onitd emruteidf i cati on and detailed character.i

f uncatkiocomttriidbnas mel anomagreenreassi usls jtehcuts of sigoi fucahneér i pae
the way for the devel opment of strategies for ther a

i mproved mel anoma di sease management .

Foll owing thtikte reRmjsontiingeg of this thesis was to inv:i
potenti al i nf | ube nocldlgiys mekc &NAmhasi peavi buseldy abeankey
of chondr odMeSrCeasguBsctiinoni ng tbhye J4nAiE DAR i qargap a tnhfWwa y

Acknowl edged for its r eguhonme ocosnt aodfi $btosn ei ndhei vbeilt oi porme na f

prol i fiemathenmuscul os keloestialnadadsy sdagemi, v dthal |iFMmane path
i ntaaicghmaans dueitng@gnsubgthantieslp ofndrmmatnheesr3@®fyo.2B% y ond

its impact on cartilage production in MSCs, GRASLND ¥t
investigating its 259nentthiealbarsoilse oifn bciaonicnefror mat i ¢ r i ¢
analysis usinrmg GiRASIILNBEAVIR &dsa tbae,en | i nked t o poeverpalti en
cancers, dontcd usdg me@ama and neck squamomuapiddlalr yc aremian o
carci mdma,bl ast oma, bl adder é%2t%lenr ,glainodnag a shtlraidcd ea g n ca
cancer, functionadriswiigces pbE&v RIASHEENE omr ol i feration,
and invasion through distPHcat*/AMi°RMA |l dency mdc GRAISL MDD

—

umpromoting functions wet woé wyhbleirs dednomntsu d fag eerdi 1 nme |
2024 identi f yiepee nalrenRBMfMmMechanism in the YAP1l pathway
argeting the adaptor médeNtit d ENAM2 edges péc tGIRASILWDO6
functions in other cancer types, this thesis focused

pathogenesi s, -tfuwomarsiiqgnion efrfoect s and a Ppsoitgemaliiandg.i nt

As a fitbhe sxKppession of -GRABgKBdwasi mgtakin cutane
(SKCM) patirewti diaddpy gr aGompared to healthy skin sampl
GRASLND exprewgisendetermined i nDmeltdline® &K GG Anpp atsi.e nt

data i n &@RASIL-NDwWbgroups with s-MbsegueatviKeagleaa real yas i
significant association witBofah |l awaelryseeserpodilntpat owat
contribution of tlGRAPaNDOItogi cal processes underl yin

progression.
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Si

ncke cell di fferentiation state of mel anoma <cell s

particularly its aggressiveness and responsiveness

re
po
i n
To
co

pr
I n

l ationshipabbtn@&G®m@& NIhe mel anoma celd* 5$Stddeedvasa ex
sitive correlatibavékrweeax GRASEANDocypfi ¢ mar ker s wa
di cagatcel depeadency for GRASLND abundance in melanom

gain deepeGRASISND&OKEes melteoonoma, ckonnopcrkedhoewns isvieudi es

nducted. These experiments aimed to elwucidate a p
ocesses in melanoma, such as pr alsiifnegr aat-meothR BN A endv a s i
CRNA knockdowo bitghtegegf f-shbhRNAsadsdRBASILANID shRNA target

bacteri al | avcaZl i gdeartee dwearned t hese cel | ' i neBi wstrley ,u stelde

ef

fect of GRASL NN donwrcreddulgatowt h anLdi vvei acbeilllibtdymiangai sn ge \

50-lhel GRASLND shRNA kntorc&kaltbeavch dekyclyichése reveal ed a

gr
S u

owth in response to downregulation of GRASLND, whi

ggested by a PARMbreloeavage haseawere no indication

handl ing, as the cells consistently remained adherent

daywsi nbdet mehothserv&dnce the transcriptomic analysis f

re

gr
i n

vealed a downregul ati on odiepehned eretl |k icryacd ees r@yK1 aan ch
owth arrest medi ated by GRASLND depl eti omsiagplptesar s

to the underlying proclelssgrexcwt @i andwmlgd the assdescead cl

based cell cycl e°’dnstabbbkqgueowirtarssag | | i nv aesfifaerfc tas s ay,

GRASLND knockdionmwa soinv et hfe@#nent icall | af was aasmseisserdeadeaede

i n
ab
t o
tr
me
me
re
pr
st
k n
re
t h

no

A
i n
s h
i n
fo

ul

vasion capacity was observed using both shRNAs, poi
ility of mel andhmasoebse kbt gatbonavafiea 6RASILCNDR ktrroacnksd av
war d -par oslliofwer ating and highly invasive mel anoma phe
a
I
I

Vv

s iatsismrciias ed with phenotype switching tdhhleowsesn oy de
nocytic di ffeTrTlreent saspeat enthr peedaekses pohfenanoyf EdMT s wi
noma cel |l s, origiwevallajanpgr ccpponsfeed meyd Haomelkf urt her s

® 9 © S

rsible transcr i pa inmenladn orceyptidacd, 1 aMdnlicft ¢ , ofc har acter i :
oliferation rate and | ow -grmowaisrig earcd plaibg H fitgteyliln ¢ @ svia\
41 85TRuM] ThProtein Iltehveedas t@mfndar get gene MelanA foll
ockdoware eval uat telhleeb uAnsd aenxcpee cotfe db,ot h wmabagotc§yt canmby
duced upon knmekdawd @an &d#diti onal -Me-8f6fcEagetth art,ed
ese findings suggest that GRASLND downregul ation t
tion of a regulatory role of this I ncRNA in melanon

comparison of tWweesecertiindi pugtsl wshérd studies on GRASLI
consistencies in tGRASbNPrikrerdchphtiewoty@pesor med by Ya
owend nd i beiftfeerct of t hi s I-pnrcoRMbAt ionng tphreo cteusnscers pr ol i f e
vasi onEMTdpahbhel ities &f’ nheilkaenwoinsae ,c eal ldsownr egul ati on
und to suppress cell mi gration an?8Tihruwa s iboont hi ns ttulde

timately propose GRASLND as a pr otnriesadtnmge nthebryapleiughlc
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its role in tumor progression. Although the reported
cel |l proliferation are consistenthewscthephaecyesal i $sd:
on melanoma cell Whvheionrisesufri&i asagowed that GRASLI

the invasion capacity in a differeintalasedvemed|.aado nvbla m

reported a suppression of cell mi gr dt’idffheandd ffrvasg
phenotypes with respect to melanoma cell i nvasivenes:
mel anoma unsoeddemlyst udy, the focus was on differentiated
correlationlefvVeGRASLNP differpmenawgege imedianatmad . I n ¢

t he ot her st MEIEZ2SA3IYdDaed BR058. While the di fferenti a
unknown, the other twMEneS adomza/ns elel cll iamess fSKad ei nt o t

andeuxalklsitcel | , streetsep®cltn veipe with athpehehbdbt gpet usrwei,t
characterized by the | oss ofastshoec waetldadntolcey tti rca msirtkiean
proliferative, | owl-gr owivag, viei glelly si nwaai‘sdomesl & ho sa
procearsmhet directly applied to mel anoma cleilkes cweltlh satha

t hese foinnddiinfgfiserent efdieceéemanionidEeRAAPEBIfO NMeyl anoma cel |
of differearecablt sbohhiemsdh&ghé&iyght s the significance

cellular context and the multifunctional ntdt ure of ma

For validation of t-hadGRAGLNDOmMasi preaconygme adwiitt ¢ binad

knockdown wsatss mp legyed sat | ygo mmercially provided si RNA p
GRASLMNERBrgeting si RNAs was tested f dri fdfefriemitd ratt eldn onel
cell | imedasn d5-8 6 d-.or both taoalnlsfleicnéesminRiwdiatlds ulhieed i n

maxi mum knoc #&léloawnd btyhuurstphheernot ype eoradlewdatfifeersent i ati on
proliferation, ampa rif o.vA®E iho ns ewweorned madtt ernati ve and ort
I ncRNA knockdown besiiovasi seskdRNAs al CRI 8PRIl uated-in mel a
Me-B6c as part of thenomastodr tthhee sfiosurwareks,t esdu fsfgi RRN Aesn 1 €
downregul ationf*°Nbnehkeel asRKNAt he CaRopSIPiRd dmEiyrs tchedilllasa s
50-tne- CaKRAB <cel | l'ine WwWesntpvoviadedaandcl es for the
SgRN#Weraevail able from previnme legbks| mMERt SPRst aritsiudlt e
GRASLND knockdown efficiencies of 68% and 62% with t
results obsMerBWed cilemelMmect antly, the expression of the
remained unchanged i n t hitshoeaxgpe rkinnoecnktdaolwns eetfufp ,c i ewver e
the GRASLND downregul ati dana&a&d&iihesddembdy adhRMAtsor s coni
this discrepancy are addrdas shdfd cihesti loem. subsequent

First, the obsoefr vimeed apnhoemmao tdyepda nf fbeer @ mtdituateigie tb ye foff éct s o f
shRNAs a r esulptaeionognnt ended transcri pts.wiHohwesviemi,| aar
knockdown efficiency was tested and coAlfttihrmed sthiRdN Aesf f
targeting GRASLND I ncRNA result in a consistent me
i ndependent bi olTbgscatroegl ycauggests that this phen
GRASLNDOG6s ,fudes®wi 6@ a high correlation of knockdown ef
| ods:n conttrarsget m&ffeachsi ndiwoiududa lb es hekipled t tewa mliaa e
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phenotbyeptewsde i f erent shRNAs, as they are unlikely to c

in the same manner.

Secohtie CRI SPRI technobbggtpregsesinaes of h-&«k RaBIClaegry dCas
fusion, paboeGFrmwekpr essedews g&NehkBi.gh demahnd ul ar resour
to express recoimbp msaens @ rmodttganbndsli ictaobdaheemost whi géni sr
may cause ceilddidaad sigbgktiseod,atgs wontks as | i mited wabsabil it
reported in bacteri?@f%3lamalc mé& mima ke jhaisgllCeed 9 se x p rne 4 shieo n

absence of gBNAsgealUstadoramhiol ongwi r e d°*c &l t hdiugihsit e ef
of dCas9 in bacteria cannot necessarily be directly
physiological changes caused by dCas9 also in human ¢
the findings that t he expirreclsu dinntga fa @b 0dnCga sP@R NcAa,s sien d |
transicante str esisn rheusnpponn skkEK2 ThTaraeltles i zed by the act

related to the regulation of cells deXdiThhe deéefsemep amey
of the | acking mel ainmmaRKRRIRIAt ede GRIASLIN®n knockdown c
explained by wunexpected cellul ar alterations -caused

KRA-BICherry and/ or GFP protein.

Third and molda wmoad @RI PRats@c hndélbogyargeting I ncRNAs i
be restricted to I ncRNAs whosearpwodtmactagdeéddoder pobxiomiet
(2kb)ptomoofersei ghboandgagenetsheawils@&inmlgRrl BPRAAS| e

Revi eweofhjenhoimifacn tliosce ns &RIAIBARINDA and its sense gene RNFI1
t heir promoters are posi,tsioonehBaltSBRasn® tiaat €d k®R AaSpLaNDt
knockdaewre x pec taeddd istiinoun atlalnympaset yRNF144 A hdxpegsbkabhnon
of the sendd CaviahRii cxtped i mMEnequamttlisense | ncRNAs r e
their correspondndgastensaea Hghmesame cellular pgthways.
stabil sensege gERNAO S hr ough dtitreecrte cbriunidtinmegnt of byt abi | i z
acting as mifRNA semmag &'sBNF144A i s eemsskEedtliiagasien DNA de
repair ( DDR) by Ubdaguenderatt i pnotodi nDNKAi nas-@Kcg)at al yt
promoting its degradation and trigger i A%Anap onpruonsei s i |
related role is suspected, as bioinformatic correlati
with i mmune gcelhcindihgrayti ohoxiac u€C@8 p ah’crdedalttsi,toinsal b g \
ittnhand®&d v-iorusexogenous d yntdausas di i cv imbrigi A& e response
ubi quitination of stimulator afaushhgprfegobdtgilimre s ( ST
CXCL10, CXCi#658Asn dGRIALISLND andrRNMo44A | mpDNAatdamhage th
repparhwayYave docummined atod,de a reduwuhatdoWRASLND or a
mut ual regulemppodayhi ansesaeserse paiUniing e pllRd doriddid ieat ed
caegul ation ,oWhi RMF 1dMedsAi r e d a rGReAtSOLUNGD u n't e rhaecbts er v e d
phenotTylpwesp,otaeekpbbrfatrhleanc ki ng dedi fferentiatimedn i n me
foll ocORIInSgAeidi at ed GRASLNRBokhdevkdoeompensatory mechani
RNF144AhypPhoit ®sesid be stiemutleedanbeyous transient overexpre

evaluating MédlsanAMmpeaxije wanlss o n
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Considering thisafflemiitradi bhe ofemoe gene RNF144A, t h

technol ogy for GR AeXLpNeDr i Imm on duldsoilwhtea bplrei.mary benef it of
doxycyicnldiuncei bl e shRNA system in these studiesdoywere tl
parall el handl i ng of uninduced <controlthhel bbs arnded

phenotypes can be dir eextprye sastetbrininb untaetd ntgo psoh RNMA | al cCo
that |l entiviriagdhtt rtaanvsed uacn iitemeomeee lolfa dtvhdant rmagiers of t he s
system over the CRI SPRi strategy, vmidailc i bd &@s magRNMA . i
utilizing the inducible shRNA system to target | ncRNA

For the i decnetlilfuilcaartaifdumicgtfe @8RASLND, tr ans arffitsghtrPoNMi ¢ an al
medi at ed GRASLND knockd®oiwfnf ewaesnt pat f oqgreameed perx@frielsesd oar
Ssubsequeme set enrichimghti ;amtadd/ st be i Blulppemecedcgpathle
experi ment alEIMAl iopbeseenrovteydpe swi tch from differentiated,

cell s -groowil gy, highly invasive, and dedifferentiated
epit Hemeisaelnc hymsilt itamm ( EMT) is ranked among the top toh
Thi s process i s ac c ocnhpaanngi eesd iwanictl busda tailgd ncled rl adhesi on,
degrading enzymes, invasi*‘¥%Tehipsotiesntfiuarlt haenrd vparloildi afteerda,t ic
of GRASLND silencing on cell proliferation is reflect
whi c hesasreentdalll fooywycl,e geghilads @M checkpoint, E2F, and
genes involved in these gene set s, kdemocneshtle qaleeslt ét rhege
enzymes a@DRDKICD¥4 cl oser |l ook at the affected signaling

we-dbcumented intaheiathiet phetnowtegpi c s2WPTtheels ei n nmd luadreo mMaA
STAT,3 TINBEndNWignaling, observed among the topl6 enri
genes and t heir key regul ator s, namel vy STATS3, NF KB
expres@ftsomowavmonre deéet airlaedre researchhbéd tanbhecas$
Wnsignaliuhg be excluded to induas mélanpmagdé¢ dit efde L ER
found after GRASLND knockdown, is reported to be ass
st 8%%@n the other hand, increased |l evels of STAT3 are ¢
in a -@GeE®Bated byraamreanghe MI TF pat hwayi,n awitwaigba t ed i n
addition to the upregulation of STeAdT 3r ersRUNAt sl ,e vien csr endss
l evel s were confirmedhiosn ithel ipegottehat | pvaenkedt imed | Swi t
responsRASILOND downregul ati on-medaulad eidn vwmaMovhwe v GHBAT 3

and S MAR23 n component & ISOMADt hee g &@Fi ng, were found toc
upregul ated, a pat lpwaynoitmmplini mdt eEdMTi m rFttfA %l annt ceerre sme tnagsl ty
GRASLND was identh# nddgemlean nT@R%*Yr Ocecahkegrthe tranct
analysis of GRASLNBneknaoekdaowmrionvibdlels evidence for the
in regulating melanoma differentiation and points to
to thisApcompbex interaction of multiple of these pa

can also be assumed, since the multifunctiddality of

Withethei dddteilcerpanbhwa@RAIENDunc,idemti fyi pgoteme inter

becomes a pifvwrttahe rs tcehpa riiaics elriiredadamgtdanadafi n pot enti al in
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underl ying meMShCsn IiGRASLND was deter mi ned dtuac eldi-n dd otud | ie
strandeactRiNvdat ed prot e’ hkisnane eRacCPKRN was validated
' inem&l01t hrough targeted | ncRNA pulldown followed by
However, l ncRNAs can have multiple protein binding p
regul atory networks essent iP@ 3Fue vtaa itohuiss crmau ll tuil faac &
capability, the identification of additional GRASLND
prot edmisesi target ed GRASILtNDa rpyu Itlod oewxnp.ect ati ons, PKR w
statistically enriched following analysis of 4+he prof
dept-anmakysis revealed the detection of solelylone fAul

