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! Q” Is the immune-related transcriptome altered in resected
{3;:5,,35;; tumours?

Deregulation of the immune transcripts in resected BTC
Exploratory set of FFPE
resected tumours
(N=22)
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Risk of relapse is associated with a greater number of genes
deregulated in the peritumoural area

Seed and soil
theory

/

SEED = TUMOUR (TT)

Genes in the tumoural
area that were associated
with risk of recurrence

SOIL = PERITUMOUR (AT)

Genes in the peritumoural
area that were associated
with risk of recurrence
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CTLAA4 expression in AT is associated with risk of relapse in an
expanded cohort of patients

AT genes significantly related to risk of . .
Validation set of FFPE relapse at the multivariate analysis (T, N, site ngh CTLA4 mRNA - worse prognosis
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CTLAA4 expression in AT is associated with risk of relapse in an
expanded cohort of patients

AT genes significantly related to risk of . .
Validation set of FFPE relapse at the multivariate analysis (T, N, site ngh CTLA4 mRNA - worse prognosis

resected tumours of tumour, R, adjuvant treatment, institution)
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CD80 (but not CD86) expression in AT is associated
with risk of relapse

CTLA4 as a marker of Treg

CD80 mRNA is prognostic in patients receiving adjuvant

chemotherapy
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CD80 may represent a predictive biomarker of response
to adjuvant treatment

CD80 protein expression is associated to better prognosis Benefit from a(:!juvant treatent'seemsto
) . A be absent in case of strong CD80
In patients receiving adjuvant treatment expression
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Exploratory set of ABC
(N=123)

Multivariate analysis in the exploratory cohort.
Covariate HR 95% C1 p value
LMR
=21 1.60) 1.02—3.08 0,045
Albumin gldl
<3.5 1.62 1.04-2.50 0.031
NLR
>3 1.74 1.03-2.97 0,042
ANC
= HO00 212 1.27-3.54 0,004
Performance status
ECOG =2 versus 0-1 216 1.28-3.64 0.004
Disease status
Metastatic versus LA 2.22 1.30—-3.78 0.003
CEA nglml
=45 2.59 1.55-4.32 <0.001

ECOG, Eastern Cooperative Oncology Group; NLR, neutrophil/
Iymphocyte ratio; LMR, lymphocyte/monocyte ratio; ANC, absolute
neutrophil count, CEA, carcinoembryonic antigen; CL. confidence in-
terval; HR, hazards ratio; LA, locally advanced

Wariables that resulted statstically significant in the multivariate
analysis are reported. Shrinkage (overfitting) 0.099, c-Harrell Train
0,702 Test 0.692.

Albumin

2 > rr >

ANC — Absolute Neutrophil Count

LMR — Lymphocyte Monocytes Ratio

NLR — Neutrophil Lymphocytes Ratio

— AL AN low risk
=== ALAN. intermediate risk
A.L.AN. high risk

Clinical parameters associated to
survival in ABC undergoing first
line chemotherapy

Qverall Survival
(cumulative probaibility)

0.00,

Exploratory cohort
(Modena N=123)

12 24 36 48 60
time (months)

Validation cohort
(Marsden N=60)

1.00
0.804 !
0.80+
0.70+
0.60+
0.50
0.40+
0.30+
0.20+
0.104
0.00+

Overall Survival
(cumulative probaibility)

time (months)

Salati, EJC 2019
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Is non coding RNA important?

mRNA genes
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Worms and humans share the same
number of protein coding mRNAs
(20,000)

The human genome is 30 times larger
than the worm genome
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Humans and other vertebrates
produce ~1 million unique ncRNA genes
Worms produce ~ 300,000 ncRNAs
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NcRNA: the master- regulator of species complexity

ncRNA has been considered “junk”, but perhaps it actually helps to explain organisms’ complexity

100 1
90 ;
80 ;
70 1

Percent of ONA Not Coding for Protein

Prokaryotes One-celled Fungi/  Invertebrates Chordates Vertebrates Hurnans
eukaryotes Plants

www.bio.miami.edu
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How many types of ncRNAs?
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How do microRNA work?
MMMMM endosome
L 2
PRI-miRNA
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P body
endosome
Exportin 5
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Dicer ‘
miRNA / /
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Decoy molecule recipient cell
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exosome

