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Abstract

Background & Aims: Cholangiocarcinomas (CCA) are resistant to chéerapy, so new
therapeutic agents are needed. We performed anstoredentify small molecule compounds
that are active against CCAs. Levels of microRNA(IR21 or miRNA21) are increased in
CCAs. We investigated whether miRNA21 mediatesstasce of CCA cells and organoids

to HSP90 inhibitors.

Methods. We performed a high-throughput screen of 484 mmalecule compounds to
identify those that reduced viability of 6 human ACell lines. We tested the effects of
HSP90 inhibitors on cells with disruption of tMiR21 gene, cells incubated with MIR21
inhibitors, and stable cell lines with induciblepegssion of MIR21. We obtained CCA
biopsies from patients, cultured them as organ@idsient-derived organoids, PDOs). We
assessed their architecture, mutation and genessipn patterns, response to compounds in

culture, and when grown as subcutaneous xenografirs in mice.

Results: Cells with IDH1 and PBRM1 mutations had the highest level of sensitivity to
histone deacetylase inhibitors. HSP9O0 inhibitorsevedfective in all cell lines, irrespective of
mutations. Sensitivity of cells to HSP90 inhibitearelated inversely with baseline level of
MIR21. Disruption of MIR21 increased cell sensiiyvto HSP90 inhibitors. CCA cells that
expressed transgenic MIR21 were more resistant3899 inhibitors than cells transfected
with control vectors; inactivation of MIR21 in theesells restored sensitivity to these agents.
MIR21 was shown to target the DnaJ heatshockprotamily (Hsp40) member B5
(DNAJB5). Transgenic expression of DNAJB5 in CCAIs¢hat overexpressed MIR21 re-
sensitized them to HSP90 inhibitors. SensitivityP@fOs to HSP90 inhibitors, in culture and

when grown as xenograft tumors in mice, dependegkpnession of miRNA21.



Conclusions: miRNA21 appears to mediate resistance of CCA ¢elldSP90 inhibitors by
reducing levels of DNAJB5. HSP90 inhibitors miglet tleveloped for treatment of CCA and

MiRNA21 might be a marker of sensitivity to thegeats.

KEY WORDS: organoid, AUY922, bile duct cancer, DNAJB5



Cholangiocarcinomas (CCA) are tumours with dismedgposi$™. Surgery is the only
curative treatment modality in CCA; however, ldsant 30 % of patients are diagnosed with
resectable diseas8 In advanced CCA the efficacy of systemic treatnietimited by drug-
resistancg A combination treatment with cisplatin and gemisite is recommended as first-
line standard for patients with inoperable CCAssduhon data from the ABC-02 tridl
However, long term outcome is still pdphighlighting the need for the identification of
novel therapeutics along with appropriate stratetpe clinical implementation.

Attempts to test the efficacy of targeted theragied small molecules against CCAs have
been made without a proper phase of target sefeetim validation, leading to repeated
failures in small and unselected populations of Q@Aients®*® Notably, a phase Il trial
failed to show a benefit from the addition of erldi to a gemcitabine-platinum combination
in metastatic CCAs that were not enriched for gygrapriate molecular subtype

Molecularly targeted small molecule drugs are lowlenular-weight compounds that
regulate biological processes and can rapidly sdfacross cell membranes so that they can
reach intracellular sites of actidn Small molecules have entered clinical practicetfe
treatment of other forms of solid malignancies, whéhe dependence of the cancer on
specific pathways is understood. Here, we repad &tam a high-throughput screen (HTS)
of a library of small molecule drugs and chemicadl$ in human CCA cell lines that have
been genetically characterized for the most fretjueuatations observed in human CCA,
along with validation inex vivo andin vivo models of promising compounds and relative
biomarkers of response. Our approach has enabléal identify molecularly targeted small
molecules that have activity against CCAs and eedldiiomarkers that may inform future

clinical trial design.



Experimental Procedures

High-throughput-screening (HTS). A custom compound library including 484 small
molecules was developed in the Cancer Research @Rce&® Therapeutics Unit at the
Institute of Cancer Research (Supporting Table Sg&)ls were plated into a polypropylene
384-well assay plate (Greiner Bio-One, FrickenhausBermany) for 48 hours before
compounds were screened at the final concentratio®OnM, 200nM and 800nM in
0.3%(v/v) DMSO by dispensing 125 nL compound solution frorsoarce plate containing
the compounds at a concentration ofu82 80uM and 32@M in 2% (v/v) DMSO, into the
central 320 wells of a 384-plate. 0.3%vf. DMSO was used as a vehicle control. Cell
viability was assessed 72 hours later by fluorimetissay (CellTiter-Blue, Promega
Madison, WI, USA). The cell viability measuremerarh each hit was normalized to those
of cells exposed to vehicle only. Each cell linesw@sted in triplicate. Statistical significance
(p<0.05) was determined by two-sided t-test acBosplicates.

Statistical analyses. Statistical analyses were performed by GraphRsdnF6 (La Jolla, CA,
USA). Results are expressed as mean + SD, umdgsated otherwise. Groups that were
normally distributed were compared with either tifed Student’'s test (for analysis of 2
groups) or using 2-way ANOVA to compare multipleogps. Non-parametric data were
analyzed using a Wilcoxon—Mann-Whitnélytest when comparing 2 groups. Significance
was accepted whgnwas less than 0.05.

Patient-derived organoids (PDO). One core biopsy was obtained from a patient with
advanced ICCA after ethical approval within the (B6B9 protocol at the Royal Marsden
Hospital. For the colorectal cancer (CRC) PDOs core biopsy was obtained from a liver
metastasis of a chemo-refractory colorectal capeéient (protocol CCR4164). The biopsy
was minced, conditioned in PBS/EDTA 5 mM for 15 minroom temperature, and digested

in PBS/EDTA containing 2x TrypLe (Thermo Fisher &tific, Waltham, MA, USA) for 1



hr at 37°C. Following digestion, mechanical force was agmplie order to facilitate cell
release in solution. Dissociated cells were cadlédch Advanced DMEM/F12 (Thermo Fisher
Scientific, Waltham, MA, USA), suspended in growtictor reduced (GFR) matrigel
(Corning Inc., Corning, NY, USA), and seeded. Thatngel was then solidified and overlaid
with 500 ul of complete human organoid medium, which was egbently refreshed every
two days. PDOs were cultured in Advanced DMEM/FLiplemented with 1x B27 additive
and 1x N2 additive (Thermo Fisher Scientific, Walth MA, USA), 0.01% bovine serum
albumine, 2 mM L-glutamine, 100 units/ml penicilstreptomycin, and containing the
following additives: EGF, noggin, R-spondin 1, gast FGF-10, FGFF-basic, Wnt-3A,
prostaglandin E2, Y-27632, nicotinamide, A83-01,3ABL, SB202190, HGF (Pepro-Tech,
London, UK). Passaging of PDOs was performed uSinglLe. PDOs were biobanked in
FBS (Thermo Fisher Scientific, Waltham, MA, USApntaining 10% DMSO (Sigma-
Aldrich, St Louis, Ml, USA).

PDO histology. PDOs were harvested out of matrigel by inoculatimgm with 1 ml of Cell
Recovery Solution (Corning Inc., Corning, NY, USfay 60 min at 4°C. Organoids were
then collected in cold PBS, pelleted, and fixed=ormalin 10% (Sigma-Aldrich, St Louis,
MlI, USA) for 60 min. Following fixation, organoidsere washed and resuspended in 200
of warm agarose 2%. The agarose pellet was delegtliaing ethanol, and embedded in
paraffin using a standard histological protocol.

PDO NanoString analysis. 100 ng of total RNA extracted from PDOs and miaitghH-FPE
biopsies were run with the nCounter PanCancer Bssgin panel (Nanostring Technologies,
Seattle, WA, USA), according to the manufacturergructions. Raw data were normalised
using the NanoStringNorm R package version 1.loftéviing recommended parameters and

median centred by genes.



