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Exploratory set of FFPE
resected tumours

(N=22)

Microscopic dissection 
TT and AT

Immune profiling in TT 
and AT

(770 immune-related 
genes)

Deregulation of the immune transcripts in resected BTC
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Ghidini, EJC 2017

Is the immune-related transcriptome altered in resected 
tumours?



Ghidini, EJC 2017

Seed and soil 
theory

SOIL = PERITUMOUR (AT)
Genes in the peritumoural
area that were associated 

with risk of recurrence

SEED = TUMOUR (TT)
Genes in the tumoural

area that were associated 
with risk of recurrence
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Risk of relapse is associated with a greater number of genes 
deregulated in the peritumoural area



AT genes significantly related to risk of 
relapse at the multivariate analysis (T, N, site 

of tumour, R, adjuvant treatment, institution)
Validation set of FFPE

resected tumours
(N=53)

Microscopic dissection 
TT and AT

Immune profiling in AT
(770 immune-related 

genes)

CTLA4 expression in AT is associated with risk of relapse in an 
expanded cohort of patients 

High CTLA4 mRNA – worse prognosis

Ghidini, EJC 2017
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AT genes significantly related to risk of 
relapse at the multivariate analysis (T, N, site 

of tumour, R, adjuvant treatment, institution)
Validation set of FFPE

resected tumours
(N=53)

Microscopic dissection 
TT and AT

Immune profiling in AT
(770 immune-related 

genes)

CTLA4 expression in AT is associated with risk of relapse in an 
expanded cohort of patients 

High CTLA4 mRNA – worse prognosis

Ghidini, EJC 2017



Rudd E, Nat Rev Immun 2008

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

Ghidini, EJC 2017



CD80 protein expression is associated to better prognosis
in patients receiving adjuvant treatment

Benefit from adjuvant treatment seems to 
be absent in case of strong CD80

expression

Ghidini, EJC 2017

CD80 may represent a predictive biomarker of response 
to adjuvant treatment



Immuno-related parameters affect prognosis / chemosensitivity

Exploratory set of ABC
(N=123)

A ANC – Absolute Neutrophil Count

L LMR – Lymphocyte Monocytes Ratio

A Albumin

N NLR – Neutrophil Lymphocytes Ratio

Salati, EJC 2019

Exploratory cohort 
(Modena N=123)

Validation cohort 
(Marsden N=60)

Clinical parameters associated to 
survival in ABC undergoing first 

line chemotherapy
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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

Humans and other vertebrates
produce ~1 million unique ncRNA genes

Worms produce ~  300,000 ncRNAs

Aune, Journal of Leukocyte Biol 2016

Is non coding RNA important?



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

www.bio.miami.edu

ncRNA: the master- regulator of species complexity



Ng Molec Cancer 2016

LONG ncRNA

T-UCR
lincRNA

pseudogenes
asRNA

SMALL ncRNA

microRNA
tRF

piRNA
soRNA
siRNA

endo-siRNA
Exo-siRNA
Tasi-RNA

casiRNA
natsiRNA

How many types of ncRNAs?



PRI-miRNA

PRE-miRNA

Drosha

Exportin 5

PRE-miRNA

miRNA
Dicer

RISC

mRNA

Translation inhibition

Ago
Ago

P body

endosome

Ago

Ago

endosome

endosome

Ago

exosome

Ago

Endocrine function

recipient cell

How do microRNA work?

Decoy molecule

RNP



microRNA deregulation in CCA

Salati, Semin Liver Dis 2018



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

Multi-tasking players in cancer promotion and progression



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

miRNAs as modulators of chemoresistance in CCA

Functional approach that modulates expression of miRNAs involved in cell dynamics

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

Cells treated with CG

effect on cell viability
(CellTiterBlue Assay)

24 hrs

48 hrs

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).

Carotenuto, under revision

CCLP CCLP CCLP
SNU-
1079

SNU-
1079

SNU-
1079 SW1 SW1 SW1 EGI EGI EGI

SNU-
1196

SNU-
1196

SNU-
1196 TFK TFK TFK

hsa-miR-1224-3p -1.93 -0.75 -0.94 -5.67 -3.64 -3.88 0.06 -0.54 0.23 -0.52 -0.81 -0.77 -0.32 -0.17 -0.11 -1.97 -1.54 -0.56

hsa-miR-1228 -2.36 -2.68 -1.28 -3.70 -2.82 -1.36 -2.79 -3.60 -3.28 -5.48 -0.30 -4.05 -0.42 -0.70 -0.61 -3.17 -3.08 -4.64 *

hsa-miR-1234 -3.24 -4.01 -0.32 -2.78 -2.92 -2.12 -0.29 -0.64 -0.19 -0.82 -0.22 -1.17 -0.20 -0.79 -0.17 -1.63 -1.92 -2.34