Translation inhibition

Endocrine function



microRNA deregulation in CCA

Table 1 Selected oncogenic miRNAs involved in cholangiocardinoma initiation and progression

Table 2 Selected oncosuppressor miRNAs in cholangiocarcinoma initiation and progression

miRNA Expression” | Tumer type | Target genes Function Source Ref. miRNA Expression” | Tumor Target genes Function Source Ref,
miR-Z1 Up CcA, icca, | pak, PDcDg, TIMP3, Tumar growth, | Human cell lines, | 23229343546 i
Op-CCA RECK, TPM1, 15PGDH, | invasion, human tissue, miR-34a Down eCCA, Per-1, SMAD4 proliferstion, invasion, | Human cell lines, | 193.108
PTPNIT4, PTEN, KLF4, migration mouse tissue CCA migration, EMT human tissue
AXT R L iR-29b D CCA Mel1 Antiapoptoti H ol lines | 3
miR:25. Up ccA Dfd Antiapoptotic Human cell lines = i ] i s e
human tissue, ! miR-26a Down CCA KRT19 Suppression al :uman L[e\l lines, &8
tumor growt uiman tissuwe,
mik-26a | Up CCA GSK-3p Tumor growth :Iumam c_EII lines, | %% ? mouse tissue
uman tissue,
mouse tissue miR-101 Down CCA VEGF, COX-2 Angiogenesis Human cell lines, Ll
hi ti
mik31 | Up ICCA RASAT Proliferation, | Human cell lines, | 2/ kit
antia poptotic human tissue, miR-124 Down HCV=iOCA SMYD3 Invasion, migration Human cell lines, g
miR-141 Up CCA Clock Proliferation Human cell lines, 5 miR-138 Down CCA Rhol Proliferation, Human cell lines 28
human tissue, invasion, migration
IMGLCE SY miR-144 Down CCA LIST Proliferation, Human cell lines, m
mik-210 | Up ccA MNT Proliferation Mouse tissue 105 invasion, migration human tissue,
miR-221 Up eCCA PTEN Invasion, Human cell lines, | 37 mouse tissue
migration, EMT human tissue, miR-148a Down A DNMT-1 Proliferation Human cell lines, o
miR-421 Up CCA FXR Proliferation, Human cell lines, | '™® fil-152 Mouke Hetue
migration human tissue miR-200bjc | Down CCA, SUZ12, ROCK2, Invasion, migration, Human cell ines, | 12
Let-7a up CCcA NF2 survival Human cell lines, | 2 iCCA NCAM T EMT, drug resistance human tissue,
mosse Hssae mouse Lissue
miR-24 Up ICCA. eCCA | MENT Prolifer ation. Human cell lines. | 197 miR-204 Down iCCA Slug, Bd-2 Invasion, migration, Human cell lines, ¥
migration, human tissue, EMT, antiapoptotic human tissue
el motlwe Resue miR-214 Down iCCA Tiwist EMT Human cell lines, | ¢
human tissue
miR-320 Down CCA Mcl-1 Antiapoptotic Human cell lines, 7
human tissue
miR-370 Down CCA MAP3KS, WNT 108 proliferation Human cell lines, | 3113
human tissue,
mouse tissue
miR-373 Down pCCA MED2 Praliferation Human cell lines, e
human tissue
miR-376¢ Down iCCA GRB2 Proliferation, Human cell lines ns
migration
miR-410 Down CCA XIAP Proliferation Human cell lines, | 43
human tissue,
mouse tissue
miR494 Down CCA DKG, PLKT, PTTGT, | Proliferation Human cell lines, | 3118
CCNBT, CDC2, mouse tissue
MC20 TOP2A,
let-7¢f Down cCa L6, [1-6R, ICFTR Inflammation, Human cell lines, 41
miR-99aj invasion, migration human tissue,
miR-125b mouse tissue

Salati, Semin Liver Dis 2018
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Multi-tasking players in cancer promotion and progression

Up Down

miR-141  AFAP-1 miR-101
miR-181c CCAT2 miR-138
miR-191 CP31.T1 miR-144
miR-200b EPIC1 miR-148a
miR-21 H19 miR-152
miR-210 HOTAIR miR-34a
miR-24 MALAT1  miR-370
miR-26a PANDAR miR-373
miR-20  PCATY mir-376¢
miR31  TUG1 miR-410
miR-421 miR-484
miR-et7a