PDO targeting sequencing. DNA and RNA were extracted using the Qiagen AlfPre
DNA/RNA/mMIRNA Universal kit (Qiagen, Hilden, Germgn Targeted library preparation
and DNA-sequencing were outsourced to GATC Biotdohbrief, DNA libraries were
prepared with the ClearSeq Comprehensive Cancel pagilent Technologies, Santa Clara,
CA, USA) that targets 151 cancer-related genes)guSiureSelectV6 chemistry (Agilent
Technologies, Santa Clara, CA, USA). Paired-endueseging (2 x 125 bp) was then
performed using lllumina technology.

3D organoid compound assay and screening. Organoids (3@l of GFR matrigel containing
6,000 cells) were seeded in 96-well cell cultursetgd; after matrigel solidified it was overlaid
with 70 ul of complete human organoid medium. Complete nraditas refreshed once after
24 h. Compound was added 3 days later and compoomdining medium was further
refreshed every 2 days. After 11 days medium wasoved and replaced with 1Q0 of
complete human organoid medium containing 10% @elBlue Cell Viability Assay
(Promega, Madison, WI, USA). The organoid composaceen was conducted in 96-well
cell culture plates using a custom-made libraryp®fcompounds and 5 DMSO controls; it
was conducted in triplicate, using a concentratibh uM for all compounds.

PDO-derived xenografts. All in vivo experiments were performed in accordance with the
local ethical review panel, the UK Home Office Aril® (Scientific Procedures) Act 1986,
the United Kingdom National Cancer Research Ingtiguidelines for the welfare of animals
in cancer researth and the ARRIVE guidelines. Further details abanimal experiments
and additional methods can be found in the supppitiformation. Animals were housed in
specific pathogen-free rooms in autoclaved, asepioroisolator cages with a maximum of
five animals per cage. Food and water were pravia libitum. 100 ul of matrigel
containing ~20,000 small MIR21 TRIPZ organoids wajected subcutaneously in the flank

of 6-7 weeks old NOBcid gamma (NSG) animals (Charles River Laboratoriemiligton,



MA, USA) while they were kept on doxycycline dietapDiet 5053 w/ 1250 ppm
doxycycline blue (LabDiet, St Luois, MO, USA)]. Abbl10 weeks post inoculation tumours
were passaged and equal fragments of tumours weskanted subcutaneously into a next
generation of mice to obtain a total of 18 miceglEimice were treated with vehicle, while
10 mice were treated with AUY922 (25mg/kg intrapmreally) three times a week. After
two weeks, mice were randomized to stay on doxyegcldiet or to move onto a
doxycycline-free diet for other two weeks whiledi®ent was continued. Tumour volume
was determined using the following formuk4.19*(diaml / 4 + diam2 / 4) ~3. After 4
weeks of treatment mice were culled and their tuismiovere excised, fixed in formalin, and

embedded in paraffin.

Results

HTS with a small molecule compound library identified vulnerabilities that can be
exploited for novel therapeuticsin CCA.

To explore the activity of small molecules in CCA& wcreened a library of 484 molecularly
targeted small molecule compounds (Supporting T8klefor their effect on the viability of
human CCA cell lines. Both intrahepatic (ICCA) aextrahepatic (eCCA) CCA cell lines
were included. Next-generation-sequencing revethllatthese cell lines were representative
of human CCA tissues. We used a 64-gene panelrntladed the most frequently mutated
genes in human CCX, and found that mutations that are present in >i0%uman tissues
were represented in our cell lines, with the exogsgt of ARID1 (Figure 1A & Supporting
Table S2). EGI-1, TFK-1, SNU-1196, SW1, CCLP, aidUs1079 were selected for the

screening in view of their origin, and their grow#te and pattern.
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Compounds were screened at three different coratemts (80 nM, 200 nM, 800 nM) in
triplicate for each cell line. A number of composnfinedian = 68 per cell line) had a
significant effect on cell viability at all conceations tested (Supporting Table S3 & Figure
1B). Gemcitabine, a well-known active drug in CChad significant activity at all
concentrations tested, in each cell line, configriine validity of our approach (Figure 1C).
In order to assess which pathway may be more neleas a potential target of therapy in
CCA, we grouped compounds with different chemidalicture that acted on the same
molecular target and investigated if there wasramclement in selected molecular pathways
amongst the drugs that were significantly activeoss the cell liné$' *® (Figure 1D). We
observed enrichment for microtubule associated coumgs and mTOR inhibitors in all cell
lines. Clinical trials are ongoing for microtubukrgeted compounds such as Nab-Paclitaxel
and mTOR inhibitors such as Everolimus. Intere$§intpere was an enrichment of histone-
deacetylase (HDAC) inhibitors among the hits in 8MU-1079 cell line, which harbors
mutations in the isocitrate dehydrogenasdH(@) and polybromol RBRM1) chromatin
remodeling genes. In line with previous d3t&NU-1079 cells also showed hypersensitivity
to dasatinib (Supporting Table S3). A number of BGRhibitors had a significant effect on
the viability of SW1, SNU-1196 and TFK cell lindaterestingly both aurora kinase and heat

shock protein (HSP)90 inhibitors were effectivalihcell lines.

Association between mutational status of CCA cell lines and their sensitivity to selected
compounds.

In order to investigate whether selected mutatiwese associated with sensitivity to specific
targeted agents, we ran an analysiBIRCA Associated ProteirBAP1) andTP53 mutations
as these were present in more than one cell linpp&@ting Figure S1A&B). Our analysis

revealed thaBAP1-mutant (MUT) CCA cell lines were more sensitive@Q5) to a range of
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small-molecules that include compounds with agtiaf PISK pathway: SANT-2 (SMO
antagonist), ABT-737 (inhibitor of Bcl-(X)L, Bcl-zand Bcl-W), LY294002 (PI3K/B/d
inhibitor), PIK-93 (PI3ky/y inhibitor), SB203580 (p38 MAPK inhibitor) and SBHB5
(BRAF inhibitor). TP53-MUT cells did not show any increased sensitiviythe compounds
we screened in comparison to WT cells. However, maéiced a significant (p<0.05)
correlation between mutations P53 and resistance to PF-573228 (ATP-competitive
inhibitor of FAK), ABT-263 (Navitoclax, a potenthibitor of Bcl-(X)L, Bcl-2 and Bcl-W)
and MM-102 (MLLT1 inhibitor). The limited number akll lines does not enable to draw
definitive conclusions, even though these findisgggest potential associations that may

deserve further investigation.

FGFR-targeting compoundsin CCA cdll lines.

Given emerging data on the activation of the filbtmeb growth factor receptor (FGFR)
pathway in CCA?>% we looked at the effect on cell viability of teix compounds in our
screen that act on FGFR. The effect of these comgman cell viability was most consistent
at the highest concentration tested, 800 nM (FigtAg Whilst brivanib (VEGFR/FGFR
inhibitor) and the multi-kinase inhibitor pazopariilad no effect, both danusertib (a pan-
aurora kinase inhibitor with an off-target effect BGFR1) and ponatinib (a Src and Bcr-Abl
kinase inhibitor with activity on all 4 FGFR&J reduced CCA cell viability. However, we
acknowledge that our system may not be ideal ferassessment of angiogenesis/stroma-

directed drugs and that our cells are not knoweatoy FGFR2 alterations.

HSP90 inhibitors are effective in CCA cell lines.
We have previously observed enrichment in AK andPBi® inhibitors amongst the

significant hits of our CCA HTS. While AK inhibiterappear to be quite toxic in solid

12



tumour$®, a recent report showed that HSP90 inhibitionffiscéive and tolerable iin vivo
CCA preclinical model$®. HSP90 inhibition is attractive in CCA as HSP9€eiacts with
and controls a variety of client proteins that play role in CCA pathogenesis such as
EGFR, PTEN, PI3K, HER2, HER3, and PRKA. Moreovetcent evidence suggests that
HSP9O0 inhibition is remarkably effective in tumowih FGFR fusions and activation of the
IL6/STAT pathway’ %

Our small molecule compound library included nin8R90 inhibitors including those from
different chemical series, and 78% were active sscrmur CCA cell line panel, with the
highest activity recorded for AUY922, 17-AAG, 17-I¥G, ganetespib and BIIB021 (Figure
2A). Notably, the Growth Inhibitory GJ of AUY922, a potent HSP90 inhibifdr was in the
nanomolar range in all of the CCA cell lines tes{éthure 2B). We could not find any
correlation between the most frequent mutation€C@A and the activity of the HSP90

inhibitors in our CCA cell lines.