samples ficontrol o, Aoddd&i amud efl ddmematl h(eSiugp pd fe ntemd aprryot e «

filters were applied, invodenhgfitade bBycfFeswieontahnpt g
peptides, explaining the absence-bace®PKBRASENDhmpeaht d«
experi ment, however, does not contradict the earlier
PKR is si mpgley eababl e under t he used experiment al C
experi ment al setup regarding a detection of PKR in t
the input amount could be consider edn eSirnicceh nae nlti/npiutleld
experiment, enhanced protein input might | ead to the
with TMT | abeling would be a good optimization strat
detection of mo p et gretpitdldleys emabl i ng the identificat
"razor +uni g3e"3Plpe ptdmdescoul d be achieved by the use ¢
compl ementary c¢cleavage specificities, such as GluC, a
may enhance protein sequence coverage, t heirebe i nci

peptiod.e8o

Nevert haenlaelsyssi s of t he pr oftievoemi gorsontdemienhsy i KR8MU BEf | XRCC5
RBMS1 and aDsHiX@®i, fi cant|l yGRASBLNDepdul hdbonhfMprebeseuggest s
|l i kely genuine interaction, though furthRBM4Am=mIliidaa i o
mul tifuncHiodahgRNAOtei n (RBP) that interacts-with ve
protein net wor k and participates in numer ous cel |l u
transilt@ttisomr el evanicse riant hcearn cuenre x pH s ellle e h orwep et ed ti n
breast cancer, wheprreo mot i ex e ef stehadBush@i A-vee e § B dr, I FN

respectliSFaélry her , RBM45 is implicate3d? iMml sDoNA ndvaorMavgeed ri
process of DDR are the proteins XRCC5 awhdi cXhRO@6r m aal
heterodi mer and are pivotal for thbroeghithef NHBUDbpat
contributing to genome stabilCompgegunentélpomdeti maenteece
XRCC6 can result in genomic instability, 3t“&lrheibsy i ncr
evi ddmacé mnol vement of GRASLND in DNA repair médehani sn
transcriptional analysis inimed@dnsel tcPEBRABEHNDI knacd
UV resporsambegt mpsetinyy i ched pathways f orWiddocwnRBeMSUll at e
another multifaceted RBP of aGRARBND fkint dipn gnagaarr tdreeort . i
RBM45, its primatryardsarcitptoinonal posgul ati on of mMRNA st

36 UTRO6sl audggeu | mRN&Hf observed in tranc@nildtterescstcahgody,
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triple negative breast cancer it wadlr gp orctoesd/,| ttrfaats ft
B4GALT1 is controlled by RBMS1. A reduction in RBMS1
of -PD, which in turn frmamcandtatksequeaentubdeaurn adataitdé m. A
RBMS1 depletion, an increased #inmefdiilattreadi memm iiomhmECmi8tty Tw
obserimedaindno¥ifFwuor tt h RBMA S Weesrc rtidreicvest ast asi s in gastri
trough trans#é#ctindatconvati bbb -8TATD wanisd mpedaimnajlatykd2at e d

to beabfeoted by GRASLND -meno ctRé&dldivisrs ifn n80hg may sup
af orementioned preodpi casteedd SmleAcThBani sm of phenotype S Wi
mel anoma and highlights RBMS1 as a poTlratfiiafit @mddgdiidniofni
enriched protein found in both GRASLND pdllpeoadrensamp
RNA helicase DHX36. Primarily knogwnadrourp lietxs (c@dp)a bsitlriu
DNA and RNA to enabl eegubasconptind translhatrieprmrd endt nta
physically interactewehdeRKRmMAENNnar dsBNAaciidiittiaatei oPrK Ro
innateitimpmmumsponse t3882¢Tihreale xiancfte cmteicchnGRIASH NIDy i wh iec la c t
withese emzymdsn,s uncl dert.eripiweesdBRASLND mi ght functi ol
scaffold, facilitating the interaction between the pr

medi ated activation of PKR.

However PKRi maoéd its binding partner DHX36 are both ind
downstream signaling known as the integrated@hsestress
PKR SR pathway is acti wasitedl bdi ncgeliurd alr isnfrestsi ons,

i mmune response by promoting the producti ofA?2*ofetype |
key step of the | SR i sUby ePKm,o slpehaodiyrd gattio nt hod veil Fe2s pr «
dependent transl ation to pbrugvweemti tviimagl sged @tcei-vesymtah
associated mMRNAs, such as those d6%8l nhteheatbwhgdts afe nm
di ffereAThFds obeen repamtsed irpetgiroensaslalnfl T&n-mAdF &t ed
feedbaclhkad ompen described to sust'atal It hieiHdevaeiviefrer ent
experimental data indicated the downregulation of PKR
in ‘el chabtser downstream tar gred mdalny t-tBeef BNMRRI gi goeanbien
p65, showed decreased |l evels of its activated (phosp
suggests that adepdemRdeeKtR/ Ma&dlani sm of dedinelercealtlisat i
foll owing GRASLOND ds wuonhedakevhaegri, a gener al PKR involverl

of the ehewobtgp cannotasbeshroumne dboyoutthe regul ation of i

Asprevimemstiiyonedmeadi SmfideddB ani sm i nducing the phenotype
downregul ated mel anomaibalslesl io®n ¢ hep e bSETdAVTSBT Isio sy ntal d tn ¢

was identified as the fourth moSdaq ugpmelgwdiagd edo rpdau chitw
GRASLND downremgdul ehkibdati on of increased STATS3 prot
knockdowhoget hasrr with demontst ettdlaest antieegoni stic relatio
STATS3 and MI TF, combi nemr ownotthh nghee f met & sathaoshias,ST AN 3 i
invol vement of STATS3 i n mel anoma phenotype switchir
concei%ahet her |l iterature research revealed STAT3 be
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and is thought to function as a compemedi acée@nKSRBi tor
Potentiallyantdht Bei nbbrbhatery f unctt @ nmdoda ndloMar3e xcta.n b ¢
GRASLND knockdown results in an wupregulation of STA
expressiom.i g@sihsypot heGRASLiINIDatmay regul at e PKR actiyv
modul ating STAT3 signaling. Alternatively, STAT3 may
Future studies should priori tmezdd at @&ldi deetdiifd eteltant pao p
GRASLNDbckdWdown cells potentially through simuktaneous

mol ecule inhibitors or by employing parall el STAT3 kn
I n sum, combining all the experimental data of the tr
by GRASLND silencing, the proteomics analysis indicsza

STATR@Br ot ein adaandakkegyasomponents of, thed PKKR @aabhwayh
compl ex -p mctRNIAn prodtewmdmkall u¢yi ng GRASLND, RBMS1, PKR, DH
directly or indirectly infiThescetiméebanrnadma ystadirtivifersg ears
point for rfiuretnhhearl & xipheadt isthanuiltdn suncover the function
GRASLND mel anoma phenotype switching and other proces

Prior rreescecag BIRASILI NPot enmma-besoci atednfgastiioan cancer

bioinfproghmedeélcs ndi tapdomfg an imemunted | nc RNAt tatRL) si
predi cetfd etched venrmese aeheckpoint inhibitors (I Cls). Thi s
correlated with the infiltration of i mmune cell s i nc
suggesting an influence of GRASLND iinc tchaéfSieminlyme mi c |

ani mmuzqhel ated | ncRNAs (i mmlinckRiNPAesd olfpr d §nd "WmiRINAdI ng

GRASLND was chywppt mgt achoma pat ifendtmhe alhPKi@&M dat. abase

These i mmlncRNAs were |inked to multiple i mmune resp
potenti al i mportance in the?2’fTnomuvnael irdeag el atthieosne oifnird le
potenti al i mmunoregulatory role of GRASLNDoifn trmel ano
TCGSKCM datwbmseconducted lindeehldis gehesisse.t enri chmer
GRASLNBtumor sampl esey®mal=ed23a2npririrmetsveeen this | ncRNA
i mMmmune r @emense gnatures, includingl FNo FBN | LBRUAT T ed i n

and -3TAT3 gnaAddiigt.i ongadne i ngtl eenr i chment a neau cyose yst eo f  t
medi ated i mmuni tme'd,i atedmp momuwyntid y" and "activation of
emphasize this negative relationship. I n accordance v
i mmunol ogically AfAaodadc rtivbmads stoax whd eth wi th | ow i mmune
reduced respcfhiset udiy@isGudss and copubkbbigsbked i nothehmegant
t he,wiagd i dadhteesnegati ve correlation of GRASLNDvama&al CD8 +
these bioinformatic data mining r esruddguwl dtndriy agieg rtihfait
mel anoma and propose a role for GRASLND ovEhkexpkessio
bet wERKRASLMDexrpr eannidmrf avorabl e cddenrn ctahusoubeoeep!l ai ne
negat mpecttumommunosur yveli dt meac et hamr camaneit g teafsfiesct as G
was found towheé hcohreelddt gt ¢ hif atl @tjl we inmavitaasniovmea c el |
state.
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To explore the i mmunoregul atory effects of GRASLND in
and suppressive eff ectSToANTFHRIAGSLNID g @ atehwWwaAK i n MSCs
and investigated for a comp.arTathd ei mieathiatniihosactdégdhe ente | a n «
binding and potentjvwHi cahctiisras uope otfedPKtRo suppress tr
STATM0On the basis of our findings of amnupresguwinati dm
GRASLND downr egul attrieoant nuenndte ranlaHNy zed by tamnisrcar epa soani
in HLAurface expressmpmomt rFeNsppanesess imeel anomai was$ ed

Mechani sPtKiRc adslsyaci ates with STATL1, an interudbsttiran et he
binding and PKR6és <catalytic a-bindi nyg, Tdioinda iSEM&F adnds o |
complex is thoSGMAMIDNAObTIpdtrmgmelyairtainnrsgcr i pt iaomali t&ct i\
di ssociation is suggeositneddu cteod bSeT AT té8Partisaiddteiryd mMg-Np u b | i
evidence?3amdvigE&per i mMentdahgmeli nm&l0dn o ma nchdylgl ost,h eisti z e d

t hat GRABgWN®Dea stabilizing effect on the PKRQ®&BAThgcon

As a resul t, GRASLND downregul ation cautshees rceolngpd seex i

active STAT1 to fulfill (Ffi gut)eetrd Irt e manisadsuictp adibleee befr | S C

GRASLND serves as a mRKRaitmtremdctihen SIATWhet her iits b

conformational change that enables the STAT1 interact
GRASLND"igh ' GRASLND'"*

Loss of J_ l

1ISGs ISGs . i-z' Qrwﬁigen 4 1SGs i.a. Antigen g
expression i rore S:i & processing an,
o m | Fecney & I i
Fi gBrildEypot hesi ze GRASLANDOsf st abi |l i zi nYT AT If eccotDepd meixt lree oMKR i ng
| FoNsi gnatlhhengBKRT1 compl ex is stabil i zeidn hb yiSiTGRIAILtNDa nbsi cnrdii pntgi,
activpnegv drytDINPAg biithsdi ng( lceBp®bir egtuyati on of GRASLND results
complex, releasing active STAT1(rfiaghttlurther gene expressior

GRASLND knoeicnkdduocwend i ncrease of |IFSNGede mptnegsitdan eureddrec
this | ncRNA on-lmealnanognean HinAd s & mnuraut nioogneAn iccompyl et e | oss
downr egul atli osnuroffacHL A2expression or other deficiencies
presenti ngamdeshdriared sof at etgppresscape i mmuhasaddeéeti i ban
to theplled ®s o-FA P MNL A o mp odhueen tnsuot at i ons, downregul ati ot

presenthto@apghgenetic maehaercitsisiimpmal i ngl, osdig hc taison
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mut ati dMK1i mr gdm&Kafrreequent | yi nobmselravre@mase alterati or
associated with resistaspecial iyombgBabheewgdinbean ,of CTL
recog®i $Fthaomugh its direct i mpachk medithteeddegnpiagbmwapgr ¢
GRASLND over gaxsproebssseirovned i n mel anoma and correlated w
indicate an adaptive resistance memedanatehstumar aufrow
This is further supported by the observation that GRA
Uncovering novel i mmune escape mechani samddraases odndhi
overcoemei st ahCteeat ment . cAd mproaulgehresievma ch on | ncRNAs i n
i mmunot her apyi sr esstiis/tdaernvicismiltde ¢ sr elpdviégne RNWst h regul at or
functions in | mhilTme nammec kap ofient,s RCENDABE &4 7eyudtt B PD

whiCEBECRModuk&@T kAexpression via distinct S3/PRBNAs isponNgi nc
l nc RNAs dir ect layn dihnepraecbtyi npgr oln®Itsi ng resi stance to this
described to indirectly affect -Il Cdntriegsepno npsri evseenretsast i boyl
antitumor Fommunbst paned,i mulne RINAN LleinMlaThces tumor i mmunogd
in melanoma by a-ttmaathimegr yhei "didruganyd atein ( GBP) an
factof HS%¥1)TWwoskn GRASLND introduces aniodiihreerctll rnyc RINFAf et
i mmunogenicity in meloangmal bywgi,nhiebiut it naggl-lFNs drefcaeea s e
pr ot elcrcso.r di ngl vy, future studies shoul d addr ess, wh e
recogniti Am HywiQGTlad. -€EDBttruMecekpecbment using autol ogo
Me-61 was performetdh Hbwevepreliminary experimeht no co
Since this dctshseapg ait meol vefoiched |Tovevmdtlths v &tNed pr i mari |y
treat menand pestéfptrioanto eif higct of OGRABLNEI I activation
overshadowed by o hducedudIt celThHWNsactfiwrattieorn aasay adj L

required.

Based on the data presented in this work, it appears
as a potenti al t h er ahpee utthiecr atpaerugteitc. pHootweenvteisapll kd fy st ar g e
in its abilit-kmetddo atedt @ame i gléak d phreea sagretuatiiconi nt er vent
counteract its i odiidpndlldiring 6 fsf et awm kel EMwnr egul ati on o
in differentiated melanoma cell sdleedfferphénatgepgdecsWwi
i sroopne to metastasize and | inked to resistéamneé’e to i

Accordingly, a GRASLND targeting strategy needs to d
and specifically addr es s o-stuhpepr e mmungr eegfufleacttosr ypf | BR/
preserving its differentiated wmel écsltan emedldoaredcidnige v e
phenotype switching but also det ah®kRRASIMRER anies taice i iomf

ot hoseotwhehm protein binding partners have to be resol
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GRASLND Knockdown

GRASLND"s"

differentiated
MITFhigh

PKR ﬁ
PKR /€

|FNY IFNY PKR

F PKR %RASLND -
PKR ﬁ
target genest target genes '

Fi guwBrze Proposed model of GRASLNDOSsLnNfcuRINcAL iGRMA SiILPNDmeilsa naosnsao ¢ i a

di fferentfidheeldanoNdaTFphenotype. Mel anomas with |l ow overall

MI TFEE el | state. GRASLND downregulation in differentiated n
accompanied with higher invasion potential,|l noaedi tciedn, phio
GRASLND abundance is associated with a o>dappres gievme PKRf ect
medi ated prevebBDNAohi ofli S8 FATLn contrast, knockdown of GRASL

expressionndiocgB&8, adapeées ovaspternamuengey of mel anoma IcredRNMA by ov
GRASLND.

