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L es Métastases

Surgery

!

Adjuvant = Dissemination
therapy — Dormancy

I I Colonization

Stage I-ll Stage IV
3 &
—_—
_— S, -— 9
Primary tumor Cryptic metastasis Overt metastasis

Local dissemination

Primary tumor Micrometastasis

LR Attrition @ Outgrowth

q R et —_—

& n® ®
9 2

() Dormancy exit Macrometastasis

@ °® O —> @ Dormant MIC
lntravasatnonl Extravasation

OO Invasive migration

@) Circulating QO @ © ® (9 ® 0

tumor cells

Progressive resistance to physical, biochemical, redox, and immunological stressors

Gerstberger S et al.Cell. 2023

Soutenance de thése du 17/12/2024 a Besancon



L es Métastases

Surgery
l Adjuvant — Dissemination
therapy — Dormancy
Colonization

Stage I-1ll Stage IV

= s

b4
_ »
é

Primary tumor
Local dissemination

Cryptic metastasis Overt metastasis

Primary tumor Micrometastasis

@ Attritiog} {}7 E@ Outgrowth @ -

OO Invasive migration Dormancy exit  pjacrometastasis

© © O —> @ Dormant MIC

|ntravasat|onl

© Circulating OO %) ® ® @ ©) @)

tumor cells

Progressive resistance to physical, biochemical, redox, and immunological stressors

Gerstberger S et al.Cell. 2023

NOMBRE DE DECES
PAR CANCER EN 2021

162400

DECES

90900 71500

HOMMES  FEMMES

TSM  TSM
MORTALITE :  MORTALITE :
1119 69,3
HOMMES  FEMMES
POUR 100000  POUR 100 000

AGE MEDIAN
AU DECES PAR CANCER
EN 2018

73..

CHEZ LES HOMMES

75—

CHEZ LES FEMMES

QUELLES SONT LES LOCALISATIONS
LES PLUS FREQUENTES LIEES AU DECES EN 2021?

HOMMES
FOIE
6200 DR POUMON
° 20500 DECES
; 23 %
PANCREAS
6400 DECES
7%
COLORECTAL
9000 DECES
10 % PROSTATE
9200 DECES
10 %
FEMMES

COLORECTAL
8000 DECES
11 %

PANCREAS
6300 DECES
9%
POUMON
OVAIRE 9900 DECES
3400 DECES 14°%
5% °

Remarque : les données de mortalité proviennent du Centre d'épidémiologie
sur les causes médicales de déces (CépiDC).
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Marqueurs de propagation tumorale
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1. Tumor cell migration
mainly Lgr5~

W

v
s

Epithelial hierarchy

(.7 Lgrs*
2. Dissemination ¥ ¥ y cancer stem cells
mainly Lgr5~ K.\ ’\ Lgi5™
@0 @@ cecer cells
YV VY
4. Plasticity oo o oo

5. Metastatic outgrowth

3. Metastatic colonization
mainly Lgr5~

Fumagalli A, et al. Cell Stem Cell. 2020
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Diversité biologique des cancers colorectaux

CMS2 CMS3 CMS4
Canonical Metabolic Mesenchymal

14% 37% 13% 23%

MSI, CIMP high, i ' )

b SCNA high Mixed MSI status SCNA high
hypermutation SCNA low, CIMP low
BRAF mutations KRAS mutations

Stromal infiltration,

Immune infiltration WNT and Metabolic o
R . . TGFp activation,
and activation MYC activation deregulation i "
angiogenesis
Worse survival Worse relapse-free
after relapse and overall survival

Guinney J, et al. Nat Med. 2015
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Diversité biologique des cancers colorectaux
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lan transombilical Plan médian

Tilg H, et al. Cancer Cell. 2018
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| es cancers du colon et du rectum

Veines hépatiques

Tilg H, et al. Cancer Cell. 2018
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Infiltrat immunitaire péri-tumoral
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Métastases

nepatiques

Halama N, et al. Cancer Res. 2011
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Metastases hépatiques

group 4 mean:
16.62

group 3 and
4 (combined)
mean:

13.711

group 3 mean: 10.27

Density score

group 0-2 mean: 5.1
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T T T T T )

0 5 10 15 20 25 30 35
Progression-free survival (mo)
————1No objective response to chemotherapy wmmmmm Objective response to chemotherapy

