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circRNAs

Circular RNAs — characteristics

- RNA single-stranded molecule,
covalently closed, forming a loop
structure

back-splicing canonical splicing

CircRNAs are synthesized by back- Q\

splicing = covalent interaction ' 4 \ R T—— —
between 3’ and 5’ splice sites g @
. o

-0~
Highly stable structure due to the < >
lack of 3’ and 5’ free ends = no
ribonuclease degradation



circRNAs

Circular RNAs - back splicing

Back-splicing — alternative splicing process in which the donor splice site at
the 5’ end covalently binds to the acceptor splice site at the 3’ end

Two models are proposed:

A Direct back-splicing B Lariat intermediate




circRNAs

Circular RNAs - localization

* They are located both in the nucleus and cytoplasm ///,s L
e
* Tissue-specific expression pattern DK
. MVB Biggenes&' mANA
* They can be secreted by cells in exosomes ——  “™" Pt st L

IncRNA <
Heat Shock Proteins
Hsp70, Hsp90
Cytoskeletal Proteins A
} Actin, Tubulin, "~ ¢ Adhesion molecules
imentin oy Integrins, ICAM-1, CD146

Vimentir
Membrane trafficking g

Cell-to-cell communication, all Ras, s M
types of cells can generate Tetraspanins
exosomes and all types of cells  Vesicles with phospholipid bilayer [Boussios et al., 2023]
can receive them Dimension: 30-150 nm
Localization: plasma and also in
any body fluids

Content: proteins, growth factors,
lipids, nucleic acids and ncRNAs



circRNAs

CircRNAs regulate gene expression

%iRNA sponges C. Protein interactome \
miRNAs
|
circRNAs

[ 1
SYNYIW

A. mMmIRNA sponges

circRNAs

miRNAs

B. Regulation of transcription
and translation

SYNy1w
b ¢ g
o
s .

B. Transcriptional regulator D. Translation of circRNAs

C. Protein sponges
. ORF-containing circRNAs

O

Exon 1 |- Exon 2 | Exon 3 |- circRNAs

Protein
peBPPEEbpg,  opoP
circRNAs

Promoter region Ribosome /

[Zhang et al., 2023]




circRNAs

A. mIRNA sponges

CircRNAs can behave as miRNAs sponges,
limiting their action in transcriptional and
post-transcriptional gene expression

Mechanism: circRNA = binds to miRNA =
miRNA cannot bind to target mMRNA -
increase of protein production

Examples:

* circSHKBP1 in CRC - binds to miR-328-
5p = increase of E2F1 (de-repression)

* circPACRGL in CRC - promotes cell
proliferation, migration and invasion

Normal
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circRNAs

B. Regulation of transcription and translation

Regulation of gene transcription by interacting with RNA polymerase Il

 circEIFJ3 and circPAIP2 promotes the transcription of their own gene by

interacting with U1 and RNA pol

D

Others example: &
Exon 1

Exon 2

- Exon 3 p=

* circLPAR1 - anti-tumorigenesis action by
interacting with elF3h and inhibiting the
interaction with METTL3

* circVAMP3 - suppression of tumor
growth by reducing the protein levels of
MYC

Promoter region

[Zhang et al., 2023]



circRNAs

C. Protein decoys

RBP binding sites > RNA:protein complexes
* Diverse effects

Ubiquitin-mediated degradation: circRHOBTB3 and HUR complex - metastasis
suppression

Inhibition of function: circPABPN1 and
HuR inhibition = reduced autophagy (IBD)

* Enhancing interaction: ternary complex
circFOXO3-CDK2-p21 - block of cell
cycle

[Chen etal., 2021] 9



circRNAs

D. ORF-containing circRNAs

* Some circRNAs are coding for proteins ey

;\ </ Oxaliplatin-resistant

. . ./ ce OA" l. l i
- Tumour suppressing property: circPLCE-411 / o~ KEsfne:
protein inhibits CRC proliferation and metastasis = |

« Oncogenic role: exosomal CircATG4B and Q
oxaliplatin resistance ,\_’/ o Vs ~

e — & b
S s =B ETTL ATG4B TMED10 eage deti AGY
busnu L3 ATG T autophagy
\ — ALY
oy ___gmm ATG4B Ve
¥ m— w6 & T B
CRC cell Nucleus

llimasplldnn 1tncl:-cplk;inm [Pan et al., 2022]
— — Q/"L‘\,
P 6Um |\]\’_//| Nucleus
e awresn © Translation 1. IRES-dependent 2. IRES-independent
- E 8o » msA epigenetic modification: YTHDF3 (reader) modulates

. > circZNF609 translation > myoblast proliferation

o candl 10

CAP-ndependent translation

[Di Timoteo etal., 2020]



circRNAs

CircRNAs dysregulation

* Controlled levels > physiological roles

* Dysregulation = Cardiovascular and neurological disorders; cancer

* Cancer type-specific dysregulation @) @
circNSUN2 QYTHDm G\ea‘
Hypothesis: \6
o®
* Chromosomal aberrations: fusion circRNAs (ex: @\
FcircSR1-2 in NSCL carcinoma)
* Exocytosis: exosomal circRNAs e SNS= N e

* m%A modification: circRNAs degradation,
expression, transport

* Super Enhancers control

ADAR1 as negative regulator of circRNA biogenesis [Chlenn_‘eta,, 2019] | 1



Experimental results

Discussion

Conclusions

CircRNAs relevance in CRC

Up

circFMN2;
circ_0136666;
circ_0004277;
circ_0053277;
circLgr4;
circHIPKS3;
circAPLP2.