42Concl usi on

I n conctlhuissi abe,madrys tarsaitgendi fd fc alnt@RNA GRA&ENBM o mayg y

revealaowegr expression in differentiated mel anomas, its
enri chment i n i mmunol ogically ficol do tumortent GRIASIKE N
suppress the invasive melanoma phenotype switching o
t owarkdaedi fferentiated cell stat e, a-tprmoae sismmumd it g/c tae

i mmunot her aipyepesfifmons al hints for potential pathways
this dedi fwWieeperaopoatdobasedconpti ondlnc®RNabgkdeswmupwint h
subsequent differenGSBANdepeothaakrgys GRASLAND pul l down t
its protein binding partners. Todsatlheenrc iwigt honc |FPoKsR ra nadn
pat hway component s, tShTeAT3I nvionl vemednt f eafent i &ni on wa
i mmunor edgfud md mfroynGRASNHaNsD i ndi cated by bioinformatic d
mel anoma patient cohort revealing a negathi vGeD8corTr el
' ymphocyte infiltratpoinfhdmprbeegbsgnatbxperofmentally
relevant role was confirmed by observing an suwprfeagcuel at
expr esipiomn GRASLND knoc kodjowai auentdiemrg &M i nhi b-d AKry eff
STAT si @griagluirneg BRer eupon waGRAgIpNMD hesi zedebsatad | mnRNA
contributing to an i mmune evasion strategy of mel anor

as a irmgniprognostic biomarker.
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430utl ook

Fut wpreeg speohni \GRASLND in the mel anomauroanu erxitn gs htolud de x

underlying pat hwday ) abnyd wheicchha nGRMSLND facilitates mel
Considering the potenti al role of kSHTATKBdoorwni hhi bi tpdre
experigmenudlsd be performed to confirm or rule out its i
to phenotype switching. The same approach can be ap

signaling pathways, with a parnthiwaylsar dfecr8dad i erdati ine iRENO?
of -apd downregul ated geneveerbab. pahbways nthattehaee b
described in the literature as drivers of the melanon
interplay of GRASLND across multiple dedifédedeati at i

genetic mabhiapgkai ngnsnul tipl e patAtwaeynst icoann caalns oa |l bseo thee

t owatrtde potential protein binding partners identified
pull down. I'n regBRASLIFBERhént @l aldad @mca i meimedinidne h®0 1

propose8TPREKRmMpkeéabilizing eff-dept bf mMERASLNDt i tnanal ys
to verify thSuggéyteeadiiotadesi § urt her i nvesptriogeetien timitser larm

i nvol vesseqCLlhPat can be emplwiydka iRBR shtiunddyi ngge naptmesri ngl e
resolution, thereby uncovering the specif B3XEibtimari ng =
mut agenesis of obOhi SRASLUDN ginmck@mhvinnammaonowr €édi pitati
based-SPTKARf1o r masttiuodni pseaksoepbohPtye Werng mdy eveal a stabil:i
effect of o@RMNISENEA2eMor eovbe, unexpected downregul ati on
expression following GRASLND knockdown warrants furf
whet her GRASLND regul ates PKR protein expression at t
measuring PIlKeRveldlRNAi n GRASLND knockdown cell s, as a r e
would indicate a direct transcriptional regul ati on. I
a l uci ferase reporter vectori ¢doulld bramienref oop me dn tfic
transcriptional regul ation of GRASLND on PKR expressi
for example, using actinomycin D to inhibit Pfanscrir
Anot her regulatory mechanism to consider is the impac
through f aci knietdataitnegd udbeigguaidtaitn on t hat could be eval ua
(1-Pased ubiquitiinbeventhsebays, indirect effects of GR

of PKR are also possible.

Theuppressive effectosifgn®@RASIGND oobns elrFNed by upregul at
upon I ncRNA knocapmiwnt utnalwar dd+ Nan i mpaired recognitio
CTLs that <can be Tfhuer tTh ecre la d darcetsisveadt.i on experi ments pe
using mel anoma-Me6llh MmadbkkdMbo yield definitive eviden
and activation in respohsehi op rGR&ASJaNDs istiel efnacri ng pot
therapeutic &ppltiheat iopni mi zation of the experimental
titravtfagdéF8&r mi ne temd rmitniomalt hadancstill all ows for si

. This may help avoid strongt rTe actenielnta catnidv apri eowmne nsto | te
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masking of any effects on T cell activation induced b
mel anoma cell models with available autologous T cel/l
first be aashsieslBARAELNDrexpression and their pot-enti al

medi ated upregAPBMt unded@hke HRBY, it is crucial to ensu
chosen in which the recognition and activadntoingerfs the
ot her htehadi ftf erentiation antigens that are | ost due

GRASLND downyegs | dé $ onrMdébtlda f or Ma

An alternative strategy to investigate T cell recogni
ells could involve the employment of specifically en
esigned to target epiedopers arheatupreenmpd Inatuendafdrecdr GR.
onditions, as determined through prior expe+si3ment al
CDhD276), which transcriptomic analyses indicate is ex
erbtaitri onotorreatFnNevihti ch has to be conf i Bitear geat ithe QAR
ell s, whi ch -dhoacvuemebneteend wenl It he | iterature for their al
|l so be employed to investigaHewemmunogeddi ti bypalnemel
e evaluated for their suitability in such assays. Th
ecul ture experiments msel ahemabc énietly. | tTohei ushb Oclleil 2@ Itihnee d
significant and consli sgreqtte iump rexgprl eag 9 iomn od p HL AGRASL
cross all replicatedle-86acntamie-tMangc evli lt hl it mes Mawher e ¢

el l s ar eAsauvceaielsasbflued. execut é omg wif t isaur haxTgecreidrie nvtag i wau |

-~ 0o 9 9 O T 9 O T — O a o

urther strengthen the hypothesis of bgnupmegnkateivar
ncRNA GRASLND in differentiated mel anoma cell s.
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5 Materi al and
5. 1. Materi al s
5 1.1 Chemicals and

Reagents

Met hods

Commercial Name Catalog Supplier

Number
2-chloroacetamide C0267 Sigma-Aldrich
30 % Acrylamide/Bis Solution, 37.5:1 1610158 Bio-Rad
Acetonitrile, HPLC LC-MS grade 8364029 VWR International GmbH
Agarose Powder A9539 Sigma-Aldrich
Ammonium Persulfate A3678 Sigma-Aldrich
Ampicillin Sodium Salt K029.4 Carl Roth GmbH
Blasticidine S Hydrochloride 15205 Sigma-Aldrich
BSA Molecular Biology Grade B9000S New England Biolabs
BSA, Lyophilized Powder SAB4200541 Sigma-Aldrich
Calcein AM, Fluorescent Dye for Cell Viability ab141420 Abcam
Calcium Chloride Solution C-34006 Sigma-Aldrich
Chloroform: Isoamyl Alcohol 24:1 Biotech C0549 Sigma-Aldrich
ClarityE Western ECL Substrate 1705060 Bio-Rad
cOmpleteE , Mini, EDTA-free Protease Inhibitor Cocktail 4693159001 Sigma-Aldrich
Dimethyl Sulfoxide (DMSO), Cell Culture sc-358801 Santa Cruz Biotechnology Inc
DL-Dithiothreitol D9779 Sigma-Aldrich
DMEM, High Glucose, Pyruvate 11594486 Gibco
DNA Ladder 1 kb N3232S New England Biolabs
DNA Ladder 100 bp N3231S New England Biolabs
Doxycycline Hydrochloride 10224633 Thermo Fisher Scientific
DynabeadsE MyOneE Streptavidin C1 magnetic beads | 65001 Invitrogen
EDTA, Molecular Biology Reagent E5134 Sigma-Aldrich
Ethanol, 70 %, For Molecular Biology BP8201 Sigma-Aldrich
Ethanol, 99.8 % 10644795 Thermo Fisher Scientific
Ethidium Bromide E1510 Sigma-Aldrich
Etoposide E1383 Sigma-Aldrich
Fetal bovine serum, heat-inactivated F9665-500ML Sigma-Aldrich
Formaldehyde solution, 16 % (w/v), methanol-free 28908 Thermo Fisher Scientific
Formic acid 099 %, Hi Pe LMY ) 84865.180 VWR International GmbH
Gel Loading Dye, purple, no SDS (6X) B7025S New England Biolabs
Glycerol, 99+% G/0650/08 Thermo Fisher Scientific
Glycine 8898 Sigma-Aldrich
GlycoBlueE Coprecipitant AM9515 Thermo Fisher Scientific
HBSS, Calcium, Magnesium, No Phenol Red 14025050 Thermo Fisher Scientific
Heparin Sodium Salt sc-203075 Santa Cruz Biotechnology Inc
HEPES solution, 1M H3537-100ML Sigma-Aldrich
Hygromycin B Solution sc-29067 Santa Cruz Biotechnology Inc
IGEPAL® CA-630 18896-50ML Sigma-Aldrich
Immobilon®-P PVDF IPVHO0005 Merck Millipore
Insulin Solution from Bovine Pancreas 1+ 10516-5ML Sigma-Aldrich
Isopropanol 11398461 Thermo Fisher Scientific
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KCI, 2M, RNase-free
Leibovitz's L-15 Medium
Lincode Human RNF144A-AS1 siRNA SMART Pool

Lincode Non-targeting SiRNA #1
Lipofectamine® RNAIMAX Reagent
Lysophosphatidic acid

Matrigel®

Magnesium chloride solution, 1M
MCDB 153 Medium Complete
Methanol

N, N, NrBfrarNeijylethylenediamine (TEMED)
NEBufferE r3.1

Non-fat Milk Powder

NuPAGEE LDS Sample Buffer 4X
Opti-MEME

PageRulerE Prestained Protein Ladder, 10 to 180 kDa

Penicillin-Streptomycin

Phosphate-Buffered Saline (PBS), 1X

Phusion Flash High-Fidelity PCR Master Mix
PierceE Trifluoroacetic Acid (TFA), LC-MS grade
Polybrene

Polyethyleneimine (PEI)

Ponceau S

Puromycin Dihydrochloride

RNase AWAY

RNasin® Ribonuclease Inhibitor

RPMI 1640, 1X

Ruxolitinib

Sodium bicarbonate

Sodium chloride, 5 M Aqua Solution, RNase Free
Sodium Dodecyl Sulfate (SDS)

Sodium Hydroxide Solution, Molecular Biology, 10 M
Tango Buffer

Tris Base

Tris base, DNase RNase Protease Free

TRIzol Reagent

TRIzolE Reagent

Trypsin-EDTA (0,05 %), phenol red

Tween® 20

UltraPureE 0.5M EDTA, pH 8.0

UltraPureE 1 M Tris-HCI, pH 8,0

UltraPureE Salmon Sperm DNA Solution (5X)
Urea, Sigma Ultra

Water For Cell Culture

AM9640G
11415049

R-027974-00-
0005
D-001320-01-05

13778100
sc-201053
356234
M1028-10X1ML
M7403
176840010
T7024
B6003S
54650
NP0007
31985062
26617
P4333
21-040-CV
F548S
85183
TR-1003-G
408727
33427.01
sc-108071A
11952385
N2615
10-040-CV
941678-49-5
S6014
J60434-AE
L3771

2068

BYS
10708976001
10103203
T9424
15596026
25300054
P9416
15575020
15568025
15632011
U0631-500G
H20CC0501

Sigma-Aldrich
Thermo Fisher Scientific
Horizon Discovery

Horizon Discovery
Thermo Fisher Scientific
Santa Cruz Biotechnology Inc
Corning

Sigma-Aldrich
Sigma-Aldrich

Thermo Fisher Scientific
Sigma-Aldrich

New England Biolabs
Biomol GmbH

Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Sigma-Aldrich

Corning

Thermo Fisher Scientific
Thermo Scientific
Sigma-Aldrich
Sigma-Aldrich

Serva

Santa Cruz Biotechnology Inc
Thermo Fisher Scientific
Promega

Corning

Selleckchem
Sigma-Aldrich

Thermo Scientific
Sigma-Aldrich
Sigma-Aldrich

Thermo Fisher Scientific
Roche

Thermo Fisher Scientific
Sigma-Aldrich
Invitrogen

Gibco

Sigma-Aldrich
Invitrogen

Invitrogen

Invitrogen
Sigma-Aldrich

Millipore
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5. 1Baffers

Name Components Method

Al kyl ati on s ol 50mM chloroacetamide in denaturing/reducing buffer MS

Blocking Buffer 5 % (w/v) Non-fat Dry Milk in TBST Buffer Western Blot
Blocking Buffer 100 e€g/mL sal mon sper m DNA, RNAPulldown

Coating Buffer
Denaturing/reducing Buffer
FACS Bulffer

Fixing Solution
Hybridization Buffer

Lysis Buffer

Radioimmunoprecipitation

assay buffer (RIPA Buffer)33°

SDS Running Buffer
SDS Separation Gel

SDS Stacking Gel
TAE Buffer
TBS Buffer

TBST Buffer
Transfer Buffer

heparin in lysis buffer
0.01 M Tris-HCI pH 8.0, 0.7 % NaCl

8 M Urea, 50 mM Tris pH 7.5, 1 mM DTT
10% FBS in 1X PBS
4 % Paraformaldehyde in 1X PBS

50 mM Tris-HCI, pH 7.4, 150 mM NaCl, 1 mM MgCI2,
0.05% IGEPAL, 10 mM EDTA, 1 mM DTT)
50 mM HEPES (pH 7.5), 150 mM KCI, 0.5% IGEPAL,
0.5 mM DTT and 2 mM EDTA

25 mM Tris-base, 150 mM NaCl 1 M, 1 % NP-40,
0.5 % Sodium Deoxycholate (DOC), 0.1 % SDS

25 mM Tris-base, 192 mM Glycine, 1 % SDS

8-10 % Acrylamide, 0.1 % SDS, 1.5 M Tris-HCI pH 8.8,
0.1 % APS, 0.004 % TEMED in ddH20

5 % Acrylamide, 1 M Tris-HCI pH 6.8, 0.1 % SDS, 0.1 %
APS, 0.01 % TEMED in ddH20

0.4 M Tris-base, 0.01 M EDTA-Naz, 0.2 M Acetic Acid

20 mM Tris-base, 150 mM NacCl, pH 7.6
20 mM Tris-base, 150 mM NaCl, pH 7.6, 0.1 % Tween 20

25 mM Tris-base, 192 mM Glycine, pH 8.3, 10 %

Invasion Assay
MS

Flow Cytometry
Flow Cytometry
RNA Pulldown

RNA Pulldown

Western Blot

Western Blot
Western Blot

Western Blot

Gel
Electrophoresis

Western Blot
Western Blot
Western Blot

Methanol

5. 1.3 Anti bodies
Name Catalog Number | Supplier Clone Source
Anti-GAPDH 60004-1-Ig Proteintech 1E6D9 mouse
Anti-Mouse IGG T HRP A9044 Sigma-Aldrich polyclonal rabbit
Anti-Rabbit IGG T HRP 10545 Sigma-Aldrich polyclonal goat
Anti-PARP1 9542S Cell Signaling Technology polyclonal rabbit
Anti-AXL mAb #8661 Cell Signaling Technology C89E7 rabbit
Anti-STAT3 mAb #12640 Cell Signaling Technology D3z22G rabbit
Anti-PKR 18244-1-AP Proteintech pol ycl or rabbit
Anti-b-actin mAb #4970 Cell Signaling Technology 13ES5 rabbit
Anti-ATF4 11815S Cell Signaling Technology D4B8 rabbit
Anti-MITF 284M-9 Sigma-Aldrich C5 mouse
Anti-MelanA sc-53536 Santa Cruz Biotechnology M27 C10 mouse
Anti-phospho-NF-a B p | 30332S Cell Signaling Technology 93H1 rabbit
(Ser536)
Anti-NF-a B p 65 XI 8242S Cell Signaling Technology D14E12 rabbit
Anti-Cas9 (Sp.) 34963S Cell Signaling Technology 7A8 A3 mouse
Anti-Vinculin V9131 Sigma-Aldrich h V I-IN mouse
Anti-HLA-ABC-APC 17-9983-42 Invitrogen W6/ 32 mouse
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5.1. 4

Enzymes

Commercial Name Type Catalog Supplier

Number
Agel Restriction Endonuclease R0552S New England Biolabs
BsmBlI Restriction Endonuclease ERO0451 Thermo Fisher Scientific
EcoRlI Restriction Endonuclease ER0271 Thermo Fisher Scientific
rLys-C, Mass Spec grade Protease V1671 Promega
Trypsin, sequencing grade modified Serine protease V511A Promega
rAPid Alkaline Phosphatase Phosphatase 4898133001 | Sigma-Aldrich
T4 DNA Ligase Ligase M0202S New England Biolabs
T4 Polynucleotide Kinase Kinase EK0032 Thermo Fisher Scientific

5 bKi ts

Commercial Name

Catalog Number

Supplier

GoTaqE gPCR Master Mix
Hi ¢Campacity c¢cDNA Reverse
LookOut® Mycoplasma PCR Detection Kit

Pi eEBEA Protein Assay Ki
Ql AGEN Pl asmid Midi Kit
Ql Aprep Spin Miniprep Ki
Ql Aqui ck Gel Extraction