Halama N, et al. Cancer Res. 2011
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Immunothérapie dans les CRC

Objective Response Rate (%)
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Yarchoan et al. NEJM 2017

Soutenance de thése du 17/12/2024 a Besancon

17



Immunothérapie dans les CRC
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Overall Survival in Cohorts with Colorectal Cancer
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Le DT, et al. N Engl J Med. 2015
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Immunothérapie dans les CRC

Overall Survival in Cohorts with Colorectal Cancer
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Chalabi M, et al. Nat Med. 2020
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Immunothérapie dans les CRC

Overall Survival in Cohorts with Colorectal Cancer
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Cytokines
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APC/Tumor cell / Dendritic cell Teell
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Nouvelles sources d’activation lymphocytaire

MHC-II-based Ag C
presentation

Tumor cell
SO phagocytosis

Apoptotic blebbing after S
phagocytosis of tumor cell _ Perforin/Granzyme-mediated

. © apoptosis of tumor cell

®  'Cross-presentation’ of
MHC- tyumor Ag through MHC-I
by DCs and M®s

Poorebrahim M, et al. Pharmacol Ther. 2020
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Nouvelles sources d’activation lymphocytaire
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Elements transposables et
retrovirus endogenes

LTR retro-transposons <m— RetrOV| rus

8% SINEs

, 1% endogenes
Simple sequence repeats
3%
Segmental duplications
5%
Misc. heterochromatin LINEs
8% 20%

Misc. unique sequences

12% Protein-coding genes

2%

Introns
26%

HERV = Rétrovirus Endogene Humain
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Elements transposables et
retrovirus endogenes

Eléements
LTR retro-;;:nsposons W RetI’OVIrUS Transposables
Simple seql;qe:ce repeats endogenes LTRS
Segmental duplications
Misc. heterochromatin LINEs .
o 20% Famille ERV

Misc. unique sequences

12% Protein-coding genes

2% Sous-Famille ou Entités

Introns
26%

. : \ : Locus
HERYV = Rétrovirus Endogene Humain
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Déregulation de I'expression dHERV

Coordinate 2 (12.2%)
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-1)2 0'.0 0‘.2 0'.4

Coordinate 1 (18.9%)

She J,et al. Genome Biol. 2022
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Body site
* ADPSBQ
* ADPVSC
* ADRNLG
* ARTAORT
* ARTCRN
* ARTTBL
* BREAST
* BRNACC
* BRNCDT
* BRNCHA
* BRNCHB
* BRNCTXA
* BRNCTXB
* BRNHPP

BRNHPT
BRNNCC
BRNPTM
CLNSGM
CLNTRN

ESPGEJ

ESPMCS

* ESPMSL

HRTAA
HRTLV
LIVER
LUNG
MSCLSK
NERVET

OVARY
PNCREAS
PRSTTE
PTTARY
SKINNS
SKINS
SNTTRM
SPLEEN
STMACH
TESTIS
THYROID
UTERUS
VAGINA
WHLBLD
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Déregulation de I'expression dHERV