Up Down

miR-200c AFAP-1 miR-124
miR-21 CCAT2

miR-221 CP31-IT1

miR-24 H1§

miR-421 MALATY

PANDAR PCAT1 miR-214
TUG1 UcAat miR-37Ec

Ciliogenesis

ncRNAs in
Cholangiocarcinoma

Epigenetics
G o XY

Inflammation
Chemoresistance /
Survival / apoptosis

®
5 &
- = Up Down
miR-17:92  miR-1250
miR-200 miR-605

miR-99a
miR-etTc

Braconi — Gradilone
In: Banales, Nat Rev Gastr & Hepat 2019



mMiRNAs as modulators of chemoresistance in CCA

Highthroughput screening to identify miRNA-i that reverse chemotherapy resistance in human CCA cellS

Functional approach that modulates expression of miRNAs involved in cell dynamics

LNA microRNA inhibitors library
(Exigon, miRCURY LNA, v3)

l 24 hrs

Cells treated with CG

l 48 hrs

effect on cell viability
(CellTiterBlue Assay)

Analysis of the HTS: For each replicate: cell viability
assessed for each hit normalized to averaged NEG
CTRLs across the plates. For each cell line: t-test of
normalized values for 3 replicates (p value < 0.05).

MIR1224-3p
MIR1228
MIR1234
MIR1247
MIR1249
MIR1280

MIR1296
MIR133b

MIR566
MIR877*
MIR885-5p

CCLP

CCLP

CCLP

SNU-1079
SNU-1079
SNU-1079

SWi1
SWi1
SWi1
EGI
EGI

EGI
SNU-1196
SNU-1196
SNU-1196
TFK
TFK
TFK

miRNA inhibition
enhances
chemo-sensitivity

=

.+1 0

miRNA inhibition
enhances
chemo-resistance

. -5.5
5 cell viability,

normalized to
scramble inhibitar,

log

Carotenuto, under revision




MIR1249 is clinically relevant

MIR1249 is over-expressed in 30-50% of human CCA tissues

cohort 1 (Tagman) gntire cohort observalion adjlvant
MIR1249
15 — LYW MIR1249 - LOW MIR1249 _ == LOW MIR12449
100 100 100
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= . A—
& a5 "I 0 0 .I . T . n r T 1
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A5
cohort 2 (RNA-seq) cohort 3 (ISH) normal liver tumour
b Pz L B
g R
5, = T - ."""'.,_
g £ 2 %}ﬁ": )
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5 | .
i | e
o 21 ¥ she LT
= = s {5 el e
g s wb,:,—‘i':‘"{‘;“
= e
2 | i

Carotenuto, under revision
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MIR1249i activity is specific for chemotherapy treatment

MIR1249i decreases cell viability only in CG-treated cells

p:0.01
p<0.001
. p:0.001
I 1
p:0.2
— p:0.6
p:0.02
200000 T H p<0.001
180000 |—| e g e
160000 - @ CTRL inhibitor
£ 140000 1 R
S 120000 m MIR1249 inhibitor
g 100000 -
T 80000 - o MIR1250 inhibitor
=3 60000 A
40000 1 m cell death CTRL
20000 -
0
-20000 -~ .
at time DMSO CcG
of drug (72 hrs) (72 hrs)
addition
DMSO
Cell 4815 prug addition assessment
transfection 72 hrs il i
CG

Hypothesis:

MIR1249 drives survival and growth
of chemo-resistant cells

chemotherapy

|

Enrichment of
resistant cells

Carotenuto, under revision
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MIR1249 drives expansion of CD133+ cells

MIR1249 inhibition sensitizes CCA cells to CG chemotherapy
by reducing expansion of CD133+ cells