QlAseq FastSelect -rRNA HMR Kit
QlAseq 8-Unique Dual Index Set A

Ql Aseq Stranded Tot al
5. Bact eri al Strains
Bacterial Strains Description

A6001
4368814
MPOO35
A55861
12143
27104
28704
334386
333715

RN/ 180450

Pr omega

Ther mo Fi
SigAadrich
Ther mo Fi
Qi agen

Qi agen

Qi agen
Qi agen
Qi agen
Qi agen

Catalog Number

she

she

One ShotE StbI3E E. coli
One ShotE TOP10 E. coli

Chemical Competent Cells
Chemical Competent Cells

C737303
C404003
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5. TCel | Li nes
Cell Lines Specification Supplier/provided by RRID
501-mel Metastatic Melanoma Cell Line | Aifantis Lab, NYU CVCL_4633
A375 Metastatic Melanoma Cell Line | ATCC CVCL_0132
C8161 Metastatic Melanoma Cell Line | Mary J. C. Hendrix, Department of CVCL_6813
Biology, Shepherd University,
Shepherdstown, WV, US and West
Virginia University Research
Corporation
Lenti-XE 293T HEK 293T Cell Line Takara, Cat. No. 632180 CVCL_4401
Ma-Mel-61a Metastatic Melanoma Cell Line | Prof. Dr. Annette Paschen (UKE, CVCL_C291
Department of Dermatology, Essen,
Germany)
Ma-Mel-86a Metastatic Melanoma Cell Line | Prof. Dr. Annette Paschen (UKE, CVCL_A221
Department of Dermatology, Essen,
Germany)
Ma-Mel-86¢ Metastatic Melanoma Cell Line | Prof. Dr. Annette Paschen (UKE, CVCL_C7TP
Department of Dermatology, Essen,
Germany)
SK-MEL-147 Metastatic Melanoma Cell Line | Memorial Sloan Kettering Cancer CVCL_3876
Center
SK-MEL-239 Melanoma Cell Line Memorial Sloan Kettering Cancer CVCL_6122
Center
WM1361a Melanoma Cell Line Aifantis Lab, NYU CVCL_6788
5. 8P|l asmi ds
Plasmid Description Resistance | Addgene
Lenti_tetON-dCas9-KRAB | Lentiviral and tet-inducible expressing vector, Amp, Blast | Unknown
encoding dCas9-KRAB for CRISPRI,
contains mCherry as Fluorescent Protein
pLVx-U6se-EFla-sfPac Lentiviral sgRNA expression vector with modified Amp, Puro Unknown
stem loop driven by U6 Promoter, Puro Resistance
and Reporter gene GFP by EF-lalpha Promoter
pMD2.G VSV-G Envelope Expressing Plasmid Ampicillin #12259
psPAX2 2nd Generation Lentiviral Packaging Plasmid Ampicillin #12260
Tet-pLKO-puro Lentiviral and tet-inducible shRNA expression Amp, Puro | # 21915

vector (Agel/EcoRI cloning)
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5. 90l i gonucl eoti des

Oligo Name Sequence (518 a ) Purpose

foddo, pr o tgtaggaatcaggggagtgt GRASLND pull down, pr{

foddo, pr o gcttcgcagatcttagattc GRASLND pull down, pr({

foddo, proagacgttacattccacat| GRASLND pull down, pr

foddo, proatgagtagtcaccttccal  GRASLND pull down, pr

foddo, proagaatctacggagcttgc GRASLND pull down, pr

fifleveno, prrggt gaacagacagacttt GRASLND pull down, pro

fifleveno, prrgtactcaaccaggaactt GRASLND pull down, pro

fleveno, prrctctggcaggaaagtctt GRASLND pull down, pro

fifeveno, pricatgcatagaagat ccgg GRASLND pulldown, probe 4,setfi ev en

fifeveno, prrccaagggccatattcaat GRASLND pull down, pro

il acZzZo, prlaatgtgagcgagtaacaalGRASLND pull down, pro
Control o

il acZzZo, prlattaagttgggtaacgcc|GRASLND pull down, pro
Control o

il acZzZo, prraataattcgcgtctggcc GRASLND pull down, pro
Control o

il acZzZo, prlaattcagacggcaaacgc|GRASLND pull down, pro
Control o

il acZzZo, prlatcttccagataactgcc|GRASLND pull down, pr
Control o

GRASLND-shRNA-
sh1-FWD
GRASLND-shRNA-
sh1l-REV
GRASLND-shRNA-
sh2-FWD
GRASLND-shRNA-
sh2-REV
GRASLND-shRNA-
sh3-FWD
GRASLND-shRNA-
sh3-REV
GRASLND-shRNA-
sh4-FWD
GRASLND-shRNA-
sh4-REV
GRASLND-shRNA-
sh5-FWD
GRASLND-shRNA-
sh5-REV
GRASLND-shRNA-
sh6-FWD
GRASLND-shRNA-
sh6-REV
GRASLND-shRNA-
sh7-FWD
GRASLND-shRNA-
sh7-REV
GRASLND-shRNA-
sh8-FWD
GRASLND-shRNA-
sh8-REV
Non-Targeting-
shRNA-FWD
Non-Targeting-
shRNA-REV

ccggtacaaaggtggcaagataaatctcgag
atttatcttgccacctttgtattttt
aattaaaaatacaaaggtggcaagataaatc
tcgagatttatcttgccacctttgta
ccggggcaagataaatgacaataaactcga
gittattgtcatttatcttgccttttt
aattaaaaaggcaagataaatgacaataaa
ctcgagtttattgtcatttatcttgcc
ccgggacactcccctgattcctacactcgagt
gtaggaatcaggggagtgtcttttt
aattaaaaagacactcccctgattcctacact
cgagtgtaggaatcaggggagtgtc
ccgggatccaagcacagcaatttctctcgag
agaaattgctgtgcttggatcttttt
aattaaaaagatccaagcacagcaatttct
ctcgagagaaattgctgtgcttggatc
ccgggagaacaagggttataataaactcgagttt
attataacccttgttctettttt
aattaaaaagagaacaagggttataataaa
ctcgagtttattataacccttgttctc
ccggggatccaagcacagcaatttctcgagaaa
ttgctgtgcttggatccttttt
aattaaaaaggatccaagcacagcaattt
ctcgagaaattgctgtgcttggatcc
ccgggtgggagtageatccacataactcgagtta
tgtggatgctactcccacttttt
aattaaaaagtgggagtagcatccacataa
ctcgagttatgtggatgctactcccac
ccggcttagagaacaagggttataactcgagtta
taacccttgttctctaagttttt
aattaaaaacttagagaacaagggttataa
ctcgagttataacccttgttctctaag
ccgggcgegatagegetaataatttctcga
gaaattattagcgctatcgegctittt
aattaaaaagcgcgatagcgctaataattt
ctcgagaaattattagcgctatcgeg

RNAi shRNA forward oligo, (Huynh et
al.3%), Agel/EcoRl site

RNAIi shRNA reverse oligo, (Huynh et
al.z®3), Agel/EcoRl site

RNAi shRNA forward oligo, (Huynh et
al.?%%), Agel/EcoRl site

RNAi shRNA reverse oligo, (Huynh et
al.3%), Agel/EcoRl site

RNAI shRNA forward oligo, Agel/EcoRl site
RNAI shRNA reverse oligo, Agel/EcoRl site
RNAI shRNA forward oligo, Agel/EcoRlI site
RNAI shRNA reverse oligo, Agel/EcoRlI site
RNAi shRNA forward oligo, Agel/EcoRl site
RNAI shRNA reverse oligo, Agel/EcoRl site
RNAi shRNA forward oligo, Agel/EcoRlI site
RNAI shRNA reverse oligo, Agel/EcoRl site
RNAi shRNA forward oligo, Agel/EcoRl site
RNAI shRNA reverse oligo, Agel/EcoRl site
RNAI shRNA forward oligo, Agel/EcoRl site
RNAI shRNA reverse oligo, Agel/EcoRl site
RNAI shRNA forward oligo, Agel/EcoRlI site

RNAI shRNA reverse oligo, Agel/EcoRl site
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lacZ-shRNA-FWD
lacZ-shRNA-REV

GRASLND-gRNA-
i4-FWD
GRASLND-gRNA-
i4-REV
GRASLND-gRNA-
i5-FWD
GRASLND-gRNA-
i5-REV
GRASLND-gRNA-
i6-FWD
GRASLND-gRNA-
i6-REV
GRASLND-gRNA-
i7-FWD
GRASLND-gRNA-
i7-REV
scrambled-gRNA-
FWD
scrambled-gRNA-
REV

ccggeteggcegtttcatetgtggetcgageca

cagatgaaacgccgagtittt
aattaaaaactcggcgtttcatctgtgg
ctcgagccacagatgaaacgccgag
caccgaaggcggagcttgcagtgag
aaacctcactgcaagctccgcecttc
caccgaaaaaattagccgggegeag
aaacctgcgcccggctaattttttc
caccgaggtcaggagatcgagacca
aaactggtctcgatctcctgacctc
caccggtagagagggggtttcaccg
aaaccggtgaaaccccctctctacc

caccggtattactgatattggtggg

aaaccccaccaatatcagtaatacc

RNAI Control shRNA forward oligo,
Agel/EcoRl site

RNAI Control shRNA reverse oligo,
Agel/EcoRl site

CRISPRI sgRNA, TSS -8 nt, BsmBI
restriction site overhang

CRISPRi sgRNA, TSS -8 nt, BsmBI
restriction site overhang

CRISPRI sgRNA, TSS +54 nt, BsmBI
restriction site overhang

CRISPRIi sgRNA, TSS +54 nt, BsmBI
restriction site overhang

CRISPRi sgRNA, TSS +103 nt, BsmBI
restriction site overhang

CRISPRi sgRNA, TSS +103 nt, BsmBI
restriction site overhang

CRISPRi sgRNA, TSS +84 nt, BsmBlI
restriction site overhang

CRISPRI sgRNA, TSS +84 nt, BsmBlI
restriction site overhang

Scrambled CRISPR sgRNA, BsmBI
restriction site overhang, forward
Scrambled CRISPR sgRNA, BsmBI
restriction site overhang, reverse

5.1.10 I mer s

Primer Name Sequence 5'-> 3 6 Function
GRASLIRWd aggattcaggggat gc RT-gPCR
GRASLRB YV tgggctgaagat gaga RT-gPCR
GAPDHwd agccacatcgctcaga RT-gPCR
GAPDRev gcccaatacgaccaaa RT-gPCR

HP R TRwd gaccagtcaacagggg RT-gPCR

HP RTFRe v gtgtcaattatatct t RT-gPCR

Me | A-Rwd gccactcttacaccac RT-gPCR

Me |l a-RAv cagtaagactcccagg RT-gPCR

MAL AFvd gaaggaaggagcgct a RT-gPCR

MAL ARE Vv taccaaccactcgct t RT-gPCR
PSMBRwd atgtctcccgaggagt RT-gPCR

PSMBRe v gtccacaccggcagct RT-gPCR
PSMBBwd tgatgctcat aggaac RT-gPCR

PSMBRBe v gttcctttctccgt cc RT-gPCR

RNF 1 4HvAd ctgctgactct gacat RT-gPCR

RNF 1 4RV ctggtgtcctgctgt g RT-gPCR

TAPHEwd tccggaaaccgt gt ct RT-gPCR, Huynh etal.?
TAPRev tcagggctttcgt aca RT-gPCR, Huynh etal.?
pLKDedan s ggcagggatattcaccSequencing pTreiamer pLKO
U 6F WD ttcccatgattccttcSequenci nglL fWbiskE taaf Pac
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5.1. 11 Consumabl es
Commercial Name Model Supplier
Amicon® Ultra-15 Centrifugal Filter Unit UFC910024 Millipore
Aspiration Pipette 2 mL 86.1252.011 Sarstedt AG
AttractSPE™ Disks Bio C18 SPE-Disks-Bio-C18- Affinisep

100.25.40

BioLite Cell Culture Treated Dishes 11815275 Thermo Fisher Scientific
BioLiteE 96-Well, Cell Culture-Treated, 11835275 Thermo Fisher Scientific
Flat-Bottom Microplate
Cell culture dish, TC 15 cm 734-2818 VWR International
Cel | Strainer, 40 ¢&m, Bl ue 431750 Corning BV
Cryotube™ 1.8 mL 479-6843 VWR International
Cytiva WhatmanE Blotting Paper 12425272 Thermo Fisher Scientific
CytoOne® Bottle Top Filtration Unit CC6032-8233 Starlab
Disposal Bags HEB-3020 Kisker Biotech
EVEE Cell Counting Slides 734-2676 NANOENTEK
Falcon Round Bottom Tubes C-3082 Neo Lab
Falcon® 10 mL Serological Pipet 356551 Corning
Falcon® 14 mL High Clarity PP Test Tube 352059 Corning
Falcon® 25 mL Serological Pipet 357525 Corning
Falcon® 5 mL Serological Pipet 356543 Corning
Falcon® 5mL Round 352054 Corning BV
Fisherbrand Comfort Nitril Gloves 15642367 Thermo Fisher Scientific
FisherbrandE Easy ReaderE Conical Polypropylene 05-539-12 Thermo Fisher Scientific
Centrifuge Tubes, 15mL
FisherbrandE Easy ReaderE Conical Polypropylene 05-539-9 Thermo Fisher Scientific
Centrifuge Tgbes, 50 mL
FisherbrandE Filter Tips 1-200 €L 10102512 Thermo Fisher Scientific
FisherbrandE Top-Line Pipette Filter Tips 0.1-10 eL 10366242 Thermo Fisher Scientific
FluoroBIokE Insert, 24-well Inserts, 8em Pore 351152 Corning BV
Hard-Shell® 96-Well PCR Plates HSP9601 Bio-Rad
Inoculation Spreader 86.1569.005 Sarstedt AG
Microseal 'B' PCR Plate Sealing Film MSB1001 Bio-Rad
Mr. FrostyE Freezing Container 10110051 Thermo Fisher Scientific
PCR Tubes 0.5 mL (Flat Cap) 732-3207 VWR International
Protein LoBind Tube, 1.5 mL 0030 108.116 Eppendorf
SafeSeal Microcentrifuge Tube 1.5 mL 72.706 Sarstedt AG
SafeSeal Microcentrifuge Tube 2 mL 72.695.500 Sarstedt AG
Single-Use Syringes, 2-Piece, HENKE-JECT® 613-2009 VWR International
Syringe Filter PES 33mm 0. 15206869 Thermo Fisher Scientific
TC Dish 100, Standard 83.3902 Sarstedt AG
TC Flask T25, Stand. Vent. Cap 83.3910.002 Sarstedt AG
TC Flask T75, Stand. Vent. Cap 83.3911.002 Sarstedt AG
TC Plate 6-Well, Standard, F 83.3920.005 Sarstedt AG
Tip Filter 1000 &L Micr opd613-0992 VWR International
Tip Filter 20 €L Bevel ed (613-0988 VWR International
Tip Filter 200 €L Genomi c | 613-0996 VWR International
Tube Strips 0.2 mL Flat Cap 732-3229 VWR International
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Wide-Field Fluorescence
Microscope
Automated Cell Counter

Fluorescence-activated Cell
Sorting
Fluorescence Microscope

Gel Visualization System
Incubator

Microplate Reader

PCR Cycler

Pipette

Pipette

Pipette
Pipette

Power Supply

Magnetic rack

gPCR Cycler

Shaking Incubator
Spectrophotometer

Live cell imager

Vortexer

Wet/Tank Blotting System

Nano-HPLC system

Speed Vacuum Concentrator

HPLC Column

Olympus Cell"R

CountessE Il automated cell counter
SHB800S Cell Sorter

Olympus IX-71 with DeltaVision Elite Imaging
System
ChemiDocTM MP Imaging System

COz2 Incubator Model CB 170
Spark® Multimode Microplate Reader
Master Cycler EP Gradient 5341

0510 €L Single
LLG-proMLP

220
proMLP
20200 €L Single

Pipettes LLG-proMLP 100-1 0 0 O
Channel Microliter Pipettes LLG-pomp
PowerPacTM Basic Power Supply
DynaMagE -2 magnet

CFX Connect™ Real-Time System
Incubator Shaking Series 126
NanodropE 2000c

IncuCyte S3 System

Scientific Industries SIE Vortex- GenieE 2

Mini Trans-Blot Electrophoretic Transfer Cell
1703930
Ultimate 3000 RSLC nano-HPLC system,

coupled with a Hybrid-Orbitrap Q Exactive HF

mass spectrometer

SavantE SpeedVacE DNA 130 Integrated
Vacuum Concentrator System

C18 PepMap 100 column

Channel
e L Ghiame Mieroliter Pipettes LLG-

Channel
el Si

5. 1. 12 Lab Equi pment
Type Model Manufacturer
Biological Safety Cabinet Thermo Heraeus HERAsafe HS12 Thermo Fisher Scientific
Centrifuge 5415R Eppendorf
Centrifuge 5804R Eppendorf
Centrifuge FisherbrandE Mini-Centrifuge Thermo Fisher Scientific
Electrophoresis Chamber Wide Mini-Sub Cell GT System 1704405 Bio-Rad
Electrophoresis Chamber Mini-Sub Cell GT Cell 1664400 Bio-Rad

Olympus Live Science

Invitrogen
Sony

Olympus Corporation and
Cytiva

Bio-Rad

Binder

Tecan

Eppendorf

LLG Labware

LLG Labware

LLG Labware
LLG Labware

Bio-Rad

Invitrogen

Bio-Rad

New Brunswick Scientific
Thermo Fisher Scientific
Sartorius

Thermo Fisher Scientific
Bio-Rad

Thermo Fisher Scientific

Thermo Fisher Scientific

Thermo Fisher Scientific
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5. 13Slof t war e

Name Purpose Supplier

Bio Render Create of scientific illustrations Bio Render
Fiji Image processing with software toolkit Open Source
Adobe lllustrator Create figures with vector graphics design tool Adobe
IncuCyte Software 2019B | Software of IncuCyte S3 System Sartorius

Rev2
Max Quant v.