Down

circlTGA7;
circ_000936;
circ_0000523;
circ_0137008;
circDDX17;
CircZFR;
circSMADY.

ciRS-7;
circ_101555;
circBANP;
circ_0071589;
circPPP1R1;
circPRMTS
circPTK2

Down

circFBXW7;
circ_0021977,
circDDX17;
circ_0002138;
circ_0026344;
circMTO
cirlTCH

Blood Exosomes
Up Up
circVAPA; circlFT80;
circ_100085; circ_0000338;
circ_0007534; ciRS-122;
circ_0082182; GircPACRGL:
circCAMSAP1; e
circ_0000370; . ’
circ_0004585. Loz
Down ——
circCCDCE6;
circ_0035445; circABCC1;
circ_0001649; circ_0004771;
circABCC1; circPNN;
circZNF609; circ-FBXW7;
circSTIL;

—

[Zhang et al., 2023]
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circRNAs

CircRNAs in the clinics

<\

Stable
Highly cancer type-specific

N X

and tissues

NN X

Easily detectable (QRT-PCR or
microarray)

Present and abundant in body fluids

Inexpensive and non-invasive analysis

High specificity and sensitivity (some)

@
Plasm / Serum Microarray
Urine Thoracoabdominal RNA sequencing qPCR
fluid
==1] ’ X
Paiadl Circpy .
[r— e_“\( '1/4 iv e
\ ==

o —
¥ %,
§ i % n
Cerebrospinal fluid  Saliva ‘S : )

Exosomal
RISC RNase H ;oi circRNAS : - ? ROC §gt:ve
i % gy & 17
sena, JERSOL TR, e
Qies  CW Diagnostic biomarker
Cas13a, SgDNA Overexpression KM syl aive

_‘_h.;_--,:'zl\—' 4 T Alu

-~ —g 2 High Risk Scor
e Rk a ‘:
B '
An'f‘ & » é S v ﬁ Time
ificial synthesis §. é - Prognostic
6 Nanoparticle = | biomarker

O Stage | Stage 2 Stage §

Progression
biomarker

||||||

[Wang et al,. 2024] 13



circRNAs

CircRNAs in the clinics

| Useful as:
.& - —[ Distinguishing benign ] . . .
N * = * Diagnostic biomarker: aberrant
expression > clinical
] N implications
o— e, [;‘;’;‘;;,:jf;‘;j‘;;w]  Key players in many cancer
signalling pathways - targets
... for RNA therapeutics
i aingie * Prognostic biomarker:

during treatment

S——% | Monitoring CRC progression; C h e m O reS i Sta n C e a n d
Evaluating the prognosis in CRC patients .
metastasis

Total RNA isolation
and extraction [Monitorinq treatment effects;

Blood Serum Urine
Detecting of the types and levels of

blood, serum, and urine circRNAs. [Zhang et 8[., 2023] 14



CircLPAR1: experimental results



Experimental results

Zheng et al. Molecular Cancer (2022) 21:49 M 0 | ecu |a r Ca ncer

https://doi.org/10.1186/512943-021-01471-y

RESEARCH Open Access
q

Exosomal circLPAR1 functions in colorectal =

cancer diagnosis and tumorigenesis
through suppressing BRD4 via METTL3-elF3h

Interaction

Rui Zheng'#T, Ke Zhang®', Shanyue Tan*', Fang Gao**, Yajie Zhang>*®, Wenxia Xu’, Huabin Wang’,
Dongying Gu®, Lingjun Zhu?, Shuwei Li'?, Haiyan Chu'#, Zhengdong Zhang'#, Lingxiang Liu*",
Mulong Du"?" and Meilin Wang'#'%'"
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Experimental results

Principal aims

Diagnostic evaluation and clinical perspective - identify and evaluate
the diagnostic potential of exosomal circLPAR1 for colorectal cancer
(CRC) diagnosis

Functional role in tumorigenesis - the role of circLPAR1 in
suppressing the CRC tumor growth in vitro and in vivo

Elucidation for molecular mechanism - the way that circLPAR1 acts
inside the cells

17



Experimental results

Key points of experimental results

Introduction
circRNAs identification in colorectal cancer
circLPAR1 characterization

circLPAR1 as biomarker

Influence of circLPAR1 on cellular phenotypes in vitro
circLPAR1 interactions

Influence of circLPAR1 on cellular phenotypes in vivo

18



Experimental results

Key points of experimental results

Introduction

19



Experimental results

Colorectal cancer and circRNAs

Estimated number of prevalent cases (1-year), Both sexes, in 2022

Colorectal cancer (CRC): s
* |Isthe second leading cause o

of cancer-related deaths

worldwide | Sotorecam
* 900.000 deaths in 2022
* 1.9 million new cases o

et
Early detection and diagnosis 5
and goran e St o

novel biomarkers

- Exosomal circLPAR1 as a diagnostic tool and possible biomarker for
colorectal cancer -



