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1. INTRODUCTION

Mandel and M®tais [1l] arefreeddé¢éedymwudclheli¢
(cf DNA) in the plasma Satbsegnoeat patseanth i
correlation between the concentratiupgmsof «cf
erythem&tffosulshe wuse of cf DNA for tumor di a
l i mitations of the availabl elthed®dil,mey e ad et
pol ymerase chain reaction was introduced,
type antigen) and fed4lpd 2Z0Ix1,i nt hneatienrtnrad d upclt:
paral |l el sequencing mar ked-i ravassiigvnel ffi etaalt @
di sease| B8Bfddeacyt,i canppr oxi mately fexXdami patricemg
empl oy ntmasi ve pr ena[t6éa]l. tReescteinntg c(hNalnPgTe)s , I i |

number of | iquid biopsies and the need for
and therapeutic response assessment, have m
agai n. Examinathenextr abel S5ul amdDNMA rneveal e
mol ecul e, whi ch makes it unique [ T7]. Howe

properties of c¢cfDNA, such as dutsi cpolsesn ebfliet si
still in its early stages. Nevertheless, st
as a biomarker.

The objective of my PhD work was to provid

i mmunobi ol ogi cal effects of cfDNA in colon

1.1 The origin and characteristics of cfDNA

cf DNA i s often present in different human

i ts mol ecul ar sour ce have been deter mi ned,

focused on investigating the uni de&ta]f.i ed f
Various hypothetical i nternal sources and
proposed, excluding external sources of «cf

feasible to distinguish between canderous
circulating, mi crometastases, and cell s wi
cancerous cells (including muscle cells, erg

cells, and | ymphoid cells) [10].
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The mechani sms responsible for the releas:
cf DNA is released by a number of processes
mitotic catastrophe, autophagy, phagocytosi
damalglel, 12] . Al ternatively, active release
structures, -pirmdleud i ngonpN-AeXxes, extracel |l ul
caused by genomic instability, extrachr omos

e Xx anee -1[51]3. These procesBiegumraeel i |l ustrated

a) | Cellular origin
Circulation .
Nucleosomes and b)' Release mechanisms | Tumor microenvironment
polynucleosomes
166 bp, 332 bp, 498 b .
Gooke P Bl f Cell death and clearance . Tunorial
= ST .
‘ 5 »  Apoptosis 80N = Fibroblast
4 R ¥ Dendritic cell
£ lLarge cfDNA fragments £ Necrosis
/& (>10,000bp) / Pyroptosis Macrophage
! s = ; :
. Mitotic catastrophe () g/lvelmd-denv:eld
/ W g uppressor cel
Mitochondrial DNA Autophagy R
(40-300bp) . Phagocytosis
O O * © Beell
_* NETosis 5 * Teell
R o e * NKcel
(unknownsize) . - &
~ @ Active release
Non-cancer cells
ETs RS
(unknown size) — —» Macromolecular Muscle cells P
*= % structures Bone cell
DNA-protein complexes Micronucleation { @
(1000-3000 bp) - B induced by genome Ovum cell .. Red blood cells
y " instability
Extrachromosomal \ y
circular DNA / — &  Microvesicles
(30-20,000 bp) 9 - ~— Columnar epithelial cells

W, Exosomes —— 7
. (150-6000bp)

c) DNA Binding d) | Cellular binding / uptake I e) | Digestion and clearance

Extracellular vesicles ol pH and temperature dependent t Half-life: 16 min— 2,5 hours
R Dy i Cell-surface receptors o
Serum proteins: i g/gg?t;iiation . i - DNase | activity " 'jﬁ
Albumin, transferrin, fibrin, ) Renal excretion
fibrinogen, prothrombin,
globulins. C-reactive protein, Uptake by liver/spleen = macrophagic
HDL, Ago2, SAA degradation
FI GURE 1 | The origin anbdO]ljcharacteristics of <c¢cf DNA
a) €ekk DNA (cf DNA) derives from various sources. DI
mechanisms. b) The extracellular concentration of «cf
of its release from cells. Nevertheless, upon enteri
its. c) Dynamic ilndlearact é®oins| av§ t ank xtamiceds serum p
di ssociation, and cellular internalization. e) Rat ec
DNAse |, renal excretion into urine and absorption |

Ago& gonappbeEPextr acte bjidDILE rgde nsli pgprdETaseat r ophi l
extractliNKl amlt uki Bl eS8 Absed lamy | oi d A
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Due to the absence of wuniversally acknowl
guanti fication is stil!]l uncertain, and the
matrix (plasma, serum, urine, cdr éBehl Salvei
tubes or tubes with EDTA), the centrifugatdi
the isolation kits, and the storage condit
measurement [ 16]. Heal t hy peoapsleed hianvdel vli cdweal
Recent research found that human p-2@pbma cf D

u
n

Advanced ®20mhor auft db8mmunenff Rdmmatory [ 26],
a

postansplantation [29], or viralAddi seasats$|l
significant physical exercise, such as half
[ 32, 33], and pregnancy [ 34], mi g ht rai se ¢

mat er nal bl ©105d% cfoenttaali ncsf DINNAnht mbstrpyphobmaegt
[ 35, 36] .

The concentration of c¢fDNA may rise not or
al so as a result of an i ncreased rel ease

significantly <contribute to tExtebhewhltedart

nucl ease anal ogues, ndmé&ley | DNagde Nasand DRN3J
perform the process of breadbiongdddedwd .bot h
Deviations in DNase | activity, such as dec
of DNasetdor 9,nhamd new mutations in the enz
ability of the enzyme t o -4i0dFairrttihfeyr saemwde rkad e a
factor s, gmeclerast DN mdDINacel eaxnt dbdbldi eant id?
deficiencies in DNase | activating cofactor
TREX1 Dnase [45], serum amydeiadtPvepphdponent
and médmmamng | ectin), can also affect the f

10
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1.2 Recognition and immunomodulatory role of cfDNA

cf DNA has been shown in experiments to he
addition to its role as a biomarker and di
onset, progression, MNainteaduvcethemawet é i md d asny

t he preseéemMche imf bwodlhf t he nucl dowe vaenrd, twhred em
stressful c i-DPNAU ntsat na necretse r steled cyt osol due t
damage. The absence of infection appéars tc
i's most |l i kely started by the production o
associated mol ecul ar patterns (DAMPs). Thes
t hr oug hr epcaotgtneirtni on receptors (PRRs). cf DNA
DAMP [50,51] .

Sever ag emMNIAng recept or sThceasne dientcelcutd ec fcDGNAAS ,
Al M2 receptors [52].

The ¢cGAS recognizes cytosolic DNA mol ecul
| F-bor type 1 I FNs [53]. Due to their higher
nucl eosomes besttrandeda®DNAo(@(d®&NA) [53]. Wh

i deingd,f ¢c GASTd NtGi4dy, &bt5ds The recognition | enc
pairs or more by the CcGAS enzymT|INZEtecti
medi ated effectors, |l eading to the product:i
on -BFegrar dl ess of DNASTefyGehueBpSHOABK, 58d19d
STATG6, resul ting i n Teou taocpchoanyd®l Eilodke r tit®Brsmat i or
anft gPanct dhhe proceSFEI Grmads sc whesbolllinc DNA

response to cByEtCoNslotl ¢ ca @dtsDNwi,t h cGA®MPto | i m
productDicm upds DA ciGRAtSer acti ons aBEE&MNAl i s he:
rel eases Rubicon, an autophagy su@Ppgr3&kssor,
release induces autophagy. Thus, autophagy
el iminates cf DNA effectively and reduces i |

several cytosolic PRRs ident,i fays csFhDojpdr ainnd i
2.

11
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— E ndoso me ..

Viral DNA
(CpG hypomethylated) ﬁ Cytosolic DNA

Host DNA
(CpG hypomethylated)

) NININY
y / ™

— (AIm2)

Gmgnalling
y l / \
Dand IRF7 Inflammasome
activation activation |l activation actlvatlon
IL-1B |and | IL-18
maturation

Cytoplasm N s J GEE—— D D | [amees, —
- ﬁ C;D A Type |

IL-6, TNF and IFNo interferons IL-6 and TNF
Rieels AT NTFAFAT /N4 0 /4 T NFAFAT

L (DNA driven immune response 4—/

URBN2As ¢é¢nsing [reX]leptor s

identification sefenpathBogena bwynmameat@alaaisghect
sing -saennds iDODNJA r eceptors detect foreign nucleic ac
ntified, activate immunological signalA ntgo pat hwa
i vat e cGAS has been implicated as a c¢ruci al me c |
NG pat hway has been implicated in the devel opment
2: absent -2i nr emelpaBAdmdNG.c GABEAMP c s GHPlgansae i ng ef fect
m
'l

G
e
n
e
t

I
M

ulator of interferophagepmatnd 6Jpicn tlesr)teorseon i al pchyat;c

I_%""_—io oD S —

AR 0OD>NO 0 AT

/[ 1&:ter /60 HBRFIY 7: i nterfer on-abBr:egnuulcateoarryB ffaaccttoorr k3a/p
RO :-| Thél receptor 9; TNF: tumor necrosis factor

TLR9 is detectable in the endoplasmic ret
circumddiooarves., whenDMNAY osDONAss!|l dhptGEr t he end
or endol ysosome, TLR9 ompgarratneesn ttso atnhde sied emne |l
significaatg DAMPR9 activation initiates a s
MyD88This pathway triggers the activation o
| FNs. Further mor e, NFRoa Bt rwihg gcehr ss utbhsee qaucetnitvl ayt i
synt hesiirsf lodmmatooTfheset pht hewvays contribute
of inflammation an[dg i nThammbRybd®Inadpggeabeshe
activati@dn aofd-1l, RAH:N € hi ntle rr leeassksitocri at ed ki neé
[B&H The protdeiani URRAAKCTr ui t ment to iNBMuce TAK
The TAK1 enzyme prométeketdhebadditi on mofl ek €

12
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which in turn enables the phosphoryl ati on

essenti al I n t heNFe Bgn &RIFi3n g apfxdt MAaRE [d S s e s s
the capacity to differentiate between two
DNA derived fromppaotducegand raoanmd obhes el f. The

the interaction and sti muO@NS oandfc fTDNRAS be
affected by parameters such as ‘their nucl e
di med8] [ 7l ntracell ul ar compartmentalizati ol
di stingui siDbNAetwdefMAael Which comes from ext
Binding |l eads to an increase i4n. di merizati o

Pl atel ets have been shown to feature PRRs t

DAMPs [ 75]. Both murine and human pl atel ets
since platelets play a cruci al rodsed nas nt e
we l | as their fundament al function i n hemo
product-s®lnewtfi nP by pl atel et s, which enabl e:

i ncluding AY anmurleoxwltte,s .t hi s caaotiaacat son muwh
then migrates to ¢tiPNAeadaimagttesipleatel et s
formation of neutrophil extracellular traps
ALR protein becomes activateDNAhmol ecul den

that enter the cytosol due to cellular inju
when it -D8lAeciwdi-FMA flsasB8eD pairs | odhgmdi7m, 8 0]
can find cytosolic DNA because it 1is expres:s
by interferon, and is |l ocat ed in the nucl

formation, Al M2's PYD interacts WWIASSPP1ASC' s
i ot CASREQ1][.79CASP1 fragmemtfsl aammh t oe yle a&csyd 0 kp
and-18Lfrom their precursors [81]. CASP1l bDbr e
Il 1 and8 IfLrom cel |"sutTlhd ftflhew GEGIDMOD pore st o
and the production 9Tl HN@gtplewdy .l FINh éaHosaufglho w
I niti ates -8pdy]r.o-FTCGAPSGe mMp8Rs type 1 | FN produc
generated GSDMD inhibits [73B5C Amdt menmafs io me
I nhiSFiIltNBKX which activates | RF3 and rel ease
without particul Rirguwiylelo®sotlriact eDSNAt H e885d . mec h a

13
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cfDNAs or CpG-ODNs
@y @
@,
cytosol %
R U

e mSE

endosome » PI3K -— inflammasome

activation
TLR9 g ﬁ

Mynsa

cell membrane

|RAK /
IKK complex (/\TRAFS L

(Q) v \/\ MAPK "mTOR | |
1 IkB IL1-beta and IL18 I
7 -

/—\ AP1 maturation

NF- kB S ——
\ nucleus ~.

pro-inflammatory
gene expression

FI GUREcBemaSic representation of the cf DNA detecti or
of pathways [ 86]

The role of Class |11 Pl 3K i-ODNdei nthet eemadsamal one
contain TLR9 is apparent. The intracellular activat:i
TLRO9. The MyD88 protai nt oi sti mapecTeiilefiuéciagipltyo r a tdtormeaci the o f
resulting in the subsleRAFéN tc oanptl iewat iTdin so fmetcthe nli RAK t 1
of both H#lei mategleprotein kinassB KkKMARKE) aadinpigb ik bt «
to an increase in trasBsandpacbobnvédtact opsotseictm hs( ANFL
STINEé@pendent i Mmmune response is initiated by the de
t hrough -mehdei actGAdS pcaCASH & P&t hlweay may activate sever al

such as | RFs, mTOR, STATG6, and MAPK, through both di
the cytosol has a -sttrroomdyedtD@NA,c trieosnu lttoi rdepounbpl lee e cr e
called the AI M2 infl ammasome. Consequently, the act
product o |afmnmarto r yb ectyat ogkndnelsL 18,1 fi.nally causing p)
Al M2: absent2 irnecneepltaonroomaAP 1 :c f &NtAifvraeted rld epor xoytneu cnl eli;c
c GASTI NG: c yYAMP cs y/GMiPmaasad i ng effector s CpM®DINator of

Cp®ligodeox;yrthlet epilBdébétadBl 8@ ki nase (I KK) compl ex t
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1.2.1 Description and features of TLRs and TLR9 signaling

TLRs are type 1 transmembrane glycoproteins that have Toll/interiéuleneptor
signaling domains and extracellular leucine repeats. The first receptor discovered was
TLR4, and a total 010 human TLRs and 13 mouse TLRs have been reportedri@éiel
and adaptive immune cells, including monocytes, macrophages, lymphocytes, mast cells,
and dendritic cells, typically harbor TLRElowever, transformed epithelial cells can
express TLR4, TLR5, and TLR9 [88]. Bacterial DNA fragments activate apical epithelial
TLR9 to maintain colonic homeostasis [89].