ChatGPT

Microsoft Office
Graph Pad Prism 9.0
CFX Maestro

2

Perseus v. 2.

softWoRx 7.2.0 software
RStudio
ProteoWizard

Analysis of MS data

Occasional grammar/spelling checking of self-
written sentences to enhance synonym usage and
word order. This thesis does not incorporate any
complete texts created by generative writing tools.
Data analysis (Excel), writing document (Word)

Data Analysis Software

gPCR Analysis

Statistical data analysis of MS data

Software of the DeltaVision Elite Imaging System
Analysis and visualization of flow cytometry data
Conversion and analysis of MS data

Open Source
Open Source

Microsoft

GraphPad Software, USA
BioRad

Open Source

Cytiva

Posit, PBC

Open Source
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5. 2. Met hods

5, 2Plasmi d Preparation
5. 2. 1. 1CsgRINAg

Single guide RNA (sgRNA) S e g u egnecnees |toacrugse t tKaRiqBgt h e C aGR

medi ated i@t SPResigned with the free online tool Be
(https:// www. DendBhliiedd y¢coBRASLND gene DNA sequence wa
of the CRISPR tool, a list of potenti alarsgeRN/Asn dwd sowge

target scores were chosen to b3? adlcieg otnhuec |eefoftiicdieesn c(yl n
DNA Technol wgriroersd,erlendc .wWi th overhangs suitable for the
site, specifically desi gnr@AICGEHO fbopl {3danwsgredF dRrewair & eo loil g «
AAACO bp -CGRdgeltenti viral -tU6eaBE ks rPawvxe k(¢Smepnfpidag/kr)e 36
was digested with earmdkcomBwemiBdage s(tNdavw tBEmgll and Bi ol abs) 1
England Biolabs) at 55 AC for three hours. For dephosc
Al drich) was added to the reaction, foll owed by i nc.i
el ectrophoresis, (a». 2d€k.e3r)ibgdsbed owackbone vector wa
Ql Aqui ck Gel Extraction Kit (Qi agen) . For 56 end pho
reverse oligaecbhbuaf eeacdeM)lwiadeoo mMblihked ewi oh T45pol ynucl e
kinase €(10N&W Engl and B obhbsiT dndade buffer ( New
suppl emented with 10 mM ATP, ach d wf DhTIhééd rteoa cat i tomt aMa sv
at AdC dtami3n@i@ es, after which t heAGQ afrmpirlnest evse r €T htee
e

s were cooled to room temperature by turning o

incub
sampl
required dil utuipolne xof1l:t200e0 odalnitgholl sd di | uttiho® 5wéds dimgees dtl e ¢
vectelr,oft T4 ligase in respectiveg T4 lai ggaostea b wfofleurmear
After i ncumbbhubasfat B80omrL tefmptelreatrueraec,t i3on wWEGsoOltir ansf
bacteri al cel I5s 2a ¢ fedd d loanvierde dyi mbagmalidd piarn gdrc agz @ pune (¢
for wver(isf.i2c.altAieb)m st of sgRNA oligonucl eotides, targeti

sgRNA as negative cé&dntlr &I, is presented in

5. 2. 1. 2 CsbRINAgQ

The I nvivoGen si RNA Witasd/ Sewwwiamei Badlen. cgawvmlssi r naw
used to design shRNA sequences Se¢laeggteed ngedqhhen GRA SwdiDe
for specificity t o GRASLND through alignment ver i f|
(http://genome.ucsc. edweoi fio e o &P il @ m etanat rchgr i tit o/n t wo

sequences previously wutilized feotr vi&R.ASLsNEISekoibercdk d o wn
targethegaande control shRNA targetingtthd wladt®Z smRNA,
Foll owing the -ppotbcelystEmefoal the inducible expressi
et 2Bl selected shRNAs were cl| omedp@unmtoo (tAldea gleeret i#W2i1r94l5
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mi nor modi fi caftoironasn.n elar i dpegtnalidbideleio)eint ®@sli 6g t he desired
and!| ankhgeb/ EcoRIl eLsiotfesqgllédigoo | nt egr at ed DNA Technol ogi
combinedelwiafh 11OX Tango Buf f er el Tohf®.rHhioh eF irsehaecrt)i oann dw a7s0
fomimut edACatbedDre it was cooled down to room temper af
removed frome®rhev g@dtkKlr by Agel / Eep)Rl géstleldevaeicgest wasC
on an aggdr,osaes gdesc(rbi.beadbdBed eolw puri fied wusing QI Aqui c

(Qi agen) according to manufacturerés protocaolg. oThe |

digested vector with a dilution of the annealed olig
(eL, 400 U) enzyme in its respective T4 | igase . buffer
The reaction was incubated for two hours at room temp
i nt o ESt bdrdBOR1I0E.colibact ersi(éslee s®.c2.ifbonl4dl)owed by plasmid p
(5. 2ahd5panger 62g2AbE&HhY I ist of shRNA sequences can

s ecthbi.oln 9.

5. 2. 1. 3 AgRlreocster .GeHor esi s

To prepare a 1.5% agarose gel, 1.5 g of agarose was d
in a microwave. Afteal obdolkimgdi hen Polomi densobution (1
was added. The mixture wastitmgnc paomb s clintblo tad @éll o w:
pol ymerization. Samples were mixed at a 1:6 ratio wit!/

and el 0of each sample was | oadedL ooft oeitthirerged .1 AkbBtano
Ladder EOYkawnd Biolabs) was used. The gel was submerge
coverage, and electrophoresis was conducted witt OO0 V
t he -RBaido CheBMPot magi ng Syst em.

5 2. 1.4 Transformation of Chemically Competent E

Chemically OnemEadbteEItl3. o ®nie EhToGQP1ED. cells (lnvitrogen
t hawed on-li0dlke odnd i3yati on reacticbnomi bhawtsrmiddtewred bs 1

was incubatedmbnutee Bbeffor3ded a heat sAGckowad5peetont
Subsequently, the tube was pl aeledproenwaircnee df osru ptewo onpitnit
with catabolite repressior (C20C) smesdgienmivwas avthd ech twa s

for one hour at 37 A@mwhdgRlOdfs haki cgeldt suGPensi on wa s
war med | ysogeny broth (LB) agar plate with appropri at
at Q7 A

5. 2. 1.5 Plasmid Purificati on
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A single colony¥.ofbaiciteemrsdfadr nteed | s was carefully pick
i nocul atend ioft o B5 medi um eg/omlt aempngi 121100n as selectio
i ncubation overnight at 37 AC with shaking atr 175 rnp
10mi nutes and the supePhasmind pasi di catardedwas perforn
Mi ni prep Kit (Qi agen) according t o t he manufactur el
determi ned s iEpy0 GO Na(hToher mo F isschae re) .p | Faosrmilda rpguerri f i cat
of tranB.f obentetderi al cells was also inocul ategd mint o 5
ampicillin, however, instead of overnighthoutswa$hi sc
culture was then transferred 1t oanld0 O nnmtLu boaft eldB omveed inu ng h

whigentl e agi L &8tNexpm.day, the culture was centrifuged
the supernatant was discarded. This is followed by g
(Qi aggec)rding to the manufacturerds guidelines and fi

a NandcdD2®®0Oc (Thermo Fisher).

5. 2. 1.6 Sequencing of Pl asmids

For Sanger sequencing of pl asmids, the service of Mi
gui del isheo,f P2 asmid DNA at-180ccoamgdvast tatmbaoaLe off witthle 3
appropriateeseMpri Mmeral 2@seislegdiberci nwas epaltftermed usi ng

alignment function of the Benchling Life Sciences RE
sequencing areb5lLilstl&dd i n section

5. 2.2 Cell Cul ture

2.2.1 Cultivation of Mammalian Cel l s

Human mel anoma -nceell land nWM3 15601lae webwyehei hdhyi s L-ab, NYU,
MEE2 39 anMELEK7 wercevfdedh t he Memori al Sl oan KettelbFling
line C8161 was courteously given by Mary J. C. Hendr i
Shepherdst own, WV, United States and West Virginia

previously described human nbaMeB8éma-MB6as taarMe-EMac el |

6 1%t2.-3Wér e obtained from Pr dfUKEDr Depramaetmeeat Padd c lDeemr mat
Ger mamMeg) anoedal cl i-mels, -NEBK 39 ,-MEK 4 A375, C8161 and the |
packaging and prod«Xct2i98m d@lulr clhiasedt émtooiml Takadapns ad

monol ayer s i n Gi bco Dul becco' s Modi fied Eagl e Me di
supplemented with 10% (v/v) fetal bovine avaMe-m (FBS)
86a, -Mbla6c an-MebMaawere growrerast ambdnol ayers in RPMI 1
suppl emented with 10% (v/v) fetal bovine serum (FBS)
cel |l line WM136la cedthdi twieare dneti@ uthedFom the prepar:

medi um, one vi al of MCDB153 growmthofmedi sini Waheddivatset
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NaHG@ere added, followed by a MHNaOGHusoImemiton.o Thé s

was fillkedwiuphtaoi 4dtill ed water and sterile filtratior
FiltratThoins Wnoltuti on was used to produce the TU 2% me
wi t-gl utamine and 28 mM HEPES,, 20% p(lve/nve)n tleedi b20% i(tvz/ vL) I
FBS, alCl6e8 5agM)mlnsul in and 1% (v/ v)Aldermiedill Iliim/esst rneeprte

in a humidifiedCiamcadbabn®reC@tstE® il e conditions. The a
bacteria contaminationlLwakOeoBf Mymed!| asmagP€CReDetect
Al dri ch).

5, 2. 2.2 Passagi nhgdmertarBtmatdi ag €&l | s

Cells were cultured in the appropriate cell culture g
8@ ® confluency. The growth medium was then aspiratec
prewarmed 1X PBS. To detachEDhAe scelldtsi,omr(eOvaldo®e)d wa sy pa
by incubation for 3 miartuntoesy haetr e37 PA@ wiam me% Q@ owt h me

vol ume of -EDREA tsroylpustiinon, was used to neutralize the t
homogeni zed by repetitive pipetting.] glher c4| m$ nwtee =,
resuspended i n naonu natp pofo pprieawaer nmed gr owt h medi um, and
blue exclusion met kdd vAiuttlo ntahtee dCdCledtle Lo unter ( Ther mo
number of cells was transferred to a desired culture
5. 2. 2.3 Cryopreservation of Mammalian Cell s

For tengm storage of mammalian cell €£€DTAelakksdescei bhadve

iB.2.2n®2,centriflyded 4t mb50OQtes. The supernatant was ¢

washed wi t h 1X PBS. The cell s wer e counted as spec
centrifugation and aspiration, the cell pell et was r
wih 10% DMSO) by adjusti ng3Iitihec ecellsl/ mblan cTehret rcaetlilo ns utsof
aliquoted into cryovials with a volEwmetofodll emlf reaech na

container to8®meAGtmoverdniagem .s tFoorragleongt he cryovials we

liquid nitrogen storage tank.

For thawing cryopreserved cell s, the cryovials were
i mmedi ately thawed in a water bath at 37 AGnidhk th
centri ftwget icomtaining 5 mL of prewarmed grgWwbh wedi u
mi nutes, the supernatant was aspirated, the cell pel |
the cells suspension transferred to an appropriate c

medi um.
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2.4 Lentiviral Particle Producti on

tiviral particles -wetabbespedsmbddasi agshewel bn met
or to tfh@Glsdmciti9O8T, c41 1l s per 10 cm plate were seec
next day. For transfection, the f-MENoW inbyc o)l asmd d
ubated for 5 minutes at room tempe@aq)t,urwi:r avli rmdc kea
smid psPAX2 (7.4 0Og) and the tr anCLf eOWEM wasni d (11
ed Wit OL PEI tr aBspheadtdi)o mhrtehagerctoncentrati on of 1
to DNA ratio of 1.5:1. This mixture was also incu
h mi xtures were combined by adding the DNA to the
mtes at room temperature beftolree cdlhlessaBi nhk opfvi $§ e e §
hanged growth medium. After gentle swirling, the ¢
ontgimedium was replaced with 5l5MLhodr & rpessht gtrroavi sh
l enti vicoalt apairhgclsepernatants were ctorldresfteedt i408n
stored at 4 AC for a maxi mumaofssweer dengri Fugeld
5 minutes at 4 AC, foml ewednbe filteasi ¢Fi sheou6
I debri s. Concentration of the filtered-15upernat
trifugal (Miltepoyedrialb PAp0OB to syi efdcabocent 5@0 ed
quots of the virus we8@ ACepatried Budt peeseseed at

2.5 Lentiviral Transducti on

day prior to transduction, -3dddcekdstasvigklti peate v

obtain an 80% confluency the following day. For t
h fresh medium suppl ementSeidg i ddhi em DgF MmLOIo f ¢ rod g bt
tivirus was added dropwise to the wells. The medi

rs post transfection to-8r dmauve l[taherpolmeldi eame waAn o te
taining theiseadatecthenraqguibéedtconcegn/tmla)Bil ast idy di o

(1®@/amL) or Pueglomy).i nTH{é& cell s were kept under selecti
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2.6 Cel |l Treat ment
2.6.1 shRNA inducti on

Lentiviral stable shRNA knockdown cells weegeé mpl ated
doxycycline (FiCshéwur Scimedi uimi ewa.s repl aced every oth
specified. &kfréeddivae e owhatf penf or mgd®PClRsi ng RT

5. 2.2.6.2 si RNA transfection

Transfection of si RNA was p&NAOMAXd Tusns§ ecTlhpomhredeani
Fi sher Sazdeandifng)to the manufacpmoeér @ RN ordiadpal nelxn
Di scowasydil utle dO-MBEM2@d@Odi um wi t hout sewerhlirn itshsas ewelull s
pl aaanred gently mixed. This i selLf olf| aaweadn st ya oot hewancahd aviadgliel m
containing the diluted si RNAs. The r eamnitn wtne swaat gremadl
tempee at Meanwhi |l e, t he cnell Icso nwd reet ed iglruotwetdch imme di um wi t
with appropriate numPeas cofnfdalelnc et ®nei ay2@fter seed]
t he RINIpitexansfection reagent somplexaddethéeodobuaned a
of mL 2and a final RNA concentration ofhmi&imM. The gled
were incublaltagd fA€Cr Miancubafoit |l owed by further analys

5, 2. 2Cyt.okine treat ment

One day before treatment, stpbheeshBRNAaknaphkdopni atlkl
The treat medtmuwiitnh IBEMhri nger I ngel hei m)medasarmdp pMa ed
Me-86cel | s50 BhohL Meb lBar the indicated time period. Co

treatment. Cells were harvested and subjected to addi

5. 2. 2l.m6hi bi tor treat ment

St able shRNA knockbawedcdhyspwepbeaitiané nabni taoprpr opr i at e s
densi tJWK1/ 2 ruixmHiiktiitndrb w8&el usekchem)a @ONc emtmedtli on o
knockdown cells. Control cells were treated with the

the effects on cell differentiation status were analy

90



5. 2.3 RNA Extraction

Total RNA was extErracatgeSdn gwhAlt ch) iTeRd zwridi ng t o the manuf ac
as follows: monolayer cell s wer depelrli eoteadd ascbmod/ ewa sTtheed «
was |ysed by r esulsTpRIngsaoloag evi tt-3hfl@BOO@05s and mi xing by
After incubation for 5 minutes at room temperatur e,
shaking the tube vigorously, followed by standing for
phase mixturgewaat dggpp®@0@6 minutes at 4 AC and the up
transferred to a fresh tube. To thiEsCop2B0i PLtiamopi( dpea
Fisher) was added, mi x ed and incubated for 10 mi n L
centrifugati ohg,r dwn dnd(nlhCexB00 he supernatant was remov
washed with 750 OL of 75% ethanol biygator4 e nfgo.r ASf tneirn
the ethanol was removeadierdd @tolme Bpelelset Avaer aviar ds, t he
di ssolved in ROedLwateRNaseé quanB20f0oOecd (uTshi enrgmoN afniosDhr eorp)