Experimental results

Colorectal cancer and circRNAs

Samples that were considered:
* Cancer free controls

* Pre-cancer individuals Long-term follow-up
» Colorectal cancer patients + normal adjacent tissues (NATs) clinical cohort

In every condition = corresponding tumour, normal tissues and peripheral
blood were considered

21



Experimental results

Key points of experimental results

circRNAs identification in colorectal cancer

22



circRNAs

Experimental results Discussion

Conclusions

Candidate circRNAs identification

1. rRNA depletion and total RNA Seq: Tumour
vs Normal Adjacent Tissues (NATs) (n=52) a b .8 3

2. Find_Circ and CIRI2 algorithms: de novo
circRNAs identification - based on Back-
Splicing Junctions (BSJ) pairing

Number of circRNA

Length range of circRNA
6,009

S O S O OO D
" " O N " N

(6)]
Yo

circtiNA

junction

circt(NA

junction

[Jia Gy. etal., 2019]

[14 221 circRNAs identified]

Genomic regions
B Exon

0 Intergenic_region 23
0 Intron



Experimental results

Downregulated circRNAs in CRC

10.04

3. circRNAs with stable expression discarded

4. Filter criteria: fold change =|2| and P <0,005 751
5. Focus on downregulated circRNAs E
5 circRNAs significantly downregulated <
6. Annotation in ExoRBase - circRNAs presentin |
exosomes
Tumor Normal 0.0

hsa_circ_0019223

|| (hsa_circ_0007379 .
' || nsa_circ_0077837 * hsa_circ_

hsa_circ_0007379; @ Significance

No significance

hsa_circ_0087960'

@
® !
hsa_circ_0077837.

hsa_circ_0019223 |

X ;
®.,  hsa_circ_0109301

3 2 1 0 1

Lngz-(FoId Change)

0087960 (circLPAR1)

hsa_circ_0087960 j«—— jdentified among the exosomal

| || hsa_circ_0109301 .
l >a-Ee- circRNAs

al
il |
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circRNAs _ Discussion Conclusions
Cell line validation

DLD1: human colorectal
adenocarcinoma cell line from large

High Density saeBar=100m - intestine MSH6 deficient High Density Scale eam
FHC: human adherent cell HCT-116: adherent cell line from
line from the large intestine of colon cancer, MLH1/MSH3

a healthy donor deficient 29



Experimental results

Divergent primer Divergent primer

Cell line validation: CRC (HCT116 and DLD1)vs e
healthy cells (FHC) / o
1. RNAse R digestion of linear mRNAs - ~—

circularity confirmed | ~\ % et -
2. RT-gPCR with divergent primers = differential ‘ o) PR — R

000000

expression in cells
[Kalwan et al., 2022]

hsa circ 0087960

s 0.008 E
CircLPAR1 is the onlyoone significantly g ﬁ 0.006-
downregulated in CRC cells ¢
2 o 0.004
-
Z £ 0.002- .
s U Normalized to
LTl -1 GADPH cDNA
{-i."‘c' dq.hhﬁ ﬂ\‘.h 26



Experimental results

Exosomes purification

=
5

FHC-Exos HCT116-Exos DLD1-Exos

=
L

=
iy

&S

—_—

0.04+

0.02- Normalized to
00010 -_-_ GADPH cDNA

Relative expression of
circLPARA
]

g.;ipd’ i;l-ﬁ& 'E..ﬁf!'
qég" ',,,:-.i"‘h c}?\
Scale bar 100 nm -.zF’

1.

ok~ LN

Exosome isolation from culture medium - centrifugation at low speeds
and purification

Nanoflow cytometry and TEM - exosome size and shape characterization
Western Blot - exosome-specific markers Alix and TSG101

RT-gPCR -2 circLPAR1 relative expression

Exosome secretion inhibitor GW4869 - less circLPAR1 in culture medium

27



Experimental results

Key points of experimental results

circLPAR1 characterization

28



Experimental results

CircLPAR1 characteristics

circLPAR1: 226 bases long with head to tail back splice junction site,
circularization of exon 3 and exon 4 of the LPAR1 gene (chr9)

q31.3
chro (= T ENE BW 0 19 3012 5 N e . - e .
Exon 1Exon 2 EI_E;(-O-E 3 Exon Ei Exon 5 Exon 6
]
LPART ] +——{H— I
| 226bp
CAGAGGTGGACG AGCCCCAGTTCAC
— ECTTE | —
Back-splicing //’ So Junction site
N
A N ‘,/ \\ l
AGCCCCcAGGTGGACGT

29



Experimental results

CircLPAR1 characteristics

Stability: circLPAR1 is more stable than the
linear transcript =2 treatment with actinomycin D

Resistance to digestion: circLPAR1 resistant to

RNase R digestion compared to the linear
transcript

RNase R -

LPAR1

circLPAR1

+
%
>
2
-

LHVdT12410

LHVdT410 g

Bl RNase R- B8 RNase R+

| —

0.0

I 1
0.5 1.0
Relative expression

1.5

30



Experimental results

CircLPAR1 characteristics

FISH assay using colorectal and NATs samples > circLPAR1 is expressed at

lower levels in colorectal tumor cells than in NATs

- circLPAR1 is present in the cytoplasm

circLPAR1

Relative expression of

circLPAR1 (log10)