MIR1249 expression is increased in MIR1249KO cells have impaired | | MIR1249KO cells are more sensitive to
chemo-resistant CD133+ CCA cells expansion of CD133+ cells CG in a dose-dependent manner
= p:0.05
O ;5 , ;
% VE) \ O_Z-P'lo_'?? p.lﬂ_.??
a p: 0.0001 ]
| Ml
S% 5 | PAwor | g ol i
E ».{_.36 p: 0.0006 =0 0]
o | - 187 £0
E = _g a -0.24
CD133- CD133+ e S o 03
MIR1249 HYEs R 121 5 ]
ISH & 10 @~
WEY 2 % 06/
Rl a p<0.001 p<0.001 p<0.001 p<0.001
O 5 p: 0.001 p: 0.02 07/ ] ] — -
i i H 2 9
o
CD133- CD133+ 9 g %
0 l"‘- : E GC (concentration)
L #17 #56
DMS0 X WT MIR1249KO
B EWT
EIDMSO B MIR1249KO #17
€6 (% BCG

Carotenuto, under revision
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MIR1249i induces tumour response in vivo

CG chemotherapy sensitivity is enahnced in MIR1249KO mice xenografts

) e . CG induces tumour shrinkage in
CG induces staplllzat/on of disease animal models with lack of MIR1249
in WT
o 0.7 0.77
g lwr o coxxon ot s MIR1249KO0 A
o . 05 I’{\‘I"I - . w w x x| |
EJ 03 A~ I s
o FREHLF
°g o o s o
s.g*g_[)j %
= ‘-g B R R et T ®
0 -07 :
= 14 16 18 21 24 28 32 35 36 14 16 18 21 24 28 32 35 36
time (days) time (days)
—— vehicle --- CG —— vehicle --:- CG

Carotenuto, under revision
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Expanding precision oncology beyond mutational status

CCA
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v Can we use MIR1249 to select patients who
benefit from Cis-Gem?

v’ Can we use ncRNA to identify patient
populations who benefit from novel
treatments?
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~~8 Immunotherapy

\ ” " Entrectinib
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Our experience of integration of non coding RNAs and organoid
models in drug discovery projects in CCA

Preclinical testing of small molecule drugs in CCA disease model (cell lines)

Highthroughput screening of small molecule compounds CCA cell lines
(n=500)
Cell line Tumour type Origin Mutations
Cells EGI-1 ECC  Extrahepaticbile ducts  TP53
plating in : :
Middle common bile BAP1
TFK-1 ECC
384 duct PBRM1
plates :
Snu-1196 ECC H;f'f‘arg;t?c‘)‘:t SMAD4
TP53
48 hrs Distal bil KRAS
Snu-245 ECC e e
TP53
Drug/DMSO Snu-869 ECC Ampulla of Vater TP53
addition
Snu-478 ECC Ampulla of Vater .
through the TP53
i Labcyte Echo Witt (MzCh-A) GBC Adenocarcinoma of SMAD4
- 80nM system Gallbladder
: TP53
Adenocarcinoma of
. 79 hrs Snu-308 GBC Salbladdor TP53
- 200nM SWA Icc Intrahepatic
cholangiocarcinoma
Cell viability ——
_— ) ) ntrahepatic
' (Ce” titer ek 1= cholangiocarcinoma B
~ 800nM blue) . D1
Snu-1079 Icc Intrahepatic
cholangiocarcinoma PBRM1

Lampis, Gastroenterology 2018
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Enrichment pathway analysis identifies therapeutic opportunities for
CCA

iCCA
Aurora Enrichment for microtubule
gl T .8 associated drugs and mTOR
—ud P " inhibitors in all cell lines.
3 ,-"- e 5 Il
. IR LA AN Clinical trials are ongoing for
i} 3 HePoo I AR these compoundes.
E : Topo .-; 4 4 r" g s _‘ P-90
:. i isomerasae 1 _1 ’
E : ‘k.. 1 ".‘ \k,' i y !
MEK T Mo LY 4 A,
. ¥ ubul . " ~— - y i . . T
Pl v ) Enrichment of HDAC inhibitors for
NEK . T Snu-1079 that harbours mutations in
/) PRI IDH1 and PBRM1 chromatin
- N == remodeling genes.
in line with previous observations
Aurora Aurora
Kinase Kinase (Chao, Nature. 2012)
—— SNU-1196 J.
==iiy PLK o™ o .., HOAC
- N Heat Shock Protein (HSP) 90
somerase ; inhibitors were effective in all cell lines
P o o
i i HSP-90 inhibition has recently
ey Leisid proved effective in CCA preclinical
models
(Shirota, Mol Cancer Ther. 2015)
PI3K
(not mTOR)