5. 2. 4 ReverseQUunanhsteatpgyBPCRLCR (RT

Reverse transcription was performed-CaphséegyeoaDNAOREBNA
Transcription Kit (Thermo Fisher) following the manuf
1 Og of extracted total Rahebhpdow29dt diCednait hdmuri mme
foll owing quantitative PCR (gPCR) was performed with
utilizing 50 ng of c¢cDNA following the manufacturer 6s
grade awad e4 OL of this dilution was combined with 6 C
with the appropriwiehq®CRopal meonpmadh apA iametoafl 0v.05 ulnv
of 10 OL was -waedldiedpltaot ea a9n6d t echni cal replicates per

HPRactashousekeregpfienrgence genes and theb5.pY.Dia@.ra pairres a
analyzed with the cop@paraei hedChndalrepepsebéented as f ol
expre%*dion

5 2.5 Western Bl ot

Proteins were e8tda@c¢eld s rtolmatl. Were harvested with t

earlier. The cell pellet was washeld roandcieouwdophet KpPB&t:
assay buffer 346sRUpPPA)i eldu fviiciriPr oOmpbet d nhi bitor Cockt a
15mi nutes on ice. Insoluble materiallgatas4 rA@mofverd by mie

and the supernatant ntircamsfeatrurbded uigrdteo cae Inefw gza@amh ea wa s
kept2®tAB00rAC f-or $theaogn st orage, respectively, wuntil f

of the total protein concentr &tB®A PRwacst epienr fAlosrsneeyd Kuisti
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Scientific) according to the manufacturerés protocol
of bovine serum albumin (BSA) standards in the range

and the samples diluteonbnthddi fi onwi ahwarkhng Bahgti

Reagent A (sodium carbonat e, sodium bicarbonat e, BCA,
sul fate pentahydrate) in a 50:1 ratio. Standards an
mictape, followed by the addition of 200 OL oNCthe wo
for 30 minutes in the dark and the absorbance at 562
Mi cropl ate Reader (Tecan) . Protein concentrations of

absorbance values t o-3thdge ost apnrdost eepi anic aviragsep. obl WwlasrSy | a mi d e
gel el ectr opPfhroGE)s.i sSa(neppDSe preparation was conducted |
protein amountEEWiD$ StaXmmNluee ABBUf fer, followed by denatur
The samples, together with 8 BOPretstaheepgrftetri matkhdd
Fi sher), wer e0D%| dgilgdi oe pollyacryl amide gel and el ectr
1X SDS running buffer for 90 minutes at 120 V. Separ a

an | mmo+Pi | PovhDEF me mbr ane ( Me rracckt i Mialt leidp owiet)h alpOdCe% me't
equilibrated in 1X trarbdfodrt ebufsfedr ,atus9oOngV afnorel 20k t mio
transfer of the proteins to the membrane was checkec
solution for 2 minutes with gentle agitation. Ponceau
with0ddHoll owed by blocking for 30 minufad atryr ondo mkt e
5% B%SA TBSTHufTrired saline, 0.1% Tween 20) buffer, C
Thereafter, i ncubation with primary antibody sol uti on

gentl e shaking. For washing, thehmém8T amef wars Fromskd
washing step. Subsequentl vy, t he bl otc owgsugiarn euwb artoeuds ew
rabbit secondSargyhdadnyti iabioldwt e(d i n the wused blocking bu
temperature.dAftenat hwashbadgs BEWe IBSTNnbECE eSROE) mai ey
was used according to the Imndétaatluyretbe khstcompioor

Peroxide Reagent and the Clarity Western Luminol/Enha

membrane was incubated in this substBaRad sOh affni Doic f or
MP | magi ngvaSy aftseenrd chemi |l umi nescence deéARDH,] o¥Yi modl!| vmn s
b-actin served as Inotaidbiondgi ecso nutsréodl Isa.i3eAllli sat ed i n

5. 2. 6 -tRemelckl Vei maging and analysi s

Stable shRNA kmekkdelwhs 5®@ériel Oledtl esd patr -vineel3|l pilnatae,9 60 n
day beforeTHewdaddii toinon of dioxya@ytinak oosgdenhedavthiidre
control cells remainedawmmal rovaetdte db. dGeylsl ugsrionvgt it hwea sl nc u (

and cell confluency was measured as an indicator of g
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Stabl eMaMeT6c cel |l s were 3plealsdpatr -wiedbl| Tpiltaltae ,960ne day
i nducbhbad»ycy@lkd/nlpvas adchadntr ol cells rdmai cted | urgtrroevd
behaviour was momist miged hfeod n@ uCyy*E ZOOM Shyasttae nf o(rEs s ¢

growth curves were analyzed using the IncuCyteE ZOOM
5. 2.7 Transwel |l l nvasi on Assay

In a Transwel |l i n viansvi aosni oaonsfsaap@gll itthyeRMA I Kknockdown and
evaluated. Therk2dweel,| Flruaowrsonellodk i nserts were used an
preocat edlOMiLt dfhe solubilized basement membr ane matri
concentratecgbmLodi BOODed in coati ngdlufpfHe r8 .s00,1 udA f70% rNaoC |
incubation f oAC,2 thioeurrse saitd uda7l matrigel was removed to

the TranswelOnepasisagy tp sekdsngere $taeveddi nnscervemni g
seeding, t hdee tcaeclhlesd ,werreesus-peedee dnumed nido @6 lulnd fe d .
celplexr cowdreigently added toelLt lné Hem@mareaiium, 3@hsur i
direentact with the membrane surfaceThaendowkbltowéadmbe:
werfei l l ed ewi mBdiv0Ot suppl ement edeMviltyhs olpth% shpBh&td dd cl1 aci
pl ate was incubatdAd€.fdhed4dBnBeuts aobn8aining the trans
wi t hg/2mL Calcein AM ( AbALm) owinnul@BSS taot st 7afion | tolwee dc aenlyl
i maging using a DeltaVision El coafli maeaed@ gywbyuiistl elmX ( GE
standr wmd h ftthwWoR» 7. 2.0 software. A totarnwi dthel @siemage
ofa 10X objceacpttiuvree taol | transmigr atTewdo cteelclhsniacm |t hree prhe ro
conditions were performed for each indepoerathphy expe
vect oads hdesmtRiINAI-nbeOll cel | s were treadgddlyi tHhamork2g cy c | i
to the Transwel. | Qumwandoiffd rctardasnssanyi d matl aadli agl lisnage proc
coloring and wasl Ilpecdéoninibeg 6§ ®1 howi ng aut omated macro
according tea widnmi §loir g% changes

5, 2. 7.1 Processing Code

macro "Batch Convert to Binary" {
dir = getDirectory("Choose a Directory ");
l'ist = getFilelList(dir);

set BatchMode(true);

—+
(@)
-

—~

|

=0; i<list.length; i++) [{

path dir+list[i];

open(path);
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pa

S a

H}

set Bat chMode

n("
t Mi
n("
n("

n("

Brightness/ Contras

nAndMax (157,

Apply
Mer ge

Sharpen");

LUT") ;

2669) ;

Channel s. ..

newdir=getDirectory("

Mk D

ve(padlhotdri sed. png") ;

ir newdir

t BatchMode(fal se) ;

n("

2. 7.

. 010. 00

t 1l n
(d
t h

vV e

Close");

2 Count

fiBat ch

get Directory

= getFile
tchMode (
i = 0; i
= dir + |
(path);
te) ;
toThresho
AThreshol
reshol d (
AfConver:t
reshol d (
iWatershe
AAnal yze
show =
dex = 1| as
otl ndex!
= substri

(pat h+AT 2

i ng

Convert

(AChoose

Code

to

"c2=["+list[i]+"]");

Choose a

Binaryo {

a Directoryo);

i ++)

List (dir);
true) ;

< |list.length;
ist [i];

ld ();

d. o) ;

20, 255);

to Masko) ;
255, 255) ;
do) ;

{

PAaOrOtnifcilneist.yd ,c ifirsciuzlear=i t vy

OQut |
tlndexOf (path, #A.0);

ng

T 1)

i nes

(path,

bi

n.

t

(fal se);

f

di spl ay

0 ’

0);

dotl ndex);// remove

cl ose

cl ear

()

Directory");

summari zeo) ;

extensi



8 Fl ow Cytometry
2.8.1 Cell staining and measur ement

Stable shRNA k-mek k-Bldlevda blaMel 61a cell s weéereefianedst éd
poi af sdeorx y ¢ yicnd incetBDg/nmaln)d oltFAFNe at(meetor 500f bUF mwed by t
washing sIXBsSS.wiStur f ace catrai mignguowadati on ofHLtAhe cel |
ABAPC ant2bodyg/ salmpne, W6/ 32, Il nvitrogen) di luXed in
PBS) AQ fdor one hodlthre icreltltse wkarek washed twice with FAC
paraformal dehyde prior mewasirpeehor mé&Ed owsiCyg omeéer $HB8(
(Sony Bi ot eCconnntorloolgyg ampl es consisted of unstained a
fluoreséaeanensity (MFI)Swadi anas$ ydecsBnlldd ReEnrel ati ve
was determined by normalizing the MFI of treated cell

the fold change.

5, 2. 8. 2 Data analysis using R

Analysis of flow cytometry data was perfogmeeérasiendg R
by Dr-Ch&@mulLin (Technical UhRlivwr eyt g metfr yDog tt anuchalnnd fi
i mported and t he foll owing Bi oconduct o%47fpl aocwkCal guesst  w «
(3. 268.8f)°l owDensi t8%° (fl1.oawS.t@ftland 4g0c9P) 82T He 1Fi Oyverse

packages (1.3.0) wer e used to process t heelfelcutoerde s c ¢

popul altniotnisal identification of cealdilxtpopeulmotdied ss awals
cells were then gated with a robust I inear model (rl
including mean, median, and staedardhdedbbabi wpreal hests

as histograms.

5. 2.9 RNA Sequencing
2.9.1 Library Preparation

Librariesnaeruumscitnegd QI Aseq St r andeQi aRINe )dd dorKdancleDIlwi t |
handbook i.nsltmuced@inNRNAtwas ext rEaRe agle nuts i ansg 8leRsl.cAoil b e d
RNA EXxt fRNAt tomcentration was detEex0nlOnce danwd tthh e heeu aNair
evaluated using the 260/ 280 and 26RNAR IWMRQGKadigoess) The C(
used to deplete ribosomal RNA (rRNA) from tot-al RNA
ri bosomal RNAsOg)Towas$ ®RINIAu (fdrde ei nw amt weenlb éaarissielh 5 X RT buf f
to obtain a Olwnd umer ot h87manufacturero6s instructions.
pipetting and briefly centrifuged. Accordi hgqualtiheg f |
RNA and a desired25Mhpertheizeaoti dbOomimi matses natu b®i el
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followed by iACubat®i AG, a657AC, 60 AC, 55 AC, 37 AC ai

cooled down to 4 AC.

| mmedi at elsyt,r anhde sfyinrtshte s ibsy vaadskelmerTfTo r( Aeldt RM) entyme and
leL RNase I nhibitor to the fragmentation/ deptetnndn re
reaction was i ncubmitrewt eastA C2a5t adCR Liffoers laOnd at 70 AC f o1
before it waAsC.cobHetd,ftoeduspended Ql Aseq Beads were a

foll owed by vortexing for 3 seconds and a bmiineuft ecsent r |
atroom tempepatheree @amda magnetic rack, allowing the so
carefully removed and discarded, foll owed by two was
interest. Each washing stelp ofmcd % e et Ihe reo datdadtgie sino no fo ft

three times andfcarldf ulr arcemowd!l et Wan eld. f Dhhe S5benmd dutwer
temperature with the tubes uncapped and kept on the m
wasarried out elbnychdideeag wWw®dt er and thorough mixing by

the magnetial rndck;oeh®BEHANIing supernatant was transfer:

For thessteaoddsynt dpai rsa dideiohtdiAon, -atkaofl tkehetd)i was(38.
thoroughly @il xoefd WX hSesicond StalarBkeclonfdf et ramd &nZzy me
i ncubat eAdC aftor2530 mi nACed ominduiaets. 6 Af tlerwas dspevded

Ql Aseq weeraedsadded to the sample and mixed bmi pupesting

at room temperature, the tubes were placed on a magne
after uthensawlas cleared. The beadls 8% ee twaasrtheeide d nvi ceaei rv
5mi nut es, as desNCAr ied eud i oanr Ifireorm t he magnetic Bleads was:e
of nueflrecaes ewat er , foll owed by placing the tube back
cleared, o550t he supernatant was carefullyThbelteattdoan
was stoeX0A€ antil further use.

The sspacdfic |igation was perfHdnoeced (LUDHhY QUHAPEer Uni

diluted 1:12fBFeei wht ®Naslkeased .t Fori nphwet rRMAtofonl
strand reactionOwaasf mdixleuttaud tad dudptqeure vaidapt eelL foofr eact
4X Ultralow | npudlL Loifgadliton | BBuM tlleorfp, u thalt i gaas é nidhi 2t or a
ofuml efasee twatlave a tot alAfvobéwumeulbf ®i0OXing bwspipetti
incubat édd dtor28 0 minutes, f ol &Lo weeds ubsyp etnhdee da dQd i Atsieogn boe
i ncubation for 5 minutes at room temperature. As in t
with 80% edthiaemd|l andi the DN @2snwediud @axle ¥&L eannf t he

supernatant was transferred to a fresh tube and anot
108. of resuspended beads. Fin®LlIypf nheé¢Bhhaawas ahdtac

of 23. swarsansferred to a fresh tuB @C Tuhnet isla nipulretsh ewe rues e

For the CleanStart | ibrarypampflidilciagaoinon at ¢echofi ohew
of 2X CleanStartLP&€R Gl eam8dadtTShPeCRe yPerliimmeg cvimxdi t i ons
reaction were as foll ows: Cl eanSt aAk@ fdoerc 0In® amii mat ¢ ® n

denaturation at 98 AC for 2 minutes, 11 Agxcls@h of t 1}
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annealing $p0aAcC, es80eQssPB and2a final A@xft@mmsitoen. at
Subsequently, t-hp waacpemwnhorcihedfnruséngspO&nded QI Aseq b
same procedure as described buwetf owiedth Th2f ee®ée iwan ewad o
obtain a finaelL afmouht obfbelry suitable for RNA seque
Sequencing Core Facility at the Max Planck I nstitute
wi alm 1| INomials&q 6000 PE150, produ’criemgd sa fmirn ignaosie osfa mPp |
Suppl emégablaey?2) .