10° -
108 -
107 -
106 -
105 -
104 -
10° -
102 -

10°

L]
Tumor

T
Normal

31



Experimental results

CircLPAR1 characteristics

— Colorectal cancer patients with high circLPAR1 level exhibited significantly
better overall survival than those with low circLPAR1 level

Overall

100+ -+ Low circLPAR1
Tg 80- -+ High circLPAR1
<
= 60-
)
§ 40-
o 204 HR=0.46 (0.24-0.87)
o
P=0.017
0 L) 1 1
0 50 100 150

Months

32



Experimental results

Key points of experimental results

circLPAR1 as biomarker

33



Experimental results

How to assess circLPAR1 diagnostic
potential?

Specificity Sensitivity
Ability to distinguish ALL healthy Ability to find ALL patients with cancer
individuals
Quick Review of Specificity Quick Review of Sensitivity
A specific test does a great job of identifying A sensitive test does a great job of finding
the healthy, so you have many true disease when present, so you have many true
negatives and few false positives (red circle). positives and few false negatwes (red circle).

[Tigges S., 2021] -



Experimental results

CircLPAR1 as CRC biomarker?

\/H|ghly Stable 5 « 1.57- Control w3 P=0.001
g % == Polyps S |<zt
v'Decreasing levels: Healthy>Polyps>CRC 25 |7 “ 'Eka
o= e s
v'Increasing post tumour resection %.—E X5 1
. . 2805 —me——— 25§ Wi
v'Found in exosomes - easily g8 — e 8 Do
° Q o %
accessible € 2 g . e |
0 2 4 8 R R
- v P < 0.001 Cycles ¢ Q°9\
o g P <0.001! Freeze and thaw cycles
S 3 P = 0.030
@36 : .
25 I v'Specific for CRC
5T 4 P T . . . .
o5 | 3 ; CircLPAR1 levels in patients with other
= 0 a5 e . epe .
L ¥ 2 % ]I_ N.S cancer types significantly different and
m ) [ ]
® " ol F o o e lower than CRC ones
& E L FFEFP
ﬁdsﬂ- & ¢ F o & & %



Experimental results

CircLPAR1 vs adopted CRC biomarkers

1.0

* Receiver Operating Characteristics (ROC) curve
- diagnostic marker performance

«  AUC= Area Under the Curve > accuracy ofa £ ¢
diagnostic test 2
. . . 804 — CEA
* CEA and CA19-9 widely used for CRC diagnosis CA19:9
' - @xosomal circLPAR1
o ; _ 0.2 1 i | circLPAR1+CEA
Exosomal circLPAR1 AUC > CEA/C19-9 AUC R A
exosomal circLPAR1+CEA+CA19-9
0'oo.o 02 04 0.6 08 1.0
1-Specificity
circLPAR1 alone orin combination is a . o.708 |
specific CRC diagnostic biomarker exosomal circLPAR( 0.858
exosomal circLPAR1+CEA 0.877
exosomal circLPAR1+CA19-9 0.859

exosomal circLPAR1+CEA+CA19-9 0.875 ]

[ SPECIFICITY: 76,30% J . —

SENSITIVITY: 87,30% 00 02 04 06 08 10

AUC 36




Experimental results

Key points of experimental results

Influence of circLPAR1 on cellular phenotypes in vitro

37



Experimental results

CircLPAR1 influence on tumor cell phenotype

Exploration of biological function of exosomal circLPAR1 in colorectal
tumorigenesis

Fluorescent microscopy with PKH67 fluorescent dye:
Group treated with exosomes — presence of the dye in the cytoplasm of cells

Group thatis not treated with exosomes — no dye present in the cytoplasm
DAPI PKH67 Merge

- Exosomes are rapidly adsorbed by
tumor cells

Addition of cytochalasin D = elimination
of the uptake process

38

Scale bar 25 pm



Experimental results

CircLPAR1 influence on tumor cell phenotype

circLPAR1 gene cloned in pLC5-circR expression vector and pLC5 vector was
used as the control (hon-coding vector)

Elements in the vector for circular RNAs production:
* Sequence of circLPAR1 (exon 3 and 4)

* Splice sites recognized by the
spliceosome (GT and AG)

« Complementary introns that a— — e SR (— —

owverexpression constrnuct on vector genome

Contaln repeated SequenCeS SUCh H"'II'ISEI"IFHI{:-I"I [e.g. plasmid, AAV vector, adenaviral vector)

C :
backsplicing

facilitated by inverted flanking repeats
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Experimental results

CircLPAR1 influence on tumor cell phenotype

Transfection of colorectal cancer cells:

circLPAR1-Exos - HCT116 and DLD1 transfected with vector that encodes
for circLPAR1