Lampis, Gastroenterology 2018
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HSP90i is effective and its activity is increased by lack of MIR21
expression in human CCA cells

Highthroughput screening of small molecule compounds (n=500) Response to HSP90-i is inversely related to MIR21

identifies HSP90-i as effective drugs in human CCA cell lines expression
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E 002 - w0 S
e o
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miR-21 can target DNAJSB mRNA
HSP protein array Luciferase assay confirms direct binding between
in CCLP cells over-expressing miR-21 miR-21 and DNAJ5B 3’UTR
CTRL vector miR-21 vector p<001
9 —
ABCDEF G ABCDEF G S 8
= 7
o || * LB T e .' ” [0 CTRLvector & 4 | p<001
(_DI 2 = o 2 @ LR B _ 8 5 |_|
O |3 . 3 . B miR21vector @ 4
4 . 4 . S 3
S 2
-]
a3 1 -
£§ A B C D E F G 0 -
;g:z'% POS NEG HSP27 HSP32 HSP40 HSP&0 HSP70 24 hrS 48 hrS
:‘é%% HSPoo | GRP7S | Ubiquitins1| HSP10 NEG NEG POS Co-transfection Of miR-21 and DNAJ5B rescues
biological effect
. : : :0.01
DNAJ5B protein expression reduces 19 | p:0.03 |1 P |
after miR-21 expression 10 ! ' !
o ’ AUY-922
- o 08 -
5 5 5 g E £
g 8 g g 5= 06 -
5 5 3 & © O
DNAJE!5‘ - ‘_ . 8% 0.2 -
G,_J 0.0 - T T T

HSP70 |

ACTIN‘ - _‘— —‘ Empty DNAJ5B Empty DNAJ5B

CTRL miR-21 vector
DMSO AlUY922
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Ca 19.9 (ngfmL)

derived preclinical models

Patients derived organoids were established from chemo-
refractory CCA patients

A

Organoids

Biopsy

QOrganoids

HSP90-i remains effective in CCA organoids, but its
activity was significantly increased by MIR21
silencing

Everalimus
Bortezomib
Gefitinib
Brivanit
Imatinit
Olaparit
SEX-523
Sorafanib
GSKEI0593
Saracatinit
Selumetinit
MK-Z206
Linsitinit:
Palbociclib

LY2157299
GDC-0gs0
Dacomitinit
Irinatecan
Trametinib
Ruxafitinib

Ly210a761

SCH772984
SB265610
CoT251455 | |
CoT2s52422
cCT241738 ||

phase contrast

b
=

Organoids

e

et "
e 9

8
e
g
2,
%,
®

P

Artie

o

Cell viability,
relative to DMSO

B CTRL inhibitor vector
14 - Bl MIR21 inhibitor vector

1.2 P = .002
f—q

"DMSO 10 15 20
AUY922, nM
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Modulation of MIR21 in vivo controls HSP90i efficacy

PDO-derived PDX confirmed dependence of HSPO-i efficacy on MIR21

MIR21 expression was modulated in a PDO-xenograft with a  ||Specificity of MIR21 to the HSP90 pathway was due

doxycycline-inducible diet to the targeting of DNAJB5
A DOX die! ON DX dini ON Vahicle
DDX diet oW DO et OFF Verhicle
@ —p @ DO diel DN D aiet Gl ALYERT
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WIRZ21 TripZ PDOD g0 PDO-P0OX
[ (O N I D R O R N 3
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e -
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e e
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e
0 T T 1
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Time (days)
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Expanding precision oncology beyond mutational status

/TARGETED THERAPY \
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Can ncRNAs be downstream of WNT pathway in liver cancer?