MIR21 as driver of resistance to HSP90 inhibitors.Previously, microRNAs (miRNA) have
been shown to modulate drug sensitivity and toascbiomarkers of drug respofise =7
MIR21 is an oncogenic miRNA that drives cholangiogzoma pathogenesis and
sensitization to conventional chemotherapy ditids Thus, we investigated if MIR21 could
be used as a biomarker of response to HSP9O imhkin CCA. Interestingly, we noticed
that MIR21 expression reflected the sensitivityGiZA cells to AUY922, as cell lines with
high levels of MIR21 expression had highesd3alues for AUY922 (Figure 2C). Sensitivity
to AUY922 was significantly increased in CCA cellansfected with a locked nucleic acid
(LNA) MIR21 inhibitor compared with those transfedt with a negative control LNA

(Figure 2D). To validate the relationship betweelRRIL expression and AUY922 sensitivity

we ran a high-throughput compound screen in RK@s aghich had been engineered to
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knock out theMIR21 locus (MIR21KO), and parental isogenic wild typ&T) cells*®. A
number of HSP9O0 inhibitors produced a larger radaan cell viability in MIR21KO cells in
comparison to WT cells (Supporting Figure S2A),hwitUY922, 17-AAG, 17-DMAG, and
ganetespib showing the highest activity. When é@awith HSP90 inhibitors, MIR21KO
RKO cells were more sensitive than WT RKO cells p8uting Figure S2B).
Correspondingly, the G for AUY922 was found to be 35 nM in WT cells and dM in
MIR21KO cells (Supporting Figure S2C). Interestinghe could detect no difference in the
sensitivity to AUY922 in WT and MIR21KO DLD1 cellgyhich is consistent with the lower
baseline level of MIR21 in DLD-1 cells and theikdly lower dependence on MIR21
(Supporting Figure S2D). Indeed, DLD-1 WT cells evenore sensitive to AUY922 than
RKO WT, while silencing of MIR21 in RKO cells resenl their sensitivity (Supporting
Figure S2E&F).

In order to validate the role of MIR21 in drivingsistance to HSP90 inhibition, we infected
MIR21KO DLD-1 cells with an inducible MIR21 or cont (CTRL) viral vector (Supporting
Figure S2F) and monitored their response to AUY9R&forced expression of MIR21
significantly increased resistance to AUY922 (p&),0when compared to the effect of
infection with an empty CTRL vector (Supporting &ig S3A and Supporting Video 1).
Indeed, in co-culture with non-infected MIR21KO DiDcells, MIR21 induced DLD-1 cells
could proliferate in the presence of AUY922 (Supipgr Figure S3B and Supporting Video
2). To ascertain if these results could be extetde@CA, we generated Tet-on inducible
clones for the over-expression of MIR21 in the CCGtél line (Figure 2E). In line with
previous data, CCLP cells with enforced expressadrMIR21 were significantly more
resistant to AUY922 than cells transfected with @ERL vector. Accordingly, deactivation

of the Tet-on system restored sensitivity to AUYORR CCLP cells (Figure 2F&G,
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Supporting Table S4). Comparable data were alsairdd in the EGI CCA cell line

(Supporting Figure S4).

DNAJBS isamediator of MIR21 dependent resistance to AUY922.

To gain insight into the relationship between MIRahd the HSPs, we measured the
expression levels of a panel of HSPs and co-chapsrim Tet-on MIR21 vector CCLP cells
treated with AUY922. A multiplex sandwich immunoagshowed a reduction in the level of
HSP40 (encoded by DnaJd heat shock protein familspdid) member BSDNAJB5) in
MIR21 vector cells compared with CTRL cells (Fig@®). In silico analysis of the DNAJB5
sequence revealed a binding site for MIR21 withshn 3UTR (Figure 3B). Western blot
analysis confirmed induction of DNAJB5 upon AUY928atment and reduction in DNAJB5
expression in MIR21 over-expressing cells (Figuf@),3and a luciferase reporter assay
confirmed a direct interaction between MIR21 and 8IUTR of DNAJB5 (Figure 3D).
Interestingly, enforced expression of DNAJB5 in MIRover-expressing cells re-sensitized
CCLP cells to AUY922 (Figure 3E), confirming thaNBJB5 may be a mediator of MIR21-

induced resistance.

Correlation between MIR21 expression and senditivity to AUY922 in patient-derived
organoids (PDOs) and PDO-derived xenografts.

Patient-derived organoids (PDOs) have recently gatkras organotypic cultures that
recapitulate the complex three-dimensional orgaimaaof cancer better than 2D tumour cell
lines™*3 To assess the clinical relevance of our findings, tested AUY922 activity in
PDOs established from the liver biopsy of a chesistant iCCA patient (Figure 4 & Figure
5A). PDOs retained the same morphology of the pyntamour (Figure 5B), as well the

same positivity for cytokeratin 7 and 19 (Figure 2@d Figure 4B). Gene expression
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profiling showed that the transcriptome of PDOsaystlated that of the primary tissue [with
a Spearman r score of 0.91 for the housekeepingsgamd 0.61 for the whole transcriptome
(p<0.0001)] (Figure 5D). DNA sequencing confirmduhtt the genetic background of the
PDOs matched that of the primary biopsy, with agdpean r score of 0.96 for SNVs (Figure
5E). CCA PDOs were tested against a panel of smalecule compounds and confirmed
resistance to fluorouracil and oxaliplatin thatigatt had received before the development of
PDO (Figure 5F). CCA PDOs were sensitive to AUY9RRure 5F&G), and this sensitivity
was significantly enhanced after inducible inhidntiof MIR21 (Figure 5H&I). In parallel
PDOs derived from a colorectal cancer patient Wwoth endogenous expression of MIR21
were characterised (personal data) and tested sigAidY922 before and after MIR21
expression confirming the relationship between mARMpression and sensitivity to HSP90
inhibition (Supporting Figure S5). Next, we genetaCCA PDO-derived tumour xenografts
by inoculating Tet-on MIR21 PDOs in the flank of @Snice. Mice were treated with
AUY922 or vehicle while changes in their diet wexgplied to modulate the expression of
MIR21. After two weeks of treatment mice were ramized to stay on doxycycline diet
(DOX-ON) or changed to a doxycycline -free (DOX-QHRet. While a non-significant
change was observed for vehicle-treated mice, AlZ¥®2ated mice on DOX-OFF diet
achieved a significantly better tumour responsen tlzmimals which remained on a
doxycycline diet (Figure 6A&B&C &Supporting Table55 MIR21 expression was
confirmed to be inactivated in the tumour afterhdiawal of doxycycline diet, while an

increase in DNAJBS protein expression was detetaglire 6D).
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Discussion

The best way to treat advanced CCA is still a matftedebate within the clinical and
scientific community © The ABC-02 trial has proved the efficacy of phaiin-gemcitabine
combination chemotherapy in the first line setfingowever, a series of clinical trials have
failed to demonstrate any benefit from targetedapies in CCA™ * '* ** Despite advances
having been made in the genetic and molecular ctearzation of biliary tract cancers, none
of the clinical trials were designed with an appraje strategy of patients’ selection based on
pre-clinical evidence. In this study, we explorad activity of a plethora of small molecule
compounds and probes that have shown activity heratancers. In this way, we hoped to
identify drug candidates and appropriate biomarkerause in, and to aid patient selection
for, future clinical trials. We propose that thecideon to use targeted therapies should be
based on the molecular characterization of a tupratiner than its site of origin. Hence, in
this study we included cell lines originating fraihtypes of cholangiocarcinoma.