ERVH-5 ERVH48-1 ERVE-4
Adipose (n = 126) 41 1 I i
‘Adriel =124 - ; Expression range
Bladder cancer (n = 150) - MRy .o R sen r Normal tissues
Normal bladder (n = 16) - ¢." | 1 ¢
Blood vessel (n = 152) -1 1 1 Tumor tissues
Glioblastoma (n = 168) <1 [ 1
Glioma (n = 220) ¥ 1 1
Normal brain (n = 356) 4 ¢ ! 13
Breast cancer (n = 920) - &~ {_J (A
czmlgﬁz:’n:gg;-:m : : Endolgen'ous o~ n owNT Tmunmw‘ré NYTODOLON 5 T ‘%T T
Normal cervix (n=2) 4. A : retrovirus s A% - ~ QT =E o) © N
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Normal colo. (n = 33) 41 1 1 :xIIIIIxnxxxxxxxxx;uxxxxxwo.xxxxxxxxxz:um-—wuxing_r XXWwww
= 2233333333333 33333333333333333333333333333333333333>55>3>
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Head/neck cancer (n = 301) - WRwe." 2 [ s T
Normal head/neck (n = 37) 4§ ] Lung zgﬁg{gg% w I )
Heart (n = 123) 41 1 Breast * * * *
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Kidney pap. cancer (n = 74) - B~ 1 L3 Lung adeno. i h *
Normal kidney (n = 99) 1 & ' 3 Melanoma
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Lung squam. (n = 381) 4 By =* [ a4 ¥ Liver
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Nerve (n = 98) 41 1 ] Glioblastoma
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Normal ovary (n=6) 4+ 1 i Uterine
Pancreas (n = 20) - 1 [} 1 Ovarian
Pituitary (n = 14) 41 ] ' Prostate
P;‘oﬁata cancer (n=176) 4 ¥ | 28 1 Bladder
lormal prostate (n = 54) ¢ 13 1 3 ;
Skeletal muscle (n = 146) - 1 ' ' Kidney, dapiary
Melanoma (n = 125) ¢ 1 »
Normal skin (n = 132) 4 | ]
Stomach cancer (n = 166) - BrEfaw = ] ] -05 -025 o 025 05
Normal stomach (n = 35) - b I ! ERV-CYT Spearman correlation:
Testis (n=15) 41 1 ]
Thyroid cancer (n = 491) 1 1 1
Normal thyroid (n = 171) <1 I '
Uterine cancer (n = 184) | Bt = ' ' Rooney MS, et al. Cell. 2015
Normal uterus (n = 11) 4! ' 1
Vagina (n=6) 41 ] H
Whole blood (n = 176) ¢ ' '
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No. of TE subfamilies

200 -

100 -

—~100 -

Déregulation
des TE dans
les CRC

Number of differentially expressed TEs

-——_
---.--
2 €< 0 O O a 0 Q0 a4 g T < =«
EgI2gscggcL3ogd
wn @ - F @ X o X o X g F
TCGA cancer type

(=
©

Differential expression direction: . Down

Kong et al. Nature Com 2019
Yu et al. Nature Com 2022
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No. of TE subfamilies

L
8

n
8

8

o

Differentially Expressed Repeats

Déregulation

I LTR retrotransposon
d T E d DNA Transposon
e S a n S = Non-LTR retrotransposon

m Other
= tRNA

es = snRNA
W Satellite

128

m rRNA
m scRNA

Number of differentially expressed TEs

I I Upregulated ERVs
COREAD
——---.-- Bioge
—_— © 0.50
O =

STAD
BLCA
LIHC
HNSC
PRAD
COAD
KIRC
LUSC
KIRP
LUAD
KICH
BRCA
THCA
Survival

£ 0.25

, 0.00
\¢SE50760

TCGA cancer type 3

Differential expression direction: . Down . Up 39
HERVH-int ;-
Early embryo | TR7Y High
and ESCs Low

Kong et al. Nature Com 2019
Yu et al. Nature Com 2022
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Expression of ERVs

100{ ' " ®Up
‘MER11A, @ Down
=75 l.‘._TR77
©
e .
o 0 © HERVH-int
N eaie 1o HIRTY
251 18 Ea.l
*,‘fi ﬁ'. LTR7A
of o ','. '. :
-2 0 2
Log,FC
TCGA COREAD
HERVH-int (CPM)
~ High = Low
Log-rank test
p=0.011
0 3 _ 9 12
Time (years)
Number at risk
145 29 6 2 1
348 99 25 12 0
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Locus dHERV

40
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Structure d’un rétrovirus

9 LTR

. l gag pro pol

matrix
capsid
nucleocapsid

protease
reverse transcriptase
integrase

envelope

Mao J, et al. Comput Struct Biotechnol J. 2021
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Structure d’un rétrovirus

M-

matrix protease
capsid reverse transcriptase || envelope
nucleocapsid integrase
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Structure d’un rétrovirus

5 LTR |

coding region

i 3’ LTR

matrix
capsid
nucleocapsid

protease
reverse transcriptase

integrase

envelope

Mao J, et al. Comput Struct Biotechnol J. 2021
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Structure d’un rétrovirus