HCC NORMAL LIVER HCC NORMAL LIVER
Apc fl/fl mice Apc +/+ mice DEN treated mice untreated mice
%8 ® Q1C
5 £ o oo
Apc™ Cre ' B B
’ -y 3 40 1
b-catenin in - o 35
the nuclei . =5 U
) ¥ ik o o 25 -
Wt . ’ ‘I'p:‘—l¥ g g 20 1
pathway 1 $%0E g Bgie® 3.8 moe 13 ] I I
NSRS 5 -
case " Ferad :‘ ¥ -?‘: g ‘ ‘ ‘
S A LN untreated 40ug DEN
Buchert M, PLoS Genetics 10 as pups

Global gene expression profiling

IncRNA
mRNA
miRNA
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Transcribed-Ultraconserved Regions (T-UCR):
long non-coding RNAs conserved across species

T-UCR are aberrantly deregulated in liver cancer cells

decreased in HCC increased in HCC
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WNT-dependent liver
tumours

> =
NORMAL LIVER
Apc +/+ mice

Profiling T-UCR expression
(Arraystar platform)

Can T-UCRs be downstream of Wnt pathway?

0.00
o€,
0.01 T-UCR APC fliflvs APCfliflvs Genomic
S I - _‘ ________ ’_ - APC +/+ DEN location
002 | — ®_ uc.158 - 3.73 2.21 Intergenic
) ¢ * uc.196+ -2.27 -6.4 Intergenic
2 008 F————— .
> ¢ uc.82 - -2.68 -2.62 Intergenic
* .04 * |
L overlap
uc.455 + -5.43 -3.65 RBM39
005 ————— <
0.06 : :
-10 -5 0 5

Fold change, APC fl/fl vs APC+/+

Carotenuto, Gut 2016



AT University
of Glasgow

uc.158- expression is specific for -catenin dependent tumours and
modulate cellular growth and invasion

In vitro In vivo

A B Swiss cohort Italian cohort
Hoechst CTNNB1 merged 0.00050
g 000045
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[=9
X 000030 0.20 "
o 0.00025 5 =
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& 0.0004 . ; .
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uc.158- was induced only in WNT-dependent malignant transformation

uc.158- was increased in WNT-dependent

uc.158- does not change in WNT-dependent liver cell proliferation
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uc.158- is upregulated in iCCA
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Expanding precision oncology beyond mutational status
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v Can we use MIR1249 to select patients who
benefit from Cis-Gem?

v" Can we use test HSP90i in low-MIR21 CCA?

v’ Can we identify markers for WNT;?

v’ Can we individualize treatment with a
patient-specific model?
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Advanced CCA PDOs recapitulate
pathological phenotype of source tissue

Ca 199 (rg/mly

g
L
Organcids

Biopsy

Organaids

Q. 3

Lampis, Gastroenterology 2018
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Advanced CCA PDOs recapitulate
genomic landscape of source tissue

TRANSCRIPTOMIC (nanostring analysis) GENETIC (NGS)

Only house-keeping
2500- genes. Variant Read Frequency

(/2]
S Ty
o ¢ o
c
0 T T 1 1)
0 500 1000 1500 9 g
organoids o .
r: 0.91 [0.82-0.961 All genes
p<0.0001 25000+ . %
Biopsy
r: 0.94
p < 0.00001)

0 5000 10000 15000

organoids

r: 0.61 [0.56-0.65]
p<0.0001
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PDO can be derived from pancreatic cancer
(resection and EUS-FNB)

Surgical specimen: 78%
FNB: 72%

Tiriac, Cancer Discovery 2018
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PDOs establishment can be escalated into the generation
of a biobank

Efficiency rate of PDO establishment: 70% in the clinical setting

Colorectal Gastric

3770-1027 3994-063

Organoids

H&E

Tissue | &%

Vlachogiannis, Science 2018
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PDOs maintain the phenotype over time

RNA-seq Mutational profile

Advanced CCA PDO Bio-bank of advanced Gl cancers
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Pearson correlation is 0.9
p-value < 2.2e-16).

In collaboration with J. Andersen Vlachogiannis, Science 2018
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PDOs can be used for “live” drug screening

Our co-clinical trial experience

PDOs

Sensitivity
Ex vivo
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PDOs can be used for “live” drug screening

PDOs mimic response in the clinic

CHEMOTHERAPY

* Three metastatic gastric cancer FOrMAT patients:

3994-049 (Paclitaxel Resistant)
3994-071 (Paclitaxel Resistant)
3994-063 (Paclitaxel Sensitive)

Viability relative to DMSO control
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Vlachogiannis, Science 2018
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A true pathway to have science at patients’ service
Progressive

Baseline (BL) First line chemotherapy (CG) Disease (PD)
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Patients and families
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