NC-Exos - HCT116 and DLD1 transfected with non-coding vector

- The exosomes produced by these cells are isolated

HCT116 and DLD1 incubated with these exosomes

- increase of circLPAR1 levels in circLPAR1-Exos group

40



Experimental results

CircLPAR1 influence on tumor cell phenotype

— increase of circLPAR1 levels in circLPAR1-Exos group

HCT116 DLD1
0.0015- 0.25+

0.20 :
0.15-
0.0010- 0.104
0.05+
0.0015 T
0.0005- > S 0.0010
0.0005-
0.0000- 0.0000-

Relative expression of
circLPAR1

Relative expression of
circLPAR1

] & d 2
& & & K
0‘ QL\ 0' Q.\'
N, TN
Y &

Suppression of proliferation, colony formation, invasion and migration of
colorectal cancer cells

41



Experimental results

CircLPAR1 influence on tumor cell phenotype

- Suppression of proliferation, colony formation, invasion and migration
of colorectal cancer cells

* Proliferation — CCK-8 assay
* Colony formation — colony formation
assay
* |nvasion and migration — transwell
assay
Colony formation 350 Bm NC-Exos
: ; w 300 @ circLPAR1-Exos
§ 2504 = Invasion
S 2004
g 150+
§ 100+ ) igration
Z 50+ ’_\ oret
NC:ngos circLPA§1-Exos v HCT116 DLD1

e

2.0

- -
o o
i 1

Absorbance (OD)
o
‘:’

o
=)

HCT116
-+~ NC-Exos
-+ circLPAR1-Exos

NC-Exos

24 48
Time (hours)

12

DLD1

circLPAR1-Exos

a3

Number of cells

DLD1
1.59 ~=~ NC-Exos
- -+ circLPAR1-Exos
o
v 9
= 1.01 ]
o
c
©
-
9 0.57
Q
<
LS o-o Ll Ll L L\J
72 12 24 48 72
Time (hours)
250+ @8 NC-Exos
B circLPAR1-Exos
2004 *
i —*
150+
100+
504

Invasion

Migration
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Experimental results

CircLPAR1 influence on tumor cell phenotype

—> Same result by direct overexpression of circLPAR1

Proliferation
HCT116 DLD1
159 «= NC 1.09 - NC
12 == circLPAR1 over ~= circLPAR1 over
3 ' P~ ~ 0.84
5 - . 8. 1.04 Je 8_,
E g 00020 é é 0.64 .
$3 ooo1s . 8 2 il
.g 0.0010 3 0.51 -
g 0.0003 < 5
z ooooz 0.21
o 000
0.0000 0.0 T r r T 0.0 T N T v
HCT116 12 24 48 T2 12 24 43 72
Time (hours) Time (hours)
Colony formation Migration
DLD1 igrati
Migration 700~ =8 NC
. == circLPAR1 over
i \ DT A : ! 600+
. o
HCT116 .~ 5004 .
4 o § 3004
: " DLD1 ‘._f X i
NC  circLPAR1 over oo ST
- CircLPAR1 over NC  CircLPAR1 over 0 pe- it




Experimental results

Key points of experimental results

circLPAR1 interactions
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Experimental results

CircLPAR1 and RBPs interaction
/ circLPAR1-MS2 circLPAR1-MS2 \

MS2 tag +MS2-CP

back splucue elute
circLPAR1 vector o

@4@\\rf° f

\ RBPs MS2-CP-Flag Flag-antibody Mass spectrometry /

'l

Pull down assay:

* Co-transfection of HCT116 —two vectors used circLPAR1-MS2 and MS2-CP-

flag, respectively labelled with green and red fluorescent proteins
* Pull down assay with anti-flag antibody s s TS5 m-Cherry

* Control of the results — RT-gPCR and WB to confirm

the captured products /
* Mass spectrometry —to identify the RBPs that UIGERARLNSTE: GholeARTMad MS2-CP

interact with circLPAR1 Scale bar 50 pm
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Experimental results

CircLPAR1 and RBPs interaction

* Mass spectrometry 2 23 RBPs candidate interact with circLPAR1

* Differential expression analysis of these RBPs in colorectal tumors and NATs

- 12 are upregulated, 3 are downregulated in tumor samples

* 6 candidates are selected based on Spearman's
statistical correlation (P<0,05)

Binding capacity of the candidates = catRAPID

elF3h has the strongest binding capacity with
circLPAR1

-

14
S X2 IT <o mmm"’;’ég
zc’?‘g;SUJm_lmmmmgi-Io'd
Qi Layuooz2ok PO X gt
=S X ovwonotodTzZzL =T wn< = a5

MGN2 100 066 o.
RL27A ‘ 1.00 0.74 -0.38 0.60 0.66 0.48 0.66 -0.26 0.78 0.54 0.69 -0.41 0.13 0.12 -0.43
SF3A3 .. 1.00 -0.40 0.83 0.76 0.83 0.72 -0.40 0.86 0.70 0.83 -0.52 0.26 0.23 -0.39
SPT4H . 1.00 -0.43 -0.22 -0.25 ~0.18 0.26 -0.44 -0.17 =0.13 -0.21 -0.34 0.15 0.37
IF4E2 .. . . 1.00 0.64 071 0.65 -0.39 0.80 0.58 0.69 -0.51 0.21 0.20 -0.34
elF3h ’ . . ‘ 1.00 0.67 050 -0.17 0.69 0.77 0.74 -0.59 -0.02 0.22 -0.34
NOL6 . . . . . 1.00 0.63 -0.39 0.73 0.59 0.74 -0.49 0.18 0.15 -0.30
FUS . . . ‘ . . 1.00 -0.43 0.62 0.35 0.81 -0.42 0.10 0.04 -0.29
MVP [ . 1.00 -0.35 -0.02 -0.33 ~0.09 -0.30 -0.23 0.27
RS3 ... . ‘ . . . 1.00 072 0.76 -0.41 025 0.19 -0.25
elF3e ‘ . . . . ‘ . 1.00 075 -0.47 0.12 0.19 -0.24