Sequence MHCflurry  Affinity Rank  Protein
score (nM) (%)
" z‘; FLOQFKTWWI 0.79 9.62 0.04 Gag
§ 0 RLIPYDWEI 0.81 7.78 0.03 Gag
8 20
g , KLIDCYTFL 0.84 5.72 0.01 Pol
g5;3653&a‘gééif%iigggz@’;féi%i;g
SarEZ9F333:R8552u63733383z2¢65¢% YSLFIKILL 0.75 14.22 0.08 Gag
mgcgoomwwmxp>5>;§mmogo¢xZ&JO_,Q
3<98E8:28p83853835352333973°5
TEEFIPFESERSTESRFATE RESS B AMIPKDWPL 0.73 17.79 0.11 Pol
Smith CC, et al. J Clin Invest. 2018 YAMSNLFSI 0.77 11.87 0.06 Pol
Bonaventura P et al. Sci Adv. 2022
5 LTR <— coding region —» 3'LTR
. l gag  pro pol env I l
matrix protease
capsld' reverse transcriptase | | envelope
Mao J, et al. Comput Struct Biotechnol J. 2021 37
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log, expression

Activation lymphocytaire par les HERV

. NIVO ARM
ok * ok 21
N 20 ; ——— 20 e — 2
15 15 aPD1 responder i ]
i - = +ve, median=5.3 months
oxle 10 —— 10 % aPD1 non-responder 251 ___ -ve, median=3.7 months
5 5 Bel| L
—+— gag1 0 sl gag2 o pol 1 g logrank p=0.017
g 5 234 g
*k d ek *k & o | ey
201 ——— 20 — < L
T, B ga b I B :
— 101 10 :L %
. 51 5 L ™ T T T T T T T T T
e pol 2 0 envi 0 _l_ enve 0 6 12 18 24 30 36 42 48 54 60
. Time (months)
- '5 g "% :‘ Rnl;[ 21 16 12 n 8 A 2 1
5 ve 54 16 7 4 3 1 : 1 1 : 0
Smith CC, et al. J Clin Invest. 2018 Ficial M, et al. Clin Cancer Res. 2021.
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Activation lymphocytaire par les HERV

1500 | @ Aiw-Kua: ATFLGSLTWK
A Tio-Ros: TFLGSLTWKR
B Pur-Wis: PATFLGSLTW
& TioKan: TFLGSLTWK

1000 +

500 4

IFN-y production (pg/ml)

.

0 01 1 10 100 1000 10000
Concentration of peptides (nM)

Takahashi Y, et al. J Clin Invest. 2008
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Activation lymphocytaire par les HERV

IFN-y production (pg/ml)

1000

500

|

® An-Kuo: ATFLGSLTWK
A Tie-Res: TFLGSLTWKR

B Pur-Wis: PATFLGSLTW
& TeoKan: TFLGSLTWK

So—

0 01 1 10 100 1000 10000
Concentration of peptides (nM)

Takahashi Y, et al. J Clin Invest. 2008
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@ ccRCC tumor
Healthy PBMC

20+

% CD8* T cells
[ X J

104

Smith CC, et al. J Clin Invest. 2018
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Activation lymphocytaire par les HERV

@ ccRCC twmar
© Healihy PBMC

. £ 1500,
5 M 8 1250/
& . <

E P © 10001
:r 750
°‘§M\ g = 500

& & 8_
£ o o 2504

o
Smith CC, et al. J Clin Invest. 2018 P 0

5
"r‘l iIn e
. mm HLA-A2 HMEC P1 2 P6

100+
IFN-y
Granzyme B
Double +

80-
60-
40

% Specific lysis

20

RS

Block

Unspecific P1 P2

1500 .Au-K AYFLGSLTWK

o PAVFI.O»SLTW
@ TioKa: TRLGSLTWK

1000

IFN+ production (pg/ml)
g
-

0 01 1 10 100 1000 10000
Concentration of peptides (nM)

Takahashi Y, et al. J Clin Invest. 2008

Peptide-pulsed MDA-MB-231
P4 P6

Bonaventura P, et al. Sci Adv. 2022
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Problématique et
methode
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Problématique et objectifs de cette these

Les HERV sont-ils source d’antigenes dans les métastases
hépatiques de cancer colorectaux ?

Immunothérapie

Marqueurs d’activation ?

Antigeénes activateurs ? M DGR
HERYV ?