5. 22Mnal ysi s

Anal ysis of RNA sequencing data ,weM.dSMper Pdéramed bwnsED
Dort mRmdy) .fastq files were obtained from the Sequenci
zarp pipeFmrBEQC, zpca, and MultiQC (https://github.
pipeline to per¥61*hPFoual hey adapt eol trithkfihhegalugadctaept
of reads to the human genome (hg38, Genome Reference
STAR, followed by qu&h’ti>fA ccactuintn maittrhi xSailsmopnr oduced a
is utilized as input for the R package®°PEGengestwi ket a
l ogFol dChange exceedimvgallueanbde | @rw &d jObstaerde consi der ed
The Enhancedp/odlicagge &®nd the ComplexHeatmap package
volcano plots and Heé%%Prbap sg,e nree sspeetc teinvreilcyhment anal ysi
from the msi gdbirt pR : g dpltkRalddec R(. or g/ ppclwage=meiegelr as W
clusterProfiler and enrichplot fo2.g%nerating the gen

5.2.10 RNA Pull down

GRASLND RNA pull dowomswag baotiagl atied aannfltoilsleonwsien gD N Ah €
protocol establ i ehewil tbhy sDad mear ?é . @Anftiicsaetnisoen sDNA pr obes
desi gunseddng an onl i nesipnrgd beemod eesoiug nedf ati risghmectoemm s s et f or
content b&0Ween!| 4gonucl eotide | engt Re 0dHfu mad, men & nopnac i
5 0-fine | cells were grown wuntsiflorc emfclhuesmmmplien nke®ederd glpa
probe set fieveno and probe set fAlLadcdheCoprtldeltod)wasThwa sc
with 1Xxnd®8ISys ateerse prepared using a | ysiEPEu f(fpeHr 7c dbns,i
150 mM KCI , 0.5% | GEPAL, 0.5 mM DTT and 2 mM EDTA,

inhibitolXRochkafatier (i ncubation of themicredtless won hi ¢eg,si

|l ysate was ¢30860tgrfiofrugoe dmiantut es at 4 AC. The supernatan
transferred i Dyoahé&ewyeOabeSt ubpet avi din C1 magnetic bead
were calibrated for RNA applications according to the
resuspedchkedafanol ut innM MEFOH O0irvMd N®mOClI , i ncubated for 2 m
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https://cran.r-project.org/package=msigdbr

temperature and the tuberwakAptarced ochear magheti on
supernatant was removed and discarded. This washing s
another time with a 100 mM NaCcCl solution and once wi
subsequekedy (bysetcs bkegffmer sawimbnl®perm EHNAne p r BSA, 0
by incubadltCi dromiantli@4es on a Thbistisgfwhkewed by three w
ImL of hybr bdf gneM i THs , pH mMM4NaChbOMdGImM. 05% | GEPAL,
10mM EDTAM DTiTncl uding protease and RNase inhibitor (F
as described ab®dleofFlysheéde awtdde Ry bl ock eachdbeads

50012X hybridization bufAGrf oran3d0 i micrubtags owhialte 4r ot at |
five biotinylated oligonucleotides per proe wsat ( fAoc
mi xed wi t-hl eg¢dhreedprley eaudataddwi th rotation at room te
AfterwarOls ,0f2®0 ocked beads were added to each sampl e
for 30 minutes whil éiweshthnggst &preefusdamdemignowi o X 1

hybridization buffer, incubation for 4 minutes at roo
and removal and discarding the supernatant. I n the | a
for subse@auaelntprRNAI s percaliwsilsy,, rFor the RNA sample, tI
was enabled by t hClL ardHiRwidgrerndbf aBB80 RNA extraction wa
descri®be2lF&8n the protein &nat ystlse byeavkstwe®k LXcubat
NuUPAGE LDS samplMSbfudrf efr0 mi nutes. The samples were p
and thecpnbaennng supernatant was transferred to a cl
anal ysi s, deschr.i2lbeddj uiemceasctoifort he biotinyl atbe.dl .o9.i gon
The control |l acZ sequéenaagsetivafable adapted from

5. 2.11 Mass Spectrometry
5 2. Onbéad tryptic digesti oA mofo barldtzeeidn sGROAAGSWLMND tR

Foll owing the RNA pul | &.o2ntlh@ee sbeeraidbse ¢ oinnt asioemcintnigorm b e i m s |
were washedf ded ebygepérforming three addiRFor-bamdwashir
tryptic digestion of -pmmbéi hs z éed u A seiNdthues dhnega/ dh g

buffMruUf(B8anM 0i s WM DTT,) watso atdhdesmdbad aidsc u b anti endu tfeosr 30
at room temperature whTd et lsihsak $ o®lothit olrB3,BPFafpbmon sol ut
50mM chl oroacetamide in Dpnewasraddétiedtchi mpbolmicfeft @ammi d e
concentr atMi @rerofsTaBnpsl eni xt ur e was anli scatiersc wmwbatreod m dre mpl
under gentle shaking at 350 rpm. Thi sC,wabsy faod diomge da bty
amount of 1 Ogpeorf stampsl éemazwybnet i on A®@rwhoinlee hohragknan g 34t
The tube was placed on a magnetic rack and the supern
a new | ow proteli8®L bohdbfAgmMubeis bufnfgegl ofp Ht r7y. bgi nc om
added to the beads, foACowetdhbyghakoogaouat dbd hetur37 The
pl aced on a magnetic rack and the supernatant was <car

supernatant co@diag.ensAmp ethhkeerr PVpsin was added and the re
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overni gAC whi B shakTmgstadp 3t5@detmpend c tLi0&mn t r i f(ITuUFoA)oacet
was added to obtain a final concentration between O.
St ageTiapss fFoilrllsodw,sS.t age Ti p bwa ss tcarogl@tnegd8 di sks (Affinise
Petriandd sbkhyng a specialized Tbgriwgel &per Stafjedi pks we
and transferred intdhe SteddeoW ppiwestacttOwanéd 109 %ad
met hanol , foll owed by centrifugation unt il the sol
subsequent ewaashicnagr rsited Obubf what BOPRN Gicen(cwdibthrdi 10e. 1 %

formi d FAgABHt er centrifugati dollafwolP®asdwien @ Ptee g o r wietdt
and the tip was centrifugedhwi shompt eal wewiend otalde dt omt

and incubated for one minute before centrifugation,
washedl@wdlbh 0.1% FA and centrifuged until no gskolution
of a solution of 80% acetonitrile amidnuwt.el % nFcCAu basatsi oanc

centrifugation at 8,000 rpm for |5 wmnipnruotteesi nt ob i enadli Inegc tt
stpe was repeated, and the eluates were combined. Samp

for approximately one hour.

5. 2.11.-BPN-&8B6MS

The foll o-WPh-BISNBMSBomeasurement as well as the further
was carri e .ouretbw Janning, pr ojmacts o¢rrpewcg r bmadey C

(Depar4 memtt he Max Planck I nstitute, Dort mund) .

The tryptic and dried peptideDLyeram dr emand sytHPduQuesd nign r
MS/ MS. An Ul ti mat eHP3LO® O0s yRsStLeOn, n acnoou p-Oeldi twi ah @ HEwdct idv
mass spectrometer was used (Thermo FisheOL)Get many) .
peptide solution on a C18 PepMap 100 column (5 mm, 10
were enriched using 0. 1%/ MFA dtora 5fimowurt &@tse &fepa® at i C

a Cl18 PepMap 10m, cloOOumn, (735 Om I D T 50 c2n)Q %uAsEGGi/gH a | i r
and 0.1% FA over 1102@28%uA€Cd/adHhol 0O owsdFAyover 20 minu
rate of 3DMWe nhHiRAMOCNn .syst em was connected online with t
naneomi tter @mtthi m didameter. Mass spectra were recorde

with a resolution of 120, 000 f or -efhelrdgoylsledasrs,® afco lalt 0 werd

(HCD) MS/ MS scans of the most intense ions with at | e
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2.11. 3 Data Analysis

|l ative protein quantificativofg. ab. pPperfocmegdouat ngg)
arch &PgoThitssmsoftware package sHomuo taamoRiesd e/ncsee ar
oteome from the Uni Hrnotc odnattaanb ansaeh hasnsdd eemabbugisletan MS/ M!
arch was conducted for tryptic enzymatic cl eavage
rbami domet hyl ati on was specified as a fi-kedmmadi fic

etylation wer e modisfiideeateido nvsa.r i Talbd emass accuracy thr

rr million (ppm) fd4or5 tphpem ifmoirt itehl® hsadrsmid desmedoecbry r at
r peptide and protein identification was set to 0.0
at | east two peptides were quantified. Refnaneeve pr
anti {LE®Q)i ahgorithm avRridtaebilnes iwe rMa xfQulatnetr.ed out i f

at | east one run with a minimum of 2 "razor+unique
if they were identified solely by side chains.
atistical data analysis of these proteomics data we

. 2. 03%5he0 LFQ intensitrassweremetli (6bgRdpgand replicate

oddo, feveno and fAlaczZd) were grouped. Subsequent |
acZo vs. Afoddo and Al aczZo vAllfipveneiwsr ¢ hper fdo dmed
ree LFQ quantifications in at | east one Mifssihmeg t wo
lues (original LFQ wamalilo onowmalel y edgilAatowe idkt wwti dodh  v0a [3u
wns hof 1.8 were usdAdAdtebtowattiss phepgseups were comp
i ng -sa dtevdostt (FDR $=0.101 &wmdcano plots were created

b ppProteinsowdtbhloged omp> WBere considered as st
gni ficant enriched.

Reanal ypretebmics data focwaisngpeaord oPKR dp dyt iSdMakka F¢ hr

Pl
fo
s e
5.
MS

anck I nsti twstieng Diolred mupenrder at ed pmr aw efs igleahse.reiNHe s e wer
r mat using the MSConvertGUI 3C®6Fobri tt)hepapgrkatgei ni ni dRern
arch, FragPipe V21.1 with MSFragger version 4.0, |
1.0 wdd®72d nedd vi dual peptide visualization of PKR
stat §Shiny
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5 2. 12 TCGA Analysis

Al'l Dbioinfes maas cpamfadiymed by MS(Sdsh allkadé¢ kvalrms.titut e,

52.12.1 GRASLND Expression Analysi s

The TSGAEM dat abase pr-9adq deadt d¢ hies RNAf or GRASLNMNDs&Xx mr e s
cutaneous .nmeelnenoemxxapr ession data from 471 melanoma pa
alignment, was downl oaded fr-8KCM t hdat aGDCporT@a
(https://portal.gdc.-S&KEMer. geVt/e@mrsejde dtns /ATU@Gst 2023.

sampl esobweaifemedn t he GTEKt tdmd :a/b/agtee x(p dhteald.idrf g/rremme /al
expr esasniaolny si s was p er fDoErSneequla cuksaifrée n € e wer e cl assi fi
di fferentially expressed if they hae oa rlogppg@drddd. dChange
( Benjiddmicmiber g) . The TPM counts were used to create t
was assessed usingsumet Mt cacxmooass avhkRKl tumor sampl es

sampl es.

5. 2. 12. 2M&Kiapil a%ur vi val Curve

TCGSKCM tumor data wesebdietisdaeadciomdongwoo the GRASLN
| evienn ¥$J|Bnsformed expression data (from DESeq2), wi t
Omedi an and the other having exptetMessironmmeltehwell swass neerpi
for survivaldamnha,l yssisngft héneTCGA Biolinks package

5. 2. Aha3 ysi s of -Cambr |l €@DBktiTation and | mmunogeni

TCGSKCM tumor data from 471 patients were grouped ba:
in i mmunological hot and cold tumors. The voPB&ano pl c
and shows the fpVvdl changkstaadscri pt sveirrcwdod t(uODo8rAs,

(CD8A, botcomsidi®ent with the antal%yls i wiodcende situst wer by

employed to perform the statistical analysis.

Gene set enrichment anfiofeslianoorfa 2p3a2 i GRAS ZNIMPpW @ss (s e
performed using the Hall mark pat hWwag. Teoed el 55 eutpsr eagsu | cad :

and top 14 downregul ated pathways are illustrated.

Single gene set enrichment analhyshies awama cpatduenedsa

(®232) for genes associated with i-mednetecdspomgei tayx,t

| ymphemeydtiemat ed i mmunity, in accordancet Ww&Tlhe thher vned ho
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https://gtexportal.org/home/

il lustrate the accumul ated enrichment scores, wher eas
to particular pathways. The bottom section presents t

the gene | ist.

5, 2. 13 Spearman Correlation Anal ysi s

The correlation between GRASLND and other genes was
analysis on normalized Wootetrs ‘tlbhifTaisee canfad ymmi shaevas pe
Shashank Tiwdax ,PIMasck I nstusimgeR. Dort mund)

5. 24T1Cel |l Activation Assay

The CD8+ -Gukbelufrecexperi meinnt cwoalsl apbeorrfactrinoend wi t h t he | a
Paschen at the Univer §UKE, HDepat ameritn) déssrbdorgntacdo | o g
DrBeatThicer. The experiment was carried out using an
et 2BEAnd -Weabla GRASLND shRNA knockdown and control cel
provided for this-rasascayi.vel nbublrki edD8 +TuTmocrel | s deri ved

pati edMe-6 Mawer e i sol &tDs8d Miscirmg eairdtsBi (oMielct)enaynd 11 10 T
cecul turedSiwireadildtl®dd avietbdlbo gnel st nMana-Vc enlelds uimn (/&li Mc o/ BF
supplemented with 10% (vzJaw)d BWmMaEn RercwmkbA tr( &0 ClQUMand ) |
was added . Pestdlanyt i36D8®fcell s with irradwhat eer mblr amedma
weekly i ntMerbvlaal SGRAMEL ND s hRNA knockdown and caontr ol c
(500 U/ mL) and/ or doxycycl Malean®maOgd anlLl)s fwear e6 hdaaryvse s
thoroughly with PBS tofremovbhbeahyentmwmiejdeatbadFiNer @o g

with T cells on day 7. T cell stimulation with aut ol
(574c@®1 | sfeackHd) hour s BmelfpdrienscgM ciél)0oata®B@ EDAC. To meas.
CD8 + T cel | activato ®nhai niimtgr awas$ | ucloanrdti t fd&dldi onThandf
permeabilization of utshengc el IFS xwaasi ocna/rPreirentde aobuitl i zat i on

by stwiahngnti bodgnesos&n-@yB¥# 21 (clone UCHTICDS8BIi oLege
APC/ Cy7 (clone SK1, -l BINOH e(gcelnadn e aBhd7 ,anBiioLegend). Subs
data proweapesi hgrmed using the GChltlhesKdllwawa csyd fotmea ree
Coul ter).
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6.

6. 1

€S

Tabll:e Significance
Il i nesFi(gemre) Mé @n

testing

Suppl ementary
Tabl

for

di fferences i

t hrieredepemideinoegi cal replic
si ded umpeasitrredSttati stvabdlulk
Cel | LincCell Linpval uMe
5 0-tne | SKMEE 39 0.009 6.
5 0-fne | MaMe-8 6 ¢ 0.005 6.
5 0-ne | MaMe-b 1 a 0.004 6.
5 0-ftne | SKMELE 47 0.002 6.
5 0-tne | Cc8161 0.001 6.
5 0-tne | WM1361a 0.001 6.
5 0-fne | MaMe-8 6 a 0.001 6.
SKMEE 39 MaMe-B 6 ¢ 0.385 2.
SKMEE2 39 MaMe-6 1 a 0.192 2.
SKMEE2 39 SKMELL 47 0.022 2.
SKMELE2 39 c8161 0.010 2.
SKMEE2 39 WM1361a 0.010 2.
SKMEE 39 MaMe-8 6 a 0.009 2.
MaMe-8 6 c MaMe-6 1 a 0.047 1.
MaMe-8 6 c SKMELL 47 0.000 1.
MaMe-B 6 ¢ C8161 0.000 1.
MaMe-8 6 ¢ WM1361a 0.000 1.
MaMe-8 6 c MaMe-8 6 a 0.000 1.
MaMe-6 1 a SKMEHKL 47 0.001 1.
MaMe-6 1 a C81l61 0.000 1.
MaMe-6 1 a WM1361a 0.000 1.
MaMe-6 1 a MaMe-8 6 a 0.000 1.
SKMEHK 47 C81l61 0.026 0.
SKMEHK 47 WM1361a 0.024 0.
SKMEHK 47 MaMe-8 6 a 0.021 0.
C8161 WM1361a 0.886 0.
C8161 MaMe-8 6 a 0.702 0.
WM1361a MaMe-8 6 a 0.809 0.