TLRs recognize DNA, RNA, and microbial cell wall components. TLR1, TLR2,
TLR4, TLRS5, and TLR6 reside on the cell membrane, while TLR3, TLR7, TLRS8, and
TLR9 are primarily within [63,9@2]. TLR receptors are drawn to patterns seen in
bacteria, fungi, protar, and viruses [93,94]. Lipids and lipopeptides (TLR1;4, -6),
bacterial flagellin (TLR5), and nucleic acid fragments activate TIRR3 attracts viral
dsRNA, while TLR7 and TLR8 can detect sSRNALR7 can also identify
immunoglobulinsel-RNA compkxes in autoimmune diseases. Imiquimod binds to
TLR7. Bacterial, viral, immunoglobut®NA complexes, and synthetic ODNs with
unmethylated CpG sequences activate TLR9 [93,94].

TLRs signal innate and adaptive immune responses. Dysregulated adaptive and innate

immune activation, amplified by immune evasion of tumor cells, leads to cytotoxic
consequences. This can eliminate unhealthy cells or slow cancer growth. TLRs detect
microbial PAMPs. They can engage endogenous ligands, such as DAMPs [95]. By
stimulating pDCs and macrophages, bacterial DNA and synthetic ODNs activate the
innate and adaptive immune systems [96].

TLR9 activation causes pDCs to producefBM f t efUr EGE NI at es t hei
B cells -satlammadpoeoy dli)dmNEF -iannftlia mmal ©)r y
cyt okVvHE B surface antigens are also produced upon activation [96,97].
TLR9 activation is a complex and mud#tiep process. The uptake process is the least
understood of the steps and varies depending on the fragment composition of the DNA.
Many cell types can efficiently uptake singiganded DNA. Since endosomes contain
TLR9, cationic lipids can boost the uptake of dotgttanded DNA [96,97]. Nespecific
endocytosis helps transport fluoresemiothiocyanatdabeled CpG DNA to the

intracellular compartment, according to the study. Since DNA sequences without CpG
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dinucleotides activate TLR9, the transport mechanism is unspecifiecCGsequences

can also limit immune activation in competition [97]. Entering the intracellular
compartment causes endosomal acidic maturatiofmagthg drugs like chloroquine and
bafilomycin Al can slow this action. The production of pend antiinflammatory

cytokines increases-8ell proliferation [97].

The signal molecules, including MyD88, TRAF6, IRAK and-4, as well as the p50/p65
heterodimer of NF® B , | ack specificity but are al so
TLRs. Thesecretion of IFNs can also take place via a pathway associated with MAPK,

which is now being thoroughly studied [98]jgure 4 summarises these processes.
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1.2.1.1 Types of Cp@DNs

Mouse and human cell line investigations have indicated that unmethylated CpG
sequences stimulate the immune system [100,101]. Three types of CpG DNA sequences
are based on their chemical composition and immuneneadiated responses. The
chemical makeumf these sequences is crucial to their immunostimulatory effect on
immune cells [102]. Liu and colleagues [102] studied how the three types eOONG
affect the immune system's responses to antigens in different ways in mouse models. It
was found that bt B- and Gclass CpGODNs caused a strong Timiediated immune
response, with similar antibody and CD4+/CD8+ T cell responses. Tdlasa CpG
ODNs raised the cytotoxicity and antibody levels of CD8+ T cells, but they did not change
the IgG1/lgG2a ratio oincrease the number of CD4+ and CD8+ T cells that produced
IFN-0 . Based on -ODN graups showed ®arioGspl€vels of targeted
protection againdtisteria monocytogenean intracellular bacterium. These three €EpG
ODN groups had similar effects ¢in-12 production. This study may help to understand
the adjuvant properties of three GG®MND groups. These findings may also aid the €pG
ODN adjuvant strategy [103,104].

Currently, clinical trials have examined the therapeutic use of TLR9 agonists in several
forms of cancer, such as colon, pancreatic, and breast malignancied0B]05
Furthermore, continuous research is underway to evaluate the effectiveness of TLR9
agonst therapy on esophageal squamous cell cancer [109], melanomas [110], lymphomas
[111,112], norsmall cell lung carcinomas [113], renal malignancies, and androgen
resistant prostate cancers [11¥Jechanism of action of CpG in cellular processes are
irrustrated onFigure 5.
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Most cell types take up DNA containing one or more CpG motifs through endocytosis, but only cells
expressing the TLR9 receptor (B cells, plasmacytoid DCs (pDC), and several epithelial cells in humans)
can activate it. THdike cytokine milieu is then maday these cells releasing IFM, -b F N2, IR10,

and other cytokines and chemokines that support TH1. The secondarily activated NK cells secrete IFN;
additionally, their antigen receptor increases the sensitivity of B cells to activation, and bdih & de
plasmacytoid DCs express more costimulatory molecules, enhancing their capacity to triggler T
responses.

APC: antigerpresenting cell; CpG: cytosolic cytosipBosphategyuanine; IFNU& b: interferon
alpha/beta/gammal -6/10/12 interleukin6/10/12 MHC: major histocompatibility complex; NK: natural

killer; TNFU: tumor ne-tkereptosd f actor alpha; TLR9:

1.2.2 TLR9 in inflammation and malignancy

TLRs 3, 4, 5, 7 and 8 have been detected in colorectal cancers [116]. Human colon
cancer cells HCT15, SW620, and HT29 express of several TLRs, includingd 1R 7-
119]. The increased expression of TLRs in tumor cells appears to play a role in tumor
growth by improving their capacity to survive and move within the tumor
microenvironment, which is characterized by ongoing inflammation and PAMPs [120].
However, prior studies have shown that boosting TLRs and their associated mediators,
such as type | IFNs, ay have the ability to modify the balance between immunological
tolerance and antumor responsesTherefore, researchers have hypothesized a
controversial role fof LR signaling pathways in cancer c§li21].

TLRs may promote tumors by conveying fnflammatory, antiapoptotic,
proliferative, or prefibrogenic signals to tumor cells or the tumor environment. TLRs are

critical for inflammatory signaling viavlyD88-dependent andMyD88&independent
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pathways. TheNF-a Bpathway is critical for TLRs' tumegsromoting effects. TLR

activation increases the production of inflammatory cytokines, suchhl, TNFU and
IL-6, which contribute to tumor growth. The increase occurs througkiRke Bathway

[121-123]. Apoptosis suppression involves theR signaling pathway. ThéNF-a B

pathway is a key regulator of apoptosis, controlling gene expression and restricting
pathways that induce it [124,125].

Tumor cells cannot frequently deliver antigens; therefore, they rely on specialized
APCs like DCs to create effective immune responses. Cancer scientists are interested in
DCs because they can induce significant-amtior immune responses. Cancer cell
inhibitory signals frequently cause a lack of DC activation, which can lead to
immunological tolerance by eliminating T cells or promoting Tregs [1R&ik, in turn,
promotes tumor growth. DCs triggered by TLR signaling can deliver antigens, activate T
lymphocytes and directly kill tumor cells [127,128]. TLR5 activation on DCs and TLR9
stimulation of pDCs boost immune responses to cancer [129,130]. Signal transduction
based on DNA sequence and methylation pattern activates TLR9. Nucleic acid structure
affectstheir immunomodulatory capabilities, including their ability to activate or repress
immune responses and promote or inhibit tumor development [119,131]. Synthesized
CpG-ODN agonists have been shown to activate TLR9 and fight colon cancer in mouse
xenograf models. According to research, TLR9 agonists can increase type | IFN
production in DCs, resulting in cytotoxic DCs. This activates NK and cytotoxic T cells,
causing a strong immune response to cancer [132,TB8ke processes are shown in

Figure 6.
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1.3 Characteristics and process of autophagy

Autophagy, a weltonserved biological mechanism, encompasses numerous phases
across the proteasomal breakdown route. Autophagy is a process that aids in the
breakdown of excessive, damaged, or aged proteins and intracellular organelles. This is
achieved B enclosing them within doubl@membraned vesicles called autophagosomes.
Autophagosomes fuse with lysosomes/endosomes; their membranes break down and
form autolysosomes [135].

Different types of autophagy have been distinguished according to the method by which
cellular components are carried to lysosomes as well as their main physiological
functions. The types of autophagy encompass macroautophagy, microautophagy, and
chaperoamediated autophagyVe can categorize autophagy into specific categories like
lipophagy, ribophagy, nucleophagy, and mitophagiiese types entail the targeted
breakdown of cytosolic proteins, lipids, and organelles such as ribosomes, nucleosomes,
and mitaehondria [135,136].

The term "macroautophagy,” henceforth referred to as "autophagy,"” describes-the non
discriminatory degradation of subcellular structures inside the cytoplasm [I$4e

processes are illustratedkigure 7.
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A few autophagy geneATG9 tightly regulate the complicated catabolic system,
which involves multiple morphological stefi$ie encapsulation of molecules or particles
for retention triggers the production of phagophoRisagophores elongate and mature
into autophagosomes. Finally, autophagosomes combine with lysosomes [135,137].
Multiple ATG-proteins, including the Ser/Thr kinadésK1/2 (ATG2, a complex of lipid
kinases, and two additional ubiquilike conjugation systems, enable the multiple
dynamicfunctions listed above [B3. After that, BECNJ the mammalian equivalent of
Atg6 in yeast, and théTG14 genes control the phagophofEhe inhibitory class 1
canonicalPI3K/AKT/mTORpathway and the promoting\NK1 pathway are additional
regulators The ATG5ATG12 complex, supported byATG16L1 controls
autophagosome formation. AdditionallitC3/ATG8is essential for autophagosome
maturation.The ubiquitinlike systemsATG10, ATG7andATG3strictly regulate these
processesThe LC3 protein andVRAGgene regulate cargo engulfment, autophagosome
closure and lysosomal fusion4@,141].

LC3, unlike other autophagy pathway components, may degrade particles without
producing a double membrane. This accelerates phagosome formation. Alternative
autophagy signaling (LAP) is called noncanonical autophag¥].[Btressrelated cell
death processes, including intrinsic and extrinsic apoptosis and autophagy, canimteract
a complex wayThe fate of a cell depends on these pathways' interaction and function
[143]. The ATG6/Beclinl and Bcl-2/BckxL interact to modulate their communication,
with Bcl-2 suppressing autophagh-R adaptors such adyD88andTRIF can dissociate
this complex Activating the MAPKJNK cascade or translocating HM&Bcan also
achieve thig140,143]. Autophagy and\F-a Bsignaling pathways interact in several
ways, including positive and negative feedback lpagg&igure 8illustrates[141]. The
tumor suppress@53gene also controls autophagy. Depending on wheib@is in the

nucleus or cytoplasm, it can activate or suppress autopha@yl fif.
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TLRs, TNFRs, and It1R activate the canonical pathway. This cascade activation results in the
phosphoryl ation and destruction of -toht@ningcompleri t ory pr
activates NFB, which then translocates into the nucleus. Thecanonical route relies on the activation

of the NFa B 2 (p100)/ Rel B ¢ cbdp,laadk RANKy ThB Adsdade triggers the
phosphorylation of NIK, which in turn phosphoryl ate
the p52RelB heterodimer to the nucleus.ddFB s i gnal i ng can change many cell
the expression of genes that code for cytokines, chemokines, and other things.

CDA40: cluster of differentiation 4BAFFR: B cell activating factor (BAFF) receptor;-IR: interleukin

1 receptor; |l aB: kinase complex (1 KK) that consists
NEMO: nuclear factokappa B essential modulator; NFB : nucl earB; Nld:c NFearB kappa
inducing kinases; RANK: Receptor Activator of Nuclear Fa&mppa B; RELB: RelB gene product

transcription factor; TLRs: Tolike receptors; TNFRs: tumor necrosis factor receptor

Autophagy regulates cellular development, specialization, survival, and agbig [14
In addition, it affects inflammation and innate and adaptive immunological responses.
Autophagy is essential and adaptable to cellular homeostasis. Several metabolic stress

circumstances, such as lack of food and growth factor availability, can activafhagy
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to guarantee cell survival. Basal autophagy disruptions can lead to toxic chemical buildup
and DNA damage, causing genomic instability. Most induced autophagy abnormalities
impair cell survival [137,14].

Defective autophagy, which harms cells, has been related to cancer, neurological
disorders, liver ilinesses, viral diseases, aging and inflammatory conditions, including
Crohn's disease [136,34.47].

Autophagy's dualistic "Janus" function is thought to have a ratarncinogenesjsas
shown inFigure 9. This is because it can affect cancer cell survival and multiplication,
especially in difficult conditions. Additionally, it can activate signaling pathways that kill
cancer cells. Autophagy's effect on cellular defense or tumor cell growth depends on
various internal and external factors. Specific tissue types, cellular environment, genetic
makeup, and tumor advancement staljgnave an impact otumor growth. However,

the relationship between autophagy and canceranksas still unclear [14846,148].
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1.3.1 Autophagy and TLR9 signaling in cancer
1.3.1.1 The role of TLRs in the regulation of autophagy

TLR-autophagy interactions generate innate immune responsgs Th¢ canonical
type of TLRs can induce autophagy, according to recent studies. In addition, several TLRs
induce LAP in macrophages, dendritic cells, and neutrophils. Siggests these
pathways aid cellular defense Bl446,151,152]. Additionally, TLRs may intrinsically
initiate autophagy. Phagocytosis is the main defensive mechanism of innate immunity.
TLR signaling in macrophages activates transduction pathways that link the autophagic
pathway to phagocytosigigure 10shows that autophagy can also affect TLR signaling
[143,152,163].
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However, the activation of TLR7 has not been showndace pDC autophagy [154].