hsa-miR-1247 -1.29 -1.77 -2.24 -3.70 -2.23 -1.78 -0.20 -0.27 -0.42 -0.39 -0.48 -0.97 -0.21 -0.38 -0.48 -2.06 -1.57 -0.98 *

hsa-miR-1249 -3.46 -5.57 -3.36 -2.84 -2.05 -2.03 -0.17 -0.32 -0.28 -1.40 -0.55 -1.47 -0.14 -0.67 -0.50 -1.88 -3.76 -7.24 *

hsa-miR-1280 -0.92 -1.29 -0.71 -4.14 -3.95 -1.18 -0.61 -1.49 -0.69 -0.36 -0.32 -0.56 -0.20 -0.40 -0.04 -0.98 -1.16 0.00

hsa-miR-1296 -2.56 -4.12 -2.28 -2.83 -1.83 -3.01 -0.81 -1.29 -0.92 -0.70 -0.97 -0.80 -0.58 -0.67 0.45 -2.64 -3.81 -5.13

hsa-miR-133b -3.10 -3.04 -2.66 -1.24 -0.80 -2.15 -1.46 -1.56 -1.62 -0.91 -1.09 -1.52 -0.27 -0.73 -0.33 -3.55 -2.07 -3.70 *

hsa-miR-566 -0.83 -1.72 -0.62 -2.29 -1.33 -1.72 -0.49 -0.25 -0.60 0.03 -0.40 -0.63 0.10 -0.07 -0.06 -1.44 -2.04 -1.59

hsa-miR-877* -1.96 -2.35 -1.81 -1.15 -1.79 -1.69 -0.61 -0.51 -0.60 -0.81 -0.16 -0.70 -0.12 -0.32 0.40 -0.02 -0.90 -1.18

hsa-miR-885-5p -1.14 -1.64 -0.64 -1.42 -1.04 -1.30 -1.16 -1.41 -1.41 -0.70 -0.15 -0.99 -0.28 -0.56 0.46 -0.61 -0.96 -1.46
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MIR1249 is over-expressed in 30-50% of human CCA tissues

MIR1249
(29%)

cohort 1 (Taqman)

cohort 2 (RNA-seq) cohort 3 (ISH)

MIR1249 is clinically relevant 

Carotenuto, under revision



Drug addition
DMSO

CG

Cell 
transfection

48 hrs

72 hrs
assessment

of cell viability

MIR1249i decreases cell viability only in CG-treated cells Hypothesis: 
MIR1249 drives survival and growth 

of chemo-resistant cells

chemotherapy

Enrichment of 
resistant cells

MIR1249i activity is specific for chemotherapy treatment

Carotenuto, under revision



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

MIR1249KO cells have impaired 
expansion of CD133+ cells

MIR1249 expression is increased in 
chemo-resistant CD133+ CCA cells

MIR1249
ISH

DMSO

CG

CD133- CD133+

MIR1249KO cells are more sensitive to 
CG in a dose-dependent manner

MIR1249 drives expansion of CD133+ cells

Carotenuto, under revision



CG induces stabilization of disease 
in WT

CG chemotherapy sensitivity is enahnced in MIR1249KO mice xenografts

CG induces  tumour shrinkage in 
animal models with lack of  MIR1249

MIR1249i induces tumour response in vivo

Carotenuto, under revision
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ü Can we use MIR1249 to select patients who
benefit from Cis-Gem?

Expanding precision oncology beyond mutational status

ü Can we use ncRNA to identify patient
populations who benefit from novel
treatments?
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Our experience of integration of non coding RNAs and organoid 
models in drug discovery projects in CCA

Cells 
plating in 

384 
plates

48 hrs

Drug/DMSO
addition 

through the 
Labcyte Echo 

system

72 hrs

Cell viability 
(cell titer

blue)

80nM

200nM

800nM

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

Highthroughput screening of small molecule compounds 
(n=500)

CCA cell lines

Lampis, Gastroenterology 2018



Enrichment pathway analysis identifies therapeutic opportunities for 
CCA

Enrichment of HDAC inhibitors for
Snu-1079 that harbours mutations in
IDH1 and PBRM1 chromatin
remodeling genes.

in line with previous observations 
(Chao, Nature. 2012)

Enrichment for microtubule
associated drugs and mTOR
inhibitors in all cell lines.

Clinical trials are ongoing for 
these compounds.