Lymphocytes T Cellule cancéreuse

43
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Méthode d’Etude des HERV:

sequencage haut debit de 'ARN et Bioinformatique

Métastase hépatique de
Cancer colorectal

Bioinformatique

Alignement sur
génome de
référence

Séquencage ARN
Plusieurs centaines échantillons
\ -
Celll_Cell2 ... CellN
Genel| 3 2 ) 13
29 ks OO,O Gene3| 1 14 . 18
genes annotes
~ 15 000 positions de : : ; ; ;
rétrovirus endogéenes Genem! 26 0 . 0
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Résultats




Constitution d'une meta-base de données

CHUN
o1 (iaowy BESANCON
' »
G

G C o ;23‘7\ 8%)
ER R '
SRP245232
‘ 9 (2.1%)

BIOMIROX IRNAseq Pairend RNAseq 7 6{s0.0%) |
216 (49. 220 (50,5

Y

Base de

216 (49.5%) 2o Données
s Publiques

SRP029880
54 (12.4%)

labels_type

METAPRISM G U STAVE /
ne ROUSSY

—
CANCER CAMPUS / \
GRAND PARIS

Pradat Y, Viot J
et al. Cancer

Discov. 2023 47
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Découverte des TE et HERV

Colorectal Cancer RNA-seq
Pseudoalignment Genome-based
With Salmon alignment
REdiscoverTE TELESCOPE
=> Entities => Loci
Kong et al. Nature Com 2019 Steiner MC, et al. Cancer Res. 2021

Annotation : RepeatMasker
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eBioMedicine
Part of THE LANCET Discovery Science

Deciphering human endogenous retrovirus expression in
colorectal cancers: exploratory analysis regarding prognostic
value in liver metastases

Julien Viot,™™* Romain Loyon,” Nawfel Adib," Pierre Laurent-Puig,~ Aurélien de Reyniés,” Fabrice André,5" Franck Monnien,™” Thierry André?
Magali Surcek,” Anthony Turpin,"" Zohair Selmani,™” Laurent Amould*" Laura Guyard*" Nicolas Gilbert,” Anthony Boureux, Olivier Adotevi,™"
Angélique Vienot,"" Syrine Abdeljaoued,” Dewi Vernerey,” Christophe Borg,™ and Daniel Gautheret™

eBioMedicine
2025;116: 105727
Published Online 16 May

2025

hittps:{/do org10.
1016/j.ebiom. 2025.
105727
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Counts (CPM)
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Distribution de I'expression

des TE dans le mCRC
Méthode = REdiscoverTE

J Viot, et al. En révision dans eBioMedecine, 2024.
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Counts (CPM)
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Mean counts (CPM)
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ldentification de cibles immunologiques

Hard Filter
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GTEXx Target expression
25

Validation GTEx des cibles HERV
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J Viot, et al. En révision dans eBioMedecine, 2024.
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Expression de peptides derivés dHERV

90 Patients
Cancer
colorectaux
primitifs

14000 locus

PepQuery

{ Peptides

o ] > 2000 peptides identifiés
exprimes

Weng et al. Genome Research 2019
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Expression de peptides derivés dHERV

PepQuery

Peptides
exprimés

Weng et al. Genome Research 2019

Locus |HERV Family| LTR qR.T-P(.:R GTEx expression Associated Peptide I’rognostlc TME. el cyc.le
validation value |modulation|correlation
Xp22.32a HERVH [LTR7Y yes Not in colon GGCSLVGRGGSHK yes:poor yes yes
20p11.23b| HERVH |LTR7B no Not in Colon none yes:poor no yes
13g33.3 HERVH |LTR7Y yes Not in Colon CFSGLLOQAGLGAAWEPRVGEIK |f yes:poor yes yes
5931.1d HERVH  |[LTR7Y no Never expressed ICTLSTK no yes yes
13g21.32a| HERVH LTR7 no Never expressed none no yes no
8g21.3b HERVH [LTR7Y no Never expressed none yes:good no yes
70152 | HERVH |uTR7v| no | R@relyexpressed LYIPYGPPSSRK no yes yes
in colon
1q41f HERVH |LTR7Y no Never expressed | CFSGLLQAGLGAAWEPRVGEIK no partially ves
Xp22.2¢c HERVH LTR7 yes Never expressed NTRALPADR yes:good | partially yes
2p24.3 | HARLEQUIN | LTR2 no Never expressed none no no yes
1g25.2 HERVH |[LTR7B no Not in Colon none no partially yes
8022.2 HERVH LTR7 no Not in Colon none no partially yes
13g31.3a HERVH [LTR7Y yes Never expressed | CFSGLLQAGLGAAWEPRVGEIK || yes:poor yes yes
4q24b HERVH LTR7Y yes Not in colon ESAKGHGVGPFYR no yes yes
o e R CFSGLLOQAGLGAAWEPRVGEIK no
1g41g HERVH LTR7 GASTLNPFSFTLTGK yes no
139g31.3b HERVH LTR7 no Never expressed NTRALPADR yes:poor yes yes
19912 HERVE LTR2 no Not in colon VVEMGETQSKPTPLGTMLK no no no
J Viot, et al. En révision dans eBioMedecine, 2024.
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Valeur pronostique des HERV dans le mCRC