Other immune system triggers do not induce autophagy in DCs, which naturally have

strong autophagy. Instead, other signaling pathways may prevent autophagy [153]. TLRs

initiate NFa B/ MA BRK, p38, JNKand IRF3/7 signaling pathways [155]yD88

and TRIF are the main adaptor proteins that activate autophagy after TLR activation
[147,155,156]. After the TLR signaling pathway is activatBdclin-1 also joins with
MyD88 and TRIF, which separates it from tBel-2 binding complex. Additionally,
TRAF6 ubiquitination ofBeclin-1 increased TLR4nduced autophagy. In contrast, the
deubiquitinating enzyme A20 had the opposite effect. The activatioNFed Bin
response to TLR stimulation may hinder autophagulegmpn [155157].

1.3.1.2 The role of autophagy in the regulation of TLRs

Autophagy protects cells from stress; thus, its role in regulating-mkeBiated pro
inflammatory responses is not surprising [139In f | ammati on i s a
a ut o p[1ba].dtyirectly affects inflammation by inhibiting adaptor proteins MyD88
and TRIF as well as killing invading microorganisms [160,161]. Aggregating TLR
adaptors can generate large cytoplasmic aggregates. Autophagy mostly ifbiits
signaling, which is important. This effect may be reversible in pDCs. [159]. Several
autophagy proteins inhibit TL&hediated signaling. In response to LiR8uced TLR4
stimulation,A T G 1 &@léfidient macrophages generatellland 1-18 due to increased
caspasd adivation [161]. In addition.C3B or Beclin-1 deficits impair macrophage
autophagy, causing mitochondrial dysfunction. ROS production increased with
accumulation [163].
In autophagosomes, autophagy sequesters endogenous viralamtigelhs to deliver

them to MHC class Il antigenghis method presents MHC-tiéstricted cytoplasmic

maj o

antigens to T cells [163]. Contrary to common assumptions, autophagic machinery may

transport PAMPs to endosomal TLRs, similar to antigen presentation. This suggests that

autophagy enhances TEHRAMP recgnition and TLRinduced effectdrigure 11shows

that autophagy may initiate an innate immune response before TLR activation [155].
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1.3.1.3 The role of TLRs and autophagy in cancer

The relationship betweelLR and autophagy signaling in cancer cells is poorly
understood. LPS and polyinosinine:polycytidylic acid (poly(I:C)) interact with TLR4 and
TLR3 to activate autophagy in lung cancer cells, which increases the amount of cytokines
and chemokines. PromotinBRAF6 ubiquitination enhances cancer cell invasion and
migration. The adaptor TRIF induces autophagy. However, autophagy suppression
significantly inhibitedVIAPK andNF-a Bignaling pathwayslhese pathways' activation
depends on TLR3 and TLRZhus, this deration may be a viable lung cancer treatment
[164].

In controlled experiments, GO activated TLRs and induced autophagy in CT26 colon
cancer cells. Cancer cells ingested GO, stimulating autophagy and TLR4 and TLR9
activation. TheMyD88 and TRAF6 adaptors were shown to regulate @@uced
autophagy. In mice, GO boosted autophagy, cellular death, and malignant cell immune
responses while suppressing tumor development [165].

Many cancer cells express TLR9, which is activated by the identification of

unmethylated Cp@DNSs, a subgroup of DAMPs. Proteomics analysis of tumor cells has
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found that bacterial CpG patterns affect several proteins, including autophagic ones [166].
Many parallels exist between autophagy and the-ThR9 pathway. The study found

that colon, breast, and prostate tumor cell lines promote autophagy. By showigstha
induction is TLR9dependent, TLRs and cancer autophagy are linked [26ifdphagy

might cause cells to die and help the MHC Il pathway present endogenous cytosolic
proteins Thus, bacterial CpG patterns may stimulate tumor antigen presentation in
cancer, boosting the immune response. The data above provide unique insights into how
bacterial CpG patterns affect TLRXpressing tumor cells, revealing a new therapeutic

approach [168].

1.4 cfDNA in tumors

Tumasesociated cfDNA's |iquid biopsy capab
therapeutic uses [169, 170]. Despite its |ir
cancer di agnostic method. This includes in
However, tumor <c¢cfDNA detection allows dynar
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collection tubes can I mpact cf DNA yield a
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conventional mar Kle8rdd . | cekwseriateaslt ugdli @2 have
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cf DNA predictive because i 8pgTituendoirctcf DINAs e e
genotyping is used in oncdltodgylfper chhovaeri ¢
treatment, track result s, and uncover genet
resi sClanmciec.al use of tum®8] cf DNA 1 s i mmi neni
Chronic inflammation has been a hall mark
and Weinberg [190, 191] pioneered it. Numer c

with various neoplastic Oneeabasabbeei Bt gbe
IS I ts ability .toltcauser ea$bnabbnediucred e xp

i nfl ammation's carcinogenic implications [ 1
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ThusGASTI NGgnaling is incomplete. | RF3 phos
during mitotic arr edGtASTrieNs@i g h a lfirnogm  rTehdi usc e «
i nfl ammati on without i ncreasing type 1 | FN
medi cines taxol, paclitaxel, and taxane fu
overexprceGASTO WEadfuces the infiltration of i
which worsgnesithePdPdbeth®3] with | ca®EdScance]

downregul ation exper[ilOmBded Farhihghe rr edseatrit hr
c GASTI NGgnaling pathway controls the 1 mmun
mi cr oenviSITd mldgmtad i ng pat hway activation enl

i mmunot herapy and -credbdusitmmuwmo rriecsipdoanis eT [ 19

suppres SASTIthhiggnal i ng pat hway and | imits cy
tumor microenvironment in mice, encouraging
Al M2 hasnaetrti benefits independenAl M2 i nf | ¢
i ncl udeas socliiattied cancer, hereditary nonpec
cutaneous squamous cell car ci no2rad JtAH a2 h av e
pr omot-s sacleld l ung <cancer t umor devel opmen
dynamics [205,206]. AI M2 promotes or al squ

hyperpl asi a,-i mduwc ecdh elme gatl il y7200e91]1. cFaurrdihrea meo

Al M2as besehedugyggesl ow down the progression

Genometastasis [211] i's a popddvwaal otphnmeeonrty
experi ment al di fferences [212] . Cancer cf L
oncoviruses, providing an alternative met a:t
transtfweaemciet it @ and speci exsl&lupport the i de
To demonstrate genometastasi s, t hkRAS DNA fr
p53 ddBd@ene mut.anNldTHBI enmausse tumor cell s withce

pattern were subcut anSe®ub | ciempd fatneere d2 0 nd ay

i ncubation. Aggressive "transKRA@gendes . moluns e
another study, tumorous cfDNA in human adi |
alterations or demcercd|[ 2I DNA Canciempl i cat

transf or matuircen aind aenlilmadwl tf 214, 215, 217, 218]

31



DOI:10.14753/SE.2024.3036
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1.5 HGFR: functions, relationship with autophagy and cancer

c-Metencodes the hepatocyte growth factor receptor (HGFR). Alpha and beta subunits
of this transmembrane RTK protein are disuHimded. In physiological circumstances,
epithelial, muscle, hematopoietic, immunological, and neurological cells express HGFR.
Many tumor and stromal cells express HGFR in cancer [225]. HGFR binds HGF.
Fibroblasts and macrophages produce HGF, which has pleiotropic effects such as
promoting cell survival, tissue preservation, regeneration, andnflatnmatory effects
[226]. HGF reglates cell motility, adhesion, and cytokine production [227].

There are two ways that HGFR can be activated: the canonical pathway involves other
receptor dimerization, and the conventional pathway involves HGF binding and
homodimerizatiorj228]. Act i vati on of HGFR promotes CRC
signaling pathways that influence cancer cE&e
and i rM229. Metastasis through epithelm-mesenchymal transitiamecessitates
signaling within and outside dfis pathway [226]. By causing DNA doukdérand breaks
and perhaps lowering tumor hypoxia, HGFR inhibition made HT29 colorectal cancer
cells more irradiable [230]. The HGF/HGFR systeas illustrated irFigure 13- can
lead to tumor growtlthrough transcriptional activation, gene amplification, mutation, or
stimulation at the autocrine or paracrine level. Hepatocellular, pancreatic ductal, and
colorectal malignancies activate HGF/HGFR [231]. This aberrant activation promotes the
action of gowth factors and oncogenic receptors, stimulating cell proliferation and

metastasis [232]. Thus, HGF/HGFR inhibition is a promising targeted cancer therapy.
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Anti-HGF and antHGFR antibodies, as well as AJd@mpetitive and ATHon
competitive smaimolecule eMet inhibitors [234,235]. It has been shown that the
HGFR-EGFR interaction causes cancer [236]. Instead of bmitrgqhsic, metastatic
colorectal cancer acquires HGFR amplification after EGFR inhibition [237].

Evolution has preserved proteolysis. To maintain cellular homeostasis, damaged
cellular components and energy are eliminated and recycled [238,239]. In preclinical
trials, protective autophagy inhibition has been used alongside chemotherapies or targeted
treatments to boost their effectiveness in certain cancers [240]. HGFR inhibition causes
autophagy activation and inhibition in cancer cells [241,242]. Recent investigations have
shown that HGFRnediated autophagy requires th#GFRMTOR/ULK1 cascade.
Targeing autophagy with therapeutic treatments may help HGF6Sine kinases
combat Metamplified cancer cells [237,240,243].

A recent study has shown thé&GFRgene DNA methylation changes over time affect
the HGF/HGFR signaling cascade [244]. Additionally, DNA aptamers have beneficial
chemical characteristics that can be used to build growth factor mimetics, particularly
HGFR-targeting ones [245,246]. The diseoy of powerful HGRargeting drugs is
crucial to cancer therapy. Inhibitory DNA aptamers that target human HGF may treat
certain cancers [247].

1.6 IGF1R: functions, relationship with autophagy and cancer

IGF1R is a transmembrane receptor tyrosine kinase, which consists of an alpha and
beta subunit. Insulin, IGE, and IGF2 bind to IGF1R. The IGF1R receptor
phosphorylates IRS1/2, SHC, and348 after ligand stimulation. Downstream signaling
pathways inlude PI3BK/AKT, JAK/STAT Sr¢ FAK, and RAS/MAPK Figure 14 shows
how these pathways regulate apoptosis and cell development genes [249,250]. Normal

physiological growth, development, and nutrition include IGF1R in many tissues [251].
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IGF1R activation in malignancies promotes carcinogenesis, maintains the altered
phenotype, progresses cancer development, increases cell migration, causes -epithelial
mesenchymal transition, and imparts treatment resistance [252,253]. Normal tissues
exhibited lowerlGF1R gene and protein expression than malignant CRC tissues [254].
Higher levels of IGF1R are associated with worse CRC outcomes [255]. IGF1R is
involved in tumor growth and progression; hence, decreasing it has helped several
malignancies [256]Preclinical studies have demonstrated thatif1R monoclonal
antibodies and smatholecule inhibitors have substantial artmor effects [256], but
clinical trials in norselected cancer patients have failed. This suggests tumor cells can
bypass IGFR inhibition [238].

A previous study has shown that sBINA configuration, including methylation status
and fragment length, greatly affects TLRfdiated signaling pathways [119].
Insufficient evidence exists OALR signaling and théGF1R pathway. A recent study

suggests that CpGDN, a TLR9 ligand, stimulates intestinal epithelial IGF1 synthesis
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[257]. IGF1 also supports intestinal homeostasis by stimulating macrophage production,
which suppresses the immune system [258].

In moderate and chronic colon inflammation, mRNA and protein levels of IGF1R in
epithelial cells rise [259]. This may help inflammati@tated genetic defects in epithelial
cells proliferate and survive. In acute murine colitis, I&EfMulated macrophage
produced 1110 to reduce intestinal immunological inflammation [254ientists debate

the biological importance of tH&F1/IGF1Raxis in colonic inflammatiof259].

Insulin and cell surface receptors, particularly the insulin receptor and IGF1R, assist
cancer cells in survival and growth [261]. High blood insulin levels can alter the IGF
IGF1R axis, a welknown cancer route [262].

There is an interconnection between &€ 1R signaling pathway and the autophagy
process [263]. In addition, inhibiting or stimulating IGF1R in cancer cells has had
different effects on autophagy [2@66]. Autophagydisrupting drugs and IGF1R
inhibitors can improve tripkmegative breast cancer atenent, according to recent
studies. Recent studies have found that targeting cancers related to IGF1 signaling with
IGF1R inhibitorbased drugs is a promising treatment idégure 15) [267]. In various
cancerstages, targeting IGF1IR may be helpful. However, IGF1R pharmacological
alteration may have extra physiologic consequences, so be cautious. The current finding
reveals that IGF1R suppression may impair mTORC2 function. Reduced mTORC2
function iampadch sad®PtKiCviUty. Thus, cytoskeleto
affect autophagosome formatiolGF1R suppression affects autophagy in both ways
[266]. Pharmacological inhibition of aGF1Rpathway effector and increased autophagy
may work together. fie data also imply that dual mMTORC1/2 catalytic inhibitors may

limit autophagy over time. This inhibition may impair cancer cell viability [2@8].
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The link between autophagy and cell cycle progression is unclear. Earlier studies
found that mitotic cells are more resistant to autophiadycing stimuli such as mTOR
inhibition [271]. Recent research examines the chemopreventive properties of Boswellia
serrata gum resin's active constituent, AKBA. AKBA's particular interaction with
oncogenic proteins explains this focus [272,273]. Epigenetic modification by AKBA
suppresses CRC cell proliferation [274]. A potent natural analog of AKBA (BA145)
triggers dos- and timedependent autophagy in pancreatic cancer cells [275]. BA145
induced autophagy halted the G2/M cell cycle and decelerated cell proliferation. BA145
induced autophagy by blockingnTOR, which activatedAkt via IGF1R/PI3K Akt
feedback attenuated BAl4®duced autophagy, cell cycle, arrest and cell death. This
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suggests singiarget cancer treatments are ineffective [2Fgure 16 illustrates the
mechanisms.