As expected we did observe significant activitygemcitabine and compounds which impair
microtubule dynamics and cause cell cycle arrest. o found that compounds which
inhibit MTOR signalling had activity in CCA cellnes, consistent with previous evidence
suggesting that the mTOR pathway is involved inla@hgiocarcinoma tumorigenesis and that
sirolimus may induce partial remissions in CCA eats™ “© Nonetheless, we did not focus
on these compounds given that clinical trials argoong and may provide additional
insights. The observation that HDAC inhibitors wergiched amongst the hits in SNU-1079
cells was in line with previous observations onéffect ofDH mutations on the impairment
of histone demethylatidh

We and colleagues at The Institute of Cancer Rekdaave an interest in the therapeutic
applications of HSP90 inhibitors and biomarkerssefsitivity to these agents, and we co-

discovered the highly potent and selective HSP®bitor AUY922*%. Shirota et al. have
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recently shown that HSP90 inhibitors have potentitro andin vivo anti-proliferative
activity in CCA®, prompting us to investigate potential biomarkefsensitivity to HSP90
inhibition in our study. HSP90 inhibitors, includinAUY922, have shown an acceptable
toxicity profile in humans in phase | clinical #§%>*, and are currently investigated in phase
Il clinical trials for lung and breast cancers. date, no reports are available on the role of
AUY922 in biliary tract cancer patients. More irgstingly, growing evidence points to a role
of HSP90 inhibitors in facilitating the anti-tumoactivity of immune cel¥ > We showed
that CCAs are characterized by an immuno-dereguahat creates an immunosuppressive
milieu®*; thus HSP90 may be used to reactivate an antitumesponse in CCAHSP90 is a
key component in a multi-chaperone complex involirethe post-translational folding of a
number of client proteins, including microRNA-regidd proteins such as argonaute2
(AGO2Y°®". We reasoned microRNAs may be good biomarker cate given their
capacity to act on several HSP90-associated pmotiiat drive tumorigenesis and drug
resistance. MIR21 was previously shown to modulamtoxic drug response and is
predicted to target genes that act as client prstér HSP9C? > 20 2% 38 59 However,
microRNAs have never been studied as mediatorseofésponse to HSP90 inhibitStswve
observed that MIR21 can drive tumour cell prolifema in the presence of HSP90 inhibitors.
Our data suggest that it would be useful to cantyfarther studies of the biomarker potential
of MIR21 as a guide treatment with HSP90 inhibit@s well as to pursue the combination of
HSP90 inhibitors with MIR21 inhibitors in CCA. Mareer, our data suggest a generalized
mechanism of resistance to HSP90 inhibition and rfbayapplied to second generation
HSP90 inhibitors that may be clinically more attiee ®' ®2 HSP70 is a well-known
compensatory mechanism of HSP90 inhibition. Thesstinducible HSP70 is central in
promoting protein folding. As elegantly describedHartl et al®> HSP70 is responsible for

the initial folding of substrates and their loadimgo HSP90. Its affinity for unfolded
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substrates is tightly regulated by HSP40. Indeetipnly HSP40 delivers unfolded substrates
to ATP-bound HSP70, but it also accelerates therdtysis of ATP inducing a tighter
binding of the substrate by HSP70. We speculateNtiB21 can interfere with this balance
and thus, with the HSP90-mediated activation ofntli proteins, by modulating the
expression of HSP4O0.

We have shown here that MIR21 drives resistanck imo€CCA and in non-CCA carcinoma
cells. Thus, it is likely that these findings mag bxtended to a number of malignancies.
Despite a general over-expression of MIR21 in canissues, it is known that MIR21 is
remarkably over-expressed in a proportion of capegients and may therefore serve as a
valuable biomarkéf. In addition, there is evidence that levels otwiating MIR21 can
define the prognosis of cancer patients and magsstrrogate for miRNA expression in the
tumour 3% Thus, circulating MIR21 may represent an easibceasible tool for the
identification of patients likely to benefit fromeatment with HSP90 inhibitors.

Finally, we have provided initial evidence of tlesibility of developing human PDOs from
cholangiocarcinoma patients. To date, successfubi@anoids have been established from a
variety of cancer types, but no evidence has beparted for biliary tract cancers. In these
studies we show that PDOs could be derived from loiopsy core indicating that this
technology may be attractive for clinical implenedidn. Our studies indicate the possibility
that PDOs may resemble the original tumour and matentially be used forn vitro
application and manipulation within 6-8 weeks frestablishment. Thus, it may represent a
promising novel tool to guide treatment selectionthim the life expectancy of
cholangiocarcinoma patients and offer an additighaiform that better recapitulates human

cancers to investigate their biology.
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Figure Legend

Figure 1. HTS using a library of small molecule compounds in CCA cell lines. (A) The
origin and mutational status of CCA cell line®) HTS was performed using a custom
library of 484 compounds. DMSO was used as veldaoldrol. Cell viability was measured
by CellTiter-Blue assay and normalized to that oM®D. HTS was run at three
concentrations in three independent replicates IlC@&A cell lines. Compounds that
significantly inhibited cell proliferation compare#ith vehicle control (p<0.05) at all three
concentrations in each cell line were consideredtie graph and number of compounds
active per cell line is reportedC) Data from the HTS relative to the activity of gatabine
(GEM) in each cell line compared to DMSO. Bars espnt mean and SD of three
independent replicates. p<0.05 for all cell lin3) Compounds acting on the same target
were included in the same class (i.e.HSP90 inhiitaCompounds that were significantly
active in comparison to DMSO (p<0.05) at all thammcentrations in each cell line were
represented in the radar plot with the radar vadyeesenting the number of compounds per
class in the selected cell line. Enrichment of el classes of compounds was identified,
such as in the case of HDAC inhibitors in SNU-10@8 4 compounds included in the
library). In the callout square data without mictmtle-targeted compounds and mTOR

inhibitors are shown.

Figure 2. MIR21 expression is associated with sensitivity to HSP90 inhibitors. (A) Our
compound library included 6 and 9 compounds wiffietent degrees of activity on FGFR
and HSP90. Changes in cell viability (Log scalejuced by the given compound compared
to DMSO are shown. Gemcitabine is reported as ipesdontrol. B) Cells were plated in

384-well plates for 48 hours and AUY922 added atascconcentrations for 72 hrs. DMSO
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was used as control. Cell viability was measuredCgfiTiter-Blue and Gb generated
through Prism software. Cj MIR21 was assessed in CCA cell liness@®tas generated by
treating cells with scalar concentrations of AUY922 72 hours. Data represent mean of
three replicates)) Cells were subjected to reverse-transfection@atkd in 96 well plates.
After 48 hours AUY922 50nM was added. Cell vialilivas assessed by CellTiter-Blue.
Positive control “Cell Death” was used as transtectontrol. E) CCLP cells were infected
with MIR21 or CTRL TRIPZ viral vector to generatmlsle clones. miR21 expression was
assessed by Tagman assays and normalized to tHaNof48. Bars represent mean and SD
of three replicates.H) Doxycyclin-induced cells were plated in 96 welates and treated
with DMSO or AUY922 (10nM). After 72 hrs doxycycBnwas removed to deactivate
MIR21 expression (indicated by grey area). Celbility was measured at selected time
points by a Celigo S cytometer and plotted agaihakis (DMSO treated cells toward left Y
axis, while AUY922-treated cells toward right Y axiBars represent SD of 12 replicates.
Statistical analysis is reported in Supportingea®4. (5) Representative pictures at different

time points are shown.

Figure 3. DNAJB5 isatarget of MIR21. (A) MIR21 and CTRL TRIPZ viral vector CCLP
cells were treated with AUY922 for 72 hours andtgires collected for the HSP array. Dots
in the yellow squares represent DNAJB5 protein esgion in duplicate. Full details of the
antibody plate map are provided below the blotstl@nright panel quantification of protein
expression, normalized on the averaged positiveraisn Bars represent LOG10 of mean and
standard deviation of two replicates. Linear folchiege of MIR21 vector relative to CTRL
vector is 0.89 for HSP60, 0.88 for HSP70, 0.52H&P40. B) Schematic representation of
the MIR21 binding site within the 3'UTR of DNAJB5RINA (RNAHYybrid). (C) MIR21 and

CTRL TRIPZ infected CCLP cells were treated with B® and AU922 for 72 hours. HSP70
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was used a marker of target engagement for AUY @82ity. (D) Cells were plated in 6 well
dishes and transfected with a pMirTarget vectort@ioing DNAJB5-3'UTR. Luciferase
activity was read after 24 and 48 hours and nomedlio renilla activity for each transfected
well. Bars represent mean and SD of 3 replicat&sCeglls were transfected with a plasmid
over-expressing DNAJB5 or an empty plasmid pCMV634 hours, and then treated with
AUY922. Cell viability was measured 48 hours latsing CellTiter-Blue. Bars represent

mean and SD of 6 replicates.