SF3B3 . ‘ . . . . . . . 1.00 -0.49 0.04 0.14 -0.24
ACTB ® D &) . C ) ) ® O ® 10 o04s-021 017

@

6 ~0.42 0.85 0.76 0.78 0.57 -0.39 0.81 067 074 -0.21 0.27 0.21 -0.57

MYH9 ® 100 009 -0.12
PRDX4 1.00 -0.01
circLPAR1 ‘ ® 1.00
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Experimental results

CircLPAR1 and elF3h

elF3h - eukaryotic translation Initiation Factor 3 subunit h = is part of elF
complex involved in translation

* The elF-3 complex associates with the 40S ribosome and facilitates the
recruitment of other factors to form the pre-initiation complex

* The elF-3 complex specifically targets and initiates translation of a subset of
MRNAs involved in cell proliferation, including cell cycling, differentiation
and apoptosis

IF3 4 elF3 ¢
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Experimental results

CircLPAR1 - elF3h interaction

* |[F: Colocalization elF3h-circLPAR1 in
cytoplasm (DLD1 cells)

* RIP assay: control (NC or NC Exos) vs CRC cells
1.transfected with circLPAR1 or 2. exposed to

circLPAR1 exosomes olE3h Merge
600~ BN |gG = anti-elF3h 600 - -IgG  anti-elF3h
400:| - 500+ .
i 4004 T
- zzng ~ 300- .
3 16 T 2 2001 Scale bar 50 pm
£ ;g . £ 157
g rr CircLPAR1-elF3h
u.ﬂsJ . I 05{ physical association
0.0- 48

0.00
NC circLPAR1 NC-Exos circLPAR1-Exos



circRNAs Experimental results Discussion Conclusions

From previous studies...

4(,,)

* Lung cancer: elF3h shown to directly interact with
METTL3 - BRD4 mRNA stabilization

* METTL3: msA writer, acts on 3’ UTR of mostly
oncogenic mMRNAs

* mMRNA looping 2 enhanced translation

SUPER-ENH
2 [Choe etal., 2018]

* BRD4 - histone acetylation reader
* Productive elongation: pTEFb-CDK9
> westee)  pecruitment
* Superenhancers (H3K27Ac): association
with Mediator Complex = ex: Myc

transcription 49

istone | Histone |

PROMOTER

[Donatietal., 2018]



Experimental results

Is circLPAR1 a sponge for elF3h?

Hypothesis: circLPAR1 as a sponge for elF3h = influence on BRD4 levels?

&
A N
Vg. +°f’ QV‘
& : 0\3 c;Q’ & Mw
Ay o S & (kDa)

BRD4 TS sssses Smm—m s -152

tana

B-actin Gum— SR G S -2

BRD4 Wy = S -152
/

Poly (A) ~ B-actin g am— au— S

9LL1OH

* Cells 1. overexpressing circLPAR1 or 2. incubated with circLPAR1 exosomes
*  Control (NC and NC-Exos) vs treated

*  WRB: circLPAR1-treated cells show decreased level of BRD4
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Experimental results

s BRD4 the downstream functional effector?

600+
Rescue experiment. . =]
P 99'. &Qp 2 = ™
- BRD4 overexpression in CIRCLPAR1- v‘?"‘& Q& e Beofl
. . N S
expressing cells = aggressive cancer & & S 5
o 9 x'  (kDa) |
E 200 A
phenotype oros D S — 2 5 1
* CircLPAR1 cells = reversal in tumoral B-actin S D I .. B
b e h aV| our Invasion Migration
- . oy o B circLPAR1+BRD4
* Positive control: BRD4 inhibitor AZD5153 2 circLPAR
Em circLPAR1+BRD4+AZD5153
1.2
- - Bladder cancer: circLPAR1 sponging miR-762 < > migration
fzos] and metastasis
2 = 0.4 . o . .
g, *  CircRNA pulldown: no enrichment in miR-762
0.0
FEE &”i@ T
T o BRDA4 is the critical protein for circLPAR1 cellular
= S &o &o .
& & function 51




Experimental results

Key points of experimental results

Influence of circLPAR1 on cellular phenotypes in vivo
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Experimental results

What are circLPAR1 effects in vivo?