Increasing data shows that regulating autophagy and suppressing IGF aGé1Re
system may improve insulassociated inflammatory and neoplastic diseases in the
colon. However, manipulating the IGFdRitophagy process pharmacologically, whether
alone or in combination, may have unforeseen pathobiological effects.
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2. OBJECTIVES

1. To select a human colorectal cancer adenocarcinoma cell line that is suitable for the
combined application of cfDNAnduced TLR9mediatedautophagy and HGFR/IGF1R

inhibition.

2. To investigate the complex biological effects of TkiR@diated autophagy and HGFR

inhibition induced by cfDNA:

How do c¢cfDNA treatments with different pr
hyper met hyl ated) affect the metabolic acti

stem cel | phenotype of the selected colorec

3. To investigate the coegi aketi atbgpbagyet
i nhibition induced by cf DNA:

How does genomi c cf DNA treat ment affect t
autophagy response, and stem <cell phenot

adenocarcinoma cel |l l i ne?
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3. MATERIALS AND METHODS

3.1 Selection and maintenance of HT29 cell culture; sBINA

isolation

The selection of HT29 cells was made t aki
basal TLR9 expression in HT29 cel-DNA whi ch
[ 257] . Mo rMyoDv828 p e ntdheeMiy D8a8nd e pemmld®B ngnal i ng
pat hways are intact in HT29 cells [277]. I
compared to other CRC cel |l -meidnead e[d2 H&EJF,R anmd

activation is also present [167, 278®&t 88&3 . I
compared RtCo ceetlHerl ies (I). g[. 2 8 1S]\W4 8Kl soar, DLnD
el evated | GF2 expression can be detected, w
of | GF1R signaling and studying the &effect
adequatetyspepadsencol on cancers [283].
Particular attention was paid to whether t
i nhi bition in the Fgigve)ne schoonw se xtth.a tT hiins tghrea pn

chl oroquine treatment causes proliferation
whereas in the HT29 cell Il i ne, proliferat.i
high as 100 OM.

The application dofseisnmialyi tnornts raetsudgitvem su
of cell gr owt h. Beside HT29 <cell s, not all
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The HT29 undifferentiated colon adenocarcinoma cells were maintained in RPMI

1640 medium (Sigmaldrich, MO, USA) supplemented with 10% (v/v) fetal bovine

serum (FBS; Standard Quality; PAA Laborat
amphotericin B (Sigm&ldrich , MO, USA) , and 160 eg/ mL g
Sandoz GmbH, Austria).

Genomic DNA was fsstoelgadtgece ,f rpam |5 0 ating H
i solation was performed by wusing High Pure
proteinase K (Roche GmbH, Ger mangg) RNake DNA
A/' T1 Mix (Ther mo Fi s hNeA cSDomiceemttirfaitad,o nGewansa ndy
Nanodrop (Ther mo Fi sGelr €lca cetnrtd dh ar, e Geg mhaty
fragment | ength of gDNA was approxi mately !

bi sul fictie gs eaqnag oysshiifs21®4] , t he basal met hyl at

cell sé CpG sites is as follows:31.6 % in th
the high range. Accordi ngrfOFo mase smpeafaotflr
measur ement s, the DNAAsampploeei weror filéeopdt

contaminati on.

3.2 Fragmentation and hypermethylation of sdlfNA

Genomic DNA was divided into three equal shares; the first one was neither
fragmented nor hypermethylated (genomic DNA: gDNA). The second one was
fragmented (fragmented DNA: fDNA) by ultrasonic fragmentation for 2 min. The third
share was hypermethylatechgthylated DNA: mDNA) using CpG methyltransferase
(M.Sssl) (New England Biolabs, Ipswich, USA). The length of the fragmented DNA

shares was determined by agarose gel electrophoresis.

3.3 HT29 cell treatments

To incubate with the DNA samples, 5X18T29 cells were seeded in a-h2ll plate
with RPMI 1640 supplemented with amphotericin B, gentamycin, and FBS, as previously
described. After 24 hours, the medium was changed to RPMI 1640, supplemented with
gentamycin but lacking FBS. Separate aliqudts 01 5 € g of -DMiowkref i ed s €
di ssolved in 200 €L of sterile phosphate bu
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At 37AC, HT29 <cells were incubated with t
atmosphere containing 5% ¢@nd 95% @ Only 200 €L of sterile
the control cells. Cells were washed twice with 5 mktefile PBS and resuspended in a

final volume of 5 mL of PBS after 72 hours.

3.4 Inhibition of TLR9, HGFR, IGF1R signaling and autophagy

For inhibition of TLR9, HGFR, IGF1Rsignaling or autophagy, HT29 cells were
pretreated with TLR9 antagonist (¢ ODN2 0 8 8 ; Il nvi voge-n, CA,
Diisothiocyanatostilbeng , -@isulfonic acid (DISU; 4niM; D3514 SigmaAldrich,
Budapest, Hungary; diluted in dimethyl sulfoxide/DMSO; Sigitdrich Budapest,
Hungary/), or picropodophyllin (P) (0.05rM; BML-EI3720001; EnzoLifeSciences,
BioMarkerLtd. , G° d°Il | R, Hungary,; dil ut eAddrichn di met
Budapest, Hungary/) @hloroquine (10vM; C6628 SigmaAldrich, Budapest, Hungary;
diluted in DMSO) for 1 hour before treatments with DNAs. All treatments were
performed in triplicateTable 2 displays the treatment plan for HT29 cells in the HGFR
experiments, whil@able 3displays the IGF1R experiments

TABLE 2 | Treatment plan for HT29 cancer cells in the HGFR experiments [248].
g/fImDNA:  genomic/fragmented/hypermethylated  deoxyribonucleic  acid; ODN2088: CpG
ol i gonucl e o tDighteigcyabatoSibeng 4-@isdlfdnic acid

Sample | gDNA | fDNA | mDNA | ODN2088 | DISU | Chloroquine
groups (!’0”) (”D”) (!9C”)
K

o +

D +

< +
Kg +

Kf +

Km +

g0 + +

gh + +

gC + +
goD + + +

gDhC + + +
(0] + +

D + +

fc + +
foD + + +

iDC + + +
mO + +

mD + +

mC + +
mOD + + +

mDC + + +
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TABLE 3 | Treatment plan for HT29 cancer cells in t|
gDNA: genomic deoxyribonucleic aci-dreadbDNd, O,on@Gp @I ¢
picropodophyl I in; C: chl oroqui ne; Kg: gDNA contro
picropodophyllin; gC: gDNA + chloroquj ngPCgO®#DNADNA
picropodophyllin + chloroquine

Sample gDNA ODN2088 | Picropodophyllin | Chloroquine

groups (°0”) CP) °C”)

K

(0 +

P +

C +

Kg +

g0 + +

gP + +

gC + +

gOoP + + +

gPC + + +

3.5 Cell viability and proliferation measurements

The wuse of t he Al amar Bl ue assay served

viability (metabolic activity) and partly t
The antiproliferative effects of the ZBour treatments were measured after-lzodr
incubation period using Alamar Blue (Thermo Fisher Scientific, Budapest, Hungary). The
fluorescence was measured at i@ nm (Fluoroskan Ascent FL fluorimeter;
Labsystens International Ltd., Budapest, Hungary), and the results were analyzed by
Ascent Software.
As metabolic activity is not necessarily pr
counts (average cell numbers determined by
perfor med. Trypan Blluwe idcyhe @BIW26HpLIt P (Huoaga
exclude dead cel |l s.

3.6 Total mMRNA isolation and NanoString analysis

Total mMRNA from HT29 cells was extracted with the RNeasy Mini Kit (Qiagen, CA,
USA) according to the prescription of the manufactu@rantitative (Nanodrop) and
qualitative analysis (Bioanalyzer Pico 600 chip kit RNA program; RIN >8 in all cases)

were performed.
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To get the mMRNA samples needed for gene expression tests on HT29 cells, the treated
groups were multiplied three times. In HT29 samples, cell numbers ranged from 100,000
to 11,135,000 per well, and the recovered mRNA concentration ranged from 8 to 256
ng/ii per sample. mRNAs recovered from triplicates were pooled and used in the
NanoString assay.

The custom mMRNA Assay Evaluation panel @SRRINT-CAR-1.0, nCounter SPRINT
Cartridge) containing our custom gene code set-KNAGXA-P1CS04, nCounter GX
Custom CodeSet) was designed by NanoString (the order was placed through Biomedica
Hungaria Ltd., Budaest, Hungary). The NanoString experiments were carried outby RT
Europe Research Center Lt d. ( Moso-nmagyar
europe.org/) as part of a contract work.

The selection criteria for examining the genes involved establishing an association
betweenc-Met/HGFR or IGF1R and TLR9 signaling, apoptosis, cell proliferation,
autophagy, and cancer cell stemnedgpplementary Table lindicates the assayed

genes with probe NSIDs.

3.7 Taqgmamer &LIR anal ysi s

For val i dating t he NanoStrinqgTQRNhE: expr
Hs002345ABGCGIMGLL) D: HsO0100@3ABIFD: mHy D0 BLNI44 _ s 1)
(I D: HsO0O10MWGPRIBDM1IHs 0O156GHhBREmMADPE609566_m1l) ,
Pl 3KCABIsS00907pPSTA™MAD: Hs003CB2®BIOD:M13 331182
Hs 00236330 TR, DandAHs00370913 sl1) -ttirmepl i cat
pol ymerase chain reactions (PCRs) were use:i
Card System. The measurements were perfor
Sequence Detection System uasle descrpbeduc
(http:// www. appliedbiosystems. com, CA; Uni t
i ndi vidual samplGAPDEH ®: ndlsd27iB66R 4t gl) expr
relative gene mkpedssbod dwatf deerces were
gC(t) method. The whole cycle number was 45
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3.8 I mmunocytochle@&f R,r yCIDRSE 3 aHGIF R

autophagy

To dEGERIGF1R, TIDRENA, autacploargTeGtlemlec-1 i n
landCBprotein expression, HT29 <cell smears W
anmMet culture supernata-h®, aBanbadygr 02: BOO}
l ncant,GF1R monocl onal antibody (-EBhpmilc&® I
dilution -CD1¥®PBISdti mnamnti body (1maodfe &ntien
human monodL&®alanandyid ayt ;-B(223& 1 , cl one: 26C!
Li feSpan Bi oSci encesATGWA | 1 &BE@N B nadh d a matnit i
MAP1LC3B anti bodi ersi f(y,: 2100,, WSA)i baotdy3 WeC f o1
rounds of PBS rinsing, cel l smea_d ablwietr e t
EnVi si on pol ymer HRP conjugate Kit (K4003
i mmunodetection was performéd aaocaemdicng ohs
EnVi si on Syst endRPabkKelO0eOMo HeAytdne 4 ; DAKO, Gern
Liquid DAB+ Substrate Chromogen System was

Germany) . Smears of cells were theer digita
software -oasod uthiigm PANNORAMI C 1000 FLASI
(3DHI STECH Ltd., Budapest, Hungary).

3.9 WES Simpland assessment of autophagic flux

The WES Simpl e 6Rr0ot eMi mSiemmplod i04 MN, USA)
perforné@0 ADhB2 Separation MWAUW4)e Ws otee S
all the pr onTOIRNYE SePRaAABHo Rabbit Anti body [/ C
di |l ut ikoDna;/ ;19T OR (7C10) Rabbit mAb [/ Cel l Si
AnsSIQSTM1/ p62 an-BiSHo @y dff rAeZdl /A b ¢ aAT, G lathl516 4 1 6 /
(D6D5) Rabbit mAb / Cel-88 Sk @a/eLl i(Blzgkd CHB 0 R%B;b bl
mAb [/ Cel |l 9i5gndl i5Mg; 6634« Da/; LC3B (D11) XP

#3868 ; -116 kKoa /b:a dAntM4()AGIouse mAb [/ Sigma Al dri
48 kOGAPDH (14C10) Rabbit mAb ahdeleli t-&ieg n & lhie
Rabbit Detection KO01)( PoWo eAratSii Dreptl eec t iD®n

(Protei n®i0Bpl evaBMused, depending on the pri
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3.10 Cel l counting and interpret
At 200x magni ficati on, 10 fields of view :
field of view were examined in a semiquanti
percentage of | mmmmoposeacvievanHTR2Bncell s w

I n t he case of the TLRO9 and HGFR i mmune r

membr ane staining and perinucllreatrhe ydaogpd acsfn

|l GF1R i mmune response, weak, moderate, and
cytoplasm stainiAsg feereauevxpmaggd. weak, mo
ATGl @anhBeclhaomogenous or spotted I mmunoreact
cytopl asm. LC3t wealk,asmobdr at e, and strong

cytopl asmi consnmueirog ealcstear ved.

3.11 Transmi ssi on el ectron mi Cr

autophagy

For 60 minutes, HT29 <cells in the wells
Mill onig buffer, pH-f7i.4éd fThr 6&mmpil rst ever &t
with 1% osmium t etagaoxddyl datne Ob uLf fMe rs.o dCeauln s
embdded in 10% gelatin in PBS (pH 7.4). Th
epoxy resin. Contrast s3tlainmm)ngwiotfh wilrtarnaytihia
|l ead citrate, r-ez@@EXIli veTiyans mihesiJEElM EIl ect r
usedonducct ultrastructur al analyses (JEOL,
cell s per sampl e, the average number of a\

SD/ cel |l ).