Dat a

ates per cell

$ $pgbhi D6y dw

an Cel |l Me an
978 2.062
978 1.630
978 1.363
978 0.418
978 0.0414
978 0.036
978 0.026
062 1.630
062 1.363
062 0.418
062 0.0414
062 0.036
062 0.026
630 1.363
630 0.418
630 0.0414
630 0.036
630 0.026
363 0.418
363 0. 044
363 0.036
363 0.026
418 0.0414
418 0.036
418 0.026
044 0.036
044 0.026
036 0.026

GRASLND RNA
n GRASLND-g@PCRr esvgirencameas at e
| icreéilapd sbanpgpsai ¢ta

tdphighlighted

Cel

expression

t-St ati s
4. 645
5.547
5.818
6. 777
7.200
7.2009
7.221
0.973
1.566
3.635
4.569
4.588
4. 617
2.826
10. 141
22.811
23.521
24.974
7.459
16. 224
16. 626
17.403
3.417
3.520
3.688
0.152
0.410
0.258
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Tab®e Detailed quality control information of RNA sequencin

Sampl e Sample descri Tot al r Depth/ Mapping uovat qu
(millio mapped reads)
Coverse

|l acZR1 shLacdiooxduced, 418 277 839

|l acZR2 shLacdiooxduced, 351 232 8H7

| acZR3 shLacZnduced, 3% 254 832

|l acZ_ifnlshLacdDFNeated 3B 259 8208
induced, Repl

l acZ_ifnlshLacdFNeated 411 270 8265
uni nduced, Rer

|l acZ_ifnishLacdhFNeated 423 279 8 200
uni nduced, Refg

|l acz_ifnlshLacdFNeated 37 24 6 840 4
induced, Rep?2

sh4R1 s h4 dionxduced, | 348 230 840 9

sh4R2 s h4 dionxduced, | 4 86 321 841

sh4 i fnDcsh4d4 bFNeated, 340 225 8128
induced, Repl

sh4 _ifnDcsh4 bFNeated, 3% 24 8 8% 1
induced, Rep?2

sh4 i fnR:sh4 bFNeated, 38 252 8269
uni nduced, Refg

sh4 i fnRish4 bFNeated, 4 63 305 8309
uni nduced, Reg

sh8R1 s h,8 dionxduced, | 33 218 8 530

sh8R2 s h,8 dionxduced, | 4 07 269 8308

sh8 i fnDcsh8 bFNeated, 218 1.8 4 84 7
i nduced, Rep1l

sh8 ifnDcsh8 | FoNreated, 3R 234 8265
induced, Rep2

sh8 _ i fnR: shg, b-FNeat ed, 4 07 269 821 4
uni nduced, Reg

sh8 i fnR:shg, b-ENeat ed, 57 382 8 &8
uni nduced, Refg
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TabBe List of downregdHdAbtEARKepatshwaypysm

foll owing GRASLND knockdcewmresi nt5®hiMely aslslox.i ated with

highl aghbedd
HALLMARK Pathway

HALLMARK_ESTROGEN_RESPONSE_

HALLMARK_ESTROGEN_RESPONSE_

HALLMARK_DNA_REPAI R

HALLMARK_FATTY_ACI D_METABOL

HALLMARK_UV_RESPONSE_UP

HALLMARK_CHOLESTEROL_HOMEOSES

HALLMARK_GLYCOLYSI S

HALLMARK_REACTI VE_OXYGEN_SF

Downregul ated genes

RBBP8, CCNDI1, FDFT1, SLC2:zZ
KAZN, MY C, UNC119, BAG1, N
SVI L, NAV 2, DHCR7, PPI F, N
FKBP4, I TPK1, NXT1, SLC7AZ
I NPP5F, SLC1A4, ADCY1l, FOX
FHL2, SLC7AS5, SLC26A2, GRE

RBBP8, RNASEH2A, MOCS2, CC(
I MPA2, SLC22A5, GALE, BAG1
SLC16A1, |1 SG20, DHCR7, P F
FKBP4, | TPK1, SORD, NXT1,
ST6GALNAC2, FRK, CDC6, FL?"M
CKB, SLC7A5, SLC26A2

PDE4BSTFBRCCBAFI1ISSMADPOLR1D,
ADRMPOL R2RQL RIRQL R2NKT,5 C3 A,
MRP L 40P, F3BOLR2G&GILF2H3MPDH2,
SNAPCHMQL AROLBNAPCBRCCRFCS,
POLR2APRPOL RXSJF,3ABNPSAC3D1,
Ll GHOLR2PEQL DADARNMTIRPAPOL A2,
RFCRAENUDT2NICBPRME Z,WI NITY MS
REV3ROLRZRAF 1IRLYRBHMEDPOLR2D
SSRPUMPSRADSGTF2HIENPCNMRALA
PRI MATF2 RFCRFC4

URODO,DH3BBRYZPDHAHCCHPGIMDH2,
CPOXOHCR2HIADHSPHSDHDMI F,
METAPAICOHMGCSERP2ADSIACAT 2,
UROSAPEXNEINTHLACHSSLC22AS5,
CBRALDHO9ALDOSMSI DIGICDH,
HSP9O0OAMOHACSLRDHIERHECIHASDL ¢
PRDXSUCL GQUGDHGLUM| X2FAASN DH1
LDH®ODCH2AZ1

SPREOLR2SH,C6 KH KPR, DAPCASP3,
GRPELRIAB2 CANPE2 FE| FIBARSI1IGF BP
TGFBRARLDOARRBENRNPYI|, GMAR1
PPIFDX2NUYUPS5AT P6 VICTISKMD1 ,
SODH2AXKBPEHENCCNECEBPGTI P
EI F2ESNRFCAFRCHRNABRATDK?2

ACTGHMGCSACATERRFICHKAMGCR,
FDFTABSMVDCYPS51RADPS$ DILIGMN,
SQLBHCRANXABL SCRIASNMEM9 7,
LGAL SX,DJAG1

AKAMDHHMMRMI RARSYEGFEBENPA,
CLN6HSPABRO18LC25AME3TPIATH,
GLCRAKR1AIP,I RYGB,OTGALEYBSA
CACNATEKK,NRRAGBLDH9BADCALDOA,
CHSTAURKMDPHIABCBBYGL SG20,
SLC376BK,IGFPTENOISS,LC25 A100,R3
PRPSRAXI PXBPME2RPEB4 GALT?2,
DEPDCIIDHUMERTKK2Z2LDHMX| MET,
HOMER1

ATOXNQOINDUFBMOLI MDD HMOX2,
FTIGCLMERCCPRDXIXNSRXNHHEX,
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HALLMARK_UNFOLDED_PROTEI N_F

HALLMARK_MTORC1_SI GNALI NG

HALLMARK_G2M_CHECKPOI NT

HALLMARK_OXI|I DATI VE_PHOSPHOR

SBNOPRDXBXNRDMBPRRDX80OD2,
ABCCGSR

EEFE] FABGNOTYEGFRPS1IHSPAS,
EIF2EEMFUSEROLE|l FAKRBSRPDPI A
GEMI NARSEXOSCRDADMTREKSPA9
SPCSEXOSCHYRONOP1EL FARRS1,
PARMNHPEXOSCRRPNPMINOPS 6,
H2AXISPOORLDHI1 8SAFIRPAEBPG,
EXOSCRSATDKCE|l FABTIFASNS,
SLC1LMTHFDRI,FABBF4EBRLC1,
SLC7A5

GPIP,SMD1IHISPABS MABMGCSNUFI P1
NMTERO1BDI TMEIRPABUBTPI 1,
PRDXHMGCRPNPRDAPWARSP|L K1,
ABCFQTHCANXPI ARSMEGBGYP51A1,
ALDOAMMSDF2L DIPHGDAURKA,
HSPABOL R3ESL OVIGGARDHI1EIL F2S2
PSMD12LC37A6MNP,NOISQLBHCRT7,
ACACAFKBRBRMETFSHMTRRPY9,
TXNRDEINOTUBGHSPEHSPAGTF2HL1
MCM2HSPO9O0OBERP3IORHSPDDHFR,
GMPSJCHLBSATSTI MWUUP2 WUNGIL DH1
ACSLBSN#HKZ2SLCLIAEALEF1IEDHMASR,
MC M4T,F RGIL,THF DA CY BIPME M9 7,
TOMM4ARSPKCTE6RSMGSELCDI, FRD1,
CDC25%A,C7 A5

KI FEZHBUB3XBRVRNBI RABSPT1,
EWSRNASPOLEHMGNZMC1AB8MARCCL1
MKI 6CIKS1BTFE2F3MCXDCMEI S2,
XPOH2AZ@3 BPANRPDAUL 4ASPAS,
HMMRORC&RAD?2 3H8 ,RARENT 4DB,F 4,
CENPNSDZRA2BEFEDPAGQHEKRRI M22F!
SS18RSFRAURKBMCAMCMEBUBBRCA?2
RBM1IMUPO9B2FBLKCCNDSRSF1,
CDKNBI| GS8LCl12RQL K, PNACHAF1A,
MYCCDC25RBPRPAPOL ARRMTSFPQ,
DTYMKACCHBUSKJ| FAURKANRNPD,
CKSYBE2SYNCRHRRNPREBXOKPNB1
ORCSQLEDKIL MNBUPF1 NCENKBD,K,4
CCNAESPLAMDICDCAEXOPTTGHZ AX
Gl NSMCM2MCM3H2 BCIMAD2 LDIK C 1 ,
TNPOBMGACDCMNCLRADSAMMYBL 2,
ODCINOLCH2 AZADC253A,C7 /A3 ,C7 A1

NDUF S\D UF VAIT,P5 MMRP S 1T1l,MM9 ,
NDUF S\SDUF BBIAXSDH®R,DHX,QCRC1,
| DH3HBT, RARTP5 FRBHANDUF CAQX5 B
COX1ATP5MEGADSHBGCNNDUFB6,
NDUFCMENZT,0OX7BTFMDH2,LC25A3
NDUFAIDHATP5FSCC25ABP5 PO,
ATP5MCBUQCR®ACOXT,0X4GP) ,
ATP6VONDUFVNDUFASQUFARBNDCRH,
GLUDDXALICQOX7TOMM7HL C25B6X 1"
UQCRCRCHSWQCRF NDUFAFRPEL 1,
NDUF SDX DPABSUPV3ATLRP5 MC®DX5 A
Al FMIDH3GQTT,YB5ADHBRTP5 NFFX N,
COX7AMIRRIATSL C25 AMITIX,2 MMT,
SLC25MBHIP,OLRHSPAGYCT, MM1 7
TOMM2MRPL IFIHMRP S1R2GI AGAT 1,
PRDX$DACRIRPS3MRPSIMRPL 34,
ATP5FRPEPCRHBATP5FYBACT,
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HALLMARK_E2F_TARGETS

HALLMARK_MYC_TARGETS_V2

HALLMARK_MYC_TARGETS_V1

ATP6 VITAOIMMLRPPRIYCL G1DHB,
MRPL3AF,G3UDHCYCS,DHALAT] MME

BUB1IBL FEZHZCP1RF,CLCDCABBR,
SMC3B,| RGBSPTANOTBASPB,CKZ W10,
POLBCLREBBMCIABNMTIBRGHKI 67
CKSIBPAMLHXPODEKEEDRMS?2,
HELLEMMRORCBRCZPAI BSCC1,
TRA2BNP3 2NEJP1ECHEKEL F2BRI M2,
SRSFRAURKBMCAMCMGE6BRCARNASEH?2
RADMREI1IRIL KL] GAIl, BRSFQL GAPS5,
CDKNBOLDMMS2 2USP 5] NSEL2 F 8,
XRCCEXOSCEBSF1IBLBRPNAMYCRNN,
CDC25RBPRAPOL AGHHIMTAKZ2RFC2,
NUDT2PIHF5MMETTACCHBUS AURKA,
HNRNPAOTADRKSUBE2IS, FI8BNCRI
| POCENPEMNRPBONSONKINAPLIL1,
CTPSRANGI NSGDK1L MNBMSHRRM2,
CDKBRCAESPLWEEIPRKDTUBB,
UBE2SSRPIUBGHNUPLIWNOPS5BTTGL,
PRPSRRDXH2 AROPMCM2PRCNASELL
CCNEDCTPPMEL K, PMEM3MCM7,
MADZ2 LRIADS5 1 ARPSNMC3DPPDCAHEK 2,
POLDRUP2 WUN,GHMGALYAR] NSRIFCS3
MCM4PA2 GBERGITHF DY BLRANBP1,
TRI PUNO®LCH2 AZADC25A

TCOFDDX1BEB2RMESNOC4RI. K1,
RRP1QUPV3IGRWDPPAMYCRABEPK,
PPRCHNOP18LC19RUSWDR7UTP20,
FARSBGNL3 MPBYSMYBBPRALCDKA4
Al MPRRPNPMMWDR4 3] C29NMQRP56,
HSPELROBCTPPSIQRINOPAHSPD1,
PRMTBDUFAMRTOUNGHK2ZMC M4,
PA2 GEMEM9SRMNOL C1

EPRSBUBE)|] FSINRPBRACKRCBP1,
SRSFNCBPGSPT3RSFSFEF 3 BBSMAL,
PSMDPSMARSMB3MARCOMRPS188B,
CBXMRPL23MPDIZ ARDIVPODEK,
G3BPABCEHRI| FABNRPDUBPSBL C25 A«
I LFR2I,F1E8%TF2F3ARPBS1RAD238B,
SSBPAQRCZXE, F4B3MDIRIRMIP, S MA 4,
TRA2BSMDDPX1BFDPRSMDRBNPS1,
EIl F2ZBSDUFABNRPDBBE?2 BSIRSF 2,
APEXNMCM6T,OMM7RRSHNRNPRCP1,
CCTECTBRSFANBMNRNPICSMERH,
USPLCANXRPLE®PI 38SBUBAKARS1,
XRCCE6OX5AP3 SARPF XIPNAGOT 2,
MYCPPM1 &) FEHEF1I1BARDBRRLZ22,
EIl FNODP1IBSMARCBP3NRPGMEL,
PABPCFIBIRPSHNRNPDYMS,DAC2,
SERBPCAY,CSYNCRHRRNPKPNBLCP1,
XPOTCT.E| F2ZBRSRPLPBGBNLNAPI1L
EIl FARRSPIRDXGTPSRANNHPRSL1D
TRI MD®X2RHBZDKASETTGE SET,F 1,
RPS2] MPDACSNRPARRRPLCNA2,
CCTHSP90OABRPKNPMINOP5HBSPEL,
CDC4BUVBLRPLIMRDXECTZIUFM,
MCM2PRCNAGLOMCMISNRPASPD1,
MAD?2 LPIOQOL DRABPCALQBPXOSC7,
HNRNPARRPSPDHRFCMCMIAPA2 G4,
SRMRANBPADCINOLCOLFRDOH2 AZADK?2
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A2M,L6 PDGFSESTATI2ZENARNFRSF21,
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PTCHGNAINKDPPARDEFNUMBHDACS,
AXI NNCSTNEYHEYFRATI1
CBLBIMP1&8100A0BCKETSENAI 2,
RASGRRIRPDOCKEDS INFAIRIBAZ2 G4,
GNG2XDSEASPEBDPT| MPSITXEAL M3,
DGKH,SENCD46&) PGRQCASPUSPS8,
VCPI P1 MCDKS ROIGKASP1BEHDLASP¢
BRPF3
GPRC5BYCAIVURETVIMEM1IABCBIFPI
ETVINFAIPGSERZOCCAGABGAP1L,
HDACGL RMAPY7
SMADPNRCHNR4ARSC220EBPRLF9,
SLC2A316850SLREI ONFAIIPISTBEL 6,
NFATBCL 2 AF,L ARCAMAL4 GALTANK,
MXDIK,DM6 BRAMZFP3NNRPP1R15A,
SERPI NBBOQB,DLI M KB3OCSBJ X1,
PERDNAJB4ADD4 BEGEHDXKLFG6,

TI PARALDATINI P1

PTPRNR4 AYRELAREBSLC29ABRA2C,
MASTGBGOQ8 RDKMFSDBLAGILIDUBNN,
CHST?2
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PPP1RI1IGHAS TB3 GALWMAP3 KEINOXGBBE 1,
ZNF2 GAAKLHL 24 MBEDK 1
PTCHAHNABNX®SLC39RBPRAHR,
ABCB3YTIAQTLASIRRY&8L C2ANF,1 L 3,
NDRGSENX1@DC42 SERBGAPLTGAG,
FURITNNFRSFMXIDIAL CARQORASLC1AS,
I FI TIMBZ R A, AFHRAFROMESWSGRHOB,
ENO3BOCSECM1

KLCPREXARLS8K, FABORBS@SNCYTH?2
SPTBNIOCKBRKDBUNNEDDEGL | FS,CN!
DYNLISPTANILEKHMYHLAPZBSNKL1I
NUMAAKAPIARHGAPRARHGAMDACG,
ARFGERTCTNARHGAPRASARCLI P11,

RI CT@BRCARCNTRALSA2BIADC430S1,
KI FPOLI @2 A PTK3IRIAB3 GAP1
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PRMTRPPM1BL CAPRAMEPHARMOX1,
TSPYIPPP1R1IGARNPRAL GDISXNI P,
HEXI MGFBABCCGE6DK5RIMRI BBAGBTG1
APAFRAB4 O0DDOBMKNKDEFG6
RANBPBQLC2 ATP6VOAIGC7 AQTSB,

SI DIEEZHL RP1IOMODPTN MCCRARF,
P4AHARCAMATAGPATEANDODYMREL 5,
TMEMOBLLMARKBEHNYRSMDE8PI N2,
NEKACPE| REIL F2 AKRLL, 2 RBBMADD1 ,
SEC14AUDHG6NMGST3
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