Figure 4. PDOs were derived from a metastatic patient with chemo-refractory iCCA.
(A) Trend in serum Cal9.9 is represented over timect&mical and radiological partial
response was observed to chemotherapy with cispdettl gemcitabine, while progressive
disease was recorded after carboplatin-gemcitadnirfeolfox chemotherapy. CT (top panel)
and PET (bottom panel) images are shown for indicéitne points.B) H&E (left) and IHC

for Cytokeratines 7 and 19 (right) of the FFPE aesle biopsy. Scale bars gm.

Figure 5. CCA PDOs senditivity to HSP90 inhibition with and without MIR21
modulation. (A) Phase-contrast images of PDOs derived from oojslyicore of an iCCA.
Bars indicate 10@m. (B) One biopsy core was embedded in paraffin, whigtlaer core was
used to establish PDOs. PDOs were embedded in&ffipaand stained for H&E. Bar score
in um. (C) IHC staining for CK7 and CK19 in PDOs. Bar scoraum. (D) Total RNA was
extracted from the FFPE biopsy and the matching $Dédd subjected to NanoString
analysis. Correlation of gene expression is shawmdusekeeping genes (top) and total gene
expression (bottom)Ej DNA was extracted from the FFPE biopsy and thécmag PDOs
and subjected to targeting sequencing. Correlatietween Variant Reads Frequency is

shown. E). CCA PDOs were plated in 96-well plates and @&datvith a number of
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compounds (1uM) in triplicate. Cell viability waested after 11 days with CellTiter-Blue.
Mean of three replicates are shown relative to DM&M DMSO set at 1.G) CCA PDOs
were treated with scalar concentrations of AUY9R2triplicate. ) CCA PDOs were
infected with a MIR21-inhibitor or control TRIPZral vector. RFP+ cells indicate infected
cells. Scale bars indicate 1Q@n. () TRIPZ infected CCA PDOs were treated with scalar

concentrations of AUY922.

Figure 6. MIR21 modulation drives sensitivity to AUY 922 in CCA PDO-derived animal
model. (A) Schematic representation ah vivo studies. Vertical arrows indicate
administration of DMSO or AUY922 25 mg/KgB)X Tumour growth curves across different
groups. Data represent mean and standard errdy for. AUY922 treated, n:4 for DMSO
treated). P values are shown in supporting table@By area represents the period with
different diets. C) HSP70 staining was performed as evidence of ta#ggagement after
AUY922 exposure. As expected there was an increa$tSP70 expression after AUY922
treatment but this was not different between the tvandomized groups excluding
differences in animal dosing. Scale bars: 160 (D) Withdrawal of doxycycline diet from
mice was associated with a significant inactivanbiMIR21 expression and over-expression
of DNAJB5. Representative picture of ISH for MIR2hd IHC for DNAJB5 are shown.
Scale bars: 1Q0n. On the right quantification is represented. Badicate median with

interquartile ranges.
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SUPPLEMENTARY INFORMATION TO:

microRNA 21 Promotes Resistance of Cholangiocarcinomasto Heat Shock Protein 90
Inhibitors

Short title: miR-21 as biomarker of HSP90 inhibition

Andrea Lampi§ Pietro Carotenufp Georgios VlachogiannisLuciano Casciorfe Somaieh
Hedayat, Rosemary Burke Paul Clarké Else Bosmi Michele Simbold, Aldo Scarp3
Sijia Yu', Rebecca Cofe Elizabeth Smyth Javier Fernandez MatédpRuwaida Beguih
Blanka Hezelovh Zakaria Eltahft, Andrew Wotherspodh Nicos Fotiadi§ Maria
Antonietta Balf, Chirag Nepal Khurum Khan, Mark Stubb§ Jens C Hahrlg Pierluigi
Gasparini, Vincenza GuzzardpCarlo M Croc& Suzanne EcclésMatteo Fassar, David
Cunningharfy Jesper B Anders&nPaul Workmah Nicola Valert#, Chiara Bracori*

Supplementary methods

Cdll lines. Intrahepatic (SW1, SNU-1079, CCLP), and extraheg&NU-1196, TFK-1, EGI-
1, SNU-245) CCA cell lines, along with gallbladd®/ITT) and Ampulla of Vater (SNU-
478) cancer cell lines, were purchased from thénieiInstitute DSMZ-German Collection
of Microorganisms and Cell Culture (Braunschweigri@any), the Korean Cell Line Bank
(Seoul, Korea) or were kindly provided by Prof. &tuForbes (University of Edinburgh).
Cells were cultured in Dulbecco’s modified Eagledmen with 10 % foetal bovine serum.
MIR21KO RKO colon carcinoma cells were purchasednfiHorizon Discovery (Cambridge,
UK), while MIR21KO DLD-1 colon carcinoma cells wera kind gift from Jian Yu
(University of Pittsburgh Cancer Institute) to @a@roce (Ohio State University). Cells were
tested negative for Mycoplasma and authenticatedutfn Short Tandem Repeat (STR)

analysis.



Next generation sequencing of multiplex PCR amplicons. Two multigene panels were used:
the 50-gene lon AmpliSeq Cancer Hotspot panel V2 (Lechnologies, Paisley, UK) and an
AmpliSeq custom panel targeting six genes not ot in the commercial panel, as
previously describéd The first explores selected regions of 50 cangenes: ABL1, AKT1,
ALK, APC, ATM, BRAF, CDH1, CDKN2A, CSF1R, CTNNB1, &R, ERBB2, ERBB4,
EZH2, FBXW7, FGFR1, FGFR2, FGFR3, FLT3, GNA1l, GNASNAQ, HNF1A, HRAS,
IDH1, IDH2, JAK2, JAK3, KDR/VEGFR2, KIT, KRAS, METMLH1, MPL, NOTCH1,
NPM1, NRAS, PDGFRA, PIK3CA, PTEN, PTPN11, RB1, RESMAD4, SMARCBLI,
SMO, SRC, STK11, TP53, VHL. The custom panel targetditional 6 genes: ARID1A,
BAP1, PBRM1, PIK3C2A, PIK3C2G, TGFBR2. Twenty 20 oyDNA was used for each
multiplex PCR amplification. Emulsion PCR was pemnied with the OneTouch2 system
(Life Technologies, Paisley, UK). The quality ofethibraries was evaluated by on-chip
electrophoresis in an Agilent Technologies’ 2100odialyzer (Santa Clara, USA).
Sequencing was run on an lon Torrent Personal Genbtachine (Life Technologies,
Paisley, UK) loaded with 316 (50-gene panel) or 8hs (6-gene panel). Data analysis,
including alignment to the hg19 human referenceogenand variant calling, was done using
the Torrent Suite Software v.3.6 (Life TechnologiPsisley, UK). Filtered variants were
annotated using the SnpEff software V?3.Alignments were visually verified with the

Integrative Genomics Viewer v.2°2"

Bioinformatics. For all statistical analyses the R language enwem was used (v. 3.0.1;
www.r-project.org). Hierarchical clustering was foemed on cell viability data using the
Pearson correlation as metric and complete linkegyenethod. We determined significant
associations (p<0.05) between a selected mutatnondaug sensitivity by Chi-square test

with the Yates correction factor.