3.12 Semithin sections
From the HT29 cell bl ocks fixed for TEM s

digital mi croscope. The sections were stairtr
pyronin 1 g, and boTrhaex a&v egr aigne dniusntbielrl eodf wpart

was counted in five fields of view per samp
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3.13 Statistical anal ysi s

At | east three independent experiments we
number, and proliferationcderse pmas Sstuack nd <
were used for statistical anal ysets. 1Ipn<ti®eO
case of i mmunocytochemisway, ABOY A i and ciahe aT
HSD test was performed using R Core Team R

Regarding NanoString gene expression anal
nSolver Analysis Software, quality checking
heat maps were created. The Euclidean di st a
bet ween two samples (or genes) as the squar
their | og count valwues. The average I|linkag
bet ween twon thestasese.of the WES Siwaése, the

mul tiplied bybatcha nvalrees fofr tghhemaphi c al repr e
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4. RESULTS

4.1 Cell wviability and proliferat
Treat ment of HT29 cells with gDNA al one, O

together i ncreased their metabolic activit
reduced when TLR9 or autophagy inhibitor tr
combined with DI SU.

gDNA administration, as opposed to metabol
HT29 celd seafmentoof ODN2088 and DI SU signi
effect of gDNA on <cell proliferation. Wh e
combtiinban wi th gDNA reduced the inhibitory e
However, when combined, these treatments sh
cdreat ment of gDNA, DI SU, and chloroquine
suppressi9 o mncedfl BT oli feration, accompanied |

I n i1isol ation, f DNA treat ment marginally
combined wi t h a TLR9 i nhibitor, it subst
furthermore, it exhibited a moderate increa
Howevetrhe imase of f DNA/ ODN2088 and f DNA/ ch
metabolic activity of HT29 cells was reduce
control sampl es.

The fDNA control samples produced a margi
which subsequently declined to varying degr
After DI SU administration, the decrease in

in the f DNA/ ODN208S8 combinati on. However,

chl oroquine had a minor effect on HT29 <cel

MDNA exhibited the greatest i ncrease i n ¢
varieties., I n comparison to the mDNA contr ¢
no change (DI SU, ODN2088/ DI SU) or increase:
thervanhei ons; it only decreased significar

admini stered concurrently.
A marginal reduction in cell proliferatd.i

treatment; a decline was observed in respor
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a l i

a Sublstrmaduat

viabi |

ty,

epresents
f
[

Wi

ctoer ed,

and

significant

MDNA/ DI

ncrease in cel

n metabol
c ellalb laended gtu raer €L 8pr esent ed

TABLENUmMéri camedabal b€ caecltli vniutnyb er
*

r

/

I

t her e

or MDNA/ ODN2O0 8

proliferation

wa s a

ic activity.

and proliferation
al tterreaattieodn saasm pcl oem p(aprdeOd. Ot5o0;
CheGo x
SD: standard

g / mDNA: genomic/ fragmented/ hypeld:me tODWNI2a0t8e8d

o] gonuyc IDe o tDil BdJ; chl oroqui ne;
Sample | Metabloic activity mean % | Average cell number (= SD) | Proliferation %

(£ SD) (£ SD)

K 100+ 1.1 800,000 £ 8,800 100+ 1.1
o 120.17 £ 4.5% 760,000 + 32,680 95+43
D 111.41£3.8 810,000 + 25,920 101.25£3.2
C 116.23 £ 2.9% 775,000 £+ 31,775 96.87 4.1
Kg 127.51 £3.1% 220,000 = 9,900 27.5 £ 4.5%
Kf 112.61+2.2 855,000 + 31,635 106.87 £3.7
Km 147.87 £ 3.4* 720,000 + 19,440 90 £ 2.7*
g0 139 £3.1%* 270,000 = 3,780 33.75+ 1.4%
gD 134.44 £ 2.7% 310,000 +6,510 3875+ 2. 1%
gC 123.55 £3.1% 230,000 = 4,370 28.75+ 1.9%
gOD 75.75 £ 2.6% 690,000 + 24,840 86.25 £ 3.6*
gDhC 90.99+3.3 100,000 = 1.600 125+ 1.6*
fo 198.02 + 4.7* 745,000 + 23,840 93.12+3.2
D 120.87 £3.7* 665,000 + 21,945 83.12 £3.3%
fC 121.18 £2.5% 560,000 + 13,440 70+£2.4
fOD 99.61 £3.7 730,000 + 26,280 91.25+3.6
ncC 107.62 £3.2 640,000 £+ 17,920 80 +2.8%
mO 155.15 £ 4.1% 740,000 £ 25,160 92.5+3.4
mD 141.85 + 3.9* 875,000 = 36,750 109.37+4.2
mC 183.48 + 4.6* 560,000 + 16,240 70 +2.9%
mOD 90.12£2.5 1,140,000 £ 60,420 142.5 £ 5.3*
mDC 92.34+3.1 580,000 = 9,860 725+ 1.7*
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100 g7 ¥z BF B E
50
F
&
0
Q?QSJ%QQ &0“90Q

Changes (mean %)

%oeo‘gre@soo L O &o SR

Treatment groups m Metabolic activity Proliferation

FI GURECHL&8nges in the metabolic activity (magenta) at

groups under the influence of each treatment combi n:
The reddstcates the | owest (group gbC), while the r
activity (group mOD) .
g/ f Il m: genomic/ fragmented/ hypermethyl ated DNA; K: C
DI SU; C: chloroquine

4.2 YCeadability and proliferation
studi es)

The metabolic activity of the HT29 cell s
treat ment groups except the gOP <tomlateatio
cells). The P treatment exhibited the highe
The Kg treat ment group of cell s had signi
compared to K.

When gDNA, ODN2088, picropodopagteédn(i aed,
g P, gC) , effective inhibition of HT29 cell
observed. The combination of gDNA, ODN2088,
pr ol i ferative activity batctkkedtoed exventsr ¢ll ogrec

Viability, cell number, anhablpenBlb gbbeeald®on d

51



DOI:10.14753/SE.2024.3036

TABLE 5 | Numerical

*represents
g:

genomi c DNA;
deviati on

O:

data of metabol iR s¢wuidviesy, [@&I6]]

significant

ODN2088 CpG

al tterreaattieodn saasm pcl oemp(apr(e0d. Ot50; Kn

oligonucl eoti de; P:

Sample | Metabloic activity mean % | Average cell number (= SD) | Proliferation %
(£ SD) (= SD)

K 100 £ 1.1 800,000 + 8,800 100+ 1.1
0 120.17 4.5 760,000 £ 32,680 9543
P 142.15 £ 4.7* 810,000 £ 25,920 101.25+1.8
C 116.23+2.9 775,000 + 30,775 96.87+4.1
Kg 127.51+3.1 220,000 + 9,900 27.5 +4.5%
g0 139 +3.1%* 270,000 + 3,780 33.75 £ 1.4%
gP 119.57+3.2 270,000 = 7,020 33.75 £2.6*
gC 123.55+3.1 230,000 + 4,370 28.75 £ 1.9*
gor 91.3+24 660,000 £ 16,500 82.5+2.5
gPC 127.38+2.8 250,000 = 9,250 31.25£3.7%

160

140
S 120
3
GE) 100 = L s I
5, 80 T
(O]
2@ 60
g
O 40 T

= I
20 ! -
0
K (@) P C Kg go gP gC gOP gPC

Treatment group

FI GURECH&nd¢ges in

groups
g:

under t he

genomi c DNA;

B Metabolic activity Proliferation

tabolic

S5 c 3
~ @ @
= >

ol ; O:

52

activity (magenta) ar

ODN2088 CpG

c € no IRGésatcuhd iterse[a2t7nbeln.t c ombi n ¢

oligonuc|



DOI:10.14753/SE.2024.3036

4 . BanoString and Tagman gene exp

studi es)

I n relation to the expressioegnantd MWMDRA mRN
treat mehkL Bu9plreedgutlcati on i n compari $omutre t he

20)AGF®Rene expression was not wupregul ated i

compared to the wuntreated control group.
upr e g HGFtReeadn e expression. Wh e n not i ncubat
expression profile remained compaFiaguree t o t

20)J) A With the -texilclepaboear wdd ItLrlanscri pts exh
expression in resptoiner. tGe feDsNAa saddad indtsdd aw
intrinsic apoPedp€DS B,nd ncl8spiassxehi bi t ed sigr
upregul ation. GenebLKZEI| altLeRD tTR4R BNV amiga gy (
signal-apgptanttiill FKndHGHFRsSs dEdnd DO PL osshioswed
moder ate upregulation. ConAEGselY, MARELC3BBE
Bec-1)i,n-approopt ot i ¢ AMRKHEGTFIRI mgsn a(l SA4H8 apbayed
only modestFiugpurrgudWhAmni (cubataeéd pwiptt ot mM@BNA
Becd gene exhibited significant uprreelgautieadt i or
(MAP1LC3IBR9i gnal i MygDB(8l {agproop t MARK, -@amdpdt ot i c
(ARt, cavheds i gnadGFRg génes displayed moderate o
20) A

I n relation to the i mpact of modified DNA
on canoni<cahodGdFRIhgmal i ng, it was observed
administration of DI SU aSnTAAZRBEOA/ 51ae dmatrog i unparl ¢
upregulRIt3aéad @f down H&EFRIXptriedmws gahe (20ThB
Ssimultaneous administration of f B8R Rand DI
decreased t IsgdAagpirzkamndndiod not cHDPBpe t he
(Fi gure .20/ mcoi strati on of DI SU and mD N A
expressSiTa8dGFRs wel | as decrkRlaskedD®X pr essi
(Figure¢e.20/D
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FI GUREH2AGt map visualization of the NanoString gene
[248] .

AGene expression changes of modi f i etdr DdNtAed rl¢B2 INendIs|
Gene expression alterations iB) HT2ZDNAadldl DyWpwfNtAe( i ncu
g/ fdemomi c/ fragmented/ hypermethyl ated DNA; K: contr
DI SU,; C: chl oroquine; red: overexpression, green: d

Due to the fact t hat c f DINSOI gnahbht mgntanidnif
autophagy apparatus, we TalR9pgealimhngedr hawt ¢
modi fies the effect of concurrent HGFR 1 nh
admi nistration of al/l types of modified DN
genes implicated-canodli&@&d®&ihigoal | agdTblgRo% nhi bi
signaFliignugr (. 2 ThA mcoi stration of gDNA and D
i nhi bition omfotauwtfd plca g y,h 8dTiAd &bruetx pirte sdsii do nr eod
expression of al |l odMeetsri g ahie gwwgriefp 2 ITihAet e d
simultaneous i ntroduction of DI SU and chl
significantly increased tHEGFRxgnakgmugre( of
21) A

I n regard to genes associated wiHGFRiut ophe:a
i nhi bition and modified DNATGleMAIMEGLBS8 | ed
BeclanmdblLK1 with the excBeepctliqaamd afD NIADK tlaor d
which there was no significant alteration i
grobipgygre.2ThB concurHGFmRt modhif betdi ODNApf and
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to the downregulation of all genes associ at
utilized for tMARLGQB8¢1amdKelbosveldy upregul at
and incubation with fDNA did notATrGAsWLIlt i n
Combining DI SU, chl oroquine, and modi fied

aut opahsasgoyci atFe gugeéened/ C

MAP1LC33

Beclinl
ULK1

ATG16L1

§ § ) ¢ & §

FI GUREH2 &t map visualization of the NanoString gene
alter atMetnssiiginal i ng pathways and autophagy [248].
Gene expression changes of combined treatments with
g/ f/ m: genomic/ fragmented/ hypermethyl ated DNA,; K: c
DI SU; C: chloroqui ne;dorwendr:e gowlearteixopnr essi on, green:
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The Taq#R&MR REBEsSsul ts confirmed the identif
expression by Nano Stirgiunge/ odldodiens ea SummEAMyISY so
changeSsu ppne ment aorf§D Tadll ees2 of the gene exp

anal yzed.

EMTOR = ATG16L1 mL.C3B mBECN1 mHGFR mTLR9 mPI3KCA mSTAT3 mCD95

WL LA

PSSO 000«9@@ °°°
*& & OQ © @ &&&

Fold changes

[EnY

Treatment groups

FI GUREGR&@phical visualization of the Taqgman fold che
ConventionaPCRagomahi RMed the Nanostring results, Wi
treatmefOpl0@rO6BpPSN=3) .
g/ f/ m: genomic/ fragmented/ hypermethyl ated DNA; K: c
DI SU; C: chloroquine

4 NanoString and Tagman gene exp

studi es)
I n terms of TLR9 mRNA expression, gDNA tre

i n comparison to the untreated control <cell
treatment had no ef fleGQRY Bme .t hWwWh eenx prrcets sii romu b
gDNA, the gene expression profile was ¢co0mj
sampl es.

With respect to the i mpact of gDNA treat me
expresisGlhmRgprnal i ng el ement d,GFa& Rmparegisn aln iwmc

observed; however, there was nMA®R BiIKf,i cant
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andkt The combination of gDNA with ODN20O08!
overexpressed all €elxxaRnh ng@cdient egsQ. except fo
Due to thefrfraetDMNAatr eatl MBI RS igmfall u eamgc easn db «
autophagy apparatus, we TalRR9 gnakvesgi gatadt t
modi fies the effect of concurrent | GF1R i nh
TLR9 gnakl agd&My DEF-adB.,, autrceed ha gdyd G #Bledc-1,i n
ILMAP1LGBLBKA mb-i)a, aut ophagyapumptpatisSAK & .aq.t,i
mTOR and aut ophagpyopa ot iMAPtKeeMPgkB,@x gene

expressions i ncreased mo st significantly
picropodophyl Il in and chTlTloR%RBadi nEonwet ek e
utilization of gDNA in conjunction with O

wi despread suppression ofTLIROeBEXx aki hed ogen
treatment combinations (gP,tyCagf gtOhe agualn g PC
which i s associat €dgwrdeetpd&armsc drhestvamned . m
gene expressi oMCR Trhees ullatgsmacmo RfTi r med t he i de
gene expression by NaFnogQutraei3@gs/pn Ganemtt earr ya nlralk

3present a summary of the fold changes of t

]
.M g % 3 4

[ MTOR

goP
g

L atc16L1
NFKB

" Caspase-3
Caspase-8
Ambra-1

I MAPK

L p13K

- Bax

| AMPE

‘‘wap1LC3B
HyDBE
Beclinl
ULK1

[ Akt

[ Caspase-9
IGF1R
€p133

(I it

FI GURE 23 | Heat map visualization of tlResNado®sring
[ 276]

Gene expression alterations in BNA9 cells after inci
g: genomic DNA; K: control ; pQG:c rQDpNo2d0o8p3h y&phG oor | oi gguoi nnuec; |
overexpression, green: downregulation
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MTOR ®mATG16L1 mLC3B mBECN1 mIGF1R mTLR9

gOP gP Kg gC gO gPC

N

w

Fold changes
N

1
0
K
Treatment groups

FI GUREGRdphical visualization oflRtdtel didgdnan f ol d c he
The gene expression fold changes were i n( pcloOr.rOe5l;at i o1
n=3).
g: genomic DNA; K: control ;P:O:piODNRPSB@Bo fChokE borl d qgwinruec |

4.5 I mmunocytWESemimplry @HGA@FR st

We performed i mmunocytochemistry in specif
findingsotaéei hhkeevel

Untreated control HT29 cells showed mil d t
protein expression ranging from moderate

i ncubati-ondmd t mMDMNAS . HGFR i mmunocytochemis
i mmunor eactriodn ainret rgdmiNta d sampl es, whil e fI
treatments produced a strong i mmunopositi vi
of ATG16L1L, &Bredc|ILi®3 proteins was si-gmd T ficant
MDNASs ; moder atuen otroe ascttrioonngs iwrerm e observed in
to the wuntreated control grobpgamae HWEB9 cC e
outcomes of the I mmunochemistry assay refl e

gene expression assays.