HERVH_Xp22.32a

Strata =4= UnExpressed == Expressed

HERVH_20p11.23b

Strata == UnExpressed =4= Expressed

2 2

£ 1.00 = £ 1.00 -

So7e p=0.028 i; e p =0.0083

Eo.so —————— 5050{ ------ T .

So025 So0.25 e -

£ 0.001, — —! i i i £ 0,001 . s . i :

@ 0 1000 2000 3000 4000 5000 @ 0 1000 2000 3000 4000 5000
Time{Days) Time(Days)

UnExpressed 52 35 19 11 3
Expressed 85 52 19 5 1

HERVH_13g33.3

Strata =4= UnExpressed =+= Expressed

1 UnExpressed 83 56 29 12 4 1
0 Expressed 54 31 9 4 0 0]

HERVH_13q31.3

Strata == UnExpressed =4= Expressed

2 2

Z 100 p < 0.0001 5 1.00 p =0.05

£ 0.75 -§ 0.75

E; 0504 ----- 80501 -----

£0.25 fo025

£ 0.001, —! i —! i i £ 0,001 I I . . :

“ 0 1000 2000 3000 4000 5000 @ 4] 1000 2000 3000 4000 5000
Time(Days) Time(Days)

UnExpressed 59 43 21 12 2
Expressed 78 44 17 4 2

1 UnExpressed 104 69 32 13 3 1
0 Expressed 33 18 6 3 1 0]

J Viot, et al. En révision dans eBioMedecine, 2024.
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HERVH_Xp22.2¢c

Strata =4= UnExpressed == Expressed

&

£ 1.00

g0.75

2050

%025

£ 0,001, r T T T r
? 0 1000 2000 3000 4000 5000

Time(Days)

UnExpressed 91 50 19 1 3 1
Expressed 46 37 19 5 1 0

HERVH_8q21.3b

Strata =4= UnExpressed == Expressed

2

£ 1.00 -

50.75 p=0.26

80504 ------

§o0.25

£ 0.001, — : : ,

o 0 1000 2000 3000 4000 5000
Time(Days)

UnExpressed 111 65 29 15 4 1
Expressed 26 22 9 1 0 0



Modele de
survie
multivariee
incluant
des locus
dHERV
dans les
MCRC

HERVH_Xp22.32a
HERVH_20p11.23b
HERVH_Xp22.2c
HERVH_13(33.3
HERVH_13q31.3
HERVH_8q21.3b
Age_at_surgery

Side

RAS

Chemo_status_meta

(N=138)
(N=138)
(N=138)
(N=138)
(N=138)
(N=138)

(N=138)

Left Colon
(N=113)

Right Colon
(Ng=25)

Mutated
(N=70)

Unmutated
Naive
(N=43)

Treated
(N=95)

1.41
(0.81 - 2.48)
1.29
(0.75°2.22)
0.52
(0.31-0.88)
2.30
(1.31°4.06)
1.93
(1.10 - 3.40)
0.40
(0.20'- 0.80)
1.01
(0.98-1.03)

reference

1.17
(0.62°-2.19)

reference

1.18
(0.73-1.90)

reference

1.31
(0.80'-2.16)

# Events: 80; Global p-value (Log-Rank): 0.00014181
AIC: 678.28; Concordance Index: 0.7

0.1

J Viot, et al. En révision dans eBioMedecine, 2024.