* Triple immunodeficient NCG mice

* Function of intracellular circLPAR1 = Day 1, 3 and 5: control or stably
overexpressing circLPAR1 DLD-1 cells injected in mice

 Effect of exosomal circLPAR1 = Day 15, 17, 19 : intratumoral injection of
stained exosomes derived from control or circLPAR1-overexpressing DLD1 cells

* Tumour width and lenght measured once every 2 days
NC circLPAR1 circLPAR1-Exos NC-Exos

Days L1 1 L1 |
1 3 5 15 17 19

Low I 2 High

Radiant Efficiency 53



Experimental results

CircLPAR1 suppresses CRC growth in vivo

CircLPAR1 overexpression or circLPAR1-Exos treatment affect:

¢ Tumour weight ¢ Tumor size
2.5+ .
= . _ 2.09 NC
= 2.0 ¥ ""E -+~ circLPAR1
g S -+~ circLPAR1-Exos _
= 1.54 o NC-Exos
X i S
e = 1.0 .
E g
2 05 E 05 __F;——-i"'i'___l
0.0+ E o .
¥ & & wl—
&' F ¥ 15 17 19 21 23 25 27 29
< < <
& Q¥ Days
2 y
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Experimental results

CircLPAR1 suppresses CRC growth in vivo

CircLPAR1 or circLPAR1 Exos tumour tissues
show:
* Slower growth compared to control delPARIEETE % B & ¢
. : : S .
Haematoxylm eosin staining eact (S
Immunohistochemistry = decreased
levels of Ki67 (proliferation) and BRD4 e |l @ 8 ® @ 8
circLPAR1 circLPAR1-Exos NC-Exos ! : - : 2 :

. .': % "‘4 . N
e .

Also in vivo, circLPAR1 plays
a tumour suppressing role
in a BRD4-dependent way

BRD4

55
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Outline

Introduction: circRNASs

CircLPAR1: experimental results

Conclusions



Discussion

CircLPAR1: recap

Exosomal circLPAR1T: internalized by

colorectal cancer cells
o e o o) - o}
CRC E Exosomes © Exosomal
. o circLPAR1
binds to elF3h § o>
@ 1
Colon and rectum i ©© \
G E circLPAR1
reduce of METTL3-elF3h-dependent [ Q
MRNA translation " '11 Proliferation b |
° OO‘ — > N E ) elF3h
- = V
|
iInhibiting BRD4 expression e —
o a e igration
* CRC cell

suppression of cellular proliferation,
invasion and migration
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Discussion

CircLPAR1 as biomarker: the advantages

The advantages of circLPAR1 are based on three aspects:

1. Stability in the plasma - encapsulated in exosomes, resistant to
actinomycin D and RNase R

2. Unique for colorectal cancer patients —the patients can be distinguished
from the cancer free ones with acceptable sensitivity and sensibility

3. Suppression of cancer cellular phenotype - helpful both for exploring the
mechanisms of colorectal cancer and offering new therapeutic approaches
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Outline

Introduction: circRNASs

CircLPAR1: experimental results

CircLPAR1: discussion
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Conclusions

CircLPAR1 is a promising factor in CRC

[ Changes in expression and function ]

of circRNA in colorectal cancer

*  BRD4-dependent tumour suppressing
role

*  Exosomal = potential non invasive —,
liquid biopsy ——

*  Exosomal = taken up by cells
* Stable

* Great specificity and sensitivity ws oS

L. , 3
*  Known sequence and level variations 3 @
@

Valid biomarker to improve

adopted prevention Colorectal cancer
screenings [Cao etal., 2025]
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Conclusions

What's next? Future perspectives

More flexible

) o Further validation: Bioinformatic tools:
screenlpg TR E wider cohorts to be circRNA prediction
sgrvwal and , considered to be improved
functional analysis
CircLPAR1 CircRNA challenges: CircLPAR1
alternatives: Addressing critical associated factors:
Discovery of other issues for clinical BRD4 inhibitors as

circRNAs applications alternative therapy
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Open guestions

Direct interaction of

circLPAR1 and elF3h?

Or potential “bridge”
proteins?

Is circLPAR1
downregulated also in
sporadic CRC with
early onset?

Could circLPAR1
also be a
predictive
marker?

How does circLPAR1
act on metastatic
ability in vivo?

Conclusions

Further validation:
Does the
oncosoppressing role
of circLPAR1 involve
METTL3?

Why circLPAR1 is
downregulated in CRC?
Which are the
molecular mechanism
involved?
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Thank you
for the
attention!
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Conclusions
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Supplementary slides

Back-splicing

- Proteins and factors that are involved in the regulation of the process

RBPs:
RBFOXs (1/2/3) — both repress and activate the circRNAs synthesis
MBL/MBNL1 - activate the circRNAs formation They can dimerize and
QKI, Quaking — activate the circRNAs formation promote the interaction
between 5’ss and 3’ss
Enzymes:

ADARSs - inhibition of circRNAs synthesis
DHX9 - repressive effects
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Supplementary slides

Uptake of exosomes

The exosomes may be taken up

A Exosomes docking —_— B Exosomesuptake
. . . ’_Y.;\“ — . ,)’\ —
by recipient cells via the P § r
L - : Clathrin mediated endocytosis internalization Phagocytosis y Plasma
e M i — mediated endocytosis membrane fusion
endocytosis route (clathrin B g s "

ok ool R &2
ﬂ,/ B St - ¥ e A
mediated endocytosis and _ ¥ | ) ff i

caveolin-mediated K ctont)
. . sugar-protein 5 A & O ’,,{_,
endocytosis), phagocytosis it procn et g

micropinocytosis, receptor-
mediated endocytosis, as well
as by direct fusion with the
plasma membrane, which
causes the release of the
contents into the cytoplasm