Vari ations in LC3B protein |l evel s among
consistent with changes in gene expression
we |l | as i mmunocytochemistry. I n relation tc

p62 iendtihcaatt t he combined application of D N ¢/
amplifies the inhibitory effect of chloroqu
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of autophagy. Conversely, the suppression c
via the inhibition odfi gwG3dBl 2s6ntdr pt6&s dtelge adwatt
WES Simpl e.

TLR9 HGFR ATG16L1
70 70 70
60 60 60
50 50 50
a0 40 40
30 30 30
20 20 20
T e e A N N
/ /e I+ /et I+ Py
) '. - . =L i
e & , i % 8
:'. < » e 2. ¥
g & bl T
04’ 5’ ® .8 ="
Beclinl Lc3
70 70
60 60
50 T 50
40 a
30 g 30 Eg
20 = 20
10 10
. iy ge-> : = sk
/+ 3 /444 -+ /44
ie 2 AT
@5 . .
&;;Q_P g)x gﬁﬁ - LN
' , ® oot
. ‘ /s b
P *

FI GURETRR9 | HGFR andebhateghppgygtein i mmunocytochemis:
studies [248]

The box and whiskewapgl aiNOVAepesskenhs ohei mmenocytoch
percent agmemuonfornecanct i ve and wed)k, yad mmalnlo paoss i ma dveer & tfie |
i mmunopositive (fA++/ +++0)nHTYY oapb| wawi tvhismat heedr

represemnbaangdenfi+/ +++0 i mage inserts can be seen (pl
Empty boxestreanhtdoktel hen diamond dots boxes: gDNA
treatment; striped boxes: MDNA treat ment
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LC38B, B -actin, p62 LC38B, GAPDH, p62 LC3B, p62
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FI GURERQ$ults of the p62/sequestrome 1 and LC3B WES
The figure is a representative blot image. The grapt
proteins was mul tilpddteidft p&O0eaeéh®; ver+l)es of t he

g/ f/ m: genomic/fragment ed/Q:y pecehlmert dv)d;iann@+rd( 1MA ;o r K:q ud
( 5nM)D: DI SU
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4.6 | mmunocytochemistry and WES

We carried out i mmunocyebahedNCidNiywd drn( au
BeclamMAPlLC38ssociated with | GF-L&veh geder
expression resul ts. The correlation bet we

di stribuitmmanorfeaotni ve and we+a"k)l yHT 2rdmumeolploss

wel | as modegadyeliynmandr sactoinve (" ++/ +++")
observation. An increased degree of moder at
in the case of | GF1R subsequent to incuba:

autophagy, t he gO tandd tphRC ngorsau ppsr oenxohuinbcie d
ATG16L1 protein expression, which was follo
The gO and gPC treatment groups sHowed ¢t he
LC3 i mmunoreactivityG tfroddtomveerdt sb.y Weh ec ognPd uacn
of the NanoString gene expression results
group contained an HT29 <cel-poexpressceygl €LC
observed in the gO, gB, ogCy amd agBECgpre steme
2471 lustrates the representative i mmunocyto
onrway ANOVAuUprelseament airlyl usitgruateesl t he resul ts

test .
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C Beclin1 (-/+)

Beclind (++/+++)

fs ¥ ; * 1 3e M_
i i i (HIR H
LR BRI

E] LoE +~ g . ;g‘

B ATGI6L1 (-/+) ATGI6LL (+4+/++4) D LG3 (+/4) LC3 (+4/444)

S Ll B8 2 1 s o £ .

' IR R U I M |
SR : P

FI GURE 27 -wgy OANOVA r elsGH 1t B, OATG16L1, Beclini1, ;
i mmunocytochemi stlRystaodl.gsef2ivb] | GF
The percenitmygesormndantoinve and weakly i mmunopositive
strongly i mmunopositive (A++/ +++A) HT29 <cell s withi
whi ske(rp(pd.od@&) hnk&)boxplots for I GF1IR. The right wupp
strong | GF1R immunopositivity (at emPOOTmagbhoxkxpktatso
representative i mmuB)o,stBaOnli iammi D ©8 BA(Tal1lwE 1VRi(sgthal i zed
|l ower insert represents CD133 positive HEmJ9 cell s (]
g: genomi c DNA; K: control ;P:O:piODINR@B®Bo CpkG borl d cgwinruec |

The inclusion of picropodophydflriematied oeft |
l ed to a comparatively modd 3Kk ABBKNntdi on i n
MmTORenes. This reduction may have had an ir
MmTORas to be active if autophagy 1is 1inhibi
conducted. I n the K, Kg, and gP groups, th
|l evel s of miITO®RR, péarod pdeubtactpehda goyr ot ei ns, as WEe

of oph@mTORiI(gud e

28
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FI GURE 28 | WES Simple anallRsed udfi.esel[dtt6éd protein:

According to protein ebapcrteisns i(obna rv aglruaepsh snymm Gl ei znmeETdAOR ¢
(MTOR) protein actitvhiet iaeust o(pgartegyy) ,p raost ewed ,|( AAGGEB®H L 1, E
expressions (purple) were iOpfO6l &adion=8p.the gene e:
g: genomic DRA; pKcropotdophyl |l in
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4. 7 Transmission electron micros

In the cytoplasm of control, untreated, nm
vacuol es (AV) pwmex el Is)e,eenwh(i3ckhl s howed t he S
chl ortqeianhed conpodeled | )(,4NZI.ndi cating t he

macroautophagy. The incidence pafc eAMs) waansd
ODN2088 plarsiNéal K) compared to control cell s.
macroautophagy was observed upon incubation

the simultaneous admi ni stration of chl or oc
pcs/cell), antd)DFSUthéN2ppombted the presen
After the administration of fDNA (5K1.8 pc
AVs both appeared. The autophagy process wa
effect of ODN2O028pcasn/dc eflDNA ((f1I2:N 6 N1. 4 pcs/ c

However, the <cells disintegrated when adm
simultaneousl! y. After I pdechedtli)on tviet hc ethD N
chromatin condensation and bl ebbing, in add
chloroquine into mDNA (5N1.6 pcs/cell) 1ed

combi nati on o f mD (7KN1. 4 ponsd/ ctethé ) ac mipv @t
macroautophagy appeared to aid in the maint
of mO generated the fewest number of AVs (¢
was detected to a differenRguerxet E2n%t st nateasht

representative microstructur al alterations.
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s 74

Koo irn ) R, Lol

g

o -
R R

- 2 um

FI GURETR2&n¢$mi ssion el ectron microscopy results of H(
The representative i maglat énd gt i gdt ucredhlé s@hfd wgpdmm dionp

down: di sorganized nucleus with chromatin condensat
autophagic vacuoles with multivesicular body (scale
Arrows: autophagic vacuol es; MV B : mul tivesicul ar b
mi tochondri a; LD: lipid droplet
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4. 8 Transmission electron micros

Controtlr,eancend, met abol i calplcys )acetlsilivnei | AT 2 Y
chlorvgeianed coprtsrhaleddi(spNla.yed autophagic V;:
cytopl asm, indicating macroautophagy. The
pcs)hcebhtrol cells was higher as compared t

treated control cell s, pA\ss cwedrnec udbmlty osc ami tt d

resulted in the appearance opgcsa)cnedaded iond en
adimni stration of pODNeC®DIBI8 chloNdDgEi) ceall s®N1L. 5
favored the presence of i ntense autophagy,

along with chromatin condensation and bl el

picropodophyl I in and/ otrr eGaBDiNe2d0 88g n tsriomi | caell lys
|l ow number p¢s Ane Ig(AZN3iNBle IgIOP) . On the contr
treat ment caused an intpersd d bakmh grPo acuot nobpi hnaagt yi
resulted in the detection of mul tivesicul
autophagy was observed in each group of H
representative microstructural bleasgen t mge

Figure 30
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FI GURE 30 | Transmission elX ctmdahnbmitdad omsd@F@¥]result:
The representative i mageelatsedtsthughUurirgdtdmbhmeast bp
number of AVs iem) 8P Cl q rssgienldea thhaVvr i n2egnP CY ¢tias @er pami: z &d
nucl eus with chromatiem) Oofhehsavesncilsamldm)tdbywrin2gP
(p0G0.05; n=3) .

Arr ows: autophagic wvacuol es
mitochondri a

; MV B : multivesicul ar b

67



DOI:10.14753/SE.2024.3036

4.9 Semithin sections (HGFR stud

I n certain cases, semithin sections were
decrease in cell numbers f-DNAswangd/ or eahmeh
of TLRY9, HGFR, or autophagy was due to i |
prol inf earcattiivoi ty. When incubated with mDNAs,
proliferating cells was directly proportic

admi ni stration of gDNA with DISU and chl or
prol i feriatyi.veT hactciovmbi nati on of MDNA wi th

increased proliferRitgwred.axlt iAAi ty, as shown

9

\

"\t

. N\

L .

35 =V -
&H.lﬂ: \ﬁy‘

—

FI GURESBdns$ of proliferative activity in HT29 cells

I n case of gDNA, DitS@aamd, chlher ovqqunbree od cel | di vi
mDNA, ODN2088 and DI SU treatment, the proliferation
indicate cell divismne;00sO®dl;e nE8r represents 20

KAl ; gBNA f(ONA nINA GEPC (D (
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4. 10 Semithin sections (I GF1R st

I n order to ascertain whether the alterat:i
i nvol ving genomi c D NTAL Ré&®nG&F/,1oRr o r i nahu tba pphoa gy o
attributable to decreased prolifes#&tiinon ac
sections of specific cases were also analyz
correlation between the oaudthbeceodbf cplt bki Dét
admi nistration of gDNA wi th picropodophyl
excenpatliloy di mi ni shedFipguwr eCli22 aksitvatasct it hiatt y

proliferative activity was observed when g
picropodophyl |l in Combining gDNA wi th ODN?2
i ncreased proliferRitgwree€C.ax2 iAAi ty, as shown

» Ay

FI GURE 32 | Cell diinvilRelhg Ri7T&dHT29 cell s
AContretlr,eantoem cgebiNNAsat €éd cO)n:t rlodr geeerl Ilsumbler of cel |
samplre.ows i ndicate cell dimyi spiGoOn.sO;5;scna=I3e. bar repres
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5. DISCUSSION
5.1 The intercomedeatiedn aot opbRYgY
and HGFR signaling

Our aim was tiompdaectteram ndT2%hecel | viabilit
i nhibiting TLR9 signaling, autophagy, and/o
or modi fi eDdNAt U merat anelinft .

Initially, we evéd)NNancucetheTLRPasitgodl sedf

the survival of HT29 <cell s. 't i s establis
detected in human bl ood, uri ne, sal i va, a
fragmdan on of cf DNAs may encode i nformat.i
Concerning their source, cf DNAs can be <cl a
cf DNA sequences originate from cellular an

seqguences artd yproeodaminread from sources such
infectious agents,29%9bhk. embryo, and diet [ 28
TLRs are the innate i mmune system's recepto
exogenous and endoge-DblAs sspuctesall] 2m@8f i f iSc
fragment |l ength and methylation status) ha\
actvati onmedi atL&® signaling pathways [119, 29
The constitutive expression of TLR9 mRNA i
[ 294] . The expression of TLR9 mMRNA is mini
upregul ated throug-ODNnoubatuiribN/A wk 1 18%,2p9A ] .
Additioabhbbypbwerved that the expression of
cel |l popul ations that were exposed -to geno
DNAs, in comparison to the control group of
Aut ophagy can be induced in tumor cel |l I
mal i gnancies) in a manner depende®DNsn the
[167]. Gene expressi on -3pchhoasnpgheast ei nde gy gdrcec
( GAPDH) amMdicthenpond reactive oxygen speci ¢
bet ween TLRs an2d9 78U Ra@npdh aaguyt o[pzh%gy have seve
common, i ncluding their respective i mpact s

i nvol vement i nt hiennfaacei liimnautniiotny ,o f MHC <cl ass
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their interactions within endoRklo3okast hehe b
signaling, and the inhibitory effects of (
met hyl adenine, and bafilomycin A1) [167]. A
and the autophagy response has beetnhedemons
survival of HT29 cel-DNAtfr2a3d with modifi e
our research, t rDeNoA md rttes ewdi tHAT 2o cciefl il sd o

proliferation to varying degrees. It [

5

ression |l evels of al/|l genes t eisnt etdhevas

® O @

ression | evels of fragmented and hyper me

® T T QO

result of the inlvieRsO%t ggatedgcpapbwant der
h- apd o-saunrtvii v a | e £3f0e2c]t sand2 9t3h & 9&8ct i vati on

O T X X =

nw T -
—

i gnal i ng paNA waeyqg ubeyn cseesl fwi t h di stinct modi
all cases where cel IDNAwer e mthnRe®a ¢ e ahlgwn ¢ h

5

l ed to increased metabolic activity. Incuba
resulted in a reduction in <cell division,
marginally enhanced cel I TLRODYgNhAEFrAgi oevelh
nul lified tDMAItmpaxttmeordnt selAside from the r
signaling activati on, -+amed -dapndtp & oeesn tci agnk nbeex p r
hypothesized to be in the3Bb&a&¢kground of t hi

The subsequent procedures i nvol ved e xami
interacti oHGhRntTMeRsO gnhéi ng pathways on the
cells. There is a |l ack of information avail
activation of TLR2 and TLR5 in epithelial

phosphoryl ationobdfveBTKsn tthhaet garmoetihnvrepair
the epithelium. I n addition to all epider
member sstiTmuwR ati on can also activate other
Chemotacti TL-RIyD&#@lginadandg have the potenti al
sigmadul ated kinases (ERKs). Growth hor mone
can stimul at e RTKSL-NySh&®EEpPp EndahL-Kyah8d8 t h

i ndependent ERK activati doox o ml asmmhaospthmdgieis |
described [BOBBB® Gi cenct haTlcRRIMgoaénngopat hea
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the possibility of a moT leR&N BBGF Rd agmmad d tnigo n
pat hways cannot be ruled out.