Real time PCR. RNA was extracted using Trizol (Invitrogen, CarldpdJSA). Reverse
transcription was performed with Tagman microRNAverse transcription kit (Life
Technologies, Paisley, UK ), and miRNA expressieseased by gPCR with Tagman assay

and normalized to that of RNU48 (Life Technologieajsley, UK)

Transfection. Cells were reversed transfected in 96-well platgag HiPerFect Transfection
Reagent Qiagen, Hilden, Germany). For transienbitibn of miR-21 a locked nucleic acid
(LNA™) miR-21 inhibitor or the Negative Control ANA were used (Exiqon, Vedbaek,
Denmark). In rescue experiments cells were tratsfiewith DNAJB5-pCMV6 or Empty-

pCMV6 (Origene, Rockville, MD, USA).

Cdll viability. Cell viability was measured by CellTiter-Blue® sy (Promega, Madison,
WI, USA) and the Gb derived using Prism Software (Graphpad, La JtliBA). For RFP+
cells cell viability was assessed by Incucyte Zolwe cell imaging (Essen Bioscience,

Hertfordshire, UK) or by Celigo S (Nexcelom, Manstes, UK).

Live cell imaging. Cells were plated in 96-well plates and monitorathMuncuCyte Zoom
(Essen Bioscience, Hertfordshire, UK). Phase-cehiraages and RFP+ images were taken

every 4 hours.

Tetracycline-activated (Tet-on) inducible stable clones. The precursor miR-21 sequence was
cloned into a TRIPZ lentivector (Dharmacon, Lit@&alfont, UK) using PCR amplification
of target region and digestion with Cla | and Mludstriction enzymes (New England

Biolabs, Ipswich, Massachusetts, USA). Packaginyiddl particles and target cell lines



infections were performed using HEK293T. Overexgi@s of miR-21 was confirmed by
Tagman assay. Plasmid with antimiR-21 sequence pvaduced by amplification and
cloning of antimiR-21 sequence, with standard cigrprocedures, from miRZij-miR-21
plasmid (System Bioscience, Palo Alto, CA, USA) arder to generate an equivalent
inducible system for silencing miR-21 expressiofell growth optimization for plating
density has been performed for cells with miR-2hipalation to take into consideration the

effect of miR-21 on cell growth.

Human heat shock protein antibody array. Cells were solubilized in 1X lysis buffer

containing a protease inhibitor cocktail. Membramtibody arrays (RayBiotech, Norcross,
USA) were blocked with 1 mL of blocking buffer f80 min. 500 pg of extracted proteins
were diluted in 1 mL of blocking buffer and dispsatson top of membrane antibody arrays
overnight at 4 °C. Detection was performed as perrhanufacturer’s instructions and the

signal measured using Licor system (Licor, Linctli,, USA).

Western blot. Immunoblotting was performed as previously désafi Incubation with
primary antibodies for DNAJB5 (ab101514, Rabbit; cAtm, 1:1000 dilution), HSP70
(ab182844, Rabbit, Abcam; 1:5000 dilution), BetawA¢Anti-Actin, Clone C4, Mouse, MP
Biomedicals; 1:10000 dilution) was performed ovghtiat 4°C. Secondary HRP-conjugated
polyclonal Goat Anti-Rabbit or Goat Anti-Mouse dudies (Cell Signaling, Danvers, MA,
USA;1:10000) were used. Prime ECL (Amersham, GHtlhnesre) was used to develop

signal as manufacturer’s instructions with Licoamgmg system.

Luciferase assays. Cells were transfected with g DNAJB5-pMirTarget or pMiRTarget

CTRL (Origene, Rockville, USA) with HiPerFect Tréestion Reagent (Qiagen, Hilden,



Germany) and the luciferase activity measured &f#eh using the Dual Glo Assay system
(Promega, Madison, WI, USA) according to the maciwfiger's protocol in a multiwell plate
luminometer (Perkin-Elmer, Seer Green, Beaconsfi@lK). Luciferase activity was

normalized to that of renilla activity for eachrishected well.

| mmunohistochemistry: Immunohistochemical stains were automatically qrened in 3-4
um sections using the Bond Polymer Refine Deteckitn(Leica Biosystems, Newcastle
upon Tyne, UK) in the BOND-MAX system (Leica Bio$sms1s), according to the
manufacturer’'s specifications. Appropriate positivaad negative controls were run
concurrently. The following antibodies were used&KD mouse monoclonal CK7 (Agilent,
Santa Clara, CA, USA), DAKO mouse monoclonal CKAgilent, Santa Clara, CA, USA),
rabbit polyclonal DNAJB5 (Sigma-Aldrich, Haverhill)K) and rabbit polyclonal HSP70
(Abcam, Cambridge, UK). DNAJ5B was classified adioog to a 4-tiered scoring system
based on the intensity of protein expression devisl O: indicates no stain or stain in less
than 10% of tumour cells; 1+: faint/weak cytoplasuolear stain in 10% or more of cells;
2+: moderate cytoplasm/nuclear stain in 10% or mafrdumour cells; and 3+: strong

cytoplasm/nuclear stain in 10% or more of tumolisce

In Situ RNA hybridization. A locked nucleic acid (LNA) probe with complemeriato a
21-bp section of miR-21 was labelled withdbgoxigenin and synthesized by Exigon. Tissue
sections were digested with ISH protease 1 (Venttalical Systems) andn situ
hybridization performed as describ®dNegative controls included omission of the prahd
the use of a scrambled LNA probe. Each sample Massified according to a 4-tiered
scoring system based on the intensity of miR-2lresgion as follows: O: indicates no stain

or stain in less than 10% of tumour cells; 1+: faneak cytoplasm/nuclear stain in 10% or



more of cells; 2+: moderate cytoplasm/nuclear stait0% or more of tumour cells; and 3+:
strong cytoplasm/nuclear stain in 10% or more afidur cells. In all the considered tissue
samples, fibroblasts featured miR-21 expression wede assumed as positive internal

control (not considered in ISH score).

Supporting Table legend

Supporting Table 1. List of drugs included in the library used foetHTS.

Supporting Table 2. Comparison between mutations found in human A€és and human
CCA cell lines using the same NGS gene-panel. Murtatthat were found to be present in
>10% of human tissue are shown in the left coldmmutations that are represented in our

cell lines are depicted with an “x”.

Supporting Table 3. List of drugs that were statistically significen{p<0.05) active at all
the 3 concentration in each cell line. Compoundd #re commonly represented across all

the iICCA or the eCCA cell lines are depicted ingwland light blue respectively.

Supporting Table $4. Statistical analysis of experiments in Fig 2E. Rueaindicates
unpaired two-tailed ttest. Fold changes (FC) in g&bility are reported for day 3 that
represents the timepoint at which the assessmengispbnse was performed following miR-

21 over-expression.

Supporting Table 5. Statistical analysis of animal experiments. Rugahdicates unpaired

two-tailed ttest.



Supporting video legends

Video 1. miR-21KO DLD1 cells were stably infected with ardutible viral vector over-
expressing miR-21 or CTRL. Cells were exposed toydycline (lug/ml) to activate miR-
21/CTRL and RFP expression that were under the spromoter. RFP+ (red) cells
represented activated infected cells. Activatetsagere plated in 96-well plates and AUY-
922 added 22 hrs later. Cell viability and RFP tgericy were monitored and measured at
interval periods through the Incucyte Zoom. Dataresent mean and STDEV of 12

replicates.

Video 2. miR-21KO DLD1 cells were co-cultured with Tet-omR-21KO miR-21 vector
DLD-1 cells. Cells were activated, plated in 96iwglate, exposed to doxycycline, and
treated with AUY-922. RFP+ cells represented dbléd over-expressed miR-21, while RFP-

(bright-field) cells represented miR-21KO cells.



Supporting fiqure legends

Supporting Figure 1. (A&B) Hierarchical clustering based on the sensitiftjyeen) or
resistance (red) of cells to small molecule inloitst Cells were considered sensitive if a
compound reduced cell viability >20%, compared 3D, across 3 replicates. A Chest
was used to identify significant correlations betgwenutations and drug sensitivity. Mutated
cells clustered together, independently of tumaigim [eCCA (light blue) vs iCCA (black)].
Of note, a concentration-response effect was obde[80nM (yellow), 200nM (orange),

800nM (red)].