Heat Shock Protein (HSP) 90
inhibitors were effective in all cell lines

HSP-90 inhibition has recently 
proved effective in CCA preclinical 

models 
(Shirota, Mol Cancer Ther. 2015) 

HSP-90

HSP-90

Lampis, Gastroenterology 2018



Highthroughput screening of small molecule compounds (n=500) 
identifies HSP90-i as effective drugs in human CCA cell lines

Response to HSP90-i is inversely related to MIR21 
expression 

MIR21 inhibition increases sensitivity to HSP90-i

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

Lampis, Gastroenterology 2018



miR-21 can target DNAJ5B mRNA
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Patients derived organoids were established from chemo-
refractory CCA patients

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

silencing 

Lampis, Gastroenterology 2018

MIR21-dependent HSP90i activity has been confirmed in patient’s 
derived preclinical models



PDO-derived PDX confirmed dependence of HSP0-i efficacy on MIR21

MIR21 expression was modulated in a PDO-xenograft with a 
doxycycline-inducible diet

Specificity of MIR21 to the HSP90 pathway was due 
to the targeting of DNAJB5

Modulation of MIR21 in vivo controls HSP90i efficacy

Lampis, Gastroenterology 2018



FGFR2i

IDHi

HER2i

BRAFi

Entrectinib
Immunotherapy

TARGETED THERAPY

UNSELECTED APPROACH

Cis-Gem

CCA

MOLECULAR 
CHARACTERIZATION

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

Expanding precision oncology beyond mutational status

ü Can we test HSP90i in low-MIR21 CCA?
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Can ncRNAs be downstream of WNT pathway in liver cancer?

HCC 
Apc fl/fl mice

Wnt
pathway ↑

NORMAL LIVER
Apc +/+ mice

Buchert M, PLoS Genetics 10

b-catenin in 
the nuclei 

HCC 
DEN treated mice

NORMAL LIVER
untreated mice
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Transcribed-Ultraconserved Regions (T-UCR):
long non-coding RNAs conserved across species

Braconi, & Patel, PNAS 2011

T-UCR are aberrantly deregulated in liver cancer cells

T-UCR deregulation increases with 
malignant transformation 

T-UCR deregulation affects cell growth



Fold change, APC fl/fl vs APC+/+
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Can T-UCRs be downstream of Wnt pathway?

WNT-dependent liver 
tumours 

DEN-induced HCC
HCC

Apc fl/fl mice

Profiling T-UCR expression
(Arraystar platform)

NORMAL LIVER
Apc +/+ mice

Buchert, PLOS Genet 10

Carotenuto, Gut 2016



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

In vitro In vivo

Biological Effects

Carotenuto, Gut 2016



uc.158- was induced only in WNT-dependent malignant transformation

uc.158- was increased in WNT-dependent 
liver cancer

uc.158- does not change in WNT-dependent liver cell proliferation

Carotenuto, Gut 2016



uc.158- is upregulated in iCCA

Carotenuto, Gut 2016
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ü Can we use MIR1249 to select patients who
benefit from Cis-Gem?

Expanding precision oncology beyond mutational status

ü Can we use test HSP90i in low-MIR21 CCA?

ü Can we identify markers for WNTi?

ü Can we individualize treatment with a
patient-specific model?



Advanced CCA PDOs recapitulate 
pathological phenotype of source tissue

Lampis, Gastroenterology 2018



TRANSCRIPTOMIC (nanostring analysis)

r: 0.91 [0.82-0.96]
p<0.0001

organoids

bi
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sy

Only house-keeping 
genes.

r: 0.61 [0.56-0.65]
p<0.0001

organoids
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All genes

Biopsy
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r: 0.94
p < 0.00001)

Variant Read Frequency 

GENETIC (NGS)

Advanced CCA PDOs recapitulate 
genomic landscape of source tissue

Lampis, Gastroenterology 2018



Tiriac, Cancer Discovery 2018

Surgical specimen: 78%
FNB: 72%

PDO can be derived from pancreatic cancer
(resection and EUS-FNB)



Vlachogiannis, Science 2018

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

PDOs establishment can be escalated into the generation 
of a biobank



Vlachogiannis, Science 2018

Mutational profile

Bio-bank of advanced GI cancers
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PDOs maintain the phenotype over time



Prospect-C/R
& FOrMAT Trials

Treatment In vivo
Response

Treatment

PDOs

Sensitivity 
Ex vivo

Our co-clinical trial experience

PDOs can be used for “live” drug screening



PDOs mimic response in the clinic

• Three metastatic gastric cancer FOrMAT patients:
• 3994-049 (Paclitaxel Resistant)
• 3994-071 (Paclitaxel Resistant)
• 3994-063 (Paclitaxel Sensitive)

CHEMOTHERAPY
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Vlachogiannis, Science 2018



A true pathway to have science at patients’ service

Baseline (BL) Progressive
Disease (PD)First line chemotherapy (CG)

Imaging-guided
or endoscopic

Biopsy

CCA
Patient

Liquid biopsies
(ctDNA / miRNA)

Ex-vivo exposure to CG

chemo-resistant
organoids

Genomic characterization

Drug screening

Organoids

fresh tissue

Genomic characterization

Drug screening

SECOND LINE 
TREATEAMENT
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