Our findings -DMAlIitcrad &t mehnatt hsaesl fy D&&h dency
expression and that HGFR inhibition does n
found a corr eMyaD8iGwvrer éepg weseni on and i ncr e
proliferation. RecwynDi8 & leiskeiatr hap ovpglti et ®si n h
cell s Ruaisd [Eatkkway butNFaBtathwiwayt i 809] . A co
alteration i n t ke weaxp rmes dyd®i@ &d it th¢add s ppE e apop
I nduceds atoonrpye nc el | proliferation, which is
(e.g. ,3),asmpmays et herefore account for a porti

cel | proliferation [310].

Additionally, we investigat eld RROhNGFRnpact ¢
signaling on HT29 <cell proliferation and at
I's essential for maintaining homeostasis. I
i n human malignancies [311]. Besides growt
nutrient availability fluctuations have bee
was discovered thatLCB3uWCeqguh ad )y s msddifautHead Ry
mi grnataind i nvasion in HelLa cancer cell s in &

i nteract Her b gnwéemg and autophagy machiner
l i nes, recent research has revealed that

positively regulates the phosphorylation |
Furthermore, reaceagehetias shbwhbhi ti dktof bas
activation mediated by mTORC2 but has no d
Addi tiionahbg, been shown that autophagy r e

medi at es t he phosphoryl ati on of HGFR; t he
aut opdheafgiyci ent cell s was due to decreased m
Al'l types oDNAnotdrigddtemde nstesd fi ncreased autopha
was f DNA administration t hat specifically

di srupted due to the accumulation of p62 ar
of WDI&Snd DNA. I n contrast to DNA alone, the
antithetical to that of DNA in relation to

uncovered a multifaceted rec-mpsbeal ragsbat
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ki nases amrd saowtioapheadgypr ot édidinnst € g3rli3n .c oH GFcRa | ai
compartments t hBetc-lamedlL 8B iAtdidve i baral | vy, I n
HGF stimulation, a concentration of phosphc
i n endomembranes associated with autophagy
partially col-pcailtizee wpeéhi nclSIBraayr hvaevsei cd rne se
on its phosphorylation. This is because HG|
aut opchoangpyet ent conditions [280],-mewddi abheds p
accumul ation of autophagosomes occurs. As ¢
signaling platforms through which mTORC2 r e
The most significant i nhibition of cel |l ul
DI SU, and chloroquine wer e UTtA®IBiezr eedk pa cerscsu ror
was identified, wkiamh cMe®il gopBITA@EGeéd vi bynon

colon carcinoma celdbds psomoti end | lay edamged Lce

a constit (BtTIAWSItyanacti3vie ] . B aS Al Boinmutl haet sees f
cellul ar pbHoprbdovation.i s$Lalso stimulated b
i's advantSdadaeus vhoronLC3&xmv & s @eldy,upregul at
this cohort of HT2BCR®aBcltlisv.atT hoen trhiksé3sB oilnd tfh
upregul ation, a f aacptooprt ottdirect [ f3ulahd t.ri elgtu | iags en @ftr
t hat t heL C8fBMhe cstt opfpi ng cel | gr owtShTA@GB8er pow
expression on encouraging cel/l growth in tt
cell growth. Additionall yC3aBngd62betevesd 1t het
gbDC group. Thi s I mplies that autophagy dy
combined therapeutic interventions. Prol if
excessive a@dé@®multautmoorn coeflaract whi ezbdi by che
initiation and inhibition of apoptosis [ 31¢
t hat i n CRC patients,-lhkehaedpbhésidbbropdiash
proteins (which indicateteadnpwiitrlredt hatlbhehtag
These results indicate that i nhi biting aut
proliferation. It i s i mportant t o not e, f

documented chloroquine's wbthouy tahebi i ne
[ 3B3@2], mMdhehll®dr oquine we wutilized in this ¢
without i mpacting the Omrotlhifserbasiosn, oif t HIT¢

73



DOI:10.14753/SE.2024.3036

hypot hesize that t he concurrent admini str
chl oroquine contributed to the observed re

group.
I n gastric adenocarcinoma <cell s, it was
cytoprotective autophagy in response to HGF
autophagy inhibition can |l ead to a substant

demonstrated that the administration of HGF
autophagy induction as WlkeKanmddd ©ORt Wi dle phocyprh

in response to HGFR inhibitor treatment. Th
auglmagy NGRRTORL Khol ecul ar cascade. It i s n
i nhi bitors exhibited additional suppressi o
amplified cancer cells when autophagy was
medi ated autophagy aptpredaGFRTO®L WiEkea steaddieat ed
therefore, HGFR inhibitors combi ned wi t h

promising therapeaunpild fapppmr onaad h gfn@am cMets [ 2 4 (
Concurrent administration of MDNA, ODN2O08

degree of <cellular proliferation. Remar kab
canomiGERI gnal i ng pat hway expression- was r e
rel ated gene expression. |t has been showr

proliferation through -a26uni Geneéeifcedi meoabas
autophagy (BeglAmibr)a iln mi ce has been shown t
cellifeprmralti on [326]. 1t is not i mpossible to
of treatments used regul ated the autophagy.
Further more, wi t h respect t o t he genes t
oweexpression de€Chkhe¢fed-8WwdsApoblpaoosbé can be
CD9%5brough its Chynbhhereeerptormes, there h

i nto theCDRBild idgtyi mdl ate cell mi grati on, di f
[ 327] . It was discovereed tshatmulk GR R dt rcaern 4 a oot
in -aoal | cel |l l ung cancer [328}1 alXhbéree wiee n:
HGF&nEIGF[R2 3 6] . Il ntense proliferation in the

not only by &€DOGddBr dug i HBGIFRYfEKGHFRs sgnal i ng,
according to thesdlLROMAHGFBSI.g nBayl iinmgp epdaitnhgw ay
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autophagy, respecti-DNAy, emallidi ede tdenvel sl
antancer therapies. Further research shoul c

concurrently administering these compounds

ma el s.

I n the absence of stromal cell s, HT29 ce
extracell ul ar vesicle complexes resembling
research [329]. The wultrastructur al change:
poténtiina¥yol vement of aut ophacgeyl |i ndeeatthh eprr ocned
The cell populations in which MVBBeawlire i de
lanMdl 3gkenes. This 1 mplies that, subsequent
aultysosomal degradation may also occur Vi a
and multivesicular body pathways [ 330]. Th
compartment that facilitates the convergenc

[ 332] 33 There are numerous possible outcome

including extracellular release or | ysosomz:
autophagy are essenti al mechani sms for ent
cellul darashesmdg®B333]. Modul ating these functic

therapeutic targets.

5.2 The intercomedeatiedn aot opbRYgY
and | GF1R signaling

By analyzing the proliferation and metabol
sought to determine how inhibiti-darioved GF1
seDNA influences TLR9 signaling and autopha
I nitially, we assessed the impac®ODNAf TLR9

on the surwieddls ddfel yE2 @ Il nitiall-DNAwe eval
i nduced TLR9 signaling modul ation on the su
i n cancer di agnostics, cf DNA has t he pot

genometastasiettashwel mmasearesponse [ 334
pat hways through the interaction of c¢cf DNA w
or by increasing the transcriptional l evel s
observed pMidarme r DNA tahese biological effects
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I n relation to HT29 <cell proliferation and
treat ment , with or without ODN20 88, picrop
degrees of impact on cell survival . It S
reul ted in a reduction in the expression | e
of TLR9) . On the other hand, combining gDN
PC) resulted in an increase in gene-adxpres:
promoting and i nhi bi tionrduTleRSiexrntasl i mfg tplad h
[ 2933@20DN2088 inhibited TLR9 signaling, re
metabolic activity while not. sTge@atf memant Wy
gDNA exclusively |l ed to a significant redu

gDN-Areated cell s, ODN2088 exhi bprtoeldi fae rpartoipve
effect of gDNA. This phenmmenan tmhaey elxe e detstsri
of cmMiL®RiIigalal i ng molMARHK le3 KNbReB) ¢ lwlhd icimg may ha
significant functions [336].

The subsequent procedures involved exami:!
interplayl Gead RidkLeRS g heal i ng pat hways on the s
Il nhi bition of I GF1IR increased the metabolic
effect on proliferation, according to our

combination wie¢di Qen®) CedacddPCet | divisio
Conversely, gDNA cloGElamdéemR®I gnalnihngi (ede. |,
nul hgftyhe suppression of cell proliferation
i n t he cont ext of this =malitbéeed genheph aegxyl
downregul atBawaswhemuaas t o IBed oovweerreexxpprreessssieod
exer tasp ogpnttoit i ¢ smuPppaetseplvagyffects, as evi
number of cel | di vi sions and decreased | ev
addition to regulating progrdmemmedopaleht deat
2may pbs®ess oncogenic properties [337] by
promoti n@DNtndu€Ced TLR9 activation can 1inc

i ntestinal epithelial cell s [ 257Bcd Furthe
expressi drGFlakhd@d@ GFRat hways [ 337]. Based on
combination of gDNA and picropodophyllin w

B ¢4 Neverthel ess, the introducti oBgcdpf ODN 2 (
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i kel y t hrtoaulgkh Ime tDael®e8n/s EdGHFERGF 1 R/ EGR al i ng
pat hways [ 337, 338]. Therefore, the concurr
tumor o-DBA smh ¥y hparvoel idretriati ve (therapeutic)
concurrent i nhibition of TLRO may negat
Suppl ement &@r.y Figure 2

Additionally, we investigat ad ROmeGHInpact
signaling on HT29 <cell proliferation and &

decreased autophaggutamplhangitd geaftfealcttsheofpr DI

TLR9 signaling I nhibition. Il n contrast, c
I nhieldi pi cropodophyllin, resulting in an i n
Prior research has demonstrated that cell ul

ofPl 3K,/ Alkeading to a subAMBK/emI®DRD W4 Clg.ullatt i
observed that the administration of gDNA | e
resulting in a diminished capacity to inhib

Activation of the PIGKERAMARKI ghamuhgt epat hw
which are regulated by the phosphorylation
bi ndi ng [ 3PU13 K3p4&k]h.walyheact i vates the mTOR pa:
protein synthesis and cell pr aAMPHEet atwvi 6y v |
can be inhibited by I GF1R through the acti
i nhi bitorySuspiptteempB@da8@dy ( Regeme 2esearch h &

c

e

p i ropodso pauydad g eat .@a potent inducer of autoph
Th
treated cells I ed to inhibitory effects on
reduced quantity of AVs, deBRIp3Aked MPhdendr el at i

MTORene expression. On the other hand, phar

experimental findings revealed that the

in the accumul ation of AVs (compared to gP)
autophagic effect of the gP conmbutnaaghaqi.c C

flux [344], this occurrence is also rationa
It has been discovered that <chl or edquwigree i nt
autophagy and inducing apoptosis mediated

combi nat i on -aeuxthoipbhiatgeidc apnrtoiperti es, t he i nt
(eferred to as gPC) |l ed to a substanti al up
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proliferation. Based on these, we think tha
stop and start autophagy has a major i mpact
effects of P, o, and C treatmenbstlnalHdIRe®
and together, srheolwa ttehda ta ntdh eu nlr@H 1aR ed aut oph

"Jahasesed" effect on cel |ITPRWSIFiIBBREmalte owl,ar n
i nk.

We al so examined what -l ha&pep eprheeth ott oy pteh evhlTh2 ¢
and | GF1R were inhibited. Hi gh | evels of alt
were seen in the groups that were given inl
albs had -LCdDsli3t3i ve cel | s. THiFsh RN oows atuht atp hlalgy ¢
be therapeuticall yGFa&Rigihadti inge hadnhb aleapoe e n

cancer cel l proliferation and initiate can
[250, 346] . It has been | GE MBancsitlriattaetde s r eecpeint
mesenchymal transition and caAk[e347s,t34n8]cel
Mor eover, various cell types recognize aut
viability [ 349] . Wh e n |l GF1R i s i nhi bited,
concurrently, which may stimulate ©cell pr c
counteracts i ts own initial bi ol ogi cal ef

combi nat i oinnhoifbilt@FolnR-da nsdr ugpu ti ovpeh aaggye nt s has

i mpede autophagy, thereby impeding the pro
apoptosis [236]. The-paoouwtiaphag yHTR2r90 csetsesm icre | d
detected beebhlbse wehesecattered in the cel
di stinguished on TEM sections. The only inf

groups have an autophagy flux that promot es
Not withstandieng eslkeiaschfshoul d undoubtedly
autophagic fluxiwietkiehl 8ET29astempress CD13:
our experiments, it is Ilikely that autophac
and inhibitprevesedHt28noel | deat h.- Addi t i c
|l i ke HT29 cells that are positive for CD133
di scovered to promote the proliferation and
[ 63], p rpopwirdi nfgorsut hi s hypothesi s. This di
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confers a survival advant age, all owing col
i ndefinitely [351].