Supporting Figure 2. (A&B) Data from the 200 nM compound screening in RKOsare
shown as a colour map or a bar graph. Bars refdresean and standard deviation of three
replicates. C&D) Cells were plated in 96-well plates for 24 hoarsl AUY922 added at
scalar concentrations for 72 hrs. DMSO was usetbagol. Cell viability was measured by
CellTiter-Blue and G generated through Prism software. Bars represeahand SD of 6
replicates. ) Cell were treated with the same concentratiorA0fy922 (10nM) for 72
hours and cell viability assessed by CellTiter-Bligars represent mean and SD of 6
replicates. ) miR21 expression was assessed by Tagman assdysanalized to that of
RNUA48. Bars represent mean and SD of three repicddaseline miR-21 expression is

higher in RKO compared to DLD-1 WT cells.

Supporting Figure 3. (A) miR-21KO DLD-1 cells were stably infected withilrat-on TRIPZ
vector enabling over-expression of miR-21 and Ré&Pa control (CTRL) empty vector
expressing RFP. Cells were exposed to doxycyclmentluce miR-21/CTRL and RFP

expression that were under the same promoter. Rifeldy cells represented induced infected



cells. Induced cells were plated in 96-well platesl AUY922 added 22 hrs later. Cell
viability and RFP confluency were monitored and sugad at intervals by the Incucyte
Zoom. Data represent mean and STDEV of 12 repBc&dference between the two curves
was statistically significant (p<0.05). Represdutatimages are shown for selected time
points. ) MiR-21KO DLD1 cells were co-cultured with Tet-anR-21KO miR-21 vector
DLD-1 cells. Cells were induced, plated in 96-wsHte, exposed to doxycycline, and treated
with AUY922 (10nM). RFP+ cells represented cellattbver-expressed miR-21, while RFP-
(bright-field) cells represented miR-21KO cells.aBé contrast and RFP confluency were
monitored and measured at intervals by the Incuggtem. Cell proliferation was reduced in
RFP- cells, while RFP+ cells were able to expand proliferate. Images are shown for

selected time points.

Supporting Figure 4. EGI-1 cells were infected with miR-21 or CTRL H& viral vector to
generate inducible stable clone&) MiR21 expression was assessed by Tagman assadys an
normalized to that of RNU48. Bars represent mead &D of three replicates.B)
doxycyclin-activated cells were plated in 96 wellatps and treated with sub-lethal
concentrations of AUY-922 (5nM). After 72 hrs doygtine was removed to deactivate
miR-21 expression. Cell viability was measured elected time points by Celigo S. Bars

represent mean and SD of 12 replicates.

Supporting Figure 5. CRC PDOs were plated in 96-well plates and tceatith AUY922 in
triplicates at 20nM A4) or at scalar concentratioB). (C) CRC PDOs were infected with a
miR-21-over-expressing or control TRIPZ viral vect@D) TRIPZ infected CRC PDOs were
treated with scalar concentrations of AUY922. miReXpressing cells were more resistant

to AUY922.
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Supporting Table S1. List of drugs included in the library used for the HTS.

ABT-263 (Navitoclax) PIK-90 Fingolimod (FTY720) HCl Desmethyl Erlotinib (CP-473420
ABT-737 Anastrozole GDC-0152 Torin 1
Linifanib (ABT-869) Aprepitant Birinapant PF-562271
Veliparib (ABT-888) Bicalutamide Stattic S-Ruxolitinib (INCB018424)
Axitinib Fulvestrant EPZ5676 BAY 11-7082
Saracatinib (AZD0530) Raltitrexed IWR-1-endo CHIR-99021 (CT99021) HCI
Selumetinib (AZD6244) Thalidomide UNC1215 Pazopanib
BEZ235 (NVP-BEZ235 CUDC-101 SCH772984 Daunorubicin HCI
Nintedanib (BIBF 1120) Exemestane NLG919 BMS-833923
Afatinib (BIBW2992) Irinotecan LDN-57444 TCID
Bortezomib (PS-341) Cladribine Azacitidine LGK-974
Bosutinib (SKI-606) Decitabine Teniposide AVL-292
Cediranib (AZD2171) Dimesna Simvastatin SKI
Dovitinib (TKI-258 PIK-75 Ranolazine AGI-5198
PD184352 (CI-1040) Tivozanib (AV-951) Lomustine RepSox
Dasatinib Doxorubicin (Adriamycin) D-glutamine Ferrostatin-1 (Fer-1)
Ridaforolimus (Deforolimus Fluorouracil (5-Fluoraci Hydroxyurea KPT-330
Erlotinib HCI (OSI-744) Methotrexate Flutamide SGC-CBP30
Gefitinib (zD1839) Imiquimod Fluvastatin Sodium MM-102
Imatinib Mesylate (STI571) Bendamustine HCI Tamoxifen Citrate 478C
Lapatinib (GW-572016) Ditosylate Nelarabine Procarbazine hydrochloride (Matulane) IWP-L6
Lenalidomide (CC-5013) Bleomycin Sulfate Sodium butyrate GSK2606414
Panobinostat (LBH589) Carboplatin Maraviroc Wz4003
Motesanib Diphosphate (AMG-706) Cyclophosphamide PF-573228 AZ191
Nilotinib (AMN-107) Clofarabine Cyclophosphamide Monohydrate UNC2250
PD0325901 YM201636 Bexarotene SMl-4a
PI-103 0SI-930 Vinpocetine (Cavinton) GW0742
Rapamycin (Sirolimus) Dacarbazine Lapatinib Empagliflozin (Bl 10773)
Sorafenib Tosylate Epirubicin HCI Neratinib (HKI-272) GSK3787
STF-62247 Oxaliplatin LDE225 (NVP-LDE225 Plerixafor (AMD3100)
Sunitinib Malate Etoposide AG-14361 BMS-345541
Tandutinib (MLN518) KU-0063794 MLN2238 Macitentan
Temsirolimus (CCI-779 Raloxifene HCI MLN9708 1,4-PB-ITU dihydrobromide
Trichostatin A (TSA) Idarubicin HCI SB743921 4-Phenylbutyrate
Vandetanib (ZD6474) Fludarabine Phosphate GSK461364 Anagrelide
Vorinostat (SAHA Topotecan HCI SGI-1776 free base Apicidin
VX-680 (Tozasertib 2-Methoxyestradiol (2-MeOE2) BMS-794833 AR-A 014418
Y-27632 2HCI Letrozole 0sI-420 AZ23
Elesclomol (STA-4783) Leucovorin Calcium R788 (Fostamatinib) Disodium Banoxantrone dihydrochloride
Entinostat (MS-275) Temozolomide Formestane Bay 11-7085
Enzastaurin (LY317615) Vincristine DAPT (GSI-IX) BAY 61-3606
AC480 (BMS-599626) Amuvatinib (MP-470) Irinotecan HCI Trihydrate BD 1047
Obatoclax Mesylate (GX15-070) Vinblastine CYT387 BI 78D3
Olaparib (AZD2281 JNJ-7706621 SB590885 BIX 01294
Nutlin-3 Enzalutamide (MDV3100) TAME BML-266
Masitinib (AB1010) Celecoxib CAL-101 (Idelalisib BML-277
GDC-0941 PD173074 LY2157299 C646
SB431542 WYE-354 Telatinib CAY10581
Crizotinib (PF-02341066) Vemurafenib (PLX4032 Volasertib (Bl 6727) CAY10626
AUY922 (NVP-AUY922) IC-87114 Palomid 529 (P529) CCT 018159
PHA-665752 BX-795 Degrasyn (WP1130) CD 437
ZSTK474 Altretamine AR-42 CDIBA
SB216763 Carmofur CP-466722 CGP 3466B
SB203580 Epothilone A BKM120 (NVP-BKM120 CGS 9343B
MK-2206 2HCI Floxuridine CX-4945 (Silmitasertib) Combretastatin A4
PD153035 HCI FT-207 (NSC 148958) (-)-Epigallocatechin Gallate cPEPCK inhibitor
SU11274 Ifosfamide Cyclosporin A DAG Kinase Inhibitor
Vismodegib (GDC-0449) Megestrol Acetate Gossypol DFMO
Brivanib (BMS-540215) Mercaptopurine (6-MP) Phloretin EBPC
Belinostat (PXD101) Pamidronate Disodium Salinomycin Elacridar
Iniparib (BSI-201) Streptozotocin (STZ) Quercetin Farnesyl Thiosalicylic Acid
PCI-24781 (Abexinostat) Dexamethasone (DHAP) Coenzyme Q10(CoQ10) Fenretinide
0SI-906 (Linsitinib) Rigosertib (ON-01910) Chrysophanic Acid FR 180204
KU-55933 (ATM Kinase Inhibitor) Epothilone B (EPO906 Imatinib (STI571) GANT 61
GSK1904529A Bafetinib (INNO-406) Itraconazole GSK 264220A
PF-04217903 Dorzolamide HCL Mitoxantrone HCI GSK 269962
Quisinostat (JNJ-26481585) Ruxolitinib (INCB018424) Mycophenolic acid GSK 3787
BTZ043 Racemate Isotretinoin Rosiglitazone GSK 650394
Rucaparib (AG-014699 Pelitinib (EKB-569) Medroxyprogesterone acetate GSK837149A
Vatalanib (PTK787) 2HCI AS-605240 Pioglitazone GW 9508
GDC-0879 Zileuton Mifepristone HLI 373
LY294002 Ispinesib (SB-715992) Lonidamine Hypoxia Inducible Factor-1a Inhibitor
Danusertib (PHA-739358) Tipifarnib TAK-733 ICI 182
TAE684 (NVP-TAE684) Zibotentan (ZD4054) LDN193189 ITX 3
BI 2536 AZD6482 LY2603618 Ivachtin
SGX-523 Doxercalciferol GW3965 HCI JAK3 Inhibitor VI
GSK690693 SB525334 DCC-2036 (Rebastinib) JK 184
JNJ-38877605 AEE788 (NVP-AEE788) NU7441 (KU-57788) INK Inhibitor V
Palbociclib (PD-0332991) HCI PHA-793887 GSK2126458 (GSKA58) JZL 184
Triciribine PIK-93 MK-0752 Lck Inhibitor
XL147 Ponatinib (AP24534) PF-3845 LG 100268
Everolimus (RAD001) Fludarabine Trametinib (GSK1120212) L-NNA
TW-37 LY2228820 Flavopiridol HCI Lomeguatrib
Mocetinostat (MGCD0103) Mycophenolate Mofetil Ibrutinib (PCI-32765) LY 320135
Abiraterone (CB-7598) Pracinostat (SB939) NVP-BSK805 2HCI LY 333531
SRT1720 Tosedostat (CHR2797) XL335 Marimastat
YM155 (Sepantronium Bromide) SAR245409 (XL765) GDC-0980 (RG7422) MG 149
Alisertib (MLN8237) AT7519 A-769662 ML 141
AT9283 MK-1775 CH5132799 MRT-10
Pemetrexed Quizartinib (AC220) KX2-391 Necrostatin-1
Andarine Vinorelbine LY2109761 NF?B Activation Inhibitor Il
17-AAG (Tanespimycin) AZD7762 YO0-01027 NSC 23766
17-DMAG (Alvespimycin) HCI R406 (free base) Geldanamycin NSC 663284
SNS-032 (BMS-387032) DMXAA (Vadimezan) AMG-900 NU6027
PF-03814735 Oxamflatin