Examples: integrings, mannose receptor, adesion molecules, TIMs receptors ss



RNA Seq output after circRNAs selection
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Supplementary slides

Other exosomal circRNAs levels in cell lines

Selected downregulated circRNAs in tissues didn’t meet the expectations in
cell lines =2 can’t be selected for the downstream studies

hsa_circ_0007379 hsa_circ_0077837
0.00015- 0.00020- - l
'S ‘s
c =
e 2 2 0.00015-
g 8 0.00010- o E
= e
= n- — i
%% £ 0.00010
'l
2% 0.00005- 2S
k- % = 0.00005-
& &
0.00000- 0.00000
< wo b,
i% :-f-.h ..;:,\9
&

Differences between the tissue (all cell types in TME) and the pure cell line
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Inhibition of exosome secretion leads to decreased level
of circLPAR1 in culture medium

HCT116 DLD1

-
(3]
Y
(5]

-
(=
1
-
(=
1

ot
o

L
e
i

Relative expression of
circLPAR1

Relative expression of
circLPAR1

0.0-

0.0~
&
& K
o &Q

Normalized to the negative control (DMSO)
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Supplementary slides

circLPAR1 cellular localization

circLPAR1 cellular localization

- Localization of circLPAR1 in colorectal cancer tissue determined by FISH assay
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Exosome purification from plasma

Peripheral blood centrifugation 3000 rpm 4° C for 10 minutes = plasma fraction

2. Pretreatment with thrombin and kit for exosome extraction > quantitative
exosomes isolation

3. Exosome characterization

TSG101 !ﬁ-]*’

Exosomes

Control Polyps CRC

g 88
[ DY |

Events
8

o 8
! !
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Supplementary slides

Sensitivity and specificity

The Truth
Has the disease Does not have the disease
Test : :
Score: Optimal to increase:
True Positives False Positives » Sensitivity if the disease is
Fositive .

(TF) (FP) curable = avoid false
negatives to startimmediately
the therapy on all patients

Negative | | 2°° ;lzﬁs;ﬂ"m True NTEF?}H!'*-'EE > Specificity if available
[ therapies don’t cure the
disease =2 avoid false
Sensitivity Specificity positives to NOT start harmful
TP ™ treatment on healthy

individuals
TP +FN TM +FP
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circLPAR1T and RBPs interaction

209 mm Normal
Em Tumor

-
L4}

rErys

e
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-
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Relative expression of proteins
o
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v Qa7 SR S n (2 AT A D
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The 23 RBPs candidates identified by pull-down assay for the interaction with
circLPAR1
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Supplementary slides

elF3h-METTL3 direct interaction

1. Reporter mRNA assay with different MS2 positions
- METTL3 (1-200 aa) binds to 3’UTR, close to the
translation stop codon

2. Far Western Blot with recombinant METTL3 and
EIF subunits+ GST pulldown+PLA - direct
interaction METTL3-elF3h

3. elF3h KO = no enhanced translation by METTL3

Input

GST
pull-

down

(0]
- e e e e < Hs-METTL3
His—-METTL3
- <= His-METTL3
Z His-METTL3
A (1-200)

Control
EIF3H-1
EIF3H-2

™ siRNA
- = <¢lF3h
e > |« BRD4

[* = & & & |[«METTL3

—— e —|— (-2 Ctin

[Choe etal., 2018]

T8 ot el ikl 40 KO of METTL3 or elF3h = decreased BRD4

= A P2 protein levels

g 3 Input NI TR || (ORI I | W . . .

= 5 | i it e gEs 5 0 meRIP-Seq 2 GGAC motif enriched in méA
58 2E 6. Metagene analysis: close to the stop codon

[Choe etal., 2018] are enriched in m%A

7. Gene Ontology analysis 2 BRD4 and EGFR
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Supplementary slides

CircRNA challenges

CircRNAs in therapy

circRNA levels < miRNA levels 2>
hard to reach the stoichiometric
requirement for sponge effects

Overexpression to be avoided

Production of highly purified
circRNAs

Limited studies on circRNAs

No circRNA in clinical trials

CircRNAs as markers

Limit of detection: high sequence
similarity linear mRNA - choice of
gRT-PCR primer is critical

Microarray limitation: circRNAs
need to be known in advance

CircRNAs differently expressed in
tissues but not presentin
blood/serum

Lack of sensitivity and sensibility
Need for standardized methods
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Supplementary slides

Some hypothesis of circLPAR1 downregulation in
CRC

Downregulation or mutation of specific receptors for endocytosis of
exosomes

Overproduction and release of exosomes

Mutation or downregulation of splicing factors involved in back-splicing
Upregulation of splicing factors that promotes linear splicing
Upregulation of specific endonucleases for the degradation of circLPAR1

Hypermethylation of the promoter of LPAR1 gene
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