We investigated the correlation between a
to ultrastructur al alterations using TEM. \
were treated with gP. At | east thomenpaotent
The first I's that receptors (such as the r

recycled back to the plasma membrane via "

l umi nal acidification i ncreases dusi ng t h
bi ochemical composition alters. MVBs, or in
[ 34I8GFtRn be delivered for recycling at thi
containing MVBs are capable of fusing with
cargo as exosomes. Reports i ndicate t hat
[ 250, 347, 34&@cenfThiredlearch has shown that
rel easHngeMBBnal | extracellul ar vesicle comj
celThe. observed ultrastructur al changes i n
i nvol vement of autophagy in either cellul ar
gP cel |l group, which exhibited the presenc

demomnsat ed an upr egurlealtaitoend opfr o&a B¢ ok iheaxgpyr e s |
ATG16LICI3B i n compar-tseatéed tbertnoh cell s. B a

it is probable that autolysosomal degradat
amphi ¢ddmesugh the interplay between the aut
pat hways [ 350] . The amphisome serves as a
autophagic pathways [351,352], operating a

numer ous posesi bbe obuecaecmntents of amphi son
release or | ysosomal degradati on. Bot h exos
mechani sms for enhancing stress tol-erance

331, 353, 354 ]e.s eMofduunlcattiionngs tihn cancer cell s m

targets.
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6. CONCLUSIONS

I n conclusion, the purpose of this resear
seDNA treatments affected the survival and
t hrough t he I ntHGFcRa tl eGIFLILAR® i egrnpal laiyn go f and au:

i nhibition.

Concerning the HGFR inhibitory experiment !
of the DNA modification influences the red
TLR9 blocking, this effect hdMgDB&enessvense
was observed IDINAregspepansnente .sdIT29 cell prol
to be augmented in conj MydDt8i8cSn mwil taRBl tyhe cap
expression exhibited al Mgb8BiToesetonsi siant
wiht modi f-DNASs swa g abl e tda ndonbeditprapbbopéepa
compensating HT29 ©O®&IAl snodAlfli caor ma -apreseguf
rel ated gene expressionred®duSUngnaibetes ohe
hyperymathed DNAs, whereas fragmented DNA shc
significant i nhi bition of cellul ar prolife
chl oroquine were utilized c ArcSuwrary e nhta vye T
compensated!lfid=tribimeloapt i STABRBI Edretxprodssi on i
i nstance, suld@EeR®M h indye dtidaatte dt haeut ophagy proce
HGF-RTOBL Kmol ecul ar cascade. The maxi mum deg
was detected upon the simultaneous admini st
this case, we -rsealwa ttehda t g eanuetso pehradg-glamtomi cahon
HGF&i gnaling pathways were | ess expressed.

alterations perncwei deorf-diepehneode matweiXfduncti on of

HGFR inhibition on cell survival and prolif
Regarding the studies into the effects of
tumor o-D8lAsepfcropodophyl i n, HT29 <cell s, 0
metabol i c activity and prol i TlR&itgmal iing d
negatively i mpaXNA ttrheea teniefnetc tono fc eslell fpr ol i f
admi ni st &Filikmhi ®fi t or sdeandelNAmeelrxthi bi t s an
proliferative properties.TLHROwgwvalringowmmeaoeni Ir
this advantageous effect. It has been obse
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I nhi bitory and promoti onal factors in auta
i ntensity and bi ol ogi cal consequences. Th
ODN2O088, and chloroqui ne, either indi vi du:

prol oheraantdi aut ophagyl GFAARIsoatieat eld@Rd Y h en o n
associated autophagy -fmeEaccehd nemagt verxeni Wil t h ar €

i nfluence on cel |l prol RIGFrBRAM@INe c wlnaradldiin k &
Aut ophagyy iwaruicews bcombi nal@NA nasn do fi nthuinboirtoours
not be adequate to prevent the irreversible
the survival -pdosiceiviekiesnt ec@bDl &3 cell s, t her e
recurreneet olff caoonoar. We al so observed ul tr
the notion tH&GFILANOIG phagpy amdl uence cel |l S

in a -depeedent manner.

I nhibitors thadaLROGFBGFIRWY ophagyophagy si
combination would be instrumentattumor the

treatments. NonedXpressi,ndg uadlhler!l iTrheR® s houl
our current i nvestigatuiomesd w®Haddexamhak 1t ae¢g
effectBNAffrsedrhents that have been modified,
or methylation status may i mpact the result
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7. SUMMARY

SeeDNA nduced TLRY9 signaling and autophagy
cells were closely related, affecting celll
HGFRi nders autophagy and | gGrFdaRottievsatd wmlno rdercit
colorectal cancer devel opment and progress:i
i nhibition on autophagyHGHBRr GEXsXRBppr enes hod s
affEc R ut ophagy signaling in HT29 cancer CcE&€
suppr eddGFiBNIgGF 1 RpalctROut ophagy signaling in

examined how these components interact by
TLRY9, HGF R, | GF1R, and autophagy I nhi bi
i mmunocytochemistry, t ransmi ssploen aeuteocp hraogy

flux measurements were also examined.

I n HGFR inhibitorMy D8dsdass, p3gnwger mmomtuendd HHhAI c
gr owt h. l ncubDMNMAS omawi d & c sieddlec eadpo oppd mpd ss at o
gr owt h. HGFR inhibiti-oeduwdioncgk si mphaec tp roofl i @ ¢
hyper met hyl ated DNA, while fragmenRed DNA
i nhibitor, and genomic DNA dHGFWReEdBILIKE | east
mol ecul ar cascade may brmedimptl ¢éd ad Witdd3pBma HGFR

inhi 8TA®B®8lerexpression and-srtewar sagd nigt sacpnn @h

given together, hyper met hyl ated DNA, TLRO9,
proliferation #ld amesdt .geAetso pmag wnoonnviecnatli o n
HGFRignaling pathways were downregul at ed.

contdeypytendent effect of HGFR i nhibition an

prolifrerlaGFbR.i nhi bi-deoriyv-B8Asagitsfl It GMbOR i nhi
have-paraotiferatiTLRSipprealnitng@! i nhi bition rev
Picropodophyl I i n, ODN2088, and chloroquine
proliferation and autophagy. This suggests
faced" effects on cel whptokerféehayiang Hepkan
t o ItGFl RLDeNAF and inhibitors do not promote &
posi ti-lviekleO® mel | s survive. I n the developm
tumor therapies for colorectal cancer, the
OoHGF®&®t GF1Raut oph3apgk9 gamnad/ionrg woul d be i nstr
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11. SUPPLEMENTS

SUPPLEMENTARY |RABhBFetl genes with probe NSIL
experiments.

TLR9-signaling andNF-kbactivation: TLR9(Toll-like receptor 9; NM_017442.2:985),

MyD88 (Myeloid differentiation factor 88; NM_002468.3:2148RAK2 (Interleukin 1

receptor associated kinase 2; NM_001570.3:128RAF6 (Tumor necrosis factor

receptor associated factor 6; NM_145803.2:745), -WL1(Interleukin D;
NM_000576.2:840), IL8 (Interleukin 8; NM_000584.2:25\F-a ENuclear factora B ;
NM_003998.2:1675).

Extrinsic and irretlraitresdC DPdapmosp;t oNMs152876. 1.
CD9jlF-asgand; NM_0QyOt6o3cah(rdbM A B L 9 16adpRBLd) ,
(NM_00434&CaZpa(sied ) Q3 Th5pWSNM_032996) .

Anti -apoptotic and autophagy suppressor geneRI3KCA(Phosphoinositide-Rinase;
NM_006218.2:2445) Akt (Ak strain transforming; NM_001014432.1:12750TOR
(Mechanistic/mammalian target of rapamycin; NM_004958.3:18&%);2 (B-cell

lymphoma 2; NM_000657.2:5).

Pro-apoptotic and autophagy activator genesMAPK (Mitogenactivated protein

kinase; NM_002755.2:970\MPK (AMP-activated protein kinase; NM_006251.5:366),

Bax(BCL2 associated X; NM_138761.3:342).

AutophagBegkimMM :00376ATQGL@IAD) pphagy rel ated
1; NM_0179MAPBLECA&BS6) pasusbaudieat ed proteins 1A
3B; NM_02281U8L.KAI{ WdAS5) | i ke autophagy act i\
NM_ _003565AmMb-#&EHQL i vati nd@e ol egwll &t eidn aut oph
NM_017749) .

c-Met/HGFR and c-Met canonical and nonrcanonical signaling pathways:HGFR
(NM_001127500.1:1925R13KCA (see above)STAT3(Signal transducer and activator

of transcription 3; NM_003150.3:206@P95(see above).

| GFBRgnal i nd GFEdtRmwlaiyykien gr owt h factor 1 rece
MAPKMi t-agéenvated protein kRINAKaBpspPpMoDABAZTDEDBI
3ki nase; NM_0@A&RAIB .2t r2adidrb )t;r ansf or mi ng; N M
HT29 cancer -rceelldt edtDehfess:.sO06017) .
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RABT7A

(NM_004637.5:277),

REEPS

devi ati on
DNA; K:

SUPPLEMENTARY [SABRlnEaz2z d devaofatt loem Tecgmdn sf ol d

studis@s

The table displays the re(lmid®E.do5s;t amda).d

g/ f/ m: genomic/ fragmented/ hypermethyl ated

DI SU; C chl oroquine
SD values | TLR9 | mTOR | ATGI16L1 | LC3B | BECN1 | HGFR |PI3KCA | STAT3 | CD95
K 0.12 | 0.23 0.18 0.24 0.29 0.16 0.13 022 | 0.28
Kg 0.13 0.22 0.19 0.34 0.19 0.24 0.19 0.18 0.17
Kf 0.22 | 0.22 0.25 0.19 0.31 0.21 0.24 0.18 | 0.25
Km 0.21 0.27 0.28 0.29 0.32 0.28 0.21 0.27 0.28
g0 0.27 | 0.29 0.29 0.21 0.27 0.21 0.27 032 | 0.29
gD 0.18 | 0.21 0.24 0.19 031 0.19 0.18 021 | 0.24
gC 0.32 | 0.29 0.32 0.24 0.25 0.22 0.32 029 | 032
g0D 0.12 | 0.23 0.18 0.37 0.29 0.16 0.12 023 | 0.18
g0C 0.19 | 0.21 0.19 0.34 0.19 0.24 0.29 0.19 | 0.19
gDC 0.22 | 0.15 0.25 0.19 0.31 0.21 0.22 032 | 0.23
foO 0.21 0.27 0.28 0.29 0.22 0.28 0.21 0.27 0.28
fD 0.27 | 0,29 0.29 021 0.27 0.21 0.27 029 | 0.29
fC 0.18 0.21 0.24 0.19 0.31 0.19 0.18 0.21 0.24
foOD 0.32 | 0.29 0.32 0.34 0.25 0.22 0.32 029 | 032
fOC 0.12 0.23 0.18 0.24 0.39 0.16 0.12 0.23 0.18
fDC 0.19 | 0.19 0.19 0.34 0.19 0.24 0.19 0.19 | 0.19
mO 0.22 0.22 0.25 0.19 0.31 0.21 0.23 0.22 0.25
mD 0.21 | 027 0.28 0.36 0.32 0.28 0.21 027 | 0.28
mC 0.27 | 0.29 0.29 021 0.37 0.29 0.27 029 | 0.19
mOD 0.28 | 0.31 0.24 0.19 0.31 0.19 0.18 024 | 0.24
mOC 0.32 | 0.29 0.32 0.24 0.25 0.22 0.32 029 | 032
mDC 0.12 | 0.25 0.18 0.24 0.29 0.16 0.14 023 | 0.18
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SUPPLEMENTARY |BABIE a3 d devafattitopem Teaegmdn sf dRd change
studizés
The table indicates(pgh®. D; vmtd)es in each case
g: genomic DNA; K: control; micrOONeDB@h \CtphGi oorl d qgwinruec |
SD values mTOR ATG16L1 LC3B BECNI IGFIR TLRY
K 0.12 0.23 0.18 0.24 0.29 0.16
gOP 0.19 0.19 0.19 0.34 0.19 0.24
gP 0.22 0.22 0.25 0.19 0.31 0.21
Kg 0.21 0.27 0.28 0.29 0.32 0.28
gC 0.27 0.29 0.29 0.21 0.27 0.21
g0 0.18 0.21 0.24 0.19 0.31 0.19
| gPC 0.32 0.29 0.32 0.24 0.25 0.22

SUPPLEMENTARY 1fRe&dJaREdi ng i mmunocytochemistries, the
test and t kWweal adjsusotfedt hpge compari sons of each treatr
represents stati7spti cal significance) [ 2
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=
)

v
Cell proliferation T N Apoptosis J 4  Autophagy N
SUPPLEMENTARY ZF||l GHREot hesi zed mol ecul ar l'inks conncé
signaling to autophagy and celfbp proliferation in HT:

TLR9 binding of gDNA through | GF1 and | GF1R activat
ODN and PPP may inhibit this, but the -aothibatioory. ef
|l GF1R activation via the PY3KVfAKtt pashway oafhedthes

pat hway, it is a stimulant. | f it is through the m
Similarly, |1 GF1R i nBickpbBaxapoptt @3$ ins -BvaiBir ¢ tr2te ep 4t khttwex yE r k
tends Iteot estiitmu The f i naldeefefnedcetnst .ar e al ways context
Red l i nes: inhibitory -BMAectT,LRYDN&olrlgeapmorc 8 pl f(
oligodeoxynucl eic ddikee 0 &8vt hl GRl:tl dirkneslud ri lo@kE hR:f aicn ®
receptor ; EGFR: epi der mal gr owtihn; f aBeetlladr: IrBencpehpd noar ; 2 ;

MAPKni t ogemni vat ed pr opheismp hloii mkoiseatside;le3Bkt : Ak strain
Bax: BCL2 associ atcdgd vX;t eAAIMBPK: otANmhm kinase; mTOR: mam
mTORC1/ 2: MTOR complex 1/2ecgbBRHEKsedektnaseb!l ulATIG16L ¢
Rel ated 16 Li-&kses olci aBtaedd &BgCdmi st of <cell death
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