Cyclopamine

EX 527 (Selisistat)




Barasertib (AZD1152-HQPA)
Docetaxel
Gemcitabine HCl (Gemzar)
Paclitaxel
Roscovitine (Seliciclib
SNS-314 Mesylate
Capecitabine
Ganetespib (STA-9090)
Lenvatinib (E7080)
ABT-751 (E7010)
Cisplatin
Sodium valproate
TGX-221
CYC116
INJ-26854165 (Serdemetan)
WZ4002
MK-2866 (GTx-024)
BIIBO21
Plinabulin (NPI-2358)
Regorafenib (BAY 73-4506)
XAV-939
ENMD-2076
BIBR 1532
Anagrelide HCI
Triptolide (PG490)
QNZ (EVP4593)

Febuxostat
Dapagliflozin
AZD8055
BMS-777607
Pomalidomide
KU-60019
BIRB 796 (Doramapimod)
Tie2 kinase inhibitor
Ubenimex (Bestatin)
Prednisone
Triamcinolone Acetonide
Cytarabine
Tretinoin
Ezetimibe
Estrone
Aminoglutethimide
Disulfiram
Meprednisone
Busulfan
Hydrocortisone
Estradiol
Gemcitabine
Azathioprine
Mesna
Toremifene Citrate
Dexamethasone acetate

PH-797804
Dacomitinib (PF299804
Crenolanib (CP-868596)

AZ 3146
TG101348 (SAR302503)
PAC-1
AZ 628
AT-406

Canagliflozin

3-Methyladenine
Dalcetrapib (JTT-705
Nocodazole
GW4064
Tofacitinib (CP-690550
Sotrastaurin
APO866 (FK866)
Sirtinol
CEP-33779
INK 128 (MLN0128)
BYL719
Torin 2
RG108
TPCA-1
U 73122
UNC 0224
VER 155008

PB 28 dihydrochloride
PD 166285
Pentostatin

PF 477736
PF-4708671
PIM-1 Inhibitor 2
Pyroxamide
QNz

S-(+)-Niguldipine hydrochloride

SA4503
SANT-1
SANT-2
SB 265610
SCH 79797
SecinH3
SID 7969543
SJ 172550
SK1-1
SKF 91488
SKI
SMER 3
SR 33805
Srcll
STATS Inhibitor
TCS PIM-1 4a
TTP 22




Supporting Table S2. Comparison between mutations found in >10% of human CCA tissues (as pe

MUTATED yiicoa  ssinecca  PRESENTH

ARID1 11.4 12.3

BAP1 14.3 X

IDH1 15.7 X
KRAS 15.7 47.4 X
PBRM1 14.3 X
SMAD4 10.5 X
TP53 17.5 X




‘ i D MANUSCRIPT

r Simbolo et al) and our human CCA cell lines using the same NGS gene-panel.



ACCEPTED MANUSCRIPT




Supporting Table S4. Statistical analysis of experiments in Fig 2 E. P value indicates unpaired two-tailed ttest. Fold
changes (FC) in cell viability are reported for day 3 that represents the timepoint at which the assessment of response
was performed following miR-21 over-expression.

baseline (24 hours) DAY 3 (72 hours) DAY 6 (144 hours)

CTRL, AUY922 vs miR-21, AUY922 (p value) 0.31 3.30E-10 0.001

FC (LOG) miR21/CTRL: 0.40
CTRL, DMSO vs miR-21, DMSO (p value) 0.32 1.70E-05 0.01

FC (LOG) miR21/CTRL: 0.06
CTRL, DMSO vs CTRL, AUY922 (p value) 0.3 2.80E-32 3.00E-23

FC (LOG)AUY922/DMSO: -1.06

miR-21, DMSO vs miR-21, AUY922 (p value) 0.3 3.90E-25 9.40E-23

FC (LOG) AUY922/DMSO0: -0.72




Supporting Table S5. Statistical analysis ot animal experiments. P value indicates unpaired two-tailed ttest.
Vehicle (averaged) indicates the average of DOX-ON and DOX-OFF mice.

baseline DAY 5 DAY 7 DAY 14 DAY17 DAY21 DAY28

AUY922 DOX-OFF vs AUY922 DOX ON 0.29 0.50 0.67 0.29 0.10 0.02 0.03
vehicle DOX-OFF vs vehicle DOX ON 0.21 0.80 0.55 0.43 0.40 0.42 0.23
vehicle (averaged) vs AUY922 DOX-ON 0.14 0.37 0.40 0.28 0.48 0.89 0.39

vehicle (averaged) vs AUY922 DOX-OFF 0.10 0.15 0.31 0.07 0.12 0.09 0.02
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