Hazard ratio

0.228

0.364

0.015*

i 0.004 **

0.022 *

0.01 **

0.496

0.629

0.498

0.281



Les loci dHERV sont
associés a des voies
de renouvellement
et de croissance
cellulaire

N . survival
MITOTIC_SPINDLE

DNA_REPAIR
ANGIOGENESIS
EPITHELIAL_MESENCHYMAL_TF
GLYCOLYSIS
MYC_TARGETS_V2
MYC_TARGETS_V1
E2F_TARGETS
G2M_CHECKPOINT

UNFOLDED_PROTEIN_RESPONS

INFLAMMATORY _RESPONSE
TNFA_SIGNALING_VIA_NFKB
MTORCL_SIGNALING
WNT_BETA_CATENIN_SIGNALIN!

CHOLESTEROL_HOMEOSTASIS

UV_RESPONSE_UP

INTERFERON_GAMMA_RESPON
HYPOXIA
IL6_JAK_STAT3_SIGNALING

COAGULATION

KRAS_SIGNALING_UP

ALLOGRAFT_REJECTION
IL2_STAT5_SIGNALING
P53_PATHWAY

INTERFERON_ALPHA_RESPONE

COMPLEMENT

Class Association

M cell_cycle_signature BYes No
B immunologic_signature
B Others

Survival
Good [l Poor

J Viot, et al. En révision dans eBioMedecine, 2024.
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| ’expression de
certains HERV
est associé a un
environnement
cytotoxique
MoINs
Important

Expression Bl UnExpressed Bl Expressed

HERVH 13g31.3

v

L]
p =0.015

’..

HERVH_13q31.3

L]
p=0.34

., OE;
‘ ’ .. L ]
& A=

HERVH_8q21.3b

HERVH_8q21.3b

HERVH_13¢33.3

p=0.036

HERVH_13q33.3

p = 0.0025

b

.
p=0.54

W

LJ
p=0.23

. -

&8

Pe®

.
.

HERVH_Xp22.2c

HERVH_Xp22.2c

HERVH_20p11.23b

0_

Score Lymphocytes T
&

L
p=0.55

L]
L ]
L™

¥
£

HERVH_20p11.23b

w

N
L

[
1

o

Score Cellules NK

p=0.76

p=013

P =5.26-05

[ X
LS T
& it

HERVH_Xp22.32a

HERVH_Xp22.32a

J Viot, et al. En révision dans eBioMedecine, 2024.
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[&)]
1

Score Lymphocytes T

‘b = 0.00013

Score Cellules NK

P = 0.0012

L )
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Conclusion de la 2¢ partie

UHB_cohort
W4 TCGA
> 400 a SRP245232
Colorectal g srRpo95672

C
RNASeq & SRP060016

SRP029880
METAPRISM

B
I
O
M
I
R
O
X

Expression in
tumor (>5%)

Differential
expression
Reproducibilit”

Prognostic Value

&

Immune ‘ \
contexture €mm— , Cell cycle
modulation correlation

J Viot, et al. En révision dans eBioMedecine, 2024.
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Discussion
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Cibles HERV partagées
w ERVLE_19q13.31a,

HERVL74_2q11.2,
HERVH_Xp22.32a I 1 HML3_17921.32,661

HERVL_17921.32,

ERVLB4_11¢23.3a

Cancers ORL
HERVH_18g22.3a, HERVH_8g21.3b et HERVH_4q24b

Steiner MC, et al. Cancer Res. 2021
Kolbe AR, et al. Viruses. 2020



Implication therapeutique de
"utilisation de HERV dans le CRC

Ad19a-ERV ISDmut + ¢-PD1
— Ad19a-ERV ISDwt + ¢-PD1

100 ' U___ — Ad19a-Control + «-PD1
CT26 |
challenge S5
0 10 14 17 = 45 days § *
| I N L 3e] = *
Vaccination A E

a-PD1 4 + 4 $ - _‘:
a-PD1
0 ; 1 . ' .

Days post tumeur inoculation

Daradoumis J, et al Viruses. 2023
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Les HERV comme biomarqueurs ?

Diagnostic Pronostic

* Initial « Mieux connaitre la maladie

* Rechute 3 un niveau individuel
e Concentrer les efforts de
traitements sur les patients

qui en ont vraiment besoin

>

Theérapeutique

* Augmente le nombre de
traitements disponibles
* Meédecine de précision =

Augmente les chances de succes



Conclusion

« MCRC et immunothérapie

« Environnement immunitaire

o HERV = marqueurs de mCRC

Soutenance de thése du 17/12/2024 a